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RESOURCES AND METHODS TN SCIENCE TEACHING*

John Ainley

Australian Council for Educational Research

The Origins of the Australian Science Tacilities Program

In the campalgn which preceded the election of December 1963, it was announced that funds would be made
availavle to provide facilities for teaching science in Australian secondary schools. The funds were made
available to both government and non-government schools in each of the Australian States. The program
continued under successive Acts of Parliament from July 1964 uatil 39 June 1975. Under the program, known
as the Commonwealth Science Scheme or the Australian Science Facilities Program, about 3123 willion were
provided for or committed to secomdary schools. Smar:t (1975) has provided a detailed account of the

origins of the program.

The Goals of the Program

Statements made by those responsible for initiating and adwministering the Program were concerned with
three levels of goals: Immediate, intermediate and ultimate. The immediate goal was the improvement of
the faclilities available for the teaching of science in Australian schools. Following frow this was an
intermediate goal: to improve the quality of science education which was offered to secondary school

students.

The ultimate goals of the Australian Science Facilities Program were directed to certain outcomes of
science education. These included increasing the level of understanding of science among specialists and
non-specialists, and increasing the degree of interest in science so that more students would pursue

scientific and technical careers.
These three levels of goals have been summarized in Figure 1.

In eorder te define more closely what was meant by the term, 'the quality of science education' an
analysis was made of the work of the Commonwealth's comsultants to this program {Ainley, 1978a). From
this it appeared that it was hoped to improve the learning environment and to widen the ranze of activities
in which students participated. Three aspects of the ucience learning environment seemed most important:
involvement in activities, good organization and stimulation through variety. Among these activities which
were considered important were the emphasis on exploratory activities by pupils, the extent to which an
excessive use of text books was invoilved, and the amount of practical worl which was dene. The remainder

~f this paper is concerned only with the influence of facllities on the quality of science education.

Methodolopy

The investigation involved a variety of means of gathering and analyzing evidence from schools with
different standards of scilence facilities. One approach was slanned as a multivariate analysis using

students' views of theitr experiences in learning science as the data. ‘These data were to be obtained by

* The research on which this paper has been based has been supported by a grant from the Schools
Commission.
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questionnaires structured around hypotheses derived from the stated and implied objectives of the Science
Facilities Program.

The hypotheses were developed from two broad questions about the impact of facilities on methods of

teaching science.

1 Are ¢ifferences in students' perceptions of their learning eavironment related to differences in the

standard of their facilities?

2 Are the differences in students' reports of the emphasis placed on various activities in their

science lessons related to the standard of the facilities?

Evidence gathered for statistical analysis was complemented by a series of case studies. Such
evidence was gathered through z series of loosely structured interviews with teachers and through informal

observations of patterans of science teaching.

Dependent variables

One of the approaches used to assess the relationship between the stendard of facilities and what
happened in science lessons invelved the development and use of a questionnaire to cbtain student views
about their science lessons. Student responses to the questionnaire were averaged within classes to give
class mean scores for each scale. fThese mean scores were then used in subsequent analyses in which the
dependent variables for a series of regression analyses in which four weasures of the standard of science
facilities available to the class were the independent variables. The purpose was to determine whether
differences in these objective measures of the standard of facilities weré associated with differences in

the students perceptions of their scilence lassons.

Provision of Funds

Developrents in Availability and
Schocel Systems Quality of Resources

Stience Teaching
Practices

interest Achievement Enrolments

Figure 1  An Evaluative Framework for the Science Facilities Propram




86

Questionnaire content. The questionnaire sampled views of six aspects of sclence lessons concerned

withh both the enviroament in which science was studied and the activities which were involved in science

lessons .

In the questionnaire three concepts concerning the learning environment were stressed: involvement,

orgagization, and stimulation through variety. These concepts are similar to those discussed by Trickett

and Moos {1974) in the development of social environment scales.

(i) Individual involvement in science learning was related to the need to accommodate new

curricula, to allow students to do experiments themselves, and to foster participation

in group discussions.

(ii) Organization raferred to the extent that the learning environment was well organized

s0 that students could work effectively.

(iii) Stimulation was seen as coming through two facets of variety: through the use of varied
and flexible instruction and in the use of a wide variety of stimulating waterials in
the room.
Table 1 Scales Included in the Views of Science Lessons Questionnaire
Scale Degeription Sample Item
Involvement: An analogue of Anthony's (1967) self involvement opportunities, I would learn more

Qrganization:

Stimulation

as found in a classroom process study.

An environmental analogue of Ryan's (1960) Pattern Y (business—
like behaviour) which was intended as a measure of the orderli-
ness and convenience of the workplace in having space to work
and baing able to obtain the necessary apparatus and services
when required. :

&n enviroamental analogue of Ryan's (1960) Pattern Z but

science if I could do
some of the experiments
myself. {-)

The science room always
seems to have enough
space for everyone to
work effectively.

In science we ate some=

through refined in the manner suggested by Anthony (1967) and Keeves times able to grow
Variety: (1971) to mean variety in materials and technicues of teaching. things and study how

Encouragement

The extent to which students are given encouragement to

thay grow.

In class we are

to Explore: participate in exploratory science activities in and outside encouraged to devise
school. our own projects and
experiments, either
individually or in
groups.

Textual: The degree to which science teaching is based upon textbocks. The main aim of our
science lessons is
to understand our
textbooks.

Practical: The emphasis upon practical work in science lessons. -

The development of instruments through which students could report upon the

emphases in the science

teaching was based upon the IEA 'Description of $Science Teaching' Scales (Comber and Keeves, 1973). Modi-

fications

of them by Coxhead (1974) and by Kelly (1976) were alsc considered for possible use in the study.

The results of a trial questionnaire in Viectorian schools prior to the main study suggested that the

mest promising approach was to use the items which had been used by the INA.

format,

A five point, rather than a three point, response key was used.

Two changes were made to the

In addition to this, the

instyructions were modified so that a more specific meaning was given to each of the five categories.

The three factors which emerged from factor analyses of the questionnaire were of direct relevance to

the study.

They resembled the concepts of laboratory work, enquiry learning, and textbook learning arocund
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Table 2 Scale Statistics for the Student Questionnaire Views of Science Classrooms

scale® 1 0 ¥ i T )

Number of Items 7 7 7 9 6 6

Between Students (N=29%1)

Reliability (Coefficient o) G.59 8.75 0.53 0.64 0.66 0.66
Mean 19.6 23.8 14.0 24.1 17.7 18.8
Standard Devilation 4.7 5.7 4.6 5.3 4.8 4.4
Range from 7 7 7 9 H &
to 34 35 34 43 29 30

Between Classes {(N=105)

Reliability (Coefficient o) 0.82 0.89 0.68 0.73 0.84 0.85
Mean 19.5 23.6 18.9 24.3 17.7 19.0
Standard Deviation 2.3 3.3 2.6 2.6 3.3 3.1
Range from 11.0 15.6 4.0 17.9 7.8 11.0
to 25.7 31.0 27.9 30.6 28.0 25.4

Kolmogorov—Smirnov Z 0.87 0.76 0.85 0.70 .90 G.79
a

I = Involvement

¢ = Organization

V = Stimulation through Variety

E = Encouragement to Explore

T = Textual

P = Practical

which the original IEA scales were formed but did not assume the same bipolarity. It is worth noting that
these three dimensions of activities in science lessons are similar o these identified ia another study of
science teaching processes by Eggleston et al. (19753). Scales which were able to be formed from these
three factors had sufficiently good reliasbilitiles to be used as measures of class activity in science. The
interpretation of the factors and hence the attributes assumed to be measured by the scales have been shown

in Table 1.

Properties of the scales. Reliabilities of the scales were calculated in two ways. First, the values

of coefficient alpha were calculated using student responses. Second, the class means for each item were
caiculated for each class and the reliability of the scale using class means were calculated. Reliabili-
ties and other relevani statistics are presented in Table 2. The reliabilities of these scales appeared to
meet the criteria specified by Nunally (1967) for research instruments. It is worth noting that the student
responses covered most of the range for each of the scales and that the distribution of class means did not

differ significantly from normal.

Independent Varizbles

On the basis of a previously reported factor anzlysis (Ainley, 1976), it had been decided that school
science facilities could be considered in four dimensions. These were the availability of rooms, the
quality of those rooms, the abundance of apparatus, and a number of laboratory assistants. In studying the

effect of facilities on the views students held of their sclence learning, four variables corresponding to
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these dimensions were used.

1 The occupancy of science rooms was measured simply as the percentage of sclence lessons held in

science rooms,

ed The quality of the science room most often used was assessed by the school sclence co-ordinator. The
measure of 'quality' was a score obtained by summing the school science cowordinator's assessment of
the availability and accessibility of 14 key features. The scores on that scale correlated well with
an observer's rating {(r = 0.83), The scale had been previously shown (Ainiey, 1976) to discriminate
between rocms considered to be of different quality and to have a satisfactory internal consistency
(o = .68).

3 The abundance of apparatus in each school was represented as a composite score derived from the
replies from science co-ordinators about the adequacy of major, minor and expendable apparatus.

4 The provision of léboratory asgistants was represented by the number of laboratory assistants per

1000 students in the school.

Administration

In its finagl form the questicnnaire was administered to almost 3000 students from 105 science classes in
Year 9 in Australian secondary schools. The classes studied were chosen from 29 schools which a previous
survey (Ainley, 1976) had shown to encompass z wide variety of standards of available facilities. At the

same time that the class completed the guestionnaire each science teacher was asked to do the same.

Method of Analysis

To investigate the way in which variables representing the facilities available for teaching science were
related to student reports of stimulating through variety in science lessons, The independent variables in
this study were 'attribute' rather than 'active' varisbles; that is, they were measured rather than
manipulated variables. Multiple regression appeared to be the most suitable method of analysis in this

situation where cases were not randomly assigned to treatment groups.

It has been seen in Table 2 that the class mean scores on the dependent variable were normally
distributed as required for this form of analysis. In addition, a sample size of 105 given four

independent variables reduced the possibility that the regression weights would be uastable.

The regression analysis was conducted so that both main effects and interactions could be examined.
In the first step of the analysis ouly the main effects were considered, The independent variables were
entered in the regression analysis in a predetermined sequence: occupancy, quality, appavatus and
assistants. The order in which the varlables were entered corresponded to the priorities followed in the
Science Facilities Program. In subsequent steps interaction effects were examined. In searching for
interaction effects product variables were used. Since there were four independent variables there were
six possible second order products, four possible third order products, and ome fourth order product. All
the predictor variables were standardized prior to the analysis as means of preventing scaling differences

\
disterting the contribution of some variables.

in the first step of the analysis all four predictor variables were included in the order described
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above. Secondly, the second oxder product terms were entered in a stepwise procedure. The stepwise
regression was stopped when an added term failed to reach significance at the five per cent level. Then
the third order preduct terms were entered, and finally the fourth order interaction was considered after

all other significant factors and combinations had been included.

Results: Main Effects

Science learning environments

The results of the hierarchical stepwise regression analyses which were performed are shown in Table 3. It
can be seen that for these measures of aspects of the learning envivonment -~ dnvolvement, organization and
stimulation - about 30 per cent of the variance could be predicted from variations in the facilities
available. It can be noted that ail four aspects of science facilities were associated with environments
which gave students the opportunity to be involved in purposeful activity. Even though the aumber of
izboratory assistants per 1000 studenis was act significantly correlated with involvement, when a prior
correction was made for occcupancy, room quality and the abundance of apparatus, it was associated with
involvement. Science lessons were apparently better, in terms of these dimensions, when held in good

science rooms with sufficient apparatus and with laboratory assistants available.

Table 3 The Impact of Science Facilities on the Science Learning Environment

Scale
Step Variable Involvement Organization Stimulation
R T g R r g R T B
52 .59 48
1 Qccupancy L45 .26 A5 Ji0 .33 W11
2 Quality L40 .22 .53 .45 .34 .18
3 Apparatus . .30 W22 .30 .22 40 .31
4 Lab. Assistants - 01 .16 .03 .19 - -

N = 105 classes

The relative size of the beta weights was used to infer the relative contribution made by each
variable to the prediction of the environment scales. Good quality rooms, which were defined in terms of
those in which services were readilﬁ accessible, seemed to be an important component of a well organized
environment. By contrast it was the abundance of apparatus which was associated most strongly with the
degree of stimulation which arose through varilety in materials and methods. Al four components of
facilities made comparable centributions to an environment through which students were involved in

purposeful activity.

In brief, good facilities did seem to make a difference to the views which students had of their
science environment. Greater involvement, better organization and more stimulating variety were reported

by students who enjoyed better facil;ties.
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Activities in Science

.

To examine the combined impact of various aspects of facilities on activities, an hierarchical regression
analysis was apain performed. The same conceptual framework, as for the environment scales, was used to
determine the sequence in which variables weve te be entered in the regression analysis, The results,
which are shown in Table 4 for these analyses were less conclusive than for the environment scales.

However there was an assoclation between the facilities used and the students' reported activities.
Practical work received greater emphasis in those classes which were held in science rooms and had abundant
apparatus available in their school. By contrast, those classes whose science lessons were frequently ia
non-science rooms relied more om textual materials., In brief, the relative use of practical work and

textual materials were associated with the proportion of lessons held in science rooms.

Table 4 The Impact of Sclence Facilities on Activities in Learning Science

Scale
Step Variable Expleration Textual Practical

R r B R i B R r 8

31 .26 .37
1 Occupancy .04 -.18 -, 25 w22 .36 .23
2 Quality W17 .28 -.19 -.086 W21 .00
3 Apparatus .16 .23 -.07 -.01 L300 .22
4 Lab. Assistants .10 W23 -.02 -.06 -.12 .02

N = 105 classes

For the scale which was designated as encouragement to explore the results were less clear. Only
the quality of the room and the abundance of apparatus were correlated with the scale. However the
regression weights indicated that, while room quality, apparatus, and laboratory assistants were associated
with more of this activity, the beta weight for occupancy was negative. An explanation for this would
appear to be in the fact that many of the activities involve going out of the science room to such
locations as the library. Moreover it did seem to be an act of choice on the part of the science teacher

or science staff to use the facilities in this way.

Results: Interaction Effects

The examination of the effects of facilities on learning environments and activities reported so far, has
been restricted to considering each variable as acting independently. It was possible that specific
combinations of aspects of facilities could influence the learning environment and activities o a greater
extent than each aspect separately. The combined effect would be greater than the sum of the increments

arising from each component.

The analyses which examined interaction effects were conducted identically for the six scales. The
technique was to enter the four main effect terms first, then the six second order terms were entered in a
stepwise sequence, followed by the four third order terms in a stepwise sequence, after which the fourth

order term was entered. Only those terms which had an effect, significant at the five per cent level, over
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that explained by the preceding block of variables were considered. This conservative approach seemed
appropriate so that there would not be a plethora of interactlon texrms of doubtful stability to interpret.
On two scales, involvement and textual learning, no significant interactions were detected. For the
present paper only the interactions concerning crganization and stimulation will be discussed in detaill,

Other interactions have been discussed elsewhere {Ainley, 1978Dh).

Organization

In the regression analysis using organization as the criterion, two significant interactions were detected,
These involved the interactions of apparatus availability with the provision of laboratory assistaats, and
the cccupancy of science rooms with the provisien of laboratory assistants. As a result of including

these two interaction terms in the regression equation, the multiple correlation ceefficient increased from
0.59 to 0.64, and the percentage of the variance attributable to variations in the standard of facilities
rose to 40 per cent, This was an increase of five per cent over that which could be explained without the

interaction terms. The results have been recorded in Table 5.

Table 5 The Association of the Standard of Facilities with Organization: Regression Analysis with

Interaction
. Simple Standardized F for
Block Variable Correlation Regression Regression
Coefficient Coefficient Term
T B
1 CGcecupancy 43 .05 .20
Fedeye
Quality .53 40 14.5
Fok
Apparatus .30 .24 7.5
Agsistants .00 .10 1.0
i
2 Qccupancy X Assts. WAL .21 6.3
*
Apparatus x Assts. -.18 -.19 &.6r
. 2
Multiplie R = .64 R = 40
T
Overall ¥ = 11.07

Note: Coefficients significant at the five per cent level have been underlined.

fkd p<.OOl **p<_01 *?<_05

Most of the regression coefficients for the main effect terms were altered but the most noticeable was
the variable representing the provision of laboratory assistants. _With the inclusion of the two interac-
tion terms, which both involved the provision ¢f laboratory assistants, this variable became non-
significant on its own. These interactioen terws were interpreted with the aid of the type of diagram

suggested by Kerlinger and Pedhauzer (1973:246) and shown in Figures 2 and 3.
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Organization Frequent occupancy of Organizati Few Assistants
™ Science Room{Z  =+1) & on ’ (Z =1
oce ”~
Ample
Assistants
{Zasstz+1}
Infreguent
ocoupancy {chcm -1)
- + .
:1 p } Asi;stants -1 0 +l  Appara-
i 7 tus
Figure 2 The Interaction Effect of Occupancy and Figure 3 The Interaction Effect of Apparatus and

Assistants on Organization Assistants on Orpganization

It can be seen from Figure 2 that additional laboratory assistants only improved the organization of

science lessons when the classes were able to be fregquently held in science rooms,

in Figure 3 the interaction between the availability of apparatus and the provision of laboratory
assistants with regard to organization has been represented, From that diagram it was possible to compare
the effect of a2 more abundant supply of apparatus serviced by an ample number of laboratory assistants with
the effect when there were few laboratory assistants., Only when little apparatus was available was
'organization' related to the provision of lLaboratory assistants. Under conditions where little apparatus
was availlable, "good organization' was related to the provision of laboratory assistants. When apparafus

was abundant the degree of organization was not related to the provision of laborvatory assistants.

Stimulation through Variety

There were three significant second order interaction terms from the regression analysis in which stimu-
lation was the criterion. These interactions were between apparatus availability and the provision of
assistants, apparatus availability and room quality, and room cccupancy and room gquality. The resulis of

the regression analysis have been presented in Table 6.

«Inclusion of the interaction terms increased the multiple correlation considerably. The percentage of
the total variance in stimulation attyibutable to the standard of facilities vose to 39 per cent: an

increase of 16 per cent over what could be explained by the maian effects alone. The magnitude of the

regression coefficents was modified by the inclusion of interaction terms as can be seen in the results
reported in Table 6. It can be seen that the main effect term for apparatus remained important but the

regression coefficients for room quality and assistants as independent terms increased scmewhat.

The three effects of the interaction terms are represented in Figures 4, 53, and 6. It can be seen
from Figuve 4 that a greater abundance of apparatus resulted in a more stimulating envivonment only when

coupled with ampie provision of iaboratory assistants.

Figure 5 indicates that an abundance of apparatus had an impact on the degree of stimulatiom only if
the rooms were of good quality. It would appear that more apparatus enhanced the stimulation provided in

better rooms.






