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Another example of change in interaction and associated learning skills which can arise from computer
technology may be drawn from the library. The appiication of some forms of information technology
innovation will result in first order changes, such as the provision of microform catalogues in libraries or
the replacement of one typist by a word processing work station. These changes employ new techrology but as
almost a one for one replacement with the older form, Thus the library can use microfiche instead of cards
for its catalogue and this change in technologies does erable some obvious advantages, however the process
of interaction between user and information does not markedly change: a user still has to move him or
herself around the records and the structure of them is stiil determined by the original classification
system.

In a similar fashion the word processor operator now uses a more sophisticated typewriter to prepare .
typed originals. The obvious advantages are the opportunity for revision and error checking, but the
interaction between user of information remains basically unchanged,  However, computing technelogies ndw
employed can be used in even more extensive ways than the first order jmplementation would indicate, and
alter significantly the basic interaction between user and information, ‘

The Tibrary may move to termimal fnterrogation of the database that represents all its holdingg, and
this when combined with its circulation system can provide a powerful toe) for the user when searching for
the position and current status of an item, .. If sufficient terminals can be provided then there is an
immediate reduction in the number of professional staff required to handle requests for competent users,
Further, the provision of query Tanguages for manipulating the database will make the information presented
conform to the requirements of the user, rather than the user conform to the librarians’ unique forms of
organization,

A second order change in word processing would make the technology directly available to the wuser.
Instead of a typist being asked to type from a hand written document, A student, academic or administrator
would have immediate access to the technology through his or her own work station, This change atters the
communication relationship between teachers and learners. It removes an intermediary and reduces the work
required to cross check and proof read documents, but at the same time it requires the users to improve
their typing skills. In time the roles of writer and typist merge, and the technology then enabies the user
to proceed to the next step - electronic mail. This change would remove even more intermediaries and allow
each findividual work station to be linked in a network., Memos and Tetters would then not have to be posted
after being fyped, instead they are delivered electronically to the work station of the addressee, stored,
aytomatically organized and never lost in the files or the mail. The eventual development to a system which
replaces existing patterns of working wouid signify a higher order change where the technology has changed
the basic working patterns and communication links of the users and the system {Hedberg, 1982).

This paper has examined several modes of utilising current computing technelogy which go beyond the
traditional tutorial and drill programs. These modes, it is suggested, make better and more successful use
of the powerfui and unique capabilities of computers and 1ift them above the status of expenmsive celectronic
tutors.  They bring computers into their own as instructional tools with capabilities not available through
other media,

While instructional computing applications such as those described here have much to recommend them as
powerful tools of teaching and learning, it should be kept in miad that support at high administrative
Tevels 1s required for-human development, as well as hardware and software, if computing technology is to
reach its full potential in higher education.

defining and describing an tnnovation is necessary but it is the people who empioy the innovation on
site who potentially have greater impact. From early classfcal studies of the innovation process such as
Rogers and Shoemaker (1971}, we have been continually confronted with the human dimensions of change. Most
often the success of implementation is due more to the keen interest expressed by the individual enthusiast
that to the eulogired features of the ianovation.
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Obviously, the teaching use of any new technology will require the development of effective incentives
for academic staff involvement and sufficient support staff to assist in the preparation or location of good
software. This has always been a problem, but with changing delivery systems keeping the delivery systems
current and the course materials relevant require sigaificant time allocations in addition to the existing
preparation time required to update Tectures and tutorials.  Supporting good development projects wiil
require appropriate equipment and professionals trained in servicing academic needs.
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ABSTRACT

The wide range of learner attributes present in physics classes in the recently formed Senior Colleges
creates a challenge for teachers who ave required %o cover a two~year syllabus in one year. One approach to
solving the problem is to utilize self-paced learming modules. Howewer, these materials are ewpensive to
develop and there are no data to suggest that studente do learn as well in self-paced physics classes. A8 a
consequence, a etudy wae fmplemented in crder to obtain data that would enable traditional and self-paced
physics elassrooms to be comparved in terms of patterns of student engagement and achievement. [The results
of the study suggest that students imvolved in self-paced physics classes obtained higher achievement seores

than students involved in traditional physics classes.

INTRODUCTION

Senior Colleges were established in Western Australia in 1982 as ‘second chance' adult ceolleges
catering mainly for students seeking Tertiary Admissions Examination {TAE) grades as specified by Tertiary
Institutions for enirance purposes. These students are all post-secondary school age and come from widely
different backgrounds including: overseas Government sponsored students; overseas private students;
Australian students repeating TAE and Australian students attempting TAE for the first time.

Al1 TAE subjects conducted at the Colleges follow prescribed core syllabi but cohdense the normal Year
11712 programme into one year. In the physics programme as well as other difficult subjects, thais places
considerable strain on teaching staff in attempting to meet the needs of such widely varying student back-
grounds and abilities. The use of self-paced learning materials appealed as a means of enabling students
with higher aptitude to progress at an appropriate pace while allowing the teacher more time to assist less
abie students. Anderson and Artman {1972} reported that a self-paced individualized physics course ulti-
mately helped all students achieve the specified level of mastery and retain competence over an extended
period of time. Since the self-paced programme enables students to choose what and when to study, there are
1ike1y to be significant differences in the observed patterns of engagement in self-paced and traditicnal
physics classes. Furthermore, since the self-paced tearning programme incorporates diagnostic tests that
enable students to identify strengths and weaknesses, it is anticipated that more time will be allocated to
studying weaknesses and that achievement will be higher than in traditional classes. Tuckman and Waheed
{(1981) indicated substantial gains in achievement using self-paced instructional techniques.

PURPOSE

The production of self-paced curriculum materials 1s a costly and time-consuming task. The purpose of
this study was to determine whether these materials are a more effective and efficient means of instruction
for physics students than present traditional metheds. '

METHOD

Subjects

The sampie consisted of 161 post-secondary age students randomly assigned to four TAE physics classes
in a Senior College. Members of this sample had varied backgrounds and abilities and a high proportion were
overseas students seeking entry to Tertiary Institutions.



-5 -

Design
The design for the study is shown in standard notation below:

0z 02 X1 03
Cy 0 Xz G,

where 03 = Test of Logical Thinking
0, ..= Achievement (Diagnostic)
05 = Achievement (Mastery)
X1 = Self-Paced o
Xz = Traditional

The study spanned two fearning modules, each'of'apprdximéteiy three weeks' duration.

Procedures

The measures were conducted in four intact classrooms, three of which were 'double' classes operated by
two teachers together. Students had been randomly assigned by computer timetabling to these classes before
the programme commenced. :

Independent Variables

Treatment. The self-paced treatment employed a staff written student manual covering the syllabus topies
Heat & Gas Laws in eight major objectives, ahd Current Electricity in four major objectives (Berry & Svendsen
1%84). After diagnosis and study prescription, students were given compiete freedom to follow their indivi-
dual programme of study. A wide range of audio visual resources were referenced in the manual and students
had access to lecture theatre, laboratory and ibrary facilities under supervision of two staff members.

The ‘traditional treatment involved continued use of the team-teaching approach which had operated since
the class commenced. The appreach typically consisted of formal Targe group lectures and demonstrations
supported by laboratory and probiem solving sessions.

The treatment was applied to the four classes invelved in the study as indicated in TABLE I.

TABLE I

Application of Treatments to Classes

Topic 1 Topic. 2
((;laiszi } X2 S
(a5 ) o Xe
e o
Gmiy

Formal reascning abitity. Formal reasoning ability was measured using the Test of Logical Thninking (Tohin &
Capie 1981} designed to assess perfermance on five reasoning modes: - proportional reasoning, controlling
variables, probabilistic reasoning, correlational reasoning and combinatorial reasoning. The internal
consistency reliabiiity of the formal reasoning measure was 0.8 in this study.

Prior knowledge., The Diagnostic Test for the Heat and Gas Law% Module (HGLM) consisted of twenty-four
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ma1tiple choice items. Groups of these items designed to test content covered in each of the eight

objectives of the Module were mixed randomly throughout the test.

The Diagnostic Test for the Current

Electricity Module (CEM) consisted of sixteen items covering four objectives and followed a simitar structure
to the test for the first module. The internal consistency reliabilities of the measures were 0.76 and 0.80

for HGLM and CEM respectively.

Dependent Variables

Achievement. The Mastery Tests for both the Heat and Gas Laws and thg Current Electricity Modules were

parallel forms of the respective Diagnostic Tests and were administered formally to all classes.
consistency reliabilities of the measures were 0.82 and 0.75% for HGLM and CEM respectively.

Statistical Analysis

The internal

The general Tinear model was used to partition the vartance in each of the mastery tests in terms of the
treatment, formal reascning ability and prior knowledge.

RESULTS

The mean scores and standard deviations for all variables are shown in TABLE II.

TABLE 11

Descriptive Statistics for all Variables

Standard Possible

Variable .N Mean Deviation Score
TOLT - 161 0.80 0.21 10
Diagnostic Test 149 0.47 0.15 24
Topic 1-
ﬁiaﬁnostic Test 149 0.48 0.23 16
Topic 2
Mastery Test 149 0.64 0.15 24
Topic 1
Mastery Test 149 0.78 0.10 16

Topic 2

TABLES III and IV contain the results for the general linear model analyses for achievement on the Heat
and Gas Laws and the Current Electricity modules respectively.

TABLE IIT

GLM Analysis for Heat and Gas Laws Module (Topic 1)

Independent
Variables df Type LI5S P Value
Class 3 0.23 3.48 =
TOLT 1 0.4 6.59 *
Diagnostic 1 0.33 15.16 **
Test 1
: * p < 0.05
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TABLE 1V

GLM Analysis for Current Electricity Module {Topic 2)

Independent '
Variables df Type IIT S5 F Value
Class 3 0.98 33.49 **

TOLT 1 0.02 1.94
Biagnostic 1 0.10 10.56 **
Test 2

** p < 0,01

The Teast squares means for each class on each of the summative achievement measures are contained in-
TABLE V. The means are adjusted for formal reasoning ability and prior knowledge on each of the summative
achievement measures.

. TABLE ¥
Adjusted Ctass Means for Topic 1 and Topic 2

Class Least Square Means

~Topic 1 Topic 2
1 oS o0
2 0.7 . o.s
3 0.65 0.
4 o 0.68 0.85

DISCUSSION

The results of this sfudy should be interpreted with'caution because of its exploratory nature. The
design was somewhat limited because of the desire to 1ntensive?y observe a relatively small nhumber of classes.
As a consequence, & small number of teachers was invelved and treatment effects could not be clearly differ-
entiated from teacher effects. However, qualitative and guantitative measures of teacher and student
behaviours during the study substantiate and complement the statistical results (Berry, 1984},

A further problem was that the research guestions focussed on the learning of individual students rather
than classes of students. Consequently, the statistical analysis utilized individual student scores as the
unit for analysis. Since students were randomly assigned to ¢lasses, prcb}ems due to this assumption.are not
cqnsidered'serieus.

The results contained in TABLE III 4ndicaté that reasoning ability and prier knowledge were signifi-
cantly related to achievement in Topic 1. Students with higher reasoning ability and with higher prior
knowledge scores tended to attain higher summative achievement, When these differences were statistically
considered the self-paced treatment was also significantly related to summative achievement in Topic 1.
Examination of the adjusted Topic 1 means {TABLE V) indicate that achievement for the two self-paced classes
was higher than achievement for the two traditional classes.

The anaiysis for Topic Z produced a parallel result with some interesting differences. In this case
variatior in reasoning ability was not statistically relsted to summative achievement in Topic 2. Students
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with low reasoning ability were able to score as highly as students with high reasoning ability. Prior
knowledge of current electricity was significantly related to summative achievement in Topic 2. WHhen these
differences were statistically considered, the treatment was significantly related to achievement in Topic 2
{TABLE IV). However, examination of the adjusted means in TABLE V indicates that the highest score was
obtained by Class 2 and the Towest score by €lass 1. The two self-paced groups in Topic 2 cbtained mean
scores that were intermediate in magnitude.

The results indicate that the ciass receiving the traditional approach across each topic obtained the
towest mean in each case. The groups that received the self-paced treatment in Topic 1 or in Topic 2
attained adjusted means that were of the same order of magnitude as one another. The higher mean score
obtained by {lass 2 in Topic 2 might be explained in terms of the carry-over effect of study skills developed
during Topic 1 erhancing achievement in Topic 2.

1nterpretati0n of Qualitative Data

In order to provide insights into the differences between the seif-paced and traditional classes, field
notes were used to document student engagement during Topics 1 and 2, These data are discussed below.

Non-treatment classes. The typical lesson pattern for these groups consisted of a long formal Tecture or a
short lecture preceded or followed by an informal problem-solving session. The teacher directed instruction
had Tittle or no active student participation for long periods of time. A vocal minority of Class 1 students
tended to ask 'off-target’ questions which provided Tittie benefit to learming. It was noted that formal
teacher instruction javariably consumed more ciass time than was anticipated and lessons often ended with
tittle time available for questions or individual assistance. This was particularly noticeable with

Classes 1 and 3 which had no preceding treatment. Students in these classes also experienced difficulty in
obtaining individual assistance during informal problem-solving sessions due to the volume of requests in the
timited time available. This contrasted sharply with Class 2 students who tended te vefer to available text
and reference resources for assistance before approaching the teacher during Topic 2. Consequently the class
teacher was able to spend a high proportion of time with only the weakest students. This suggests that inde-
pendent study skills develeped +in the seif-paced module carried over as independent learning behaviour when-

ever informality of the c¢lass situation occurred.

Treatment classes. The proportion of 'on task' student engagement for these classes increased substantially
with time on the treatment. The location of resources in the Library as well as in two separate teaching
areas prompted students to plan ahead to make the best use of available Tesson time. This was evident in
purposeful student movement betwsen resources. Since records were kept of student use of Library resources
it was found that highest usage cccurred during scheduled class time. This was closely followed by overnight
resource borrowing. While very few students accessad the Library resources during College hours in their

' free time, a noticeable proportion did engage 1n time consuming laboratory exercises or text/reference
rgading in the vacant teaching rooms. Resources were left continucusiy available in these rooms for this
purpose, The field notas indicate that students in these classes tended to remain consistently ‘en task’ for
longer pericds than students in non-treatment classes who tended to condense their efforts into a shorter
time span. While the majority of the students eventually became almost fully independent of the teacher,
several less confident students took full advantage of the increased. teacher availability.

Although the experimental design allowed for Classes 3 and 4 to receive the self-paced treatment during
Topic 2, .the narrative records indicate that Class 2 'treated themselves'. Class 2 students tended to
utilize audio visual andzothér rescurces in the manmner prescribed for the iwo treatment classes. However,
Class 2 used the resources out of ¢lass time and in addition to the traditional programme. As a consequence,
the apparently anomolous result cam be explained in terms of increased relevant engagement during Tepic 2 for
the Class 2 students.
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CONCLUSION

This study has indicated that a self-paced approach to physics teaching and Tearning for Senior College
students resulted in higher student achiévemeht and higher quai%fy student engagement. However, because of
the exploratory nature of this study, further investigations are necessary to replicate and extend the
findings. In the meantime the results provide encouragement for curriculum planners and Senior College
teachers to use self-paced learning modules rather than traditional teaching and learning methods.

REFERENCES

Anderson, 0.7., & Artman, R.A, (1972). A self paced independent study, introductory physics seguence:
Description and evaluation. American Jourhal of Physics, 40, 1737-42,

Berry, D. {1984). A comparison of self paced and traditional methods in Senior College physics classes.
Unpublished Master's Thesis, Western Australian Institute of iechnology. .

Berry, D. & Svendsen, R. (1984). Self paced physigs (Modyles 1 and 2). Tuart Senior College, Tuart Hill,
Western Australia. ‘

Tobin, K.G. & Capie, W. (1981). Development and validation of a group test of logical thinking. Educational
and Psychological Measurement, 17, 469-475.

Tuckman, B.W., & Waheed, M.A. (1981). Evaluating an individualized science program for community college
students. Journal of Research in Science Teaching, 18, 489-95. :






