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This study Iinvestigated the effects of sequence and
synthesis prescriptions from the Blaboration Theory by teachin
the parts of a microcomputer system based on a rtts-concoptu
structure. A 2x3 factorial design was used which incorporated
two sequences, general-to-detailed and detailed-to-generil, and
three 1levels of thesiser, no thesizer, l{nthcuuz ficst,
and synthesizer e The subjects were 128 eighth grade
pupils who were randomly assigned to the six treatment groups.
Bach group viewed a slide/ta presentation followed by a
paper-and-pencil test on attributes and relationships of 19

e A two-way analysis of variance revealed that the
attributes of the concepts were learned equally well by all
groups, but relationships were learned better (1) with a
general-to-detaziled sequence than with a detailed-to-general
sequence (p<.05) and (2) with the aynthesizer last (p<.01) orx
no synthesizer at all (p<.05) than with the synthesizer first.




The Effects of Sequence and Synthesin
3

Antroduction

The structuring of subject matter content is a major
concern in the inscructional process. Eeguance, vhich refers
to the order in which subject matter is presented. gained much
attention during the 1960°s, primarily becauss it was an
important aspect of ptogxllnni instruction materials which were
very popular at that time. Synthegigina. which refers to
lhovigg the relationships among elemsents of the subject matter,
has 80 received mu attention, since many educators feel
that the presence of a synthosizer enhances the quality of the
instruction. Although re have been many research studies
that have investigated each of these concerns, few have looked

at the use of both sequence and synthesizers together in

instruction.

The popularity of programmed instruction 1led to much
interest in the effects of instructional sequance, and several
studies regarding uence have been conducted. Hany, such as
Levin and Baker (1963), Paynu, EKrathwohl and Gordon (1967),
Ros, Case and Roe (1969, and HMayer (1976)‘ found no
significant effect when comparing “"logically”™ sequenced
instruction with randomly scrambled versions of the same
instruction. Roe (1960, p. 409) found that "careful sequencing
of items has a significant effect on student performsance, at
least for programs of some length and complexity”. Similar
£indings mwmade by Brown (1970) revealed that se enctn!sgz
cosplex problem-solving behaviors, which Gagne (197¢) describes
as intellectual skills, produced a significant effect in longez
programs. :

Hatkin and Hoore (1972) proposed that the presence of
adjunct questions, use of repetiticus material, and lack of
evidence of truly logical sequences may have obscured the
sequence effects in earlier studies. By removing these
detrimental effects, they found that sequence dces have a
significant effect.

Bruner (1960, p. 31) gtated "that the curriculum of &
subjesct should be determined by the most funéamental
understanding that can be achieved of the underlying principles
that give structure to that subject”. He referred to ths use
of a "spiral curriculum® that develops by revisiting basic
ideas repeatedly and builds upon these ideas until the student
has grasped the full formal apparatus that goes with them.

Ausubel (1963, p.82) advocated the use of an "advanece
organizer® which "gives the learner a general overview of the
pore detailed material in advance of his actual confrontation
with it and also provides organizing elements that ars
inclusive of and take into account most relevantly and

5 .
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. efficlently both the particular content contained in thie
material and relevant concepts in cognitive structure®. Ue
(Ausubel, 1960) found that the learning and retention of
unfamiliar but meaningful verbal material can be facilitated by
the advance introduction of relevant subsuming concepts
(advance organizers).

Revievs of the research on the use of advance organisers
(Barnes and Clawson, 1975; Hartley and Davies, 1976; Lawton and
Wanska 1977; Nayex, 1979) indicate conflicting claims
4 atding the efficacy of advance organizers. Although Ausubel
(1877) contends that the nature and definition of advanced
organizers ace desctibed in several of his publications, each
of these reviews states that a more acceptable operational
definition should be generated. The general nature of
Ausubel's definition appears to be a major cause of the
confusion in evaluating the effectiveness of advance organizers
since researchers differ in their interpretations 2s to what
constitutes an advance organiszer.

The Elaboration Theory (Roigeluth, 1979) advocates the use
of a special kind of general-to-detailed or simple-to~complex
gsequance based on epitomizing large amounts of instructional
material. BEpitomizing is done on the basis of a single type of
content (concepts, procedures, or principles), and other t{goo
of conteat are plugged into that overall sequence whenever they
are mnost relevant. 7The epitomized version of the content is
taught as the first lesson, followed by progressively more
detailed or complex versions in subseguent lessons.

With respect to a conceptual orientation to the
general-to-detailed ssequence, the Elaboration Theory proposes
that the general-to-detailed sequence be based on subdividing
things into kinds or parts. Conceptual structures show
superordinate., coordinate, and gubordinate relationships among
iGeas, vwhere the subordinate concept may be either a part or a
kind of its superordinate concept. Rach lesson begins with “a
very general synthesizer (i.e., a very simple or general
version of the orientation structure)” which is presented firet
to show a pervasive relationship among the concepts, even
though the <concepts themselves are not understood yet
(Reigeluth and Stein, in press).

Another approach to sequencing instruction is the use of
8 le2rning hierarchy (Gagne, 1970; Gagne and Briggs, 1979)
which is based on complex skills being progressivaly broken
down into simpler ones, forming successive levels of
rerequisites. AIthough an Elaboration Theory sequence is
ifferent from most “hierarchically-devised” sequences, the
Elaboration Theory sequence d¢oes not violate the nction of
hierarchical learning prerequisites. In an analysis of the
Eleboration Theory and the learnin hterarc:x apgroaches.
Wiison and Merrill (1980, p. 18) found at "learning
prerequisite relationships will be in strict agreement with
Blaboration Theory when understanding subordinate concepta®.

6.
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In contrast to Bruner's spiral curziculum and Ausubel'e
subsumptive theory, the Elaboration Theory provides specific
guidelines for sequencing and synthesizing instruction. When
the guidelines are followed, a blueprint describing a
general-to-detailed sequence of instruction is easily and
reliably creatad. Thus, the BElaboration Theory appears to
provide a more promising approach for prescribing these aspect
of instruction.

Proy and Reigeluth (1981) were among the first to
investigate the effects of séquence and synthesizer using the
Blaboration Theory. Their study involved the use of a
kinds-conceptual ructuze. A one-hour session was used to
prasent 16 related concepts using printed booklets and to
complete & 39-item paper-and-pencil test. An interactiocs
betwaen synthesiser position and the sequence of instruction
was found which indicated that the presentation of a
synthesiser before a detailed-to-general sequence was superior
to having a synthesizer after t sequence for learning
relationships among concepts. In contrast, the syntheciser
placed at the end with a general-to-detailed sequence vas
superior tc baving the synthesizer at the beginning. This
interaction was significant for the learning of relationships

among concepts, but there was no support for thias sanme
interaction for learning the attributes of concepts. .

Among the methodological problems identified by Frey and
Reigeluth with their study wete:
1) a saall sanple siza of twenty-seven subjects (four or
five per treatment group) was used)
2) the struction was presented in booklet form and
strict control of sequence was not assured;
3) the purpose of the synthesizer was xot presented to
the learners in the instruction; and
4) the concept labels wera often concept attributes.

Thorefore, because of these problems, the need foi
replication for exterral validity, and the nced for fuzthe
research in this area, this study is an cxtension of the Frey
and Reigeluth study. Efforts will be made to correct for thr-
::zzodologlcal problems identified above. It is hypothesizad

] .

1) the presence of a synthesizer will facilitate the
learning of conccftl. and
2) the most effective position of the synthesizer is

dependent upon the sequence of the inatruction, i.e.,
the synthesizer is most effective in a
general-to-detailed asequence when placed at the end
of the instruction and is most ecffective in a
Getailed-to-general sequence vwhen placed at the
beginning of the instruction.
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Subjecr:

One hundred twenty-eight of one hundred forty-four eighth
grade pupils 4in the Painted Poat MNiddle 8chool of the
Cozning-Painted Post School District were the subjects for this
study which was conducted during the weeks of December 14-18,
1981, and January 4-8, 1982. The remaining sixteen pupils were
not included due to absenteseism or because their schedules vere
such that they could not participate. 7he subioctl. p:iaa:lil
from lowver-amiddle to middle income families, lived in & gur
area. The mean score for these pupils on the Stanford
Achievement Test, which was administered nine months prior to
the time of this study, was the eighth month of the eighth

grade. The subjects were randomly assigned to the treatment
groups.

DRasign

Since the taachers indicated that the content ared was new
to the pgg:lc. a sttest-only experinental desi vas
employed. statistical design was a 2x3 factorial design,
and a twvo~-way anclysis of variance was used. The factors were
ssquence (geaneral-to~detailed and detailed-to-general). and
synthesizer (absent, present at the Dbeginning of the
instruction, and present at the end of the instruction). The
statistical design is shown in Figure 1.

Insert Pigure 1 sbout here

Instxuctional Task and Matexials

The subjects viewed a slide-tape dealing with thelggrtc of

a mnicrocomputer. Identical slides vere used in each slide-tape
series. The content of the slides included original
photographs of the parts of a microcomputer system, coples of
pictures of the parts of a microcomputer system, printed words,
and sinple diagrams with printed words.

The function of each of the twenty parts of @
microcomputer system was presented by first describing the
general function of the part, then providing at least one
example of the function, and finally, providing at least one
practice item on remembering the function. The nature of the
task is further described in Pigures 2-4 below.

The Painted Post HMiddle school had recently acquired :
microcomputer, so the students were aware cf what one look:

8




SEQUENCE

Detailed-to-Ceneral

General-to-Detailed

FIGURE 1

SYNTRESIZER

No Synthesizer

Synthesizer First

Synthesizer Last

DG, none

D-¥G, first

D=»G, last

G-D, noune

G-D, first

D-»G, last
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like and were very interested in knowing more about
microcomputers. Although some pupils had had experience using
& microcomputer, they had received no instruction regarding its

p:t:l Oor their functions prior to the instruction used in this
stuay. .

Ireatpepts

There were six treatmonts (see rigure 1 above). Three
versions used a general-to-detailed sequence and three used a
detailed-to-general seguence (see Pigures 2 and 3,
respectively, for these sequences). Bach set of three
consisted of one without a synthesizer, one with the

synthesizer at the beginning of the instruction, and one with
the synthesizer at the end of the instruction. ,

The synthesizer was a tree-chart diagran of a

parts-conceptual structure (ses Pigure 4). It was introduced
and expla;nod as follows:

This diagram shows you the parts of the
microcomputer system. Por example, a microcomputer
system (the box on the top) is made up of the parts:
ricroc ter, video dtlrlay. df:ogran. and f£lo
disc subsystem. And, a £ sc subsysten (on the
rtgbt hand side of the slide) is made up of the
drive, diskette, and interface. 1I'l1 give you a
while to 1look it over and see what parts belong to
other parts. Look it over well; it will help yon
understand the information you (will be seeing) (saw)
on the rest of the slides. e

Insert FPigures 2, 3 and ¢ about here

- Based on the parts-conceptual structure showa in Pigure ¢,
the general-to-detailed seguonce began with the concept at the
top of the diagram and proceeded down one level at a time,
vhereas the detailed-to-general sequence started at the botton
and proceeded up one level at a time (see Pigure 5).

Insert Pigure 5 about here

Figure 6 shows the number of slides and the length of the

narration for each treatment. Each treatment containing theo
synthecizer bhad ora additional slide and two additional minutes

of sound on the audio tape. The general-to-datailed seqguencs
treatments each contained four more slides than the ¢ rable
detailed-to-general treatment. The four additional slides in
the general-to-detailed sequences were duplicates of other
slides included in the programs and were included to maintsin

10




NARRATION

DETAILED-T)~GENERAL SEQUENCE

VISUAL

A diskette can store information sort
of like an audio tape stores sounds.

A diskette 100ks like this.
This 1is a drive

It either records cr plays back the
information on & diskette when the
diskette is placed in it.

" The drive can either gend information
to the microcomputer or receive inform-
ation from the microcomputer.

Guess wvhat goes detween the drive -
and the microcomputer?

Excellent if you said interface. 1If
you didn't say interface, remembez,

an interface must be used to connect
any piece of equipment with the micro-
computer for it to be able to communi-
cate vith the microcomputer.

Together, the diskette, drive, and an
interface form what is called the
floppy disc subsystem.

What part of the floppy disc subsystem
racords or plays back the inforvation?

The drive

What is the information recorded on
or played back from?

Right, a diskette.

Is the floppy disc subsystem used to
put information into the microcomputer
or to get information from the micro-
computer?

It is used to do either. It can put
ioformation into the microcomputer or
it can get information from the micro-
computer.

What are the three parts to a floppy
dinc subsysten?

Right, diskette, drive and interface.

11

DISKETTE

Picture of a diskette
Picture of a drive

DRIVE

PUT INPORMATION IN
oR
GET INFORMATION FROM

Black slide

INTERFACE

FLOPPY DISC SUBSYSTEM

Black slide

DRIVE
Black slide

DISKETTE
Black slide

PUT INFORMATION IN
OR
CGET INFORMATION FROM

Black slide

FLOPPY DISC SUBSYSTEM
DISKETTE
DRIVE
INTERFACE
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PALURE 3

CENERAL-TO-DETAILED SENUENCE

VISUAL

Q

RIC

Another part of the microcomputer system

is the floppy disc subaystem which is
made up of the drive, diskette snd
interface.

The main part 1s the drive.
It looks like this.

It can either send information to the
microcomputer or receive information
from the microcomputer.

A diskette

vhich looks 1ike this 1s put into the
drive. The kiskette can store informa-
tion sort of like an sudio tape stores
sounds. The drive records or plays
back information from the diskette.

What part of the floppy disc subsystem
records or plays back the information?

The drive

What is the h\fomti.on. recorded on or
played back from?

Right, a diskette.

Is the floppy disc subsystea used to
put informatior. {ato the microcomputer
or to get information from the micvro-
computer?

It is used to do either. It cam put
information in to the microcomputer
or it can get information from the
aicrocomputer.

Cuess what goes between the drive an
the aicrocaputer?

Excellent if you said interface. If
you dida't say interface, remember, an
interface must be used to connect any

plece of equipment with the microcmputer

for it to be able to communicate with
the microcomputer.

What are the 3 parts of the floppy disc
subsystem?

Diskette, Drive and interface.

A G

FLOPPY DISC SUBSYSTEM
DRIVE
DISKETTE
INTERFACE

DRIVE

Picture of drive

PUT INFORMATION IN

OR
GET INFORMATION FROM
DISKETTE

Picturs of diskatte

Black slide

DRIVE
Black slide

DISKETTE
llaek. slide

PUT INFORMATIOR IN
OR
GET INFORMATION FROM

Black slide

INTERFACE

Black slide

FLOPPY DISC SUBSYSTEM
DRIV:
DISKETTE
INTERPACE
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MICROCOMPUTER

VIDEO
DISPLAY

PROGRAM

1
L

FLOPPY DISC
SUBSYSTEM |

GRAPHICS

INTERFACE

DRIVE

DISKETTE

INTERFACE

CONNECTOR

INTERFACE




ORDER OF PRESENTATION

DETAILED-TO-GENERAL GENERAL~-TO-DETAILED
1. Power Supply 1. Microcomputer System
2. Keys 2. Microcomputer
3. Interface 3. Video Display
4. Keyboard &. Program
. Conuctor. S. Floppy Disc Subsystea
6. C™W 6. Powver Supply
7. RAM 7. Keyboard
8. ROM 8. Kaeys
9. Msmory 9. Interface
10. Microcomputer 10. Connector
11, Text Mode _ 11. CPV
12, Color Graphics Mode 12. Memory
13. Interface 13. RAM
14. Video Display 14, ROM
15. Diskette 15. Text Mode
16. Drive 16. Color Graphics Mode
17. I.ntottace 17. Interface
18. Ploppy Disc Subsystenm 18. Drive
19. Progras 19. Diskette
20. Microcomputer System 20, Interface
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continuity with the audio rtion of the programs. They
acccunted for na additional information regarding the
subject-matter content.

Insert Pigure 6 about here

Zasts and Meaaures

The test was & 26-item, psper~and-pencil test. The test

i:eus vere classified as either relationship or attribute
{ - T I8 )

Figure 7 sghows the six relationship items used on the
test. They elicited responses ebout relationships among
concepts. Bach of these items was at the remenrer-a-generality
level, as described by the Componant Display Theory (Merrill,
:n press). A total of 19 responses was possible on these six

texs.

Insert Figure 7 about here

Figure 8 provides five representative items from the
attribute rtion of the test. The attribute portion of the
test included eighteen items eliciting twenty-six responses.
Bach item required the pupil either to name one or more parts,
given its (theiz) function, or to describe the function, given
the name of the part. This portion was also at the
remonber-a-generality level (Herrill, in press).

Insert Pigure 8 about here

Two other items on the test measured neither relationships
nor attributes and were not included in the analysis.

RBrocedure

The pupils were scheduled by the librarian to report to
the Library/Media Center. They viewed the instructional
materials individually or in a small group, based on the numbe.
available per treatment and the Librarian's schedule. Before
viewing the slide-tape, each pupil wcs tolds

You are going to be learning some new material
about the parts of a microcomputer system. This is
part of an experiment to £ind out the best method for
learning this type of information. There are six
slide-tape programs and each one teaches the same




SEQUENCE

- Dateiled-to~Ceneral

General-to-Detailed

FIGURE 6

SYNTHESIZER
No Synthesizer Synthesizer FPivst Synthesizer Last
81 slides 82 slides 82 slides
15'so" 17'50" 17'so0"
86 slides 87 slidos 87 slides
15'5s" 17°'58" 17'55"

17
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FIGURE 7

RELATIONSHIP ITEMS

What are the two parts of the keyboard called?

VWhat are the two parts of the memory called?

What are the three pazts of the video display called?

What are the three parts of the floppy disc subsystem called?
Name the four main parts of a microcomputer systes.

Nams the five parts of the microcomputer.

YIGURE 8

Examples of ATTRIBUTE ITEMS

1.

3.
9.

17.
24.

What is the part called that provides the electricity for the microcomputer
to be able to run?

What is the purpose of an interface?

When you put information into the microcomputer, it is temporarily stored in
wvhat part of the memory?

\
What kind of information do you see in the text mode? -

Nane two parts of the microcomputer system that you can use to put information
into the system with.
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information in a different wa{. You will look at one
of them and take the same test as everyone else in
the eighth grade. You will not be graded as part of
your math grade but if you would like to know how you
did you can find out from me (the Librarian). Pay
cloge attention and do your very best.

Folloving these instructions by the Librarian, each pupil
viewed the slide/tape to which he/she had been randomly
aseigned. At the end of each slide/tape the subjects were
instructed to get a copy of the test from the Librarian and
complete the exam. Most pupils finished the exam within the
resaining time of the scheduled period (about 20 minutes).
However, if more time was needed, the pupil was allowed more
tine to complete the test.

Results

The mean numbers of correct responses on the relationship
items and on the attribute items are presented in Table 1 in
the form of percentage correct out of 19 and 26, respectively.
Significant main effects for both sequence and synthesizer were
found on the xgl.f;gnnggg test, F(1,122) = 4.00, p=.048 for
sequence and F(2,122) = 4.35, p=.015 for synthesizer (see Table
2). On the attribute test a two-vay analysis of variance

x}oldcd no significant main effects nor interaction (see Table

No significant interaction was found on the relationship
test either.

Ingert Tables 1 and 2 abocut here

With respect to sequence, these results indicated that a
3enoral-to-deta11ed sequence is superior to ]
etailed-to~general sequence. With respect to synthesis,
Duncan'’s Multiple Range Test was performed to identify the
source of significance. The results showed that having the
synthesizer at the end of the instruction is significantly
better (p=.01) than having it at the beginning and having no

sznthesi:et is significantly better (p».05) than having it at
the beginning of the instruction.

No formal affective wmeasures were taken regarding this
study. However, the Librarian who administered the study in
the school indicated that most students showed a great deal of
interest and effort in dolug the wvork. Several pupils could
not be scheduled during school hours so they volunteered to do
the work after school. About 40% of the pupils asked for the
results of their exam.

19




SEQUENCE
Detailed-
to-Ceneral

General-~
to-Detailed

SEQUENCE

Dotailed-
to~Ceneral

General-
to=-Datailed

TABLE 1

MEAN SCORE (in percent) OF CORRECT RESPONSES
RELATIONSHIP ITEMS

No Synthesizer

Synthesizer First

Synthesizer Last

43,09 27.55 40,85
(22.59) (23.70) (26,36)
n=22 =22 n=20
43,09 38.57 54.95
(21.88) (23.60) (22.97)
a»23 av21 n=20
43,02 32,93 47,90
(21.98) (24.03) (25.43)
n=4$ n=43 n=40

MEAN SCORE (in percent) OF CORRECT RESPOMSES .
ATTRIBUTE ITEMS

No Synthesizer

Synthesiser First

Synthesizer Last

49,82 35.82 42,05
(23.61) (22.71) (26.91)
n=22 n=22 n=20
48.35 45,14 52,40
n=23 a=21 n=20
49,07 40,37 47,23
(23.00) (21.78) (24.76)
a=4AS n=43 n=40

= . P N o
" < ~.M~'.’¢‘a,m£§'w»'-s‘ & e R

32.¢
(24.8
nogs

45.3
(23.4
n=64

42.%
(24,
a8

48.°
(21.-
n=64

(Numbers in parentheses reprssent standard deviations;

LR e nims kb b et B v o dm




TABLE 2
THO-WAY ANALYSIS OF VARIANCRE

RELATIONSHIP TEST

SOURCE SUMS OF SQUARES af ? pry ¥
Sequence (A) 2211.13 1 4.00 0477
Synthesizer 4803.17 2 4.35 0150
Position (B)

AXB 1163.70 2 1.05 <3515

ATTRIBUTE ITEMS

SOURCE SUMS OF SQUARES af r pERY
Soquence (A) 1146.01 1 2,15 «1433
Synthesizer 1770.49 2 . 1.66 « 1945
Position (B)

AXB 934.78 2 0.88 +4190

21

- .
e 5 P hg Lo s . .
YL - SR (6. S PP & SR SN




RIC

by ERIC t
AR O B SCAICO Y, SN s S A

Tha Effects of Sequence and S8ynthesis
10

Discussion

The results of this study do not support the first
hypothesis, since under no condition was the presence of a
synthesizer superior to having no synthesizer. Neither 4id the
results support the second hypothesis in that there was no
ligniticant interaction (i.e., the presence of a synthesizer
folloving the 4instruction was superior in tk the
general-to-detailed and the detailed-to-general sequences).
This result is inconnistent with the Rlaboration Theory, which
advocates the use of a synthesizer at the beginning of the
instruction. It could be that a parts—conceptual structure
functions well in zeinforcing the information that has been
taught, but that it is not necessary at the beginning and may
even cause confusion.

Likewise, it appears that it is better to use a
general-to~detailed sequence than a detailed-to-general
sequence, which is 4in support of the Elaboration Theory. The
synthesizer was introdu by teading from the top of the
taxonomy down in a general~to-detailed seguence for both the
general~-to-detailed and detailed-to~general treatments
receiving thesizers as part of tie instruction. This may
bave introduced a confounding wvariable, in that the
detailed-to-general treatment groups receiving synthesisors
probably should have been presented a taxonomy with the
subordinate concepts at the top of the slide and teod down to
superordinate concepts to maintain continuity with ¢the
instructional sequence.

The number of concepts included in the instruction may
have been too large for a single leason. The uae of a
synthesizer containing nineteen subordinate concepts may have

bsen too much for pupils at this age level to grasp in such a
short period of time. '

In addition, although the purpose of the synthesizer was
explained and a bricf description of how to use it was given, a
more detailed explanation, leading the subjects through the
structure so they might see the relationships more clearly
might have provided the pupils with a better understanding of
the synthesizer. No attempts were made to test for

rerequisite skills in 1ntotp:et1ng such structures and no
gnlttuction in reading tree-chart diagrams was preovided prior
to the subjects' participation in this study. It is possible
that the tree-chart diagrams might have been too difficult for
the age level of the subjects.

Purther research about the effects of sequence and the use
of synthesizers in teaching concepts is certainly needed.
Additional research should consider the following:

1. consistency of the sequence of the synthesizer with
the seguence of the instruction,

2. the number of concepts that should be included in a
synthesizer,

R2
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the age level at which synthesizers can be understood
by pupils, and

the degree of abstraction of a synthesizer that can be
used at various age levels.
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