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ABSTRACT

This atudy investigated the effectm of different structures cf
a synthesizer and formata of the gunerality coaponant on applica-
tion and remember levelsm of learning. CSeaventy-three college stu-
dents from Syracuee, New York part:cipataed.

, Four trea'mant groups were formed by combining two types cf

structure (complete ve. partial) with tuo types of format in gen-
' erality (visual ve. verbal atatecent), A complete aynthemizer
contained a generality, an exanple snd some practice. A box-
chart diagrer was used to represent the visual format of the gon-
erality.

Ragults suggest that "format"” of generality does not make sig-
nificant differances on either application or remeaber lavel of
learning. But a coapleote mynthesizer gesems to benefit remeaber
lovel learning. Yhen coaparing treatment groupa with control
groups the post-hoc cosparison again shous that conplete synthes-
izers result in migniticantly hetier lesrning than no synthesizer
at all. Some poesible reasons for findings are discussed &t the
end.
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INTRODUCT ION

ntext

‘Instructional design is concerned with underatanding. iaprov-
ing and applying methods of inwtruction in order to make learning

aore effective., more efficient and more appealing (Reigeluth,
1883). Houwever, despite the fact that educational activities
have existed for a long time. the tield of 1natructional design

did not appear as a science until the middle of the 20th century.

Instructional design found its oun setance since the late
19508- but has =maintained a close ralstionship with behavioral
psychology and cognitive psychology. MNany i1nstructiona! theories
employing either spproach have eserged. Asong the theorists are
Skinner. Bruner. Ausubel. Gagne. Gilbert. Glaser, and more
recently. Landa. Scandura. Merrill. Gropper. Reigeluth, Harkle.
and others. Those theories are prescriptive in the assn=e that
they provide bases for deciding which 1i1nstructional methode

should bde used 1n a8 given situation to achieve the desired out~-
comes.

Since ir .tructional design is a praescriptiva ascience, 1t 18
concerned with prescribing optimal “"methodn” ae oppoaed to
describing actual "outcomes.™ Thre= types of methods were i1den-
titied by Reigeluth (1983): organizational se@trat3gies, which
deal with organizing the subject-matter content: delivery strat-
egies. which deal with conveying the content: and management
strategiea. uhich deal with making decisions about how and when
to use the previous tuu strategies®. A furthar clessification uas
made on the orgsnizational atrategies. Ore 18 micro strategies.
which are concerned with teaching a single idea (i.e. a concept.
a principle or a procedure);: the other is macro strategies. which
are® concernad uith teaching more than one 1dea. and this 18 where

strategiea such as sequencing. seynthesizing and sunmarizing come
into play.

Vith respect to macro strategies. sany research efforte have
been made to identity sequencing principles (Reanick, 189763 Tyl-
er., 1950: Thomas. 1863: Pcsner & Strike., 1976). Some inatruc-
tional theories have prescriptions on hou to saquence the con-
tent. such as Gagne’s hierarchical approach. Larda's gnowball
approach. Ausubel'’s progressive differentiation approach. and
Reigeluth’s elaboration approach. "Summarizing” (or systematic
revies) has aleo been a long-usad strategy. although not many
thesries or models have provided gpecitic guidance on effective
uss of 1t. Synthesi1zing however i1e the least discusseoc. 1f not

the lesst used. strategy 1n instruction. For better learning,
moet learning tesks require a synthesizing effort on the part of
the learnsra. Looking from the information processing point of

vieu., synthosizing 18 extremely important in the: it makes learn-
ing more meaningtul by reluting neu information to the learner's
existing knoulaedge. and shouing the ruletionships smong the veri-
ous pieces. To eynthesize 18 to put together all tha plecameal
knouledge into a big picture and tc make an integrated under-
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standiug of it. Thus. =a goad synthesizing strategy on the part
of the instructor can help the learner identify the relat:ionehips
asong pieces. o that each pieca of knouwledge becomes mora mean-—
ingfui in an integrated. macroscopic context.

Iheoretica] Frapawvork

As menticned befors, conly a few early theorists have expressad
& concern about syntheaizing strategies. Bruner snd Aumsubel are
the two major persons among them. Bruner (1960) talced about
gsining meaningful learning by acquiring the "structure® of =a
subject. The “"structure” referred to the relationships among
content eleuvents. Similarly, Ausubel (1968) discussed "integrs-
tive raconciliation” ses an important concaern for the iustruction-
&. procsss. He dezcribed "integrative raconciliation” as a pro-
cess of continuous interaction and recombination of neuly
acquired ainformation with preexisting elerents o©f cognitive
structure to form neu meaning and new organization of knouledge.

One ot the recent instructional theories that shous a great
concern shout osynthesizing and provides a set of guidelinas tor
operationalazation i1 the Elaboration Theory (Reigeluth., 19793
Reigeluth & Stein, 1983). Thie theory is concerned uwith four
kinds of macro strategies: selection. sequencaings synthesizing
and sumearizing of subject matter content. The strategy component
thet Elaboration Theory umes for synthesizing 18 called the "syn-
thesizer." According to the Elaboration Theory, the purpose of a
synthesizer 18 to relate and integrate the individuval ideas of a
si1njle type of content (i.e. concept, principle or procedura)d.
It is hypotheusized to have tha eifects of 1) providing students
with valuable knowledge., 2) facilitating a daeper underastanding
of the individual 1:1dexs, 3) 1ncreasing the meaningfulness and
motivational effect of neuw knowledge., and 4) ancreasing reten-
tion. These effects uere proposed basad on knowledge about human
cogmitive functionsa. It 18 asguned that by comparing snd coun-
trasting the i1ndividual ideas within the content, =a broadar pi.-
ture can be phoun uhich provides additional knowledge about the
content and helps with a better underastanding of it. Algo., the
periodical integration of new knowledge and the lserner’s prior
knouledge takes adventage of the lsarner’'s devaloping cognitive
structure, uhich then makes learnirg more nmaaningful and unfor-
gettable,

Two kinds of synthesizers wuware identified by Reigaluth and
Stein (1983): an ainternil synthasizer, which shous ralationchips
among the new i1deas within a leusdgon: and a8 within-set synthesiz-
er. which shoua horizontally the relaticnships among the ideas at
8 given level of elaboration., and vertically the relationships
batueen theme 1deac and the more general: inclusive ones that
subsume them.

Elaboration Theory proposes that a synthesizer should consist
of 1) a genarality in the form of a subject-matter structure for
(he organ:i:zing content. 2) a tew prototypical examples, and 3) a
feu :ntugrated., diajgnoatic. self-~test practice iteas. Both tha

6
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internal and within~set syntheeizere should be pliced at the end
of each lesson. The generaiity in a aynthesizer is one or more
Subject matter structures piue the necescary verbal description
to clarify their meanings (Raigeluth., Merrill & Bunderaon. 1978;
Reigeluth & Stein. 1983). The exanples in & synthesizer portray
the interrelationshipo among instances of the ideas that are
being synthesized. The practice ina synthesizer is a set of
iten® on the interrelationships smong the i1deas (Reigelugh & Dar-
wazeh. 1232).

Erevioum Reesssrch

It uas mentioned earlier that the emergence of the idea of
aynthesizing can be traced back to 1960, but thims idea of teach-
ing the content structure was not opertionalized well in sarly
research and theories.

One of tha early mtrategies for teaching the structure of a
subject wss the "advance organizer”™ proposed by Ausubel (1960).
According to Ausubel. the advance organizer 1s a brief descrip-
tion of irs content at a high level of abmtraction, which is giv-
en at the teginning of the lesaon. it 18 gsuppomedly to provide
relaevant subauming conccp'ne in order to facilitate the assimila-
tion of nev information 2zs well as the procesa of integrative
reconciliation. However, Aucubal’@ advance organizZer ig so gen-
eral. inclusive. and abstract, that it aays nothing sbout the
actual content to be learned. A review by Van Patten. Chao and
Reigeluth (in press) revealed that. since the advance organizer
doas not explicitly teach tha structure of the content. 1t ia not
& synthesizer in the Elsboratior Thacry’s definition of the tera.
e 2n though 1t is likely to result 1n the building of stable cog-
nitive mtructures and therefore in the learning c¢f soae relation-
ships. Van Patten et al. further reasonaed that it any knowledge
about thae content structure wae ever obtained. 1t might be either
due to momc abilities of the learner or "the learner's borrowing
of a relevanrt get of content interrelationshipe from prevaiously
learnad raterials.” Above all. the major criticism about the
advance organizer ie that Ausubel did not provide 8 detinite way
of constructing at.

Herrill and Stolurow (1966) tried to construct an organmizer

based on content interrelationehips. They arranged the content
elements 1n a hierarchical order such that "aach succeaeding
stat=2ment wae a combination. raorgartization, elaboraticn or

application of previous principlas." (p.253) However. although
the hierarchical organizer uas developad based on the content
structure. this etructure (the relationships among ideaes) was not
pregsented explicitly to the learners.

Strictly upezkings, there has been very little reaaearch on eyn-
thesizing which operationalizes the idea in a praciees replicable
and explacit yay. To the knowledge ot the authors, Elaborat:on
Theory 18 the first one uhich addresses thiam problem and pre-
scribee the structure. development and usas of synthesizing
astrategies. Neverthelesss, empirical testing 18 npeded to vali-
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date 1is prescriptionas about synthesizers and to find out which
fornete are moat effective 1in communicating the interrelation-
ships among content elements. an aspect not yet clearly detinad
by the Eilaboration Thoery.

Some relevant research studies have been done recently. Two
studies (Frey & Reigeiuth., 1981: Csrson & Raigaeluth, 1983) i1nvaes-
tigated the eftects of different positions of & conceptual syn-
thesizer in ralation to sequancing strategiea. Although both of
thes uged tree-cnart diagramo as the format for cornceptunl ayn-
thesizers, "foraast™ was not deliberstely examined in terms of the
eftects of i1ts variations.

The first study on "format" uas conducted by McLean. Yeh and
Reigeluth (1983). They investigated the effactiveness of three
formats ot conceptual synthaeei1zars: 1) tree-chart diagranm
(vigual-o-ly), 2) prose form (verbal-only), and 3) tree-chart and
pros#e in coabination (visual-verbal combination). The results
suggest “hat when teaching conceptusl relationashipa, visgual-only
tormat i+ guparior to either verbal torpmat or visual-verbal conm-
bination.

Ore ro’ewvorthy thing i1s that all the above studies cn gynthes-
izers used the Elaboration Theory us their research paradigm. but
none ot tham tollowed the preacriptions 1 terms of the structure
ot a synthesizer. Inetead of having generalities., integrated
examplen and diagnostic practice 1n the synthesizer., they only
1ncluded the gensralities. Thus. the results of those gtudies
relate to the "position" of a synthes:izer 1n a lesson or the
*format” of the generality component of a synthusizer rather than
to the structure of a synthasizer.

A revieu of those wtudies also shous thst the synthesizers
used vere all internal aynthesizers, s1nce the i1nformation con-
tained in each synthesizer uas only the cocverage of one singlea
lesson. No uithin-set aynthesizer has ever bewn invastigated so
far. According to the Elaboration Theorys a wv)thin-set synthes-—-
1zer teaches the relationships 8mong 1deas scrogs saveral les-
sons.

Presant Study

To correct for the deficiencies deacribed above. and since
there have ba2en no studies on procedural synthesizers. thie atudy
Investigates the effects of different atructures of synthesizers
and formats of the guenesrality component of synthesizers uzing a
vithin-set oparationalization. The 1ndependent variabies in this
study are structure ot aynthesizer t(complete vs. partial) and
tormat of generality (visual ve. varbal). The deperdunt vari-
ables are racall ot the procedures and applaication of them on new
Instances (statistical problems). The hypotheres aret

1. In both application level and remember leval learning of a
Procadura., atudents who have received % box-chart (visusl)
genarality i1n the synthesizer wil) perform betier than
thoie who have recejved a verbal genarality.

8




2. in application level learning of a procedure, students who
have recaived a complete gynthesizer (including genarality.
exanples and practice) will perform better than tlicwe who
have received a partial ona (including genaralaity only):
but in remenber level learning, they will perfora equally
w:2ll.

3 In both spplication level and remember level learning of a
procelura, students who have received a synthesizer,
regardless of astructure of the synthaesizar or format of the
generalicvy, will parform better than those in the control
@roup who have received no synthesizer.

HETHOD
Subjects

An eiuvmentary statimtics class waa golected from a college in
Syracuse, Neu York. A total of saventy~three students partici-
Pated 1n the gtudy. Sixty percent of them yere frechmen: the
rest vere sophomoreas or juniors. Ninety percent of them were
white. According to the instructor. their intelligence level was
a little balou iverage.

The gstudents uwere randouwly aesigned to five groupe (deacribed
below). This was realized by randomizing the order of ths book-
lets in advance. To minimize the eize differences. this process
vag done in groups ot five, auch that every set of five booklete
contained one of each group in a rendom order. These booklats
were then distributed to the studonts 28 they shoued Up at the
entrance to the classroon.

egzan

A posttcat-only control group design sarved as the axperinaen—

tal design. The ztatistical design uzs a 2 x 2 factorial design.
The tuwo tfactors were format of generality in the asynthesizer and

structure o aynthesizer (Se= Figure (). A teo-uay analysis of
covar:anca wvas perforwed te test the f:iret tuc hypotheses., using
the student3’ previous class quiz acores as a covariate. A one-

uvay analysigs 0f covar:iance uas performed to conpare the experi-
mental groups with the contrn! group for the third hvpothesis,
Vhen significance was found, a post-hoc comparisons veing the
Dunnet procedure uas performed to detar=mine whaich experimental
groups were msignificantly d:ffsroent from the control group.

T e S e B L S TS BB RS T Pt T s W BB S er U S B s aw o
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Instructional Task and Naterials

In order to devalop 8 true within~set aynthaesizer. the proce-
dural) synthesizer used 1n this study covered the content cf 13
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veaks' instruction st the collegae level. Each weaek's instruction
(for a three-credit-hour course! can be translated into six houre
of laarning (threo hours of in-class learning snd three hours ot
hosauork). So there uas & total of seventy-eight houre of lesarn-—
ing. The Elaboration Theory tentatively pnroposes that 7+4
10~hour lessocne would be an optimal saount of coverage for &
within-get syntheaizer. Thus, the amount of instruction covered
for thie otudy was docxed legitimate.

The materials gere presented in the form of a salt-
instructional booklet. For the conveniaence of admisietrations
the color of hooklets for each treatcent group vae different.
The materials for thosa in the four experimental groups werc &
synthosizer vhich illugtrated the relationohipa: betuween tha sta-
tistical teste they had learned @0 far in the course and the
problas conditione undar which they are appropriatae. This par-
ticular content wvas chomen becauae these tests were taught indi-
vidually throughout the sesester, and no synthesiying effort uas
aver made to shonu (ko students, in a conparative or contraeting
way. the differances among these tests and the relationships
betwesn tham and tieir corvesponding problem conditiona.

The muterial for tha control group was 8 summary of foramulas
for all the statimtical teste taught in ths courea. No synthes-
izing information uas given.

The taskas 1in the practice and post taeat were to recall the

relationships 1llust.sted in tlie synthesazer. and to apply thenm
to gaiven problonms, in order to decice which teate should be
used. The author worked with the 1nastructor throughout the

msaterial/tent development proceas, 8o the content was approuved by
the instructus in terme of accuracy and lavel of ditficulty.

Each booklet was prefaced by a feuw \nstructions explaining tne
purpose of tra follouing study and the time allowed. They ware
idantical tor &!1 the groupe.

Tr nta

The tour exXperizental groups received diffarent versions of
the synthes:zar. These verninng differed 1n two ways: a) using
® box~chart or a series o! verbal statement. as the generslity:
») contaaning the generality- sexample ond practice or the genar-
ality only. Thugz, the four experimental treatments uera:s 1)
box-chart genaesnlity with example and practice (GbLEP)S 2) veaerbal
gewerality with axanple and practice (GvEP); 3) box-chart gener-
ality only (Gb): &) Varbal generality only (Gv) (See Figure 1).
The box-chart ganerality and verbal genzral:tiy are prosentaed in
Figures 2 and 3. reecpectively.

For those groups uhich received the exsmple snd practice in
addition to the gensrality, one example was givan, along with
explanations ag to how the appropriate teat was chosen (See Fig-
ure 4), and tuo practice 1tome uere given with the answvers (no
sxplanationa) providaed on the next page (Sea Figure 5). The
exaaple and practice uvere identical for theee groups.

11
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The control group raceived =r totally difforent but gtill
course-related treatu2nt vhich wes a summsary of the compututional
foraulax tor 2l1] the statistical tests taught in the courms (Seo
Figure 6).
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Ths postteat conaieted of 38 ghort-snsuer quuationas which
aeasured both remesber ievei learning and application level
learning. Yo test resember-learning. the students wera assked tO
racall the teat melection critaria dercribz24 in the genorality ot
the eynthesizar (the ralatonships betweon problem conditiono and
tests!. 7o toat upplication-lezrning, they ware gsked to use the
sslection critueria to come up with (he most appropriate test pro-
cedure for a given problem. No calculation wza required. There
vere 15 test itea® on tha rerember level and 20 on the applica-
tion level. The tast items vare randomly msaquencaed. Some test
1tens are shown in Figure 7.

tratic

The study uwas carried out in the gecond-tc~-last claes, yhich
Uas ccheduled to be z review geesion. The clsaa lasted for 60
ninutea, Vhen 2 student came to the class: o/he uas given two
booklets ~- one study guide (synthesizer) and one teet booklet.
and was inatructed to git in the asgigned gecLion of the class-
rooa. Since mome groups required mora reading time than others
due to the natures ot the drttarent traeataents, the follouing
rules uure set for ceat assaignment: the Gb, Gv, and control
praoups, which had 10 minutes to study the synthesizer, ware told
to it in the iiret five rous: the GbEP and GVEP groupms, which
had 2C mainutes to study the synthemizer, were told to sit in the
next three roue. The studente were told not to proczed uith the
test boolilaet until they wverae told so.

Vhen tha time for study guide was up, the astudy guides vere
collecteds and the mtudunts couid beyin Lhs test. There was no
time roptriction on the tost. Host of them finished it in 30
ainutes.,

The instructor adeministered the whole proceegss uhile the
suthor appeared as a class casistant. The students vere told by
the instructor that the purpose of thia sescion vas to wsee hou
helpivi the diiferent ravieu strategies hle had developed uere in
helping astudent lamrning. They were almso told that the test
ottered a mzke-up chance for thoae who did not periorm well in
the srevious onaa. Poor varformance would not affect Lheir tinal

i2
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process until you reach the last column, which

BEST COPY AVAILABLE



Statistical Hypothesis Testing

There are primarily two types of hypothesis testing - parametric and
non-parametric,

Parametric Testing

There are three kinds of problems taught in this course that can be solved by
parametric methods =— tests on meau(s), tests on proportion(s), and tests on
relationships (independence) between two variables.

Fcr problems which requrie a test on the value of one mean(H, . 4=Lp, or the
difference between two means (H,:.4,® ,), use the NORMAL TEST (Z) 1f the
population standard deviation (&) 1is knowr; use the NORMAL APPROXIMATION (Z)
1{£€ 18 unknown, sample standard deviation (8) is used, and the sample size is
large (N230); use the t TEST if & 1is unknown, s is used, and the sample
size is small (N<30).

For problems which requrie 2 test on the differences between more than two
mneans (‘b :,a,.ﬂz‘#s ooo)’ use the F TEST.

For problems which require a test on the value of one proportion (He: p = Pa)»
or the difference betu=en two proportions (H,: P," P,)» use the NORMAL
APPROXIMATION (2).

For problems which require a test on the difference betwecen more than two
proportions (H,: P,™ Py ™ P, +..), use the CHI SQUARE TEST x».

For problems which require a test on the relationships (independence) between
two variables with a contingency table, use the CHI SQUAFE TEST (X¥).

Non-parametric Testing

There are two kinds of problems taught in this course that can be solved by
non-parametric methods -- tests on medisan(s) and test on the relationships

(independence) between two variables.

For problems which reguire » test on the value of one median (Ho: § =/S,), use
the SIGN TEST.

For problems which requre 2 test on the difference between two medians
(Hp: £,= &,), use the NORMAL APPROXIMATION (Z) with RANK-SUM if the larger
n>10; use the RANK-SUM TEST if the larger n£10.

For problems which require a test on the relationships (independence) between
twe variables, use the RANK CORRELATION COEFFICIENT.

Fiqure 3. The Verbal Generality for the Synthesizer

14



Exasple

the folloviag is an example which illustrates how the inforea-
tion provided in the previous page is used im arriving at the
appropriate statistical test.

Problea

An iavestigation of two kinds of photocopying eguipanent shoved
that 60 failures of the first kind of eguipaent took on the aver-
age 88.2 minstes to cepair with a standard deviatica of 19.8 ain-
utes, vhile 60 failures of the second kiad of equipsent took om
the average 91.6 ainmutes to repair with a standard deviation of
18.9 minutes. Test vhether there is a real differeace between
the tvo means at o = 0,01

Solstion

The last sentence in the gquestion tells us that the problea
requires a test on neaus, ang further that it requires a test oa
the difference betwaea tvo aeans. Remenbering froam the previous
page, ve knov that the mext thing is to find oat 1if the two popu~
lation standard deviations are provided. Obviously they are not
(ve are only given the tvo sample standard deviatioas - 19.4 ain-
utes and 18.8 minutes). Again recalling from the previous page,
ve knov that the fimal factor to be considered is the saaple
size. Since each sample has a size of 60, the N is larger thaa
30. All the above leads s to the decision that the NORHAL
APPROXINATION (2) is the appropriszte test for this particular
problen.

Pigure 4 . An Example for the Synthesizer




Exactice

The following are soae protieas for yosto practice. You vill
do better on the test if you try to come up with the FABES of the
appropriate test on your owu bhefore looking at the answers which
are given ca the next page,

Te Six guinea pigs injected with 0.5 g of a medication took
on the average 15,4 seconds to fall asleep with a standard
devistion of 2.2 seconds, vwhile six other guinea pigs
injected uith 1.5 ®g of the amedication took on the average
11.2 seconds to fall @sieep with a standard deviation of
2.6 seconds, Use & = 0.05 to test vhether or not the
fucrease in dosage from 0.5 to 1.5 Rg really wmakes a dif-
£e§ance in the amount of tine it takes a guinea pig to fall
asleep.

Test:

& Oa 15 occasions, a randoa saaple, a city eaployce hLad to
vait &, 3, 7, 7, 2, 6, 8 5, 9,6, t, 5,6, S, and 9 min~
stes for the bas he takes to vorke. Tast the null hypothe-
sis that the aedian is equal to S against the alternative
bypothesis that it is not at x = 0,06,

Test:
lasvers for Practice
e t Test

& Sign Test

Mgures5. Practice items for the synthesizer
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The following information summarizes the formulas of all the statistical tests
you have learned this semester. You have 10 minutes to study. It will then be
collected and you will be given the test.
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riate test or the

For the following questions, give the NAME of the anprop
provided below each

PROBLEM CONDITION(S) for a particular test in the space
question. N0 CALCULATION is required.

Jest on remember-learning

1. What is (are) the condition(s) under which the rank correlation coefficient
should be used?

Condition(s):

2. Once you have determined that a given problem is about proportions, which

decision should you make next?

3. Given a problem wnich requires a test on the value of one mean, if N2 30,
and sesple standard deviation ( s ) is used, which test would be
appropriate?

Test: L

Test on application-learning

1. A random sample of 12 graduates of secretarial school averated 73.5 words
per minute with a standa~d deviation of 7.9 words per minute on a typ.ng
test. How should we decide to accept or reject an employer's claim that
the school's graduates averate less than 75.0 words per minute?

Test:

2. One method of seeding clouds was successful in 57 of 150 attempts, while
another method was successful in 33 of 100 attempts. SetX =0.05 and
test the null hypothesis that both methods are equally good.

Test: o 7*

3. In a random sample of 10 issues, a newspaper listed 32, 27, 41, 52, 31, 22
38, 45, 34, and 36 apartments for rent. Setox =0.05 and test the hypothesis

Ho: & (median) = 40.

Figure 7. Test Items
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grades. but outetanding performance could result in 10 points
more in the final grading.

BESULTS

3 It was predicted that in both application
and remeaber levels of learning, studente uho have reoceived =
box~chart (viaual) generality in a synthesizer wiil perform bat-
ter than those who have received a verbal generality. Results
from the tuo-uway analysis of covariance did not support this
hypothesie. NOo main effect was found in the "format" of gen-
erality in both levels of learning (See Tables 1 and 2).

3 It vas predicted that in application level
learning, atudents who have received the generality. examplem
and practice in a synthesizer will rerform better than those who

have received the generality only. Results again did not sup-
port this hypothesis. Houwever, a main effect was found unex-
pactedly in the remember leval. An F value of 5.81 uss

obtained. significant at the .02 level (See Tables 1 and 2).

T > S0 S ™ D D D s G G SED P P G D S W WO p G e S WP s TP A e S i O

Insert Tables I and 2 about here

End ek R e et e L

Bypothesig 3: It was predicted that in both application and
remember levels of laarning. atudents who have received a syn-
th.sizer. regardless of atructure and formuat of the generality.
will perform better than those who have raeceived no synthesizer.
The one~uay analysis of covariance yiaelded an F value of 4.83
for remeaber-learning. significant at the .002 level: and 2.31
for application-learning. rarginally significant at .07 lavel.
They are the results after removing the effect of student entry
abilities (See Table 3I). The adjusted means ware used in the
Dunnet procedure with a simultaneous error rate of <05, which
compared aach experimental group with the crntrol group. Results
of this post hoc comparimon show that for both levels of learn-
ings only the GbEP and GvEP groups uere significantly better
thar the control group. The Dunnet's results are shoun in Table
4,

T L D D GE WY WO Sy P P D G G YIS T T D S G S B b B B P G G Y > S

Ingert Tables 3 and 4 about here

A LB BB e T D B P T P T S DU A e S W < e WD D S T S B P B P gy B

1SC

The results. although not etrongly supportive of the hypoth-
eses. do provide gome inmsights about synthewizerea. First, with
respect to the format of a seynthesizer, although the means uvere
in the predicted direction, it seeas that the format of a proce-
dural synthesizer does not make much of a diffarence. Houaver,

19
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Tuole 1. Results of Two-way Analysis of Covariance on Remember-ievel Learning

| Effect - Adjusved mean . (Standard Erpor) and N ror each group | OF | F | P
GEP G
Structure
10.48 (0.65), 29 8.24 (( o6), 29 1, 53 5.81 02*
Box Verbal
format .
9.45 (0.70), 26 9.27 (0.63), 32 1, 53 0.03 .85
Structure GbEP ovEP Gb Gv
*\
Format 10 47 (0.95), 14 }10.48 (0.92), 15 }8.42 (1.02), 12 8.05 (0.85), 17 1, 53 0.04 .83
L. e v—— ———— ST e - e ol ot ccareeme e L e - —-




Table 2. Results of Two-way Analysis of Covariance on Application-level Learning

__Eifect Adjusted mean (Standard Error) and N for each group DF F P r
GEP G
Structure 1,04 (0.75), 29 10.71 (0.77), 29 1,53 | 1.83 22
Box Verbal
Format 11.16 (0.82), 26 11.60 (0.73), 32 1,53 | 0.15 .70
Structure GbEP GvEP Gb Gv
*
Format  Q1.63 (1.10), 14 [1°.46 (1.0t5, 15| 1i w9 (1.19), 12 | 10.73 (0.99), 1/} 1» 53 0.3 72
—_— L . . SR I S | N




Talle 3. Results of Onc-way Analysis of Covariance

A. _Remember-level learning

Effect ! Adjusted Mean (Standeard Error) and N for each group ! DF - F P
A T :
GbEP " GvEP i 6b : Gv ! Control I ’
| i ; !
10.66 i 10.47 8.64 8.10 ) 5.77 ! .
Group . (5.93) (0.92) | (1.00) (0.85) -+ (0.6} | , . | 4.83 1 .002¢
; 14 ‘ 15 [ 12 17 i 15 ! *
{ I ; !
5--.fﬁ%ﬂjﬁﬂﬁi&?:’?!ﬁ]“léérﬂiﬂﬂ
Effect ' AdJusted Mean (Standard Error), and N for each group ' DF ! F p
! . !
_’ GbEP | GvEP Gb Gv Contro] |
i ' '
I 11.85 '\ 12.40 | 10.25 10.76 7.92
Group ! (1 16) (1 14) l (1.26) (1.06) (1.13) 4. 67
! l 12 17 15 ’ i 2.31 .07
; !
[ RS R S




Table 4. Dunnet's Resuits on Differences between Experimental Groups

and Contrel Group

A. Repmember-tevel differences

GbEP GVEP Gb
Contro) 4.89* 4.70* 2.86

B. Application-levei differences

GbEP GVEP Gb
Contro} 3.93* 4.48* 3.03

Key:

* indicates differences that are significant.

Generality

t = Example

b = Practice

b = Box-chart generality
v = Verbal generality

2.32

2.84
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Nclean, et al. (1983) had found that & visual representation uas
beiter than a verbal-only represaentationr for a conceptual syn-
thesizer. It might be that the content thsy used wa® new to the
students (the structure of a microcomputer), while the content in
the pressnt study uas a familiar one. since before receiving the
within-set synthesizer. the students had already studied the sub-
ject for & quite long period of time. Thie tamjliarity with the
content could have helped overcome the difticulties one might
have had wher studying those piscemeal verbal statements. Thus,
elthough a good visual synthesizer app2ars to be beneticial for
learning the content structure of a naw subject (NcLean et al..
1982), vhen it comes to a familiar one, it may not be appraecisbly
suparior.

Secondly. with respact to the structure of a synthasizer, hav-
irg only a generality in the synthesizer appears to be insuffi-
cient. This study supports the prascriptions of Elaboration
Theory that including a propotypical example and @some practice iwm
helntul. This helpful effect., however. contrary to our hypothe-
sis, uas found to lie i1n remember learning as opposed to applica-
tion learning. Although this finding is unexpected, it is not
surprising. Previous studies on syntheaizers conducted by Frey
and Reigeluth (1981): Carson and Reigeluth (i983): and lclLean,
Yeh and Reigeluth (1983) all found significantly increased learn-
ing of relationships among content elements. The genarality of a
synthesizer. be 1t visual or verbal., represents a condenmed and
brief description of-the content structure. For most paeople.
this kind ot synthetic 1lsarning might be new. Therefore the
sxample and practice included served to teach the et ~3nts how to
read and make sense out o0f themse seemingly piecemeal statements.
The result that the GbEP ancd GvEP groups performed significantly
better than tihe other groupe in remembering the relationahips
between problem conditions and tests 1mplixs that the example and
practice provided a context for meamingful learning (Reigeluth.
1983) which enhancea the retention of the interrelationshipa
deecribed in the genarality.

The reason that providing the exsmple and practice did not
increase application learning 18 not clear. In fact thie vas the
tiist time that application learning from a synthesizer has been
measured. it is pos. ule that since the students had been learn-
ing the esubject at the application lavel snd had taken applica-
tion toste several times during the senestar, their ability to
anevsr this type of question had been raised to a level that the
prasence -f one example and two practice 1tems would nct be much
help scapared to the training they had received so far.

In light of the results of the present study. we suggest that
even if the provision of examples and practi¢e may not be useful
in increasing immediate application learming in a within~eset syn-
thesizer, the effect on remembering the relationshipas may have a
poaitive long-term 1mpact on application 1n the tuture vhen no
frequent application practice end tests are available ae in the
classroom. But this 18 just for the uithin-get synthesizerms: for
internal synthesizers uvhich are provided after 8 ®ingle lesaon,
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sxamples and practice may still be uvseful in improving applica-
tion learning. Mora regearch i®s needed to investigate this as
well ue the effect of a "compiete® within-set synthesizer on
spplication learning. It 18 also suggested that a delayed test
on application be administered in future studies to 2stermine the
long-term effect.

To sum up., this study presente additional iraights as to the
optisal structure of a procedural eynthesizsr. 1t aeeas impor-
tant to have a "complete” within-set synthesizer (uith examples
and practice)s at least for rsmeaber learning of the relation-
ships. as the Eladboration Theory Prascribes.

Vith respect to "format", the non-significance may imply that
"fornat® is not as important i1t the content is tamiliar. Hou-
ever, it may algo imply that "format" is not as 1mportant for a
procedural decision synthesizer as for a conceptual synthesizer
which was inveatigated and found waignificant by previous
research. One can eve'. sargue that maybe another format (e.g. &
flouclart instead of & Lt chart) would make a real difference.
In spite of this, it ig notevorthy that the students. when asked,
did feel that the box chart was clearer than the verbal atate-
ments., and that box-chart groups d.d perform a little bit better
than the verbal-statements groupe atter taking into account the
entry abilities.

This study represents a beginning ot the 1nvestigation of
within-get synthesizers. Since it was caonducted with cecllege
students, used only two kinds of "formats”, and focused on
procedure-decision learning only., replications are necessary with
different samples and content types to determine the degreas of
generalizability of the results.
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