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A COMPARATIVE STUDY OF THE SEQUENCE
EFFECT IN LEARNING JAPANESE KANJI CHARACTERS:
MATHETICAL VS. LOGICAL SEQUENCES

BY Harumitsu MIZUNO

The purpose of this study is to compare the backward Gilbertian mathetical
sequence (MS) with the forward Skinnerian logical sequence (LS) in their effec-
tiveness for language teaching. A series of three consccutive experiments was
designed to investigate the effect of MS vs. LS on teaching of Japanese Kanji
characters in a real classroom setting.

A total of 24 Japanese 5th graders were divided into two equal subgroups
matched for their achicvement in 4th grade. On each of the three consecutive
Saturdays, one subgroup ( “the MS group”) was given instruction following the
MS, while the other subgroup ( “the LS group” ) was given instruction following
the LS. Pach day, the groups learned three Japanese Kanji characters.

In the first session of this study subjects in the MS group recalled fewer
characters on the reproduction test. However, as the course of instruction
proceeded, students in the MS group received higher scores on the reproduction test.
The results of this study suggest that subjects receiving the MS instruction
initially did worse because of the unfamiliarity of the method. The later success
of the MS method may be attributable to initially showing the entire Kanji to the
students, and the constant repetition of the Kanji. These findings suggest
that MS might be preferable to LS as a potential method for language teaching,

specifically for the teaching of characters or other linguistic signs.

INTRODUCTION We will first review the existing research
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During the past quarter century, instruc-
tional theory has dwclopcd. remarkably.
Advances occurred like clockwork at ten
vear intervals. They were linked sometimes
to technological developments, sometimes
to particular theorists, and sometimes to
social changes. One of the biggest develop-
ments in this field has been research on
programmed instruction. This paper will

focus on the effectiveness of sequencing.

as a prelude to the present study; and then,
a rcport of a study conducted to test the
cffectiveness of the mathetical sequence and
the logical sequence follows; and f{inally,
we will discuss implications of the effec-

tiveness of sequencing for language teaching.

OVERVIEW OF THE RESEARCH
Pressy’s introduction of the teaching ma-

chine as a technological aid at Ohio State

- 103 -
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University in 1926 created a great stir in
tne educational world. [t was not until the
early sixties, however, that programmed
instruction and teaching machines came on
the scene as a response to Skinner’s behav-
lorism.

If audiovisual specialists responded to
programmed instruction with caution and
reserve, some teachers rejected it almost
completely. Their resistance stemmed from
suggestions by some advocators of pro-
grammead instruction that programs were

“teacher-proof” and that teachers could be

Table 1

BRINAKEOE - HEFRIAL

replaced. Audiovisual specialists and teach-
ers, however, generally supported the idea of
instructional systems, encouraging teachers
to help write behavioral objectives and in-
corporating new media formats.

In the late 1960’s atomosphere of student
revolts, technology and systems were seen
in a negative light, and no technological
inventions appeared; attention to pro-
grammed learning disappeared. The period
confused and frustrated teachers, media
specialists, and educational technologists,

as student pressures forced them to retreat

Changing emphases of programmed learning (Reproduced from Davis, 1. K.,) Competency
Based learning: Technology, Management, and Design. New York; McGraw-Hill, 1973)

T

1960 : 1962
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Immediate feedback

|
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from what they considered appropriate
approaches.

When the instructional system industry
began to recover in the mid-seventies, it
did so by taking a more humanistic and
personal task. Programming techniques have
further expanded to meet the needs of in-
structiona} software (courseware) of micro-

computers.

The emphasis of research on programmed
instruction has been changing as shown in
Table 1. Much of the research has been
concerned with secondary variables: re-
sponse mode, and presentation mode
(Holland, 1965). 1 shall not discuss it in
detail. The difference between LS and MS

will be, however, illustrated below.

(1) Model of the Loglcal Sequence (LS)

step 1 step 2

step 3

: vz

S - stimulus R - response 0 - objactive

3

G - goal

(2) Model of the Mathetical Sequence (MS)

BEHAVIOUR CHAIN TO BE LEARNED: S,

Rye S, Rye Sy Re

Exerclse
1

Exercise
4

N Spontonsevsly
N, compleied

Prompled .
Ry +'S3—= RyeS53-+~Ry

\ Spanlonscusly
. conpleled

\S,-—R,'Srﬂgs,—— Ry

Steletm of mathetical l1ssom picm. Biginning
with terminal sperunt, eack spaentis (1) intreduccd itk
Jll demexssation, (2) prempicd in e mext exercine,
(3) pecformed spontevcensly hrrafr. (Qilbert, 1862)

Figure 1.

Comparison between the LS and MS,._

= 1056~
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The mathetical approach originated by
Gilbert is characterized, largely by (1) the
use of the largest response units possible
as the starting point of instruction, and (2)
the criteria of mastery. Mathetical program-
ming assumes that all necessary responses
are already in the repertoirc of the stu-
dent, and that it is only necessary to those
responses to be manipulated in terms of
the circumstances and the order in which
they occur. Therefore, every response is first
“demonstrated” to th- student by means
of text and illustrations, then “ prompted”
by having the student perform the response
with assistance, and then “released” so that
the student performs the response without
assistance In order to help the learner in
making the transition between instruction
and performance, several specific techniques
arc employed. For instance, discriminations
among potentially confusing stimuli are all
taught simultancously; mnemonics are used
literally as mediators, and motivation is
enhanced by having the completion of the
task — with its normally occurring results
— conclude each step in the program. What
is more, the style and characteristics of the
program are not decided until the very last,
after the aims, sequence, and features of
instruction already have been determined.
Mathetics is somewhat eclectic in nature,
but i1s unque in application, if not in prin-
ciple. McGalley (1967) indicated that math-
ctical programming is ideally suited to the
training needs of vocational schools and
industry where transfer of skills to the ac
tual job situation is critical. Although
.nathetical lessons are inherently mcre ex-
pensive to pro‘duce than are those of other

programmming techniques, savings resulting

BIENMARFCE - HEFRR
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from the “spin-off” effect and from in-
creased training efficiency may offset the

extra cost.

PROBLEM
Does mathetical presentation sequence

improve achievement of language teaching?

PURPOSE

Gilbert (1962) mentioned that mathetics
is applicable to all subject matter, and has
been used to train delicate manual skills as
well as to teach complex verbal repertories.
However, only a few experiments were car-
ried out to test the effectiveness of math-
etics in real classroom settings. Therefore,
the purpose of this research is to compare
the backward Gilbertian mathetical se-
quence with the forward Skinnerrian logical
sequence (L.S) in their effectiveness for

language teaching.

METHOD
Subjects
Ss were 24 Japanese 5th graders in a
Japanese weekend school in New York.
There were 10 boys and 14 giris. They were
divided into two balanced subgroups based

on their achievement in the fourth grade.

~ 106 -
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Figure 2. Scquences of character presentation: Mathetical program and Logical
program in three experiments.

Materials

flquipment consisted of 12 white 8% “X characters used in this study were to learn
11" flash cards on which a complete or at the end of the year. Those characters
incomplete dJapanese Kanji character was were always presented in the context of a

described on one side. The total of nine phrasc based on cach instructional sequence.
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Procedures

A total of threc experiments was carried
out over three consecutive Saturday morn-
ings. The independent variable was presen-
tation sequence, which had two values: (1)
the mathetical presentation sequence, and
(2) the logical presentation scquence (Fig-

ure 2 ).

On cach of the three consecutive Satur-
days, one subgroup (*the mathetical sequence
group”) was given instruction following the
mathetical sequence, while the other sub-
group  “ the logical sequence group”) was
the
scquence. Each day, the groups learned three

given instruction following logical
Japancse Kanji characters. Before the in-
struction, Ss were asked to indicate whether
or not they could already write each char-
acter.

After presenting the flash card, a piece
of paper was distributed to the subjects.
" Ss in the mathetical sequence group” were
asked to write a complete character after
the second presentation, making up for an
incomplete character by means of their
memory of the first presentation of the char-
acter. “Ss in the logical sequence group”
were asked to copy each character presented
in the sequence of the writing order. Their
wt ting was quickly collected, and the next
The

mental instruction »f each test took 30 min-

presentation was followed. experi-
utes. At the end of the class work cach day,
a reproduction test was assigned and the sub-
jeets were asked to write three complete
characters which they had lcarned during

the first period of the day.

RFENERFOH - B RR AR

ANALYSIS AND FINDINGS
The n - ~entage of correct writing of each
Japanese Kanji character in the instruction,
and the reproduction test of each experiment
is shown in Tahle 2. In order to calculate
the growth rate of learning each character,
the measurement of the “C ratio” origi-
nated by McGuigan & Peters (1963) was
employed. Thus:

Actual Gain
Meximum Possible Gain

G Ratio =

_ Mean SL' Score () — Mean L' Score (9%)
100—Mean FL Score (%)

1. Second Learning, i. e., the post-test score.

2. First Learning, 1. e., the pre-test score.

The G ratio of the reproduction test was
calculated by dividing the difference be-
tween the mean score (%) of the reproduction
test and that of FI, by maximum possible

~gain. The G ratio, its mean and SD of

the correct writing of each character in the
instruction and reproduction test of each

experiment are shown in Table 3.

Table 2

Percentage of Correct Writing of Each
Character Before and After Instruction and
Reproduction Test of Each Experiment.

Justruction Reproduction f.ot

i £
steelrn [st [r tL # |

%8

3

Hetheticel
S:qu:neo. 58 [8.3183 {8.3}100 67 75| 83

Logical 391 |8.3{83 {0 |10} 75| 83| 67

Ssquencs
First Period

natruction

K| b2}

FL. FL ISL |¥L | SL

Reproduction Test|

% |\ R

Methetical

Sequencs 83 |o 100 92 83 83

et Joo[ refesfanfo [ 2] 2]
Sscond Period
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Inatruction Reproduction Test

.
SL |FL | St |FL |8 R

Hathetical

Sequence 100 18.3 (100 |0 100 | 83 66 75

Table 4
Achievement of Fifth Graders in IKcah

Experiment

Ie,oficll 92 |33 |00 0 92} 73| 75| %0

Third Period

x " FL", refers to the percentage of sub-
jects who could correctly write each char-
acter before instruction.

* x “SL", refers to the percentage of all
subjects who could write cach character cor-
rectly after instruction. (Sl includes IFL).

Table 3
G ratio, and mean ratio, of correct writing
of each character in instruction and re-

production test of each experiment.

Inatruction Reproduction Test

W] OMY AL | | #y

Hethetlcel
Sequence 0,581 0.81 | 1.00 0.67) 0.73 | o.81

Li cal
S ihenee 0.81 [ 1.00 | 0.73] 0.1 | 0.67

b4 741 0.81 | 1.00 0.701 0.77 | 0.7
First Pertod

Instruction Reproduction Temt

A IE R AR

Hethetical
Sequenze 1,00 0.83 | 1.00 0.91( 0.83 | 0.83

Logical
Sequance

X 0.85} 0.87 | 0.86 0.82] 0.64 | 0.75
Second Period

0,69} 2.90 { 0.72 0.73] 0.45 ) 0.67

natruction Reproduction Test

E lw e |E IR

Hethetical
Sequance 1,00} 1.00 | 1.00 0.71 [ 0.63 0.75

Loglcal
chulunc- 1.00 0.%9 0.50

X 1,00 0.63
Third

The difference of the effectiveness between
two presentation sequences wasexamined by
using the test with the mean G ratio of
three characters which Ss of each group
learned, and its SD’. It is shown in Table 4.

Iastructios Reproduction Teat
Frs.e [ t.3.ec| pleterencs LN L.Se

x 12 12 no12 12

2 9.2 90.0 10,3 | 7.7 3.7

:n‘l 73.u| 2.6 s 8.7 8.7
121 e 3.63 24401

Wiference

i eo 208

tirat Period

Instruction Popruduction Tast
¥.8. L.s. ddfference LAY L.5.
N 12 1z n 12 12
X[ 9x3 n.0 17,3 I| 837 .7 24,0
3oy 16.1 2.5 s} 37 33.3

2220 9,26 2™ 221 e 22,72 2601
Sevnnd Period

Difference

Tnstruction Mepivduction Teat

L.3. Differsnce M.8e L.3. | Dif ference
12 12 12
$2.7 7.3 6.7 375 124
8.2 €2 n.0

glaam 80 peon Haa2,%0  pdo

*  M.S.

* % L.S,

Mathetical Sequence group
Logical Sequence group

The mean achievement score of each group
was calculated by multiplying the mean of
the total mean G ratio of three characters
presented in each test by 100.

This analysis showed us the following:

(1) there was a greater amount of learning
in the logical sequence instruction than in
the mathetical sequence instruction in
Test-1, t (22)=3,63 p< .01, However, there
was nc significant difference between two
means of the reproducticn test.
(2) there was a greater amount of learning
in the mathetical sequence than in the log-
ical sequence both in the instruction and in
the reproduction test of Test-II and Test-1II
at the significance level of p<< .01

DISCUSSION
The mathetical sequence produced better
learning than the logical »ne in teaching

- 109~
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$nly

Japancse kanji characters. From this, it
may be hypothesized that in language Lcacl_r
ing, the achievement will usually increase
by presenting in mathetical sequences rath-
er than in logical scquences, Some support
for this hypothesis will be gained from
Figure 3. The interesting thing in these tests

is the fact that the result of Test-1 con-

Iaatruction Reproduction Test

g

KEAY g RaTIO
3 % £ ¥ 8 3 £ 2B

NEAM G RATIO

-
a

g oL I
Hirat
Pericd

First Seeond

Sscond  Third

rird
Period Pertod Periog Period  Penod

- s‘athetical Sequence group

Logical 3equence group

Figure 3. Achievement of Fifth Graders

in Mathetical and Logical Sequences.

trasts strongly with those of Test-1l and
Test-111. In Tost-I, the Ss of mathetical se-
quence group secem to have been confused
by the unfamiliar sequential instruction.
Because they have been accustomed to the
forward logical sequence instruction.
Although the difference between two
means of the instruction in Test-1 was strong-
ly significant (p< .01), therc was no differ-
ence between two means of the reproduction
test. From this it may be said that the
effect of the mathetical sequence on the

growth of retention in the reproduction has

made up the deficit of the instruction. A
clear image of the final outcome and the

continuous repetition would scem to have

MERIMAFOM - EITBIRAR

produced the better learning in the mathe-
tical instructional group.

So far, programming language tcaching
has been scen with a skeptical cye. Pro-
grammed instruction is cspecially suitable
for giving a student command of the data
of an organized body of knowledge such as
psychology or arithmetic or physics, and an
understanding ol this body of knowledge.
However, there is considerable doubt that
composition in a real scnse can be taught
any better by this method. Thus, it is a
highly complex skill -- perhaps the most
complex of all human skills.

The study of language, as a part of lan-
guage teaching trio of language, litcrature,
and composition, is a body of knowledge.
Literaturc as a subject contributes most
strongly to the development of programming
technology by the use of records, films,
TV shows, microcomputers, and so forth
as adjuncts to the study of literature. The
computer text cditor can help writers over-
come typical composing and revising prob-
lems, influenced by natural cognitive proc-
csses. Thus, it has the possibility to improve
many problems of the current teaching of
composition,

Programmed instruction is not limited
to onc medium, as Susan Markle (1965)
described, such as the book or its surrogatc--
the film page which a machine presents--
nor is it limited to any particular school
of programming technology. The small-step
linear program is familiar to most teachers
at this point and is assumed to be the full
measure of programmed instruction.

Traditionally it has been suggested that
the teacher should begin instruction with

simple material and slowly move to the

—llO—I O
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complex. However, Thomas Gilbert (1962)
and David Premack (1959) challenged this
traditional concept of the ordering of cdu-
cation.

A great feature of mathetics proposed by
Gilbert is " backward” chc.. .2g. Beginning
with the terminal operant the division
chain, each cperant is intraduce with a
full demonstration. The s. - & ¢ :p estab-
t, and the

operant before this is established in the

lishes the next to the last . -

third step. The reinforcer is assumed to
be given dircctly by the product of the stu-
dent's own performance. Each response pro-
duces the conditions for behavior that the
student knows how to perform, and this
continues until the mastery sequence is
complete. The reinforcer in a mathetical
lesson is truly immediate, being simultane
ous with performance itsclf, and not delayed
by answer sccking. Moreover, the student
~an minimize his reliance on someone clse’s
word that he is correct; he has seen the
end-product of mastery, and knows that
his performance js leading there again.
Therefore, the procedures of mathetics are
likely to establish the strong reinforcement
which cannot be expected in ordinary lincar
programs.

Premack's concept deals with responsc
probabilities of frequencies and their se-
quencing. It may be stated that if bchavior
B is of higher probability than behavior A,
then behavior A can be made more probable
by making behavior B contingent upon it.
According to the Premack theory, difficult
tasks should be arranged before casy tasks.
Many researchcrs have demonstrated the
potency of this principle. We should recog-

nize the merit of Premack’s principle in

- 111 -

terms of programming technique which

provides students with feedback and intrin-

sic motivation. Kvans (1965) claimed that
I}Te Premack p-rinciplc would provide Gilbert
with a atronger system by removing the
assumptions of motivation. Mathetics and
the Premack principie are likely to have
great impact on instruction if they are
used for computér programming of course
ware.

However, a question as to why such a
potential technology has not been widely
known remains. Gilbert (1978) explains the
reason as [ullows:

Unfortunately, such a technology (I call
it mathetics) is unlikely to grow until there
are incentives for ils growth. At present,
textbook publishing -- which could become
the principal development industry -- has no
incentives for adopting such a technology.
Unfortunately, however, school boards do
not adopt instruments for behavior change.
They buy books. And no one has any ex-
pectation that a book shouid guarantec a
behavioral change. (Gilbert, 1978, pp. 248-2
19)

CONCIUSION

According to the results of the three
consecutive experiments for teaching Japa-
nese Kanji characters, it appears that in-
struction in the mathetical scquence might
first lead to confusion because of the un-
familiarity of the sequence. However, as the
course of instruction proceeds, mathetical
sequence instruction produces better learning
than forward logical sequence instruction.
The presentation of a clear image of the
final outcome as an iconic gestalt at the

first stage, as}wﬂ}l as continuous repetition
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in the different condition, results in high
lcarning growth in the mathetical sequence
group.

Thus, the findings suggest that mathetical
sequencing might be preferable to logical
scquencing as a principle for language teach-
ing, specifically for the teaching of char-
acters, or other linguistic signs. For instance,
in teaching Japanese or Chinese as a forcign
language, students may first be confused
by a character presentation in the matheti-
ce. sequence. lowever, in the course of in-
struction. they scem to learn better when
the character presentation is in the mathe-
tical scquence rather than in the forward
logical scquence.

Because there were so few subjects in
cach group, only limited statistical signif-
icance could be determined. Therefore, this
study should be viewed as a pilot; the re-
sults warrant that a larger scale study be
completed.
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