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Philosophy No. 68

Specificity-Generality of Aptitude Information
in the Aptitude-Treatment Interaction:
An Experimental Evidence

Hiroshi Namiki,? Junko Hayashi®
and Takeshi Shibata®

The present experiment was designed to complete a series
of ATI research on establishing a method for determining the
optimal instructional treatment when two aptitude informations
and multiple treatments are combined. Under four types of
instructional treatments, Text-Numerical, Text-Graphical, Pro-
gram-Numerical, and Program-Graphical, junior high school
pupils were taught a learning task of understanding and apply-
ing a formula to summate arithmetic progression. Six aptitudes
were measured including specific and general ones. By revising
the pretest and the measure of payoff used in the preceding
experiment, more decisive conclusions were drawn that specific
aptitude informations were more advantageous in yielding signi-
ficant ATIs than general ones, quite contrary to the result of
the similar preceding experiment. Possible causes of this dis-
crepancy were discussed in relation to the subtlety ATI has.

Individuals differ in their best suited environment for learning.
A recurring problem of the institution, therefore, resides in designing
and providing an educational environment that is flexible and adap-
tive enough to deal with individual differences manifested along
diverse dimensions. In designing such an adaptive educational pro-
gram, however, the process underlying the interchange between a
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learner and an environment needs to be explicated.

- . The most pertinent and useful conceptualization of this underly-
ing process seems. to the authors to be the,aptitude-treatment inter-
action, or in abbreviation, ATI, advocated ‘by Cronbach (1957) some
twenty years ago. AT research has a profound significance both
theoretically and practically. Its theoretical importance lies in the
generality it has in ex'plaining'human behavior including teaching-
learning process (Hunt and Sullivan, 1974; Namiki, 1978). The prac-
tical aspect of its importance is that instructional methods optimally
adaptive to individual diversity could possibly be designed through
the inspection of an interactional pattern among learner’s aptitude,
characteristics of instructional treatments, and the structure of a
learning task. . |

While the experimental 1dent1ﬁcat10n of ATI effect is acknow-
ledged as an important task in the science of instruction, many
researches have not necvessarily been successful hitherto in finding
significant interactions. In addition, no agreement has been reached
among researchers interested in ATI about the condition under which
a signiﬁcant interaction occurs. .One of the problems ‘at_issue is
whether- significant ATIs are obtained from general aptitude infor-
mations or specific ones. The senior author has tried to analyse this
problem from somewhat theoretical point of view elsewhere (Namiki,
1977a), and arrived at the conclusion that significant ATIs should be
obtained from general aptitude 1nformat10ns by des1gn1ng alternatwe
instructional treatments- appropmately

A series of ATI experiments have been performed by the authors
to establish a méthod for determining optimal instructional treatments
in ATI when two aptitude informations are taken into account simul-
taneously under multiple treatments. (Hayashi and Namiki, 1975;
Namiki and Hayashi, 1976; Namiki, 1977b; Namiki, Hayashi, and
Kazama 1977 ; Namiki, Hayashi, and Shibata, 1977; Namiki and
Hayashi 1977). The present research was designed to complete the
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series of experiments by revising the pretest and the measure of
payoff used in the last experiment (Namiki and Hayashi, 1976; 1977),
and also by refining the method of multiple regression analysis.
Thus, the findings obtained from the present experiment are expected
to contribute to drawing a more -substantial and decisive conclusion
concerning the ATI effect of this sort as well as the _‘—sp.eciﬁcity-,
generality. problem of aptitude information.

‘v/;[ethod

The method of the present experlment is almost the same as that
of the last experiment except for minor change of several instruments.
Detailed description of the method can be known by réference to the
last experiment (Namiki and Hayashi, 1977).- ‘

Learnmg task
The learning task of the present experiment is to understand
and apply formula for the summation of an arithmetic progression’
Treatment factors o
Factors of instructional treatments are format of material (Téxf-
Program), and type of representation (Numerical-Graphical). -The
former factor compares between traditional textbook format and linear
program format ; the latter between a numerical representation which
uses mainly numerical expressions and a graphical representatiofn
where figures are used instead of numerical expressions. By com-
bining these two factors, four instructional treatment conditions were
arranged as follows: (1) Text and Numerical (T-Num), (2) Text and
Graphical (T-Gra), (3) Program and Numerical (P-Num), and Program
and Graphical (P-Gra). S

Aptitude information e
Aptitude informations were obtained by the following six meas-
ures: which-varied -in the degree of generality, and in the aspects of
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mental functioning. As for the intellectual aspect, general intelligence
(ISS) was measured as a general aptitude, pretest score as specific
one, and grade point of mathematics as an aptitude with moderate
generality. The pretest used in the last experiment showed a ceiling
effect, and thus was of little use as an aptitude information. The
pretest of the presen‘t experiment was revised so as to-have a proper
difficulty level and to cover the basic and essential skills required to
master the learning task. As for the personality aspect GAT score
was used as a general aptitude, State-Anxiety score (A-State) as
specific one, and Learning Anxiety score of GAT as an aptitude
with high generality but factorially simpler structure.

Measure of payoff

The dependent variable is posttest score as a measure of payoff,
and consists of items which tap the conceptual grasp of the formula,
and the application of the formula to numerical examples. Thus the
posttest might tap the learning outcome more multidimensionally
than that used in the last experiment.

Subjects ,

Subjects were second grade pupils of six classes in a junior high
school located in an urban area of the Tokyo Metropolis. Each class
consisted of about forty pupils, and halves of each class were as-
signed to each instructional treatment. Three halves from three
classes therefore composed one instructional treatment group. Result-
ing sample size of each group was 56, and the sum total was 224,
because school records of some pupils were deficient. In the result,
four groups were completely matched with regard to six aptitude
measures.

Procedure

~ In the session 1, GAT, pretest, and A-State were administered
in succession. A-State was measured afterward on the anxiety state
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during the pretest. In the session- 2 a week later, subjects were
given learning materials in booklet form individually, and the learn-
ing period was 30 minutes. Immediately after the learning period,
posttest was administered with a time limit of 10 minutes. No notice
was given in advance to students of the test to be administered: after
the learning period, while in the last. experiment it was given to
arouse learning motivation.

Results and Discussion

Significance tests of ATI effect and main effect

Data were analysed by multiple regression analysis using step-
down method (Overall and Spiegel, 1969). The pertinence of this
method to the analysis of ATI data has been pointed out by the
authors elsewhere (Namiki and Hayashi, 1977). Two instructional
treatment factors were treated as binary vectors, and other aptitude
informations as continuous vectors, both of which were included in
the multiple regression equation. Two aptitude informations were
treated in combination simultaneously ; the one was intellectual aspect,
and the other was emotional aspect. Among the possible interaction
terms obtained by combining two instructional factors and two apti-
tudes, only those terms that define ATI were included in the multiple
regression equation. ‘ |

In applying multiple regression analysis to the data obtained
from such an experiment as the present one, namely, when variables
in the multiple regression equation—main effect terms and many
interaction terms from first order to higher order-—are not mutually
independent, the estimation of relative contribution of each variable
to multiple- correlation is critically influenced by the ordering of
variables in the multiple regression equation. In the present experi-
ment, therefore, the uppermost priority in the ordering of variables
was. . given to higher-order ATI terms since they were of primary
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concern to the authors. Consequently, main effect terms were the
last. to be included in the equation, and tend to be unduly under-
estimated when full models were composed of too. many variables.
The number of priority in the Table 1 and 2 means the priority of
ordering appointed to each term in the multiple regression equation
in advance of calculation using stepdown method. The ordering of
variables within the same priority ranks was decided by the relative
magnitude of contribution of each term in the particular priority
rank.

The result of multiple regression analysis obtained by combining
two general aptitude, ISS and GAT, together with two instructional
treatment factors, is shown in Table 1. As an ATI effect, only T-P
XISSXGAT is near to significance level. Other ATIs of higher-
order and lower-order do not reach significance level. On the other
hand, the main effect of ISS is markedly significant.

The result of the same analysis attained by the combination of
two specific aptitude, pretest score and A-State, is shown in Table 2.
In this case, three ATIs have reached significance level: T-P Xpretest
X A-State, T-P xpretest, and T-Px A-State. Mention will be made of
these significant ATIs in the following section.-

As regards main effects, pretest score is significant. In the
learning situation such as the present experiment, the pretest score
as well as ISS shows markedly intense main effects, in comparison
with interactions, though these factors are not given priority of
ordering in the multiple regression analysis. It seems that the re-
latively short learning period (30 minutes) has relevance to these
results. That is, regardless of the instructional treatments, subjects
with high general intelligence or prior basic skills stand in an
advantageous position in mastering such a learning task as is self-
contained and quite unfamiliar in short period of time.

Mean payoffs of four instructional treatment groups were shown
in Table 3. The average payoffs of Text format is slightly higher
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than that of program format, and this tendency is in line with the
result obtained from the last experiment, though the difference falls
short of the significance level (cf. Table 1 and 2).-

Generality-specificity problem

So far as the results of the present eXperlment are concerned,
aptltude informations with h1gh spe01ﬁc1ty have an advantage over
those W1th high generality in y1eld1ng s1gn1ﬁcant ATIs. These re-
sults are qu1te contrary to those of the precedmg experiment (Namiki
and Hayashi, 1977), where 31gn1ﬁcant ATIs were obtamed from general
aptitudes either by combining two of them or by using smgly.l
Several interpretation might be possible concerning the discrepancy
between these two results. First, drastic revision of pretest and miner
change of posttest could be responsible for this discrepancy. In the
preceding experiment, the pretest were composed of items which
required Ss to complete a number series, and were!the sort usually
found in intelligence test battery. The pretest score showed, how-
ever, a ceiling effect and was .almost of no use for an aptitude informa-
tion. Accordingly, the pretest has been revised so as to cover the basic
skills to learn the task, and it is therefore more specific than that
used in the last experiment. As for the measure of payoff, additional
items to tap the conceptual grasp of the learning task could have
changed the domam and dimension measured by them

Second, in the last experiment sub]ects were mformed beforehand
of the posttest to be administered in order to arouse. qmotivation. In
the present experiment, however, they were not, partiy because several
cases of cheating during the test were detected in. the last experi-
ment. '

As Cronbach and Snow (1969) put it, “Research on ATI would
have to be subtle”, the subtlety intrinsic to ATI must be subJect to
a slight d1fference:of experimental conditions. This subtlety of ATI
must be responsible also for the discrepancy of optimal solution, or
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placement chart,- between the two experiments as will be mentioned
in the next section.

Determination of optimal instructional treatment with two apti‘-
tude informations and four treatments |

Following the solusion method developed by the authors, regions
of optimal 1nstruct1onal treatments, or placement chart, were obtained
so as to divide the plane defined by the two aptitude dimensions.
This method has been developed with the purpose of increasing the
generahty of ATI methodology, and proved to be valid by a series
of researches. According to this method, optimal instructional treat-
ments are determined as a orthogonal projection of the polyhedron

formed by optimal instructional treatments onto the plane of two

704~

60 -

< 40l

20 1=

‘T]_o L.

/. i i 1 1 i 1
T 20 30 . 4050 60 70
ISS
Fig. 1. Regions of optimal treatment when ISS and GAT are
" used  as aptitude. Dotted lines are also orthogonal projec-
tions of intersections, but not effective for optimization..

(154)



Philosophy No. 68

80.[?”

60 -

0

A-State
~
(=)
[]

30

20

10~

1 I 1 I ]
° 5 10 15 20 25
) Pretest

Fig. 2. Regidns of optimal treatment when Pretest and A-State
are used as aptitude. Dotted lines are also orthogonal pro-
jections of ‘intersections, but not effective for optimization.

aptitude dimensions (Namiki, 1977b; Namiki and Hayashi, 1977).
The optimal treatment with ISS and GAT is shgwn in Fig. 1,
and with pretest and A:St,‘ate in Fig. 2, respectively. _’i‘he placement
chart of Fig. 1, however, h—@s_ not sufficient reliability because the
higher order interaction term- Yyielded by combinihg two aptitude
informations and treatment factors is short of s1gn1ﬁcance level as
shown in Table 1. The pattern of optimal 1nstruct1onal treatment
shown in Fig. 2 has relatively h1gh reliability since the multiple .
regression analysis yielded the significant interaction of T-PX
pretest X A-State. Strictly speaking, the other instructional treat-
ment factor, Num-Gra, is not included in this significant interaction
term, and thus the reliability of the pattern shown in Fig. 2 is only
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partly substantiated.

These placement charts bear little similarity in pattern to those
obtained from the last experiment though the éXperimental settings
are quite similar (cf. Fig. 2 in Namiki and Hayashi, 1977). In this
fact is found another reflection of subtlety the ATI study has in-
trinsically.

Determination of optimal instructional treatment with single
aptitude information and four instructional treatments

Four regression lines of payoff, corresponding to each instructional
treatment, onto each aptitude dimension were calculated. Disordinal
interactions which were reliable and effective for optimization could
be obtained from several aptitude informations. In testing the signi-
ficance of ATI with single aptitude, reduced models were used which
contained one aptitude variable and two instructional treatment fac-

351 T-Num
———T-Gra /
——-— P-Num /
30k ---==--- PGra : /!

25 |

Posttest
3
1

(=
wn
1

oF..

0 —L 7
T 20 30

60 70 -

40 0
1585

Fig. 3. Regression-lines of four instructional treatments when
ISS is used as aptitude.
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Fig. 4 Regression-lines
of four instructional
treatments when GAT
is used as aptutude.
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Fig. 5. Regression-lines of four in-
structional treatments when Pretest
is used as aptitude. .
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tors, besides the multiple regression analysis with two aptitude infor-
mations such as shown in Table 1 and 2.

The ATI with ISS is shown in Fig. 3, and this is not significant.
Fig. 4 is the ATI with GAT, and seemingly there exists a marked
disordinal interaction valid for optimization, but it falls short of the
significance level. The ATI ‘with .pretest score is shown in Fig. 5,
and the significance of this interaction ;_is._partia.l_ly-Substantiated‘ by
multiple regression analysis (cf. Table Z)As ﬁeg_atds A-State scbré,
a reliable and efficient disordinal interaction is obsérved as shown in
Fig. 6. In this case, placement to three instructional treatments should
be done at the crossover point of 45 and 57 on the abscissa of. A-
State. The grade pbint of mathematics and Learning Anxiety of
GAT did not yield any significant ATL ’

3/ T-Num
———TGra
—~—~— P-Num
30f -—-----PGra
o
\\\
251 AN -
’ N e
~
\\ /
\\ . //

2 20+ N /
3 XL
2 Ny

15} ~ ‘\

RN
.«
\\
S

w0 \

5 F

o /] ! 1 1 L] ! 1} o

T 20 30 40 50 60 70 80
A-State

Fig. 6. Regression-lines of four instructional treatments when
A-State is used as aptitude.
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Improvement of payoffs yielded by oplimization using two apti-
tude informations and single one '

In Table 3 are shown mean payoffs of four instructional treat-
ments and those of optimized treatments. The means of optimized
instruction were calculated by picking up every subject who happened

Table 3. Means and Standard deviations of payoff in each instructional
treatment group without and with optimization.

7 Total
T-Num | T-Gra | P-Num P-Gra Mean
M 20.54 | 18.86 17.86 | 18.34
(not optimized) | SD 10.84 10.62 9.58 9.94
’ N 56 56 56 56
1SS | M | 23.81 | 13.60 | 11.17 21.46
' § & SD 9.60 7.81 4.74 — 10.17
B! GAT | N 43 5 6 54
-
Q,
g Pretest | M 25.97 | 11.14 18.00 | 20.75
o g & SD 8.58 6.42 — 11.54 | 10.76
2 A-State | N 30 14 8 52
| «
LN
- M 24.86 | 13.00 6.50 19.98
gzx ISS | SD 9.54 | 8.36 9.50 — 10.89
; y N 37 - 22 9 : 61
1w
g M 21.59 | 20.30 21.19
12318 GAT | SD 10.83 — 8.14 — 10.09
S E N 44 ' 20 64
2185
=N M 25.11 9.62 19.40
< | "® | Pretest | SD 9.09 5.77 _ — | 10.97
7 N 36 21 ‘ 57
M 922.19 | 22.30 | 23.21 | 22.47
A-State | SD 10.50 | 12.45 — 11.03 | 11.03
N 31 10 , 14 55

* The dash in the cell indicates that the corresponding instructional treat-
ment is not used for optimization. '
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to be treated: under optimal condition for him. .For example, when
ISS and GAT are used as aptitudes simultaneously, 43 subjects chaneed
to be treated under their optimal treatment of T-Num, 5 under T-
Gra, and 6 under P-Num, and none under P-Gra (P-Gra condition
did not appear as an optimal treatment -at all). Totally 54 subjects
were optimally instructed, yielding a mean payoff of 21.46.

* Comparison of ‘mean payoffs of not optimized foutr treatiients
with those of optlrmzed treatments indicates that the 1mpr0vement
Qf payoff by optimization evidently occurs. The largest iniprovement,
ho{vever was yielded by optimization with single ap!itude (22.47
with A- State) but not with two aptitudes. Namely, single aptitude
information suffices for the purpose of opt1m1zat1on in so far as an
achlevement test score is regarded as the measure of learning out-
come. ThlS result 1s completely in line w1th that of the last eXperl-
ment

Concludmg remarks

In so far as the ATIs of this Sort are concerned, s1gn1ﬁcant A'TIs
are obtained from more spec1ﬁc aptitude 1nformat1ons The *discrep-
ancy between the result of thn precedmg ‘experiment and that of the‘
present one seems to give us warning of the subtlety ATI has in-
herently. More stable and substantial ATIs should be identified
eXpe_r_imentally before'_ we can speak of practical utility of the ATI
research. One of the possible research-strategies is to make the
duration of instructional treatment much longer, as Cronbach and
Snow (1977) point out. Adm1ttedly the learnlng period of. the present
experiment is too brief, and needs to be improved hereafter.

- As for taking two aptitude informations into account simultane-
ously, it mus_t_' await further experimentation to decide “whether it
1s a step toward new conceptions of aptitude or singly an interesting
demonstratmn bu11t on chance” , as Snow puts it (1976). The authors
are of opinion that using two aptItude 1nformat10ns 51mu1taneously,
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especially intellectual and emotional ones, is to take a.step-further
to the reallzatmn of adaptlve education (Glaser, 1977). In this regard,
the result thus obtained from optimization suggests that the pertinence
of the measure of learning outcome- needs: to be reexamined from a
differént point of view.
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