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Introduction

g ' : . | . | )

.

A technique for the analysis of ecoéystems developed by Odum (1971)

vhas met with considerable sucdess as an empirical nredictor of system

'

-béhavio;: The focus of the techpiaue is on ghe naturé of the inter-
actions'which take;place within the sy’FZ; being considered. Variagles
uyighiﬂ the system ;re dypamic over tine, while influenées fr?m outside
the system are either fixed or vgry iﬁ é pfe-de&ermined fash#on and are
ﬂot affected by the behavior of the system being considered. The nature
of the intgractions within the system are govefned Sy the laws gf

* Thérmodynamics (conservation and entropy), thus providing guidance from

well uhderstood physical principles as well as providing & tfansition

to mathematical representation of'the intefgctions. The ;%e of these
principles is currently finding application in information theory

. - \ t s .
(Gatlin, 1972 ) and economic.theory (Georgescu-Roegen, 197§).

“ In this procedure, a system is defined as a collection of dynamic
o Y ' -

variahles ang the interactions between thesé variables which produc€
changes ovef'tim%. Variables outside this framework, which’influence

the system but which remain unchanged by system behavior, are termed
1 . .
’ . 'forcing functions'. - Thus, the system is defined to include those

1

. variables within the system as dynamic, if -atteption is to be focused
. . N ")

; - " on these -variables and their interactions and not on possible changes
‘ whiqh‘may,occur in forcing functions which intérict with ¢he dynamic

variaL&es but whose behavior is pre-determined. Variables within the
y " ed., ] € .

v
.

defined system which .remain constant over time are not specified. In
calculations involving thermodynamic principles, wariables which are
, 5 . . 5 D N ‘
constant are hot included in the calculations.. .Therefore, these are
.‘ ’ .
.~ mot included in the definition of the system. ".Should other variables
- ) « .

which were considered as constants actually prove to be dynamic; the
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system will not function ‘adequately unless thé va(ighlos are iqcludud. .
Interactions which take place among variables upd forcing functions
may involve variations which result from lincar or inverse; additive or
multiplicative interacf@oqs or by interactions which can be tcprésentéd
¥ , . . ,

by trigonometric functions and/or a combination of all rypésn Therefore,

"any system for which information exists as to dynamic vagiables, forcing

v : : 'y
functions and their interactions can be defined and investigated. Whether
or not the system duplicates known variations is then determined by

- .
whether or hot the interactions taking place within»the system are correctly

defined.

Definite principles determine the nature of the interactions and the
. ,
boundary conditions for duch interactions. These are derived from thermo-

~dynamics but\the most important ones may be restated to be more applicable

e
to social science invest: ‘ons. A conservation principle operates
: 3

~which defines boundaries for  nteractions. Stated simply, this principle

, 1 ».

indicates that the sum of 5?1 contributions of all variaBles to an inter-

'

‘action must be equal to the sum of all the results of the interaction

plus any losses which occur during the interaction.

'~

A second principle-of entropy further refines the conservation
: .

.

]
principle. It ‘statesjthat’ the sum of the products must always be less

than the sum of the contributions, that is no interaction is perfect -.

some loss is always associated.with an inter3ction although this may be

-
o ¢

: P
very_small. This less is in proportion to the difficulty encountered in
bchieving the interaction. An example of the application .of the first and

second principle may clarify these. Consider two stimuli, one visual and

.

one” auditory, interacting with one another so that thesresult is addttive.

b z .
The first principle limits the resulting interaction to the sum oFithe

. 3
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\ X .
two stimuli. The second principle reduces the result by sowme auantity,

- - making the result of the interaction of the two greater than either

. stimulus alone, but not equal to the sum of the two . N

3

A third principle is a maximizing principle. It states that inter-

[

actions are maximum over time if the sum of the products of the interactions
is 50 percent of the sum of the contributions to the interactions. Many
examples ol this exigf in psychology. Intermediate levels of motivation

‘ . . . oL . .
are optimum and optimum achievement activity occ?rs at intermediate levels
4 R

i
i

of probabiiity of success.. The interaction of staaenf gnd 1éarning
material may well be maximized at intermediate levels. If the studgnt
ihteracts with simple material, the result is diminished because much of
lthe interaction ié hasty and material is ignored. Material which is too.

»

difficult results in diminished interaction as well, though for different’

reggons. Maximum interaction over time occurs with materials of inter-
i mediate diffic&lty. Perhaps this principle exp1ains to some extént, one’
" of the shertcomings of programmed makerial in which the steps are too
small. Tt mﬁst be noted that thi;, we refer he;e to maximization over
time, not to maximum in;tant(results. Maximization over time results
f . from interactions which are neither too easy nor too difficult to attain.
A final ma jor princible is a depreciationzprinciple.\ This brinciple

states that all dynamic variables reauire maintenance, or, conversely, if
& i
the variable does not interact over time, it depreciates. An obvious

o~
‘ . ) . . e . . . . .
mnfexé%ple is retention of information. Unless information is used, it
- : ~ , ,
depreciates exponentially over time. Maintenance of information counter-

acts the depreciation resulting in longer retention. Depreciation is

also dependent on the magnitude of the stored cuantity. More storage

requires more maintenance. . \.

O
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Because these principles arce based on known physical laws which
can be represcented mathematically, the model of a systomldorived {rom
these principles may also be represented matﬁematically. The contri-
bution of any variable to an interaction is determined by the magni tude
of the variable and the interaction which takes place. In some cases,

the variable contributes to the interaction; in others it is influenced

by the result of an interaction or several interactions. Each of the
contr ! ions the variable makes to an interaction can be represented by
a mathematical relationship determined by the nature of the interaction.

e same can be donz-for each contribution made to the varisble as a

N

redult of -an interaction. With this information, each dynamic variable

in the system can be represented by a differential ecuation which is
. . . \

v

a sum of all contributions to the variable minus the sumiof all contribu-

\ ’

tions of that variable to interactions within the system.. Simultaneous

s

£

integration of all these equations bver time provide data,on the changes +-°

. %

of each variable over time, and thus data on the behavior of components
i .

of the system.
: vSeveral advantages accrue from this technique. If d;ta from the
model déplicate knovn data, integration oveFAlonger periods of time
provide predictionsvabout sysgeh behavior in time frames which go'be;ond
the original data. Constants in the difﬁerentiai eouation; (called
¢ (transfer coéfficients by Odum) indicate the magnitude of the contribution

~

of each variable to an interaction. he reciprocal of thesconstant is

a time constant. This indicates the

equired for one'‘complete

interaction in relation to.other intera s. " Finally, it is possible

¢

-to investigate a wide variety of conditions within the system by beginning .

.

\ " ‘ D T ) #‘)»‘
> ) N . . i A '
Q ) ) . . //{/J
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with different initial conditions for the variabl®s. Thus many hypotheses

caun be tested to determine those facets of a system w&ich are most crucial
_ A . e :

. <
to system behavior and might provide informatijon cincgrni‘ng those hypotheses

A oL .
which would yield the wost significant results when empirical investigations
are to be conducted. \ . . -
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Achicvement 'Hﬁw)ry

-

Achicvement Theory, as propounded by Atkinson, is based on the
assumpltion that subjective judpments about probability of success,

or the likelihood of attaining a goal; interacts with perception of

‘task stimuli to produce a specific kind of response. 1t is this nos-

.

tulated intvrncrtion or mediation that‘ permitsg l;!_il to 1al;el Atk[ns;on's_:
theory as a cognitive, dr at least a owasi-cognitive, onc,

Briefly, achicvéﬁent theory can be‘summarized as follows:

1. According to Murray (1958), an organism résponds to the
environment becau?g of "néeds".yhich méy be labelled as potcnt?alit}bs '

" to respond.. The environment may be supportive or it wmay act to block

action. Since the organism acts in specific and“voluntéry vm&s in
response to the perceived situation, it follows that hciis béinq acéiVe

in making choices and the overall way in which he makes such, choices can
. : e
L4

be viewed as a personality charactéristic.

** 2. McClelland (1951) refined the work begun by Murray, emphasizing
the role of motivatiofp in behavior. McClelland saw motives as being based
S ' - i
on'emotions which refulted from association between- stimulus dituations

and affective states. Thus anticipated goal reactions initiate and direct

behavior through aroused needs. Since such needs fluctuate in intensity, .
A Y -

an ~

‘it follows that optimal levels ¢f aroused needs can Be pdstulated. The

< - ,
organism will thén act both to reduce needs above optimal level and to -
’ . ; Al -. )
)increase incoming stimulation if it drops below a certain level.
This motivational tendency refers to the positive or .

negative anticipatory goal reactions arouséd in situations
that involve competition with a standard of excellence, where
performance may be evaluated as a success or a failure.
(Weiner, 1972, p. 175) -

-~ ‘

3. The methods used for arousing and measuring the needs for achieve-
- ’,)’

ment are well kpown and need not be reviewed here. The Thematic, Apperception

© -

5T

3
23
-

ERIC

Aruitoxt provided by Eic:



/.a

v

N ‘- . . ‘. . I*‘
Feat, developed by Atkinson, s used to obtain protocols deseribine the

content of thought . Experimental procedures fucrease and decrease per-
N L

cetved estimates of the probability of success, anxiety and achicevement.

Post test results ave analyzed to determine the Of?CC(ﬁ ol Intceractions

- !

amonyg, these variables. s
L4

a.. Atgjngonb(1957) attempted ;oiquclfy stnristivgldrvlationships.
related to achiovymont theory and to‘rolate these, in turn, to individual
ditferences in achievement poods and'thcir effect on motivation. In
additigh to person, environment, and experiential variables, Atkinson

"also dealt with the conflicts associated with choice behdvior (Weiner,

1972). C oy .

Further, Atkinson's theory of achievement motivation is
influenced ~by Miller's conflict model.  Achievement-related
behavior is conceptualized as a resultant of a conflict situa-
.tion. Tt is assumed that the cues associated with competition
against a standard of excellence arouse both the.hope of
success and the fear of failure. The strength of the approach
tendency toward the goal (the hope of success) relative to the
strength of the avoidance tendency (the fear of failure) de-

' termines whether the individual will locomote toward or away

. from achievement -related tasks. (p. 195) . )
' 5. The tendency to approach or avoid an achievement-oriented activity can
s 4 -

be summarized as:

AF) P X (1 - PS)

Here TA = TS + (-TAF) or the tendency to approach the task‘plus the tendency

. Ty = (Mg - M

)

to avoid the task; ' .

M, equals mbtivation to succeed;

M. . equals motivation to avoid faidlure; and .
PS equals the perceived probability of success.

.

Measures- of these variables are usually converted to Z>scores to make intra-

.

¢ \ :
and inter-individual conTparisons possible. The theoretical cuestion w .

of course, whether \gr not thesg\Qegermihanti ﬁge a sufficient bafis on
. {

R , 9

N
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whi()n to account for necd-vetated behavior
' . i
6. Weiner (1972) has proposed that by aqaipning weipht < to the

determinant s of behavior we can test the model against empleicatl data.

. The additional varfables ol Risk Preference, Level of Aspivation and
" N »

Pevsistence ol Behavior in Progress can also be tegted
. - A
7. M, and MAI' are coryidered to be relatively stable personality
oD ‘ .
. traits, white incentive values of the goal are dependent on .. Thug

. )

. ) . 7
future actions are almost entirely dependent on the effecta of success

.

s and failure or on P, which is the only variable that is free to fluctuato
, . Y

‘ ©

»
from triatlt to tvi’g;ll and which can theretore be,classified as an experien~

tial vasiable - that is, it depends,” in part at least, on an individual'g
- history of success.

8. Studies which have atto\mpt(-d to use the basic model outlined in
. : L4 .
4 above have been unable to accommodafe the effects of the ‘history of

-
L] B -

success and failure associated with Pq’- In order to make the model fit

‘
; ;
. /

empirical data, Atkinson and Cartuwright (1961;)_introdnco an additional

4 .
variable which they describe as "the inertial tendency'" or the “unsatisfied
l ;

" tendency'" to persist in achieving 2 goal (TGi)' .Thus a general chd(zncy_
o J N

to achieve a ,%oal may be added to the need to achicve and this additional
X\ -

energy affects the subsequent motivation to achieve sticcess. Thus:

~ J

v

T, .= 1 X + T ‘
IS (PS X PS TS) IGi .
Giver the complexity of the relationship among determinants of need- ™

achivevement behavior, it becomes obvious that simple models will not produce
< , " AY

adequate solutions. It is nevertheless of interest to produce models which
A 5

. : . B [N
will account for behavior and which will match reasonably well the empirical

- f

findings reported‘ in this area.. If a model, using the determinants described

ERIC
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» fin the achievement wodel, can be structured no an to veproduce empfrical

data, then gowe wmeanure of yalidity will necrue. to the achicvement” model.
Furthermore, the question of optimatity witl become more meaningful

because the eftects of changes in any of the determinant s of n(-(-(lg,)_'_vlut(-d'

) ”
hehavior can be pre=determined.

In order to test this assumption apd ‘F\ho validity of our model, we

selected data from a research study rvpo,tv&j by Feather (1966). A brief

’
coor

- summary of this study is pregented hom(

<
Feather notes that the effects of sucless and failure on subgeoucnt

performance are vxtr‘vme\ly complex, depending on the characteristics of
i
the person and on the situation. In order to facilitate the disentanglement

of determiners of action, he (l%g;id(-d his subjects into-four groups as

£

- N . . )
follows: . \\%& N -
- 1. High oxpmﬁaiion - initial failure (H-F). Instructions induced
A

a high initial expectation of success. These subjects were: then given

. 3 :
5 items which werg insoluble followed 'by 10 items at a .50 level of diffi-
B . .

’

culty. The assumption was madé that failure on the first five items would
- «_ ' . N

reduce P_ to".50. - /

S : T =T

2. low expectation - inftial failure (®-F). 1In order to induce a

q

low expectation of success, §fnstructions implied tha't the subjects would
~ .find‘ tihe Atem‘s diffigult. Thus five insolgble items werr; followed b):,,lO \\
i J ftems at the .50 level of ‘difiiculty.' Prior failure should hagve the effect
of lowering PS. ’ . : ) . '
3. High expeétation - ini({al succ;ess (H-9). Subject instructions
implied that the tcsts. woulll be eas Thus 5 casy items were followed by C
10 items at a .50 l\év.el of difficult e assumption was that initi‘.a
E
. success should raise PS even more.. o ; %,
Q

ERIC
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P
N Pow evpectalton - dnetral suaccess a8y, e vonditions vier e as

in boabove except that o subjpeeta were o dnlormed that the test ftem. were .

-

»
©

dittionte it ial wocoesed shontd resalt v o riae of Poto 50,

The comlitions artanged by Feathor were intended to elicit data about
} 3 Ahe cflects of these tom experimental conditions on subjects' perlonmance
: ’ -

and the relationship ot this peirtormance, 1o (lill(-lyn('vr; in achicvement and

test o anxicty. Thus initial success and ftailure should result in changes in
y the tendency to perform the task.  According to Feather, this tendency
) .

consistas of a total motivation made np of the tendgney to achieve succegs,

.
'

the tendency to aveid tailure and extrinsic motivation.

Anwong subject s in whom Mg7 M'l“ the resultant tendency to

perform the tadk ismaximum when PL: 050, Among subjects in

: . ,
whom MAF > M., the resultant tendency to perform the task is
minimum when' P! N0 Thus o in contrast to Atkinson's carlier

position (Atkingon, 1957), the present assumptions do not imply,
that a subject in whoit M .2 M, should "try hgrdest' when P -
2500 On the contrary, becatinse ot the strong inhibitory tendency

ta aveid undertaking the tash when P = .50, the resultant ten-
dency to perform the task woenld beoall a minimm for such a subject . (p.
L4 ' “ ) .
Using these basic assumptions, Feather stdtes the following hypotheses:
N \ﬂnw1~bh;> bkf the resultant tendency to perform after the first
5 items will be stronger in the H-F and L.-S conditions. This tenduncy
should rcemain at a high level because the reamining 10 itewms yere at .50
lével ot difficulty and therefore close to the values developed during
initial rriifs. »
2. Since it is assumed that higher resultant tendency determines
tv v
\ supcrior performance, it can also be postulated that this group should
R

obtain higher scores on the last 10 jtems.

3.. Where MAF'P' MQ, the resultant tendency to perform the task after

.

the first 5 items will be greater for the T.-F and H-S groups.

- : 12

Q ) . ) : . .
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completed protocols for 6 of thé n Achievement pictures and the. TAQ. The

I

L

- . *‘I:-’ 11' y

, ) 15
] : RN gé . ot
4. These ‘two groups should also be re1at1ve1y less syecessful -»?5%
— R L i . \ ":‘l» B "’0 ] V&’, \;! “ - ;“%

- " By using a series»of itemSiii\jif ppssible to study changes in e e
pectations pver time.  The questions of‘inter st raised in this study are '
. * o

~

summarized by Feather as follows: ' . ' . . .. &
S . . N

! . g
'Do. estimates of expectation of success change more’rapidly = ¥ =% d-;nig

aftér fdailure than after success? IS the rate of change a ' i

function of the initial estimate of expectatien of. success, of

n Achievement and of Test Anxiety? Are there d1fferences be-~

tween subjects in the degree tuv which "typical" changes in pro-*

bability estimates occur after success and failure?-(p.,289)

. '_The subjects in the study were 96 female undergraduates.. Subjects - -

2

scores on these tests were converted to Z-scores and the difference between
’ . i . .

the two calculated .for each S. In 8's for whom this difference was positive
- - J

it was assumed that MS > M for'those which were negative, it was assumed

, AF?
' ) . ‘
that M F> M

The .criterion test used in the study consisted of a Series of 15

anagrams, For the H-F and L-F groups the first 5 anagrams were insolﬁble;\

e

for the H-S and L-S groups the first 5 were very easy. For all groups the

remaining 10 items were.rated as being at the .50 level of difficulty.

1

Instructions varied as indicated above.

- The data which we used as the basis for our analysis are Ereseqted
‘ ax ’

below.

.4

4

Table 1 presents the mean of the probability estimates obtairfed P

1 from subjects prior to attempting each of the aﬁagraﬁs., An analysis

.of Yariance of these data was also conducted by Feather™ It Aegen— i
stfated significant effects guecto i;itial e#pefiénce end an ingeraction
between initial expefiencem;nq,trials; R o

30
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Adapted from Feather, 1966, p/ /)
. N I
) " ™~ N
o - . \\\ *. -~ ' L
Mean Estimates of Probability of Success for Anagrams over 13 Trials
i T 7 - = A\
\ 3 Trials ;
Grgup .
123} s | s | e| 7| 8| 9w |1 f12]13f16]1s
-F , ) i
Syczege oricated (N = 92 61 % %9 | .4 311 .2 16 | .27 W31 | .28 .31} .32 .26 .27} .26 Jos
Failure oriented (N = 9) .70 I' .53 .38 .30 .22 .21 .29 .36 .51] .45 .52 .42 43 .49 .49
-F “an . - . . ) :
Success oriented (N = 9) .56 1 .49} .38} .35) .29 | .23 ] .33 | .33} .35{ .33] .31 | .35] .33 .34| .35
Failure oriented (N = 9) .55 .36} .28 | .19} .15} .15} .18 | .19 | .26 .19} .23 | .23} .24| .36 | .31
-S ’ ' : ' N .
Success oriented (N = 9) .67 .66 .69 .74 .75 .79 | .68 .72 .69 .70 .68 .67 .63 .64 .63
Failure oriented (N = 9) .54 .58 .66 701 .71 .68 .66 60 .53 .53 .56 .56 .56 +56 .55
=S , , ’ .
Suclcess oriented (N =_9) .50 .63 .66 .74 =74 .78 .70 .60 .59 .61 | .57 -60 .59 .55 .50
Failure oriented (N = 9) .57 - .62 70} .76 .78 | .80 .69 .75 .74 .65 .70 .69 .68 .69 .64
' . .
. e
4 ’
. &
~ 4
\ -
"i‘
/ -
)
=3 < .
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Table 2 presqﬂ%s info¥mation about the mean number of anagrafis correctly
. ‘t - - : -

" answered out of ghe final 10 anagrams. An analysis of variance Of these
) ¢ . ) © o . . \ .
e . . \ . ’
results indicaﬁéd that initial experience had a significant effect on Rer——"
// ¢ \ ——\/-/ )
¥ , . ’/// - o # . X \\ /
formance. j/ : o ) . .- .
! ) ! ) 7 \,
L 4
\ pi
° : . )
- ' RN
) - . ® X N
/ .
. ; . . Table 2 » \
7 . - -\
Adapted from Feather, 1966, p.' 294 .
K i e ' . = -
Number of Subjects Solving Anagrams on Trials 6-15 '
~ B T, ’ c }
+ : f
Trials ! :
Group, .
o »
. ’ N 6 7 8 9}110{ 1112131415 f
- R ’ 1]
H-F . ' : L4
3 : Success oriented (N = 9) 414 )15s5)4) 3] 0} 3} 5] 5] 2 4
! . Failure oriented (N = 9) s]s{s{6| 7] 3] 4] 3] 5} 3 ,
L-F q - : .
Success oriented (N = 9) 515|311} 4] 5] 2} 6] 2] s
Failure oriented (N = 9) 2 6 7 1 9 5 6] 71 4 4
. . B B Y
H-S :
Success oriented (N = §) 515 516 7 6 3 7 4 6
Failure oriented (N = 9) 5] 3|5 3 7 6 6 5 4 6 *
L~S : -
Success oriented (N = §) 4 6 7 6 4 7 4 7 6 4 i
Failure oriented (N - 9) siele|3| 7] 8] 76| a4]c6 o l ”

-

,
Several ?gﬂfr’analyses were conducted by Feather. In this case, how-

«

ever, we are interested mainly in probability estimates and actual achievement
i s - Co ' o
and the way in which they interact as @ system. The interested . ader may

wish to refer to the Feather article for more details and to compare these

.

to our findings. l | ‘]_5 . k

O

ERIC - - :

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

- /
suiccess and éhus in expectation of success.

»”
make more typiX
- of conrse,

above{f

[N
v
(

\Jn his "Dj’cﬂss1on" Feather polntS(nn;that the major contribution

-

of this report lies 1n the fact that a detailed analys1s of probability

also notes that the findings lend suppaort to the belief that success and

failure play a significant role in shaping estimates of probaﬁilgty of

i

- ——

1. Probab111ty est1mates change more after failure at the first

- N,

.5 1tems than after suceéss at the f1rst 5 items, suggestlng that con51s-

]

expectation is intermediate.

2. Success-oriented s?bjects,tend to make more

S

3. Since this stud? was limited to'eliciting PS
one trial to the next, it is limited in terms of generaliiability to
situations in which trial-to-trial expectations are somewhat independent.
S's were not askedrto_predict their ehances of attaining a fixed performance
level, On the other hand,‘the results obtained agpear to conform tovthose

found in other studies.which looked-at the effects of success and failure

on expectations of success.

4. . Initial exnerience has a significant effect on performance when

S's are given feedback regarding success and failure.
- ,

it is difficult to generalize the results because the nuwmber of” success and

failure experience required for long-~term increments .and decrements in

&

P_ estimates under conditions of success

al adjustments'under fail

16

!

1

e conditions.

estimates was made during the entire course of student responses.

He élso notes that:

=

"typical" changes in

(A1Y of this may,"”

@

»

As in any)experiment.

4

tent’ failure has a greater effect than-consistent success when 1n1t181

ile failure~oriented subjects
flated to past experiente or inertial tendenciesadiscussed

estinates from only



B -

-
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~achievement patterns for the varlous groups d1d not conform to expectatlon.

~

For example, Table shows that the mean scores on performance in the

- \

initial fa;luré condition are higher than those for %allure-orlented
0'

It i8 not clear why this should be the case, “ it may be

subjects.

—

that the mode1s being used are not suff1c1ent1y develop d to account : ‘

for th1s anqmaly. : . o
& . - . .
5. Instructions given at the beg1nn1ng of a serles of tasks tend

/ . \ *+

/ e

to set the general d1ff1cu1ty of the tasks at the hutset so that PS tend

. a

to c1uster‘about a certain value depending on the Artruction&, ~Previous

. . . N

research‘also‘indicatés that performance is related to this general 1evgl

v

of difficulty cause S's work harder when the1r expectatlon of success..

-,

If the d1ff1cu1ty of the “Pask is truthfully represented .
- \ v

‘.

is intermediafe.

v

'task-performance and initial probab111tyl;end.to be correlated.‘ In add1t10n,

S's tend to dra“hupon past experiences and to make judgments accordlpgly

4 . .
(This has the effect of anchor1ng them to reality so that fluctuations; . TN

¢

about the mean in terms of estimates .of probability of success. .level of

aspiration and responses to success and failure are kept within reasonable

'

RIEES TR : ‘ | g
bounds.) ‘ - . . -
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The Modeling Procedure o ot ,
i ) { ‘
¢ - | .
. < Data from the Feather study were examined to .determine how achieve-
AN /
2 ) ' .
7 ment (A) and probability of success (P) Var1ed oVEr time for each treat-

- Y \ \
) :
p * ment group. Both A and’ P wereﬁélotteﬂ'agalnst ghe number of trials in .
" each instance.- ,As well,.the number ‘af success1ve,tr1a1s dur1qg which-P
or A continued to change in the same directio® and the number of trialg
Q&Ng

~ «

. N -
( before the trend reversed was éxamined and the r ui{s pooled for all,
. . N ) . [ Y

. : : ' ;oo
v eight groups. P was found to.chgﬁge_an average of ?6> in a pdsitive’
' .. ” . ~ .

? «

e direction and an average of .07 in a negative direction in 1.74 trials. .

. . , o . ) _
A was found to change an'average of 38 per ocent in a positive direction

) | i ' .

<. and 35 per cent in a negative d1rection in 1.70 trials. Further ‘the

<
-~

” . ‘
changz in P was(oppos1te in directlon to the change in A at a ySklme.

-
For purposes of the- mode1 P was taken to chénge 0.10 in two tr1als and

A QO per cent in two trials. The time taken in the Feather study was

_ o . .
! " estimatgd at two minutes per:.trial because 15 anagrams were to be %ﬂm-

- v ‘ * . K , i ‘
pleted in 30 minutes. o B} Co
. a . ) . . , . ‘ > —
Ihe.following_interections and their relatiohships were ineorporated
into the model of this system: ,
1. Probabiliﬁy of success and incentive were“reﬁ?esented as

>
)

hypo hes1zed by Feather, or as P x‘I.(P_x (1-P)).
SN R ' . . ‘
2.7 Incentive d probébility of success, interact vith motivation. .

!
. \ @ '
, .

’
,.

as hypotHesizedf,o M‘x P x (1-P).
. 3. The add1t10na1 effect of the p%%é? nce of previo&s achievement

: ‘ﬁ? _
activity or the ' 1nert1al tendency" adds an 1ﬁ#er$e}yariation component
J—— ] ! R a .
to therintera!!;on of Mx P x (1-P)., This re}at1onship derives from

Feather's data which was mentioned previously.

a~ 18 i
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‘ 4. Probability of success é;\time t + 1 is directly proportional

A
{ | s .
{,17 to the magnitude of achievemert QQ? probability of success at time f.,
- o L i ,
- - ‘7' /) . [ X ,
The system and the interactions which oc??r within the system
2

‘are “shown schematically in Figure 2. The symbols are from Odum (1971).

3 . .
s

S

the dynamic variables are shown with !tank-like" structures; the
¢ ; - . - X

: ") .
ingeractions by "arrows'; and the contributionto énd prodycts of inter-~

actions shown by the lines. Interactions in wh%&h variation is direct

i

. : - , R
are shown with a' x ' and inverse variations with af - '; Motivation (M)
B ‘ , ) : :
is considered outside the gystem, that is, it is considered a relatiyely
stable personality characteristic and for purposes of the model does not
vary over time. The numbers on each lire.indicate the number of the

[N : .o C— . . )

constant associated with the contributi n or product and will also be

o : ' . TN .
used to identify these. . g

atiou of thig system to a =

In translating the symbol®E’represen
- . . Y,
useable, mathematical form, the following‘conVentions are followed:

1. The magnitude of a variable can gssume values between zero and

¢

one. In other words, the magnitude.of the variable is always represented
O ' | N .
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' ‘ ’ A . R ,
' as a proportioen of the maximum possible magnitude. Y

3

-

2. By using convention #1, inversc vMflation can be represented -
~ . . r : +
mathematica'lly as one minus the magnitude of the-variable which varies
. 5 ' \ ’ ’
inversely. o o L0 i
. U ‘ ’ .
- 3. The contribution of any variable to an interaction, or the

effect of the result pf an interaction is dependent on the magnitude of

. , all interacting variables.’MFhus an interaction of A and P in which the
. L"‘ .

relationship is a 'direct variatfon would-be A x P. The agtual magpitude
e ’ -

. / . . _
“of thebcontr1but1on (or product) is modified, by a congfant (termed an’
% \.v.
; \ } 1nteract10n coeff1c1ent) *herefore severa interactloz contributions

.

may have the term Ax P bUt these differ when the interaction coefficient

N

[ . | ) R .
is considered. The coi?ficient has two functions - one, it indicates

I

the magﬁitude of the totél-possible contribution or 6roduct, and second,
- . . . T . L3
its )rec'iprocal_i«s.%! vtime constant. 'The time. constant indicates the
re1at1ve time ﬁer1od for one complete cycle.

b / ot -

4. .Constants 6 and 9 are associated with the deprec1at10n of the

e

)

variable‘ovgr time. This depreciation depends only on the magnitude of

t he’variaple. The fécipfocal_gﬁ the constant indicates how long it
S \ + » ’ . . N ’

would take for the variable to depreciate to zero if there is no maintenance
H -

* -

- : ' . . e
rof the ﬁariable._ . ‘ ’ ; . .

. ’ ’ v ) v

(Y )} Table 5 shows each of the contributions or products- and how each is

8 o v

P
B
v

~ ‘ represented mathi?gcicallb.

O
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. Table 5
-t
/k Mathematical‘Representamion of
. Contributional Products
, .
. Constant # - Representation ' : Dg%vrlotlon -
v T ‘ ) ) ° -
1 v klAM(P)(l-P)(l-A) : contr1but1on of probab111ty
i of success “ - .
2 ¢ . k2 M(P) (1~ P)(I-A) contribution of incentive
. 3 — k3 PA - - _contribution of P to change
. . ‘ : in P . _ ‘ l N
) 4 ’ product of interaction of P -
_ " . : ’ and A .
"5 "k k . contribution of A to change
¢ . in P
6 ¥ depretiatjon of B .
7 B kv M(P)(l P)(1-A) ¥ product of interaction of M,
‘ P, incentive & A. (inertial
. ) . . . tendency)
8 - n k M(P)(l-P)(l-A) ' contribution of A to 1nteraction
. s % 8 )
. 3 . of M , .
9 T ; k9 A ‘ ‘ depreciation of A
- ' . - ' . o \’
. »Ihe mathematical ;epresentatioﬁ of the system is'aCCOMplished by (;

developing a diffé(gntia{ equation for each variable. This ecuation is -

ﬁ["y a sum of all the prqducté which contribute to the variable minus the

sum of all contriputions the variable makes to interactions and the
- . ° \ . .
" depreciation-6f ;he variable. The two differefitial equations representing-
this system are:, ‘ ' - a .

- P4

]

kaPA -'g3PA - kl M(P)(1-P)(1-A) - k, M(P)(l-P)(l;A) - k§P

A

ki M(P) (1-P) (1-A) - kg ﬁ(?)(l-P)(l;A)~y kPA - koA

A}
’

If these equat1ons are 1ntegrated s1mu1taneously from zero to time t,
» o A

the result is a plot of the changes of the variables during time t. Our

"procedure has been to use an analog computer to do this. However, digital

. 21 -




S

l

computers can be used if the equations are rewritten as:

4

e T P TR [k‘*EEAt' - KgP A - klMt(Pt)(l-Pt),(\l-At).‘
. - kth(Pt)(l'Pt)(l'At) K kﬁpt]- o &/
Aver = A + il (RO A-P) 1A - kgMy (P) (1-P) (1-4,)
. - ksPBe - k9At] - N -~
' . » - o7 - s

\ : ’
. -

“where i is some time interval. It must be noted that i must be .kept

small in, order tb achieve accuracy in snost cases. . i
i . ‘ . A ’J’ o A . . . '
Because the ¢oné;ants are time dependent .and ‘to date, no feasible

\ .

. 9 \
-technique has been developed for relating raw data to the tonstants,

-

an alternative.is to search for the cénstants and té refine these by Lo
& . ® : - i

successive approximation. This is poééible becapsé the behavior of the

'variables is understood for some time period at least.

N . Ve .
A computer program (using the equation for digital machinesl can

t,

[y

be 'written to solve for P and A by successive iterations and g}ven the'

initial values for P, A, and M. The time 'increment should be kept small
* . . - .

1.

(approximately .05 in this case) as accuracy increase with small .values ' ﬁ

« <@

of i. 1In this case, appfoximaxely 40 itera tions would be necessaﬁy to’
_¢over the two minute time span. The prograﬁ can be adopted to test all

values of all combinations of constants in stepsf .1 for each constant.

.

In order to reduce the amount of compiter time A and P should®be checked

after each iteratibn., If either value ié greater than 1 or less than

zero, the gonstants used for this iteration are incorrect and no further

v

itﬁfations are useful. When a solution is attained, ’it should be subjected
to more iterations_to assure that it remains viable over time, otherwise

. t
further refinement is necessary.

22
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.. , . ,
We have found the solutions obtained have a uniogue set of/constants.
. . ..\\) (f
Some adjustment of the constants are necessary in order ﬁg ;gkain the

. @
‘foper range of oscillation of the variables or to assure that the -

variable level at the proper magnitude. 1In this respect, an analog

-

computer is easier and.faster to work with but still not a recuirement.

- oW .

1f no feasiblé solution is reached wWen all combinations of consé%ntg .
R 5 L

have been tried, i should be decreaséﬂ. sIn tHiis case, the v’riabiés o J

—

may be fluctuating ver& rapidly and ag.increment in time (i) which is
’ ‘ 6
too large does not allow the equations to respond adedquately.

L

»

It should also be noted that multiples of the éonstz%nts S%1s0 provide
. , ~ . N

a -solution, that is, if all constants are multiplied by 2, for example,
: : o

.

’ Détermination of the constant which a;ply to the model can best be ascer-
tained by takirfg the reciprocal of the constants to obtain the time S
constinf. These can be checkgd to see if they are reésonable. iFor
example, the time" for deﬁfeciatiqh df variahles should be reasonable.

If these are too large or too sm;TI\B}-some factor, all constants shou?d

be adjusted! by that factor.
! ‘ )
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. S " Discussion ‘ //

' . Theoretical Img”ﬁcations v . - -
. . . i

[

. In order to understand some of the- inf rmationgderived from the
‘ !

bJ
.

. i |
model, a more detailed discussion of the i eraction'co;ffic1ent and

Pl

the time constant may be beneffcial. These two values are depgndent.

/ . . . . ™
on tHé nature of{ the variables which intedact or are afz;cted by the
interaction and also on the ngture .of the centribuffions of products’
' [ “ \ - .

/ .
- : ~ P
- themselves,, ' Y.
| ’
The| time consgant is dependent on the capacitance of the variable
I i )
. ' o
concerned and the resistance encountered in contributing to an inter-

"actiom or in affecting a variahle (or T ='RC). Capacitance in a social}

science context is a measure of the amount of input which can be ac-

commodated ovex a period of time and is inversely prdporfional to the
s : ' - .
difficulty in achieving integration’of the input. The resistance is

. . . ‘
e the difficulty encountered when a variable cq€tributes to.an interaction
1
? , or the difficulty encountered in utilizing the product of an interaction.
. - o
In either case, the difficulty is determingd by the nature of the inter-

action taking place. The time constant, then, is an indication of the

'

time required to produce some specified .amount of change, given the
nature of the variable's ability to accouwmodate interaction within the

system and the difficulty in achieving interactions. Thus if the ¥
. _ e

specifiéd amount of change is 20 per cent a11 of the time constanty,
when compared to each other, indicate the ratios of times recuired to

produce such a change. The ink€raction coefficient is-phe reciprocal

-~
.

tAgﬁ.lge'time constant, and while this value is reauired for the equations

in the model, it is the time constant which provides the information

of interest.

24
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‘/I

Table 6 shows th% inteyaction coefficients which correspond to

s

- , the Interactions and products indicated previously'in Table 5 and in

the schematic diagram df the system. Also shown are the time constants .

. R .

and the ratio of each time constant to the smallest time constant
R Co i ! - ’ )

(time constant #7). . ’

¥ o ' . Table 6 . -~ )

-

' ' ‘ ,/! Constants for the System '
. - . " had ) T - ¢ -
. T Interaction . Time (X)- 1/T

“ . Number - ‘Coefficient (k) Const o 7(Ap6}oximate)
. - \ .
J

S~

(o]
Pt
.

- 6.80
6.80 ~
2.72 l

A5
.37
.23
.87
43
.05 1
.91 18
.00 2000

4. .44

1.15 \
- 0.70

20.00

1.10
R

N =

ooV WwWw
.
e,

DUV WRN -
SCoOOoO~OPLOO

e
[

The coefficients duplfcate (with some qualifications) the results
. ‘L“ ) 4 ) "
" obtained by Feather (1966) for those Wditions which applied to the
\

individuals used for that stUd&. Plots of the changes in P and A over

the serics off trials conducted by Feather do}(ot result inZ series of

e expected

N -

smooth cufves as is the result from¢the model. This is to

' . v - .
since the sample 'in the Feather study was quite small. However. the
! 1. ‘ {
nature of the changes are duplicated for the different conditions as ’
are the magnitudes of the fluctuations. It can be seen that the fluc-

~ - 9

tuations decrease as the number ’of trials increase (as was the case in
. v 4

the Feather study) and thag.the/ultimate leveling of P and A occurs at

- . .
a value corresponding to the mean for that sample. "With a large sample.
- ;

S ( ‘urve fittf%g techniques could be applied. to the raw data to achieve
Q' plots wh}fh are regular. and thus determine precise reliability of  the

25
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¢
F

~

results‘obtainedlfroh the model.

A number of the pfots shown in Appendix A apply to situations.
which did not exist {n fhe model. TBeSc ;rq_values‘for P, A, and M
which did not exist in the sample but for which prediciions could be

made from achievement theory. In these cases, the results from the

model do cor{espond with predictions.

Examination of the ratios-of Various time constants provides

]

some useful information. When fhe contribution of P to future changes
in P (constant 3) are compared to the contribution of A (constant #5)
to this change, the ratio of T5 and T3 is about 2:;1. This indicates

that changes in P are more readily affected by the magnitude o{ P than

the magnitude of A. 1In other words, changes in P are facil
easily by manipulating P rather than A. Given the nature i nd A

and the nature of t“ interaction, the utilization of change

—d

’

to produce changes in P over tite proceeds more readily than attempting

- to change P over time by changing A.

The magnitude of T , the inertial effect.of‘achievement, wﬁen’

8
compared to ghe'magnicﬁde of T, (probability) and T2 (incentive) in

achieving the interaction necessary for increases in achievement -indi-

cate the longevity of the inertial effect. The depreciation of P, or

the rapidity with which it decreases if not maintained, indicateswthat
~

B

P is most task-specific and changes very rapidly. Using %raph #14, which
is a plot of the beﬂavior of P when maintained and not maintéined, the

indication is that P would be reduced to half its value in about two

minutes. The reverse is true of A. “Here the indication is that the

V) .

retention ‘of achievement level is still 50 per cent after approximately

30 minutes.

26



Psychological Implicatiéﬁs

. The advantage of Using a model such as we hdve described have

i

. “ a , : , . -
alreadx been noted . The cquestion ariées, however, as togwhether or

ndt such a model can‘represent;empirical data faithfully;uwhether it'

L s A L ' . . .
3 _ . fits exiéting theory, and whether it can give us new psychological Co~
! 4 ta . . > ~
v . information or. at 1ea5t suggest research hypotheses which may ie;H}to
n . . e TS

c1ar1f1cat1on of psycholog1ca1 principles - It is the feeling of the

. author's that 811 three of these aims can be encompassed. , .

[ e

o . F1rst of 811 an examination of the graphs presenu" in Appedd1x A
B
indicate substantial agreement i ween our results and those obtained
by Feather. (Note that we did not use his data.in derivtng our model
il but used it only as an empiricai validity check). Thus, it can be
éeeawihat probebility estimates change more after failure at the first

five 1tems than after success. Succees and failure also function to
‘ii g; expectation and achievement 1nto line. This is true, of course,
only as long as motivation remains at a reasonable level. Initial
experience has a strong effect‘on performance when subjects are given
feedbaek in terms'of success and failure. ﬁinally; there is also
evidence that task performapce and initial prohability are cotrelated.
We do notc¢, however, that GUr model suggests’that achievement is at its
A ‘
highest level when expectation of success gnd achievement are both at
a relatively high level. This finding appears to be contrary to Feather's
and needs furtherHinvestigetion."
Secondly, we note that the graphs demehstrate tﬁé validity of achieve-
ment theory as it is currently understood. Thus expectation of success
interacts with achievement such that a balance is achieved between the ..,

two as long as motivation remains high. Furthermore, it can be seen that

s

Y .
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"inertial tendencies" operate to keep achicvement up even when expecta-
tion of success is very low. We also note that feedback effects operate

.
-

quite rapidly so that expectation of success is affected almost immediately
after results have become available and estimates of probability of 4
success adjust rapidly when feedback is given.

‘Finallx,'we address ourselves to the possibility of impiications

for further research. Numerous'po§sibilities present themselves, but

‘

S 4 '
some of the most salient can be doted here.

N

1. Psychologists have long referred to optimal conditions for

] s .
the support of specific activities. For example, it is well established

that anxiety-and performance on tests have some optimal relationship.

Unfortunately, establishing optimal levels of anxiety creates a problematic:
= - T -
situation because no %cceptable measure is. known. In the model we’ave -

presented it is relatively simple to determine Ehe effect of increasing

S mEe

any of the sources of input'and thua“pre-determiniﬁg the effects of jin-

creasing power in qny one variable. ¢ i
2. Expectation of success and error rate have freaquently been:the

bases for study in relapiop_fo programmed instructional formats. There

-

is gsome suggestion.in our model that when achievement and expectation of

success are too high solutions become infeasible. 'Further study is re-

&

quired to gluqidgte this problem. The Feather data could not be used in

] o M
this case because "the subjects used formed a group which was too homo-
. . - P ] P
geneous. We intend to coliect further data with more heterogeneous
. 7

e
o

subjects to study t}fs possibility. .
3. A number o

_be investigated

other pgychological relatfonships can
5y~thg use of this model. " The cteqtivity-inteltﬁgenge dichgtomy,,ﬁersonality
. Lo . K -‘ R [ o )

>

correlates and learning, and even the heredity-environment issue may

[N
7

o : s s e :
possibly be addressed in this wayud . o
o T \\ e

Yo

° .

[X | i z;jZés o : i ‘- d
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