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Abstract

A theory of the nature of mental abilities is presented . In t~~i:

theory , mental abilities are organized into four levels——the levels c-f

composite tasks~ subtasks, information—processing components , and ir-

formation—processing metacomponents~ Composite tasks can be decomrcsei

into subtasks and subtasks into components . Metacomponents co rt r c l

the use of components in composite tasks and subtasks. Each cf these

levels of mental abilities is described. The fundanental theoretical

questions rele--ant at each level are posed , and answers to these ques—

t ions  are proposed. The role of factors in the theory is described ,

and is shown to be quite different from the role of factors in tradi—

tiona theories of mental abilities. Full u n de rst an d i ng  of mer . t a .

abilities requires understanding of all four levels.

Li ~_ _ _ _ _
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The Nature of Mental Abilities

Psychologists and laymen alike have puzzled for years over the

structure and content of mental abilities. Structure refers to the

form or forms mental abilities take, and to the way in which these abil—

ities are organized. Are they processes , strategies, drives, habits ,

nerve impulses , some combination of these, or some other kind of entity?

Can they be characterized in terms of some kind of linear, circular ,

hierarchical or other organization? Content refers to the identities

of the processes , strategies, drives , or whatever. Knowledge of content

presupposes knowledge of structure, since the structure of mental abili-

ties delimits the possible contents of these abilities : Structure deter-

mines the form the list of mental abilities will take.

This article seeks to address the issues of both the structure and

content of mental abilities. The theory I propose comprises four levels

of ability. The four sections of this article that follow describe each

of the four levels. A fifth section describes how each of the four

levels can be perceived from an alternative point of view. The sixth,

final section sux~~arizes the material that precedes it. The presentation

in this article follows Figure 1, which shows the structure and some of

the content of the theory.

Insert Figure 1 about here

Four Levels of Mental Abi~~~y

The Level of Composite Tasks

The first level of the theory is that of the composite task-—the

full task as the subject sees it. From the st~ndrci nt of a theorist
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of mental abilities, the most important question at this level deals

with task selection : What tasks should we use in the assessment of

mental abilities? In order to answer this question , we need criteria

for deciding what tasks merit inclusion in an assessment battery. There

is no consensus as to what these criteria should be. I propose four

criteria, however, that have proven valuable in the evaluation of al-

ternative measures of aconstruct in memory theory called subjective

organization (Sternberg & Tu.lving, 1977). The four criteria are the

fol1ow~ng:

1. Quantifiability. Performance on the task must be susceptible

to boria fide measurement, that is, the “assign~~nt of numerals to ob-

jects or events according to rules” (Stevens , 1951, p. 1).

2. Reliability. Performance on the task must demonstrate a high

degree of consistency, or true—score variation relative to observed—

score variation (Lord & Novick , 1968). If an individual ’s performance

I -- -
. 

fluctuates wildly——either because judges cannot agree on what constit~~c:

a certain level of performance , or because the task does not lend

itself to stable performance——then the task is not useful as a measure

of mental ability .

3. Construct validity. Construct validity, “the degree to which

a test measures the construct it was designed to measure” (Lord & Novick,

1968 , p. 278), requires that inclusion of a task or test in a battery

measuring mental abilities be dictated by some prior theory regarding

the identification of these abilities via tasks or tests.

4. F~upirical validity. Empirical validity, “the degree of associa—
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tion between the measurement and some other observable measurement”

(Lord & Novick, 1968 , p. 261), requires that the task or test included

in a battery be predictive of performance in some other task or test

(criterion ) that is alleged to require the sane mental ability or abil-

ities (either alone or in combination with other abilities).

My choice of tasks has been guided by an evolving subtheory of intel—

ligence that I call the unified componential theory of human reasonir~

(St ernberg , Note 1). This theory will be described in more detail later.

According to the theory , reasoning , a major aspect of intelligence (see

Sternberg , 19TTb , Chapter 13), comprises a relatively small number of in-

formation—processing components. Various combinations of these comp:nents

are required in the solution of problems used to measure reasoning abil-

ity in ~tandard tests of intelligence.

My colleagues and I have investigated the performance of adults in

a variety of inductive and deductive reasoning tasks , including ( amor~

others ) the following :

1. Analogies (Sternberg, 1977a, 197Th; Sternberg & ~ifkin , in

Sternberg & Gardner , Note 2; Sternberg & ::igro , Note 3). :n a tyoioa ar.a~~-—

giez task , the subject is given the first three terms of ar anall~~ and

a t i a nk  term , such as ~~~~~ : CLIENT :: DOCTOR : , and is asked

which of two terms , for example , (a) ~~~ICINE , (b) PATIENT, better com-

pletes the analogy .

2. Classifications (2ternberg, Note ~~; Sternberg & Gardner, ~cote 2). 
. 

-
.

:n one variant of the classification task , the subject is presented with

three terms and a blank term , such as LEAF , TRtJNK , ROOT, , and is

asked which of two terms , such as (a) RRAN CH , (b )  TREE , belongs in the

_  -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -
~~~~--~ - -~~~~~~~~~~~~~ .- ~~~~~~~~~~~~~ 
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same class as the first three terms .

3. Series completions (Sternberg, Note 1~; Sternberg & Gardner,

Note 2). In one form of series completion problem, the subject re—

ceives three terms that form a series, and a blank term, for example,

TRUMAN , EISENHOW~~, KENNEDY , , and must decide which of two terms,

such as (a) JOENSON, (b ) ROOSEVELT , better completes the series.

~~ . Linear syllogisms (Sternberg, Guyote, & Turner, in press;

Sternberg, Note 5; Sternberg, Note 6) .  In problems of this type, sub-

jects receive two premises , such as JOEN IS TALL~~ THAN PETE; PETE IS

TALL~~ THAN BILL , and a question , such as WHO IS TALLEST? The subjects

must respond with the name of one of the three individuals mentioned

in the premises.

5. Categorical syllogisms (Sternberg, Guyote, & Turner, in press;

Guyote & Sternberg, Note 7; Sternberg & Turner, Note 8). In one form

of categorical syllogism, subjects receive two premises, such as ALL B

C; ~~L A AR B, and a conclusion , such as ALL A ~~E C. The subjects must

indicate whether the conclusion follows 1c~ ica1ly from the premises.

6. Conditional syll~~isms (Sternberg, Guyote, & Turner , in press ;

Guyote & Sternberg , Note 7) .  In a typical conditional syllogism , sub—

jects rec eive two premises, such as IF A THEN B; A , and a conclusion ,

such as B. The subjects must indicate whether the conclusion follows

logically from the premises.

Problems such as these satisfy the four criteria described earlier

for inclusion in a battery of tasks measuring mental abilities. Per—

formance on each task is quantifiable in terms of response times to 
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solution and error rate in solution. The tasks have been demonstrated

to yield reliable performance, with reliability coefficients usually

exceeding .90. The tasks demonstrate construct validity , in that their

selection has been guided ‘by the unified componential theory of human

reasoning, according to which performance on each of these tasks can be

decomposed into a small number of basic information—processing components

that overlap across tasks and that are fundamental to understandir.g

reasoning , and hence intelligence. And the tasks have been shown to

be empirically valid indicators of mental abilities as measured at the

level of the composite task : Performances on these tasks are corre—

lated with each other , with performance on standard intelligence tests ,

and with school performance.

Why do we need levels of analysis deeper than the level provided

by the analysis of composite tasks ? There are at least three reasons .

First , a mere listing of tasks and subjects’ scores on them is theore t-

ioally barren. It gives us no understanding of the determinants of per-

formance on the tasks: The representations of information , the process CE

that act upon these representations , and the strategies by which

these processes are combined are left unspecified . Second , the number

of possible tasks seem: withcut limit. What constitutes a distinct

task, and what a trivial variant of a ta:k~ Two tasks may appear to be

quite different on the surface , and yet require quite similar processes

or strategies in their solution ; obversely , two tasks may appear to be

quite different on the surface, and yet require quite similar processes

or strategies in their solution. Without a theoretical analysis of 
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performance on the tasks, we have no basis for stopping an endless

proliferation of ~new” task~.. Third , performances on these and other

tasks are correlated both across subject and across task mani pula t ion : .

For example, subjects who perform veil on the categorical—syllogis:.s

task tend to perform well on the conditional—syllogisms task ; more-

over, when certain types of categorical and conditional syl logisms are

paired on the basis of structural similarities , high perform ance or. or o

member of the pair is associated with high performance on the other

member of th~ p~ ir. All of these considerations suggest the need for

a deeper level of analysis. We want , somehow , to break down t a sk  per-

formance into smaller chunks that may be common across tasks . A first

ster in this breakdown is to decompose tasks into subtasks .

The Level of Subtasks

Most tasks , and indeed , all of the tasks that my collaborators and

I have investigated , can be decomposed into subtasks , where a su’otask

is defined in terms of its involvement of a subset of the irformati::,—

processino conponents that are involved in the fu l l  t a sk .  There are a

number of reasons for attempting to isolate ir.formaticn—rrocessir.g

ponerts from subtasks rather than from comt~osite task:. First , it is

often possible to isolate information—processing comp :nenos from sub—

tasks that cannot be isolated from composite tasks . The smaller the

number of information—processing component s involved in any s ingle  sub-

task, the greater is the likelihood that the individual components will

be susceptible to isolation . Second , use of subtasks requires the in-

vestigator to specify in which subtask(s) each information—processinC

component is executed , and thus requires tighter , more nearly comy lete

_ _  
~~-—.~~~—‘—~~~~~~----- ~~~- -,‘. -~~~- ‘ -—
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specification of the relationship between task structure and the

components that act upon that structure . Third , use of subtasks in-

creases the number of data points to be accounted for, and thus helps

guard against the spurious good fit between model and data that car.

result when the number of parameters to be estimated becomes large re l-

ative to the number of data points to be predicted . Fourth, use of

subtasks results in component—free estimates of performance for a serie:

of nested processing intervals. These estimates can be valuable when

one wants to test alternative predictions about global stages of ir~for—

mation processing (see example below). Although the use of subta3k5

not always necessary (see, for example, Guyote & Sternberg, Note ~ ) ,

I have foun d subtasks informative whenever I have used them , and it is

always possible to test whether their use changes the nature of the task

(see Sternberg, 197Th). The decomposition of comoosite tasks into sub.-

tasks, then , represents a useful intermediat e step in the analysis of

the nature of mental abilities.

Composite tasks can often be decomposed into subtasks in a variety

of different ways and by a variety of different methods (enumerated in

some detail in Sternberg , in press [a]). How might the tasks described

earlier be decompo:ed’ Let us consider the tasks in two groups , the in-

duction tasks (analogies, classifications , and series completions ) and

the deduction tasks (linear syllogisms, categorical syllogisms , and

conditional syllogisms):

1. Induction tasks. I have generally decomposed induction tasks

via the method of precueing (Sternberg, 1977b , in press [a]). In th:: 

~~. ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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method , presentation trials are divided into two parts, the first of

which consists of precueing that facilitates problem solution, and the

second of which consists of the full problem and thus allows problem

solution. In the first part of the trial, the subject processes the

precueing information as fully as possible , and then presses a button

or in some other way indicates readiness to see the full problem; in

the second part of the trial, the subject solves the problem . The pre—

cueing consists of the first k terms of the problem,where k varies

across conditions of precueing , and ranges between zero and the nwnber of

terms in the problem. Consider , for example, the analogy, LAWY~~

CLIENT ::DOCTOR : (a) ~~~ICI NE , (b) PATIENT. The subject might receive

as precueing either zero terms (a blank field), one term (LAWY~~), two

terms (LAWYER : CLIENT), three terms (LAWYER : CLIENT :: DOCTOR), four

terms (LAWY ER : CLIENT :: DOCTOR : (a) ~~~ICINE), or five terms (LAWY~~. :

CLIE:T :: DOCTOR : (a) MEDICINE, (b) PATIENT). Note that the first

and last conditions are “degenerate” conditions of precueing, in that

the precueing supplies either no information , or full information . In

the method of precueing , both the first (precueing ) and second (solution )

parts of the trial involve subtasks, although it is usually the secon-~

part of the trial that is of primary interest . The same kind of’ task

breakdown can be applied to the classification and series problems

described earlier. In each type of problem, there are five terms, and

thus five possible conditions of precueing . Usually, one will not use

all possible conditions , because one wants to select only those condi-

tions of precueing that (a) do not alter the strategy by which subjects 

~ -.-~~~*—--~~~~~~~ ~~~~———-— - - --- - - . -“ -—- -—. . - -~~~~- - —~~~~.-
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solve the problems, and (b) actually facilitate isolation of information—

processing components of task performance (see Sternberg, l97Tb,Chapte~s, 1., ‘~

and 8).  In analogies , for example, precueing with both zero and two

terms has generally been sufficient. In classification and serie:

problems, precueing with zero and three terms has generally been

sufficient.

2. Deduction tasks. I have used precueing in the investigation of

one deduction task , linear syllogisms , presenting either no premises ,

just the first premise, or both premises in the first part of a trial ,

and the full problem in the second part of the trial . In general ,

though, another method , the method of partial tasks, has been more use-

ful in isolating the components of information processing in deductive

F reasoning (see Sternberg, in press La]). In this method, subjects re—

ceive either the full task or a partial task on a given trial . Consid~r

for example, the linear syllogism (or three—term series problem ).

The full task consists of an item such as JO}~ IS TALLER Ta~N FET:~

PET IS TALLER THAN B:LL; WHO IS TALLEST? JO}C , PETE, BILL. A partial

task can be formed via a two—term series problem , such as JO}-~ I~ TALL~~

THAN PETE; WHO IS TALLEST? J01C , PETE. (The ungrammatical superlative

form of the question is retained to preserve compara’:ility of format.)

This partial task is theorized to require for its sc-lut~ on a subset of

the information—processing components involved in solution of the full

- ‘ task. The same principle of task decomposition cars be applied to cer-

tain forms of categorical syllogisms , for example , ALL P ARE C; ALL A

ARE B; Is SOME A ARE C valid? In a partial task, the subject would re-

ceive the problem ALL B ARE C; Is SO~~ B ARE C valid? In one fcr:. of

conditional syllogism , the subject would receive either a fui problem ,

_ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ . . .
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IF A TI~~N ALWAYS B; IF B THEN ALWAYS C; Is IF A T}~ N SO?~~TTh~ S C valid? ,

or a partial problem , IF A TJ~~N ALWAYS B ; Is IF A ThEN SOIvTTBv2S B valid’

I have claimed above that decomposition of composite tasks into sub—

• tasks is useful in order to permit , in subsequent stages of analysis ,

isolation of information—processing components that would otherwise be

confounded. But the use of subtasks is beneficial in understanding the

nature of mental abilities even if no further task decomposition is in-

tended. Through the use of subtasks, the investigator can gain insights

into task performance that would be unavailable if only composite tasks

were used. Consider two examples.

The first example is from a study of induction . In my initial in-

vestigations of analogical reasonin : (Sternberg, 197Th ) , I decomposed

the analogies task into four subtasks , using either zero , one, two , or

three precues . I then correlated subtask scores (for both the first

and second parts of the trial ) with scores on standard reasoning task:

of the kinds found in a muloitude of intelligence tests. i’y expectation

was that the more information processing the experimental subtask recuired ,

the higher would be the correla t ion between the su lt ask  score  and the

reasoning task . In fact , the reverse pa tte rn was foun d for resronse—

tine scores on both the first half of the trial and the seocad half of

the trial: Correlations decreased with increased amcun~: of information

processing in the subtasks. The finding proved to- b-c re licable ir. my

own work , and moreover , comparable findings have since emerged both in

my laboratory and in those of others , for a variety of tasks (see

Sternberg , in press [bJ). It is a finding that I and others are sti l
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seeking fully to understand. The finding was counter intui t ive to

say the least , and never would have emerged in my initial work had I not

decomposed composite task scores into subtask scores .

The second example is from a study of deduction . In the categori-

cal syllogisms task, the theorized components of information processing

can be grouped into several, more global stages of information processing ,

among which are two stages called encoding and combination. The first

stage involves encoding of the various possible set relations for a

given syllogistic premise. The second stage involves combination of

the set, relations encoded for the two syllogistic premises. The par-

tial task used in one study of categorical syllogisms (Sternberg &

Turner, Note 8) is theorized to involve only the encoding stage, where-

as the full task used in this study is theorized to involve both the en-

coding and combination stages. The separation of stages enabled us to

find that almost all errors in syllogistic reasoning originate in ‘tI.e

combination rather than the encoding stage. The use of the metho d of

partial tasks thus permits exploration of the proposed global stages of

syllogistic reasoning ~dthout analysis of the component processes that

constitute these stases.

The above examples show that the decomposition of composite tasks

into subtarks can tell us more about mental abilities than can the in—

vestigation of composite tasks alone, but less than the further break—

down of the subtasks into the component processes used in the subtasks .

A second stem in the breakdown of task performance , therefore , is the

isolation of component processes , the step to which we now turn.

~ 

-~~~~~-~~~~~~ --~~~~~~~~~~~~
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The Level of Information—processing Components

In my schematization of the nature of abilities , the level of the

component has been the primary one of interest , Indeed , I have used

the term, componential rnetatheory, to refer to the schematization of

the nature of mental abilities , and the term, componential analysis,

to refer to the methodology used to fill in the substantive details of

the various levels of the schematization (Sternberg , 197Th, 1978).

A component information process is an elementary operation that operates

upon internal representations of objects or symbols (cf, Newell & Simon ,

1972). The process may translate a sensory input into a conceptual

representation transform one conceptual representation into another

one , or translate a conceptual representation into a motor output (Sterr.bero,

197Th).

One thorny problem that inevitably arises is that of what is mean:

by an elementary operation . I believe that the designation of a compo—

neat process as elementary is arbitrary , in that it will aLmost certair.y

be possible to split a given process into smaller processes that repre-

sent ever finer levels of analysis. One ’s goal, therefore , should b u

to seek out a level of analysis that is theoretically or practically

interesting . The level of the component process is noteworthy precise y

because it has been demonstrated to be of both theoretical and practical

interest , These demonstrations have taken various fo rm::

1. Detailed specification of task ~erfo~~ance. Once the level of

the component process is reached , it is possible to provide a detailed

specification of task perfor~oance, This specification does nc~t stop

with the identification of coxnponer .t processes , but includes (a) ident i—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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— fication of the component processes in task performance, (b) specification

of the internal representation(s) of information upon which the component

processes act , (c) specification of the strategy or strategies by which

different component processes and multiple executions of the same compo-

nent process are combined , (d) specification of the consistency with

which the various strategies are employed by individual subjects, and

(e) specification of the duration, difficulty, and probabilities of

execution of the various component processes.

2. Framework for analyzing individual differences within and across

age levels. The five elements of task performance described above pro-

vide a framework for analyzing individual—differences variation both

within and across age levels. In the tasks I have investigated to date ,

most individual differences within age level have arisen from sources

(d) and (e) above ; individual differences across age levels, however,

have been found to arise from all five sources of variation (see Stern—

berg & Rifkin , in press; Sternberg & Nigro , Note 3).

3. Framework for a subtheory of intelligence. Theoretical analyses

of the mental abilities constituting much of what we mean by intelligence

may start either with tasks and proceed to the components that result

from the analysis of the tasks (as in 1 and 2 above), or they may star:

with component processes and proceed to the tasks that can be constructed

from combining the component processes in various ways . Pursuing this

latter route, I have used component processes as the basic unit in the

unified componential theory of human reasoning . In the theory, reason-

ing tasks are arranged hierarchically in terms of the overlap in compo-

nent processes used to perform various tasks. Tasks at higher levels
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of the hierarchy require for their solution various concatenations of

the component processes required for the solution of tasks lower in the

hierarchy . The hierarchy provides a natural means for organizing the

various ways in which component processes can overlap across tasks.

Relations among tasks are understood in terms of the overlap in com—

ponent processes used in their solution .

~~~
. Diagnostic and pedagogic yalue. By analyzing response—time

and error data for individual subjects at the level of the component

process, it becomes possible to pinpoint quite precisely the source(s)

of particular weaknesses or strengths in global information processing .

One need not be sat~ sfied merely to say that a certain subject is a

good reasoner or a poor reasoner . The etiology of the strength or

weakness can be specified in terms of the five sources of individual—

differences variation described above. Moreover , it becomes possible

to train subjects in strategies that capitalize upon their particular

patterns of strength and weakness. We have found , for example , an ap-

titude—strategy interaction in the solut ion of linear syllogism.s

(Sternberg & Weil , Note 9). These problems may be solved either by a

strategy that requires both spatial and linguistic information process-

ing, or by a strategy that requires only linguistic information pro-

cessing. Subjects who are deficient in spatial visualization abilltiez

relative to linguistic comprehension abilities can be trained to use the

component processes and rules for combining these processes that make

up the linguistic strategy , and can thereby bypass utillzation of the

abilities in which they are relatively weak .

-

~

, 
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5. Isolation of component processes based upon within—task, within—

sub~1ect data analysis. The cornponential methodology used in the isolation

of component processes cannot be fully explicated here. (See Sternber~~,

197Th1 for details.) In essence , the method involves the use of multiple

regression to predict response—times or error rates for performance on

tasks that are structurally manipulated in ways that vary the number of

executions of each component process theorized to be involved in task

performance. The method of analysis isolates component processes on

the basis of within—task , within—subject variation. Since problem sclv—

ing occurs both within tasks and within individual subjects , the proposed

line of approach seems to be a reasonable one . Certain alternative meek—

odologies, however, base their analysis on across—task , across—sub~ect

variation . Factor—analytic procedures , for example , generally follow

this line of approach, leading one to query whether these procedures

are capable of leading one to the component processes used in task solu-

tion . Even the most committed of factor theorists have doubted that

factor analysis is indeed capable of leading one to these processes (e.c.,

Thurstone , 1947). Componential procedures therefore seem more suitable

for data analysis if one ’s goal is to understand the component processes

that enter into various kinds of problem—solving performance.

To summarize , analysis at the level of the component process seems

to provide a desirable supplement to analysis at the levels of the com-

posite task and the subtask , providing information about the nature of

mental abilities that cannot be gleaned from either of these latter two

levels of analysis , or from factor—analytic methods (which  will be dis-

cussed further later in the article).

_ _  —.---~~~-
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So far, I have described the level of the component process and some

advantages of seeking this level , without giving any examples of what the

proposed component processes are. I will describe here , therefore , a sub-

set of the component processes that , according to the unified componential

theory of human reasoning, forms the building blocks of performance on a

variety of reasoninp. tasks. I will limit the subset to be described to

components found in a variety of induction tasks . A further catalogue of

components. including ones found in deduction tasks , is presented else-

where (Sternberg, Guyo:e, & ?urner . in press: Sternberg, i ote 1).

Just as the unified componential theory of human reason ing  may be

viewed as a subtheo~~ of i n t el l ir e nr e , so may the proposed theory of in—

ductive reasoning be viewed as a subtheory of the theory c-f human reason-

ing. The theory of inductive reasoning is called the ~~A JP (pronounoed

like imager) theory . Its name is an acronym for  the six component pro-

cesses theor ized to be involved is;. a wide va r i e ty  of in d u c t i o n  tasks , and

b r i e f l y  described in Table 1——infe rence , m a pp i n g ,  arp l lc a ti o n , j u s t i f i —

ca t ion , encoding .  and response . The best way to un d e r s t an d the  meaaia~-: of

these comoon ent  processes is to see how they are used in ir~du::ic: .  t a sk :  ::‘

the sort described earlier  in the a r t i c l e .

Insert Table 1 about here

Consider the component processes a subjeot migk: use in s: vin~ an

analogy such as L~W YB : CLLI~? D:CTOF, : (a) ~~~-::::;L, (L) ~~~~~~::. The

subject would seem to have to encode the term: of the ana ,ogy , transllting

each stimulus into an internal representation upon which further

mental operations can be performed. The subject muot also infer the
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relation between IAWY~~ and CLIENT, realizing that someone who seeks

out the professional services of a lawyer is referred to as a “client .”

Next , the subject needs to ~~~ the higher—order relation that links the

first half of the analogy to the second half. This mapping car. be ac-

complished via the relation between the first and third terms: A A~Y~~

and a DOCTC~ are both professionals who provide professional services

to the public. Now, the subject must apply from DOCTOR to either ~~~Ic::;:

or PATI~~TT the relation that was inferred from 1Y~~ to CLi~~ T, and was

then mapped into DOCTOR . Only the answer option PATIE~T permits apoli—

cation of the appropriate relation . If the subject does not perceive

either answer option as permitting application of an exactly analogous

relation, then the subject ~~stifies one of the options as preferred ,

that is , as permitting application of a relation that is closer to the

exactly analogous one than is permitted by the other answer option .

Finally, the subject responds with the chosen answer , in this case , b .

Consider next the component processes a subject might use i n  s:,v-

inc the olassification problem LEAF, TR’JNK , ROCT , (a) ~~~~~~~~~~ (b ) TF::,

The subject ’s task is to decide which answer option belongs with the firs:

three terms . The subject must encode each term of the classification

problem . The su’sjeot must also infer what property or properties Z- JJ’,

TRUTK , and ROOT have in common . ~ext , the subject must a~~ ly the list

of properties to BRJ~~~~H and ThE , deciding which answer option possesses

the appropriate set of propertie:. If neither option possesses all the

properties on the list , then the subjects ~~~tifies one option as closer

to an ideal option , that is , as possessir~ more of the critical prcpe~’—

ties than does the other answer option . Finally , the subject responds
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with the chosen answer , in this case, a, Note that this particular

variant of the classification problem does not require the mapping

operation, although other variants do, for example, variants of the

problem in which the subject must decide in which of two classes a

single object is more appropriately classified . Mapping is required

only when the subject must determine a higher—order relation between

two lower—order relations, as in analogies, where the mapping links

the relation between the first two terms to the relation between the

second two terms .

Consider finally the component processes a subject might use in

solving the series completion problem , ~~CJY~A~ , EIS~~~ OW~~ , ~~~~~~~~ (a)

JOIrnSON , (b) ROOSEVELT. The subject must encode the terms of the pro’o—

len . The subject must also infer the relation between ThU!~~ and

ElsEI;~iD~~~~, and then infer the relation between EIS~~H3~T~ and ~~~~~~~~

The second inference is restricted, in that it need consist cnl, of a

subset (and possibly the f ull set) of attributes that were inferred be-

tween the first two terms: Other possible attributes relatin~ the se-

cond and third terms are deemed irrelevant in the context of this prc ’c--

len . Next, the subject attempts to apply from }~~I~~~~Y to each of the

options JOffNSON and ROOSEVELT the relation that could be successfully

inferred both from ThU11A1~ to EISE N HO .’C~~ and from EISEi HO’v.’~~. to ~::~~~1.

If neither answer opticn permits application of the same list of attri-

butes , the subject justifies one of the answer options as permitting

application of a more similar list of attributes. Finally, the subject

responds with the chosen answer , in this case , a. Note that this prob—

lend like the classification problem , did not include a mapping 

— - ~~~~~~~~—- -- _ _ _ - --~~ — ._- 
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- - operation, because no higher—order relation was involved . Other form:

of series completion problems do include a mapping operation .

Analogy , classification , and series completion are three types of

induction problems theorized to require the component processes enumerated

by the fl4AJ~~ theory to induction; but they are not the only types of prob—

lems theorized to require these processes , Other types of problems , such

as topological relations (Sternberg, Note 1, Note 4), causal inferences

(Sternberg, Note 1; Sternberg & Ross , Note io), and metaphorical relations

(Sternberg , Tourange a~ & N igro , in press; Nigro & Sternberg, Note 11) are

also theorized to require these processes in their solution . The comp o-

nent processes posited by the theory are thus theoretically useful in that

they seem to be general across a rather wide variety of inductive reasonin:

tasks.

Do component processes , the representations upon which they act , and

the strategies by which they are combined , represent the “bottom line” in

the analysis of mental abilities , or is there some deeper level yet~ Since

subjects must somehow decide what component processes , strategies , and

represent ations to arply to a given problem s i tua t ion , it appears tho: a

deep er level of analysis is indeed required. I refer to  this deeper evel

of analysis as the roetacomponential level.

The Level of Information—processing Metacoruponents

The level of metacomponents deals with what Brown and DeLoache (in

press) have referred to as metacognition , or the control an individual

has over his or her own cognitive processes. In the memory literature,

this level of processing has been studied under the rubric of metamencry

(~ rown , in press; Flavell & Wellman, 1977) ,2 and in the problem~solvinf

_ _ _ _ _ _ _ _
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literature , under the rubric of the executive , the homunculus , or of

control processes (cf. Reitman , 1965 ) .

The metacomponential level controls what happens at the componer.tial

level. Metacomponents are the processes by which subjects determine what

components, representations , and strategies should be applied to various ;

problems . They also determine the various rates of component execution

(including the decision as to how rate will be traded off for accuracy),

and the probabilities that various components will be applied at all in

a given situation .

My research to date has not dealt explicitly with the e~cploration

of metacomponents , although because it has become increasingly clear that

the metacomponential level cannot be ignored , some of my current research

is aimed at exploration of metacomponents. Consider how metacomponents

have operated in tasks I have previously investigated.

A finding referred to earlier was the increase in the correlation

between response times on analogical reasoning su’btasks and reasoning

tests as the amount of information processing required by the subta:ks

decreased. This finding woul d have been unobservable at the c-omp :site—

task level . It was observable , but not comprehensible , at the s’cbtask

level . when tne phenomenon was analyzed at the co. pone~o:iul level , it

was found to be due to the extremely high correlation of the unanaly:ed

response component with reasoning . The response component was “unanulyzed

,,in the sense that its duration was estimatea as the regressoon constan ——

that which was constant across all problem types and was left over after

the “regression slopes” were estimated. What operation(s) might be

constant across the various problem types , beside  the pre :-umably uninteresting

process of response? It seems likely that one or more metacomponents

were constant across problem types——operations that
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determine how analogy problems will be solved (as opposed to operations

that actually solve the problems). In order fully to understand how

subject s solve analogies, therefore, one must identify the metacompo-.

nents as well as the components of solution: The constant component must

be further subdivided .

A second finding in my research on analogies , which has also proved

to be replicable (Sternberg, 1977a, 197Th ; Sternberg & Rifkin , in press),

is that better reasoners tend to spend longer in encoding terms of the

analogy than do poorer reasoners . This pattern is opposite to that

found for other component processes (inference, mapping, application ,

justification , and response), for which faster execution is associated

with higher reasoning ability . An analysis of this phenomenon suggests

that understanding of it must be sought at the metacomponential level:

Better reasoners seem purposely to spend relatively more time in encod—

— ing in order to facilitate subsequent attribute—comparison operation:

(see Sternberg , 197Th, Chapt er 8) .  A parallel might be drawn to a lend-

ing library: Slower and more careful cataloguing of books (encoding

of analogy terms ) requires  a greater in i t ia l  time investment ; but this

investment is more than repaid by the more rapid and efficient borrow-

ing and lending (inference , mapping, application , justification ) that

can later take place because of the more efficient retrieval of sought—

after volumes, In this exanole , then , we see a d~ cision by the subject

at the metacomponent ial level to trade off increased encoding time for

decreased t imes on other component processes .

A third finding in my research on analogies is that older children

tend to perform the various component processes of arlalogical reasoning

_ _  - --~~~~~~~~~~~~~~~~~~~~ -_ ---— ~~~~~~~~ —-~~~~~~~~~~~~~~~~—-~~~~ -~~~~~~~ _ -~~~~--_ --—_
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more nearly exhaustively than do younger children (Sternberg & Rifkin ,

in press; Sternberg & Nigro , Note 3 ) .  Increased use of exhaustive in-

formation processing appears to be a general characteristic of cogni-

tive development (Brown & DeLoache , in press), and another finding

from the analogies research suggests at least one reason why. Almost

all errors made in analogy solution can be traced to self—terminating

component processes , that is , processes that terminate before all rele-.

vant attributes have been identified or compared. Thus , the large ie—

crease in error rates that occurs in the analogy solutions of older sub-

jects can probably be traced at least in part to a decision at the meta—

componential level to process information more nearly exhaustively.

Comparable metacomponential decisions have been found in the various

kinds of deductive reasoning tasks I have studied , and can be found in

non—reasoning tasks as well. As the number of such findings increases ,

it becomes increasingly evident that attributions to the “homunculu:”

and to the “executive” are inadequate to a comprehensive unders tan ding

of the nature of mental abilities. We need to start “unpack ing ” who:

ha: been confounded with components and especially the constant in our

equation (both literally and figuratively): the metacompc-r.en:ial pro-.

cesses that are responsible for the solution of problems in an inte ligent

way . I have been as guilty as anyone else (or more so) in packing these

processes into the components and especially the constant component .

But research f indings such as the ones cited above have forced my hand

and guided some of n~y current research toward psychological phenomena

that now seem more fundamental than some of those I have studied at the
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componential level, But isn ’t that the function research findings

are suppose4 to serve?

An Alternat ive Perspec tive on the Four Levels

do mention has been made so far of the role of what has been prey .-

lously a central construct in theories of mental abilities , namely, the

factor. Factors have often been viewed as source or latent traits (see,

for example , Cattell, 1971; Guilford , l967)——the underlying dimensions

along which individuals differ. I have stated elsewhere why I believe this

neither is nor could be the case (Sternberg, l977b , Chapter 2). In the

present framework, factors are viewed quite differently , specifically , as

constellations of mental abil i t ies , at whatever level , that are o rgan i zed

s;y patt erns of variat ion across individuals  rather than across tasks .

Factors provide a useful way of reorganizing data , at a given level , in

order to understand the organization of individual differences at that

level; but they do not provide a useful way of penetrating data to a

deeper level that enables one to understand the sources of those in divi-

dual differences . Factors , in other words , provide an al ternative per—

or-e: :ive on each of the levels of mental ability , without  supply ing an

additional level .

Fac:~ r scores derived from factor analysis of composite tasks and sub-

tasks can be understood in much the sane way that composite—task and sub—

task scores can be understood——a: combined scores of constellation: of

components and metacomponents. Factor scores are useful in sun.nar~ :in:

performance , because rather than being bound by the constraints of the

ways in which the tasks or subtasks are put together (a: are task and sub—

task scores), they are bound by the constraints of individual difference :——

of how compo nents and metacomponents tend to cluster  together in tasks

and subtasks . If one or more processes appear together
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in an entire set of tasks that is factor analyzed , the result will be

a general factor ; if they appear together in a subset of the tasks, the

result will be a group factor; if they appear together in just a single

task , the result will be a specific factor. Thus, because the compo-

nents of the ThAJER theory of induction appear together in a large

variety of induction tasks, they will tend to yield a general, or

factor. In a wider range of tasks , they are more likely to yield a

group , or even a specific factor. The & factor will probably tend to

appear in most factor analyses , however , if the same metacomponents are

applicable to each task, as seems likely for the various kinds of tasks

used to measure intelligence

Because components and metacomponents may themselves be correlated

across subjects , factor analyses of them may well lead to some sort of

interpretable factors . What do these factors represent~ Presumab l y ,

they represent the correlation——in heredity and experience——with whiok

various abilities at all levels develop . The genes and experiences ; that

lead to the development of individual differences in components and me~a—

c omponents , as well as tasks and subtasks , are almost ce r ta in ly  highly

overlapping in their  occurrences.  Thus , one can expect to find correla-

tions across subjects in the basic units of analysis at all four levels

of mental ability . These communalities are highlighted , but in no sense

caused by, factors .

Summary and Conclusion:

Mental abilities can be analyzed at four levels-.—the levels of tasks ,

subtasks , components , and metacomponents.  Each level of ana ys i s  tells

us something about the structure and content of the mental abilities

—-- ------~~~~~~~
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responsible for much of what ~te refer to as intelligent performance.

Deeper levels of analysis are in some ways more interesting than shal-

lower levels of analysis, but they are not a substitute for them. In

order fully to understand the nature of mental abilities , one needs to

know the composite tasks through which intelligent performance is demon—

strated; the subtasks that in combination constitute the composite tasks;

the component processes , representations , and strategies used in task

and subtask performance; and the metacomponents that control these pro-—

cesses , representations , and strategies. Factors provide a useful alter-

native way of organizing this information , but do not themselves provide

a further level of analysis. They may be viewed as related horisontally,

rather than vertically , to each of the levels of analysis.

Surprisingly, our understanding of even the shallower levels of

analysis is quite crude . Although many of the tasks believed to reflect

intelligent performance (and some of the subtasks that they comprise)

have been studied fairly widely , an intelligent taxonomy of these tasks

• can be formed only after we know the components and metacomponents that

enter into them . Similarly , an intelligent taxonomy of component s

requires understanding of the metacomponents controlling them , and we have

almos t no understanding of act ivi t ies  at the metacomponential level .

A well integrated understanding of all these levels is a long way off ,

but is actively beir~ sought .
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Foot notes

Preparation of this report was supported by Contract N0001478C0025

from the Office of Naval Research to Robert J. Sternberg. This report

was presented at the symposium on New Way s of Measuring I .Q . , Interna-

tional Congress of Applied Psychology, Munich , Germany , July—August,

1978. Requests for reprints should be sent to Robert J. Sternberg ,

Department of Psychology . Yale University , Box llA Yale Station , ~e’~

Haven , Connecticut 06520.

1The views presented in this paper represent a further development

of ideas f i rs t  presented in Sternberg (l977b). These views are not in

complete accord with the earlier ones, however, as my ideas regarding

the nature of mental abilities have changed over time . In the earlier

volume , for example the fourth (metacomponential ) level of the

theory had not yet appeared.

2
~4etao~emory is often used to refer to knowledge about , rather than

cont rol of, memory .
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Table 1

Information—processing Components of the J~AJ~~ Theory of Induction

Component Descri ption

Encoding Translation of a stimulus into an internal represen-

tation upon which further mental operations can be

performec~

Inference Discovery of one or more relations between two terms

of a problem

Mapping Discovery of one or more relations between two rela—

tions in a problem

Application Use of one or more previously known or inferred rela-

tions in a problem

Justification Selection of an answer option in problem as preferred

but nonoptimal

Response Communication of an answer to a problem
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Figure Caption

Figure 1. Outline of theory of mental abilities , with

examp les at right of figure.
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