
Many psychologists now regard 
intelligence as a set of information- 

processing abilities that can 
be diagnosed and taught.

INTELLIGENCE AS
THINKING 

AND LEARNING SKILLS
H istorically, we have had more 

success in measuring intelli 
gence than in denning it. While 

most psychologists agree that stan 
dardized tests measure a part (but not 
necessarily a large part) of a person's 
ability to perform intellectual tasks, 
they do not agree on just what intelli 
gence is, or why intelligence tests 
work as well (or poorly) as they do. 

After decades of bickering, how 
ever, many research psychologists  
especially the so-called "information- 
processing psychologists" seem to 
be reaching at least a partial con 
sensus.

My version of this view (Sternberg, 
1977, 1979, 1980a, 1980b, 1981), 
which is similar in some ways to 
those of Butterfield and Belmont 
(1977), Campione and Brown 
(1979), Carroll (1981), Hunt 
(1978), Pellegrino and Glaser 
(1980), and Snow (1979), is that 
intelligence consists of a set of de 
veloped thinking and learning skills 
used in academic and everyday prob 
lem solving.

Cognitive Skills
Although the following list of nine 
such skills is neither exhaustive nor 
mutually exclusive, I believe it rea 
sonably represents the skills needed 
for adaptive task performance in a 
great variety of situations.

1. Problem identification. Perhaps
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the most important prerequisite to 
successful problem solving is identi 
fication of the problem to be solved. 
Consider, for example, a student as 
signed to write a social studies paper 
on a topic of his or her choice. The 
quality of the outcome in large part 
depends on the choice of topic; some 
topics will not yield an interesting 
paper regardless of what one does 
with them. Although no topics guar 
antee a good paper, some seem to 
preclude a good one.

The ability to identify problems is 
measured indirectly by ability tests. 
Distractors on intelligence and other 
tests are frequently the right answers 
to the wrong problems. On arith 
metic problem-solving tests, distrac- 
tors are often correct answers to sub- 
problems of the full problem, and 
thus might be correct outcomes for 
intermediate stages of problem solu 
tion.

2. Process selection. I n order to 
solve a problem successfully, one 
must select or discover a set of ap 
propriate processes. Consider the 
steps in writing a research paper on, 
say, the declining role of the United 
States as "the world's policeman." 
One needs to identify possible rele 
vant sources of information, dis 
carding sources that are irrelevant; 
seek those sources in libraries or else 
where; cull from those sources in 
formation that is relevant, and ignore 
information that is irrelevant; evalu 

ate the credibility of the various 
sources; and so on.

Intelligence tests measure process 
selection ability but again only in 
directly. In order to solve a test prob 
lem an individual must select pro 
cesses that will yield a correct answer. 
Except for rare cases, the tests do not 
separate the ability to select a set of 
processes from the ability to execute 
them. One of these rare exceptions 
is an arithmetic problem-solving test 
on the Stanford Achievement Test, 
which asks examinees what opera 
tions (addition, subtraction, multi 
plication, division) they would use 
to solve problems, but does not re 
quire them to execute the operations. 
A potential problem with this kind 
of test is that individuals are not al 
ways aware of their own process- 
selection practices; forcing them to 
bring these practices out into the 
open may change the nature of the 
problem solving required by the test. 
Process selection is itself a higher- 
order process, and thus, like problem 
identification, is an important pre 
requisite to successful problem solv 
ing.

3. R epresentation selection. In 
most tasks requiring intelligent per 
formance, the individual must repre 
sent information in a useful way, 
both internally (in one's head) and 
externally (on paper). A student col 
lecting information for the paper on 
the U.S. as the world's policeman 
migh' organize his or her notes by 
authors of books and articles, or 
by topics. The latter organization is
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usually more effective, although prob 
ably less widely used. Similarly, 
encoding the information by topic 
will be much more useful in later re 
call than encoding the information 
by author.

Again, this particular skill is meas 
ured by ability tests, but only indi 
rectly. Information that is more ef 
fectively represented internally (in 
long-term memory) is more easily 
retrieved in verbal tests than is in 
formation that is ineffectively repre 
sented. Likewise, the effective exter 
nal representation of new information, 
such as by a diagram in the solution 
of an arithmetic problem, can often 
expedite problem solving in a way 
that use of symbols without an ac 
companying diagram may not.

4. Strategy selection. Selection of 
processes and a representation for 
information must be accompanied by 
the selection of a strategy for se 
quencing processes in the order they 
act on the representation. Ineffective 
sequencing of steps can result not 
only in wasted time and effort, but in 
a poor product. For example, students 
often try to write introductions to 
papers before their research is com 
pleted, figuring that although the re 
search may affect the main body it 
should have little or no effect on a 
section that merely describes the goals 
and motivations behind the paper. 
But as experienced authors know, 
goals and motivations often change 
as a project progresses, and some 
times the resultant paper isn't any 
thing like the paper one originally 
intended to write.

Strategy selection is measured by 
ability tests, but again, usually in 
directly. Some tests, such as the 
mathematics portion of the Scho 
lastic Aptitude Test, have certain 
items that are particularly sensitive 
to individual differences in strategy 
selection. These items normally can 
be solved by applying a pedestrian 
strategy, but executing these items 
in this way is particularly time-con 
suming and ineffective. The items 
can also be solved quickly through 
insightful application of a novel strat 
egy, but in order to arrive at that 
strategy, examinees have to be willing 
to invest time in strategy selection, 
rather than blindly executing the 
first (usually pedestrian) strategy 
they think of.

5. Processing allocation. Virtually 
all tasks can be allocated only limited 
amounts of time. An important deci 

sion to make in performing a task is 
how to allocate time to the various 
components in order to optimize per 
formance. Poor time allocation may 
turn a potentially excellent product 
into a mediocre one. Students com 
monly allow insufficient time for ac 
tually writing a paper. They spend a 
great deal of time doing research, 
but then find they don't have enough 
time to write the kind of paper they 
could, on the basis of their research, 
if they had more time. As a result, 
the final product does not well repre 
sent the work that went into it.

Intelligence tests indirectly meas 
ure allocation of processing resources 
by, in most cases, allowing a limited 
amount of time for solving many 
items. Examinees who tend to spend 
too much time on a few items, or 
who rush through lots of items, are at 
a disadvantage compared with stu 
dents who use their time flexibly, 
spending on a given item the amount 
of time it deserves no more or less.

6. Solution monitoring. As individ 
uals proceed through a task, they 
must keep track of what they have 
already done, what they are currently 
doing, and what remains to be done. 
They must also check that their skills 
have been applied to the task in a 
way that is bringing them closer to 
solution. In writing a research paper, 
it is important to keep track of 
sources that were already consulted, 
so as not to waste time reconsulting 
them. One further needs to keep 
track of what kinds of information 
have been collected and what kinds 
still need to be collected.

Ability tests indirectly measure in 
dividuals' abilities to monitor their 
solution processes; success in moni 
toring such processes should be re 
lated to success in solving a wide 
variety of problems.

7. Sensitivity to feedback. In per 
forming a task, there are often vari 
ous sources of internal and external 
feedback. Internal feedback derives 
from one's own perceptions of how 
well task performance is going, ex 
ternal feedback from other people's 
perceptions. Sensitivity to feedback is 
a major determinant of a person's po 
tential to improve his or her work. 
This ability is probably at least as 
relevant for future as for present task 
performance.

In writing a paper, if one finds a 
certain class of references for ex 
ample, encyclopedias to be useless,

it is too late not to waste time con 
sulting them. But it is not too late to 
learn for future papers. Sensitivity to 
feedback is probably measured only 
minimally, if at all, by current ability 
tests. But tests of the kind suggested 
by Vygotsky (1978) and Feuerstein 
(1979), which provide graded feed 
back in order to assess learning po 
tential (or what Vygotsky referred to 
as a "zone of potential develop 
ment"), seem well able to measure 
this ability.

8. Translation of feedback into an 
action plan. Understanding feedback 
is one thing; knowing what to do with 
it is another. People are sometimes 
aware of what they do incorrectly but 
don't know how to use feedback to 
change their performance. Yet sensi 
tivity to feedback without the ability 
to translate it into an action plan is 
worthless. In some cases, such as 
recognizing the limited usefulness of 
encyclopedias, the nature of the 
action plan may be obvious. In other 
cases such as knowing that one 
tends to skip around from one topic 
to another in one's writing without 
fully developing any of the topics  
the formation of an action plan may 
be more difficult. Again, ability tests 
seem to provide only the most limited 
measurement of this skill, to the ex 
tent that they measure it at all.

9. Implementation of the action 
plan. An action plan without action 
represents unrealized potential. Once 
an individual has a plan for improv 
ing performance, the person needs 
actually to implement that plan. This 
skill is at least as much motiva 
tional as cognitive, but cognitive psy 
chologists have tended to ignore mo 
tivational issues. Some people have 
the capacity to act effectively on 
what they know. Other people seem 
to lack this capacity or to possess it 
only in limited degree. Yet it is this 
skill that spells the difference be 
tween mere learning on the one hand, 
and performance that reflects learn 
ing on the other. Ability tests mea- 
ure this characteristic only minimally.

Implications for Schools

To the extent that these thinking and 
learning skills provide an accurate 
assessment of at least part of the core 
of intelligent behavior, they have im 
plications for diagnostic and teaching 
purposes. One implication is that our 
present methods of diagnosis are in 
adequate. Scores on psychometric
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tests do not give any idea of which 
thinking and learning skills are per 
formed well or poorly. We need to 
think more in terms of process assess 
ment and perhaps less in terms of 
product assessment.

I am not recommending the whole 
sale replacement of existing tests. 
In the first place, we do not now 

have such tests, although we do have 
some first-pass prototypes that mea 
sure some of these skills directly. 
Even if we had such tests, however, 
the information they would provide 
would better be viewed as supple 
menting existing kinds of information 
rather than as replacing them. But if 
we wish to assess and understand the 
information-processing bases of intel 

ligent performance, then research on 
instrumentation will have to move in 
the direction of process measurement 
rather than in the direction of refin 
ing the instruments we now have. In 
the realm of training, we must help 
students become aware of these and 
related skills and of ways to use them. 
Since these skills are necessary in a 
wide variety of intellectual perfor 
mances, they should be widely appli 
cable in both academic and everyday 
task performance. These skills can be 
taught, and thinking skills programs 
such as Feuerstein's (1979) are a 
step in the right direction.

Intelligence can usefully be viewed 
as a set of thinking and learning skills 
that, potentially at least, can be sepa 
rately diagnosed and taught. Infor 
mation-processing psychologists are
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heavily involved in research that we 
hope will bring the diagnosis and 
teaching of these skills from the 
realm of hypothesis to the realm of 
practical reality.  
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