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THE DOMAIN OF COGNITION:

AN ALTERNATIVE TO BLOOM'S COGNITIVE
DOMAIN WITHIN THE FRAMEWORK OF
AN _INFORMATION PROCESSING MODEL

Robert J. Stahl

and
Gary T. ﬁui;‘!y

‘Bioom's Taxonomy (Bloom et al-., 1956) has dominated instructional
design and évaluation for a quarter of a century. Programs at all levels
of education use. this Taxonomy as the major framework to. plan, develop,
implement; monitor; and evaluate teacher and student process. and product
instructional variables. The popularity of this ‘hierarchical model is:
evidenced by the entry of :nearly 1,000 articles on the Taxonomy of Educa-

‘tional Objectives in Education:Inder between 1966-1978 (Clements, 1979):
‘Furthermore; some teacher educators have even taught the Bloom System as

a Tearning theory in its own right, giving the Taxonomy a status it was
never -intended-to have.. ... . ,

Interestingly, the Bloom taxonomic system has been and is being used
even though- it is not consistent with any presently accepted theory, model,
or approach to human memory; thinking, or learning (Stahl, 1979). Clements
(1979) ‘pointed out that three of the four major principles upon which the
system was based were never supported by its developers. These initial
problems have become but -one-area where weaknesses- in the structure, levels,
and sequence of the Taxcnomy have :been reported- (Kropp and Stoker, 1966;
Miller, Snowman.and 0'Hara, 1979; Smith, 1968, 1970; Poole, 1971, 1972;
Sedden, 1978). P

The intent of this paper is not to provide a review. of the literature
relative to:-Bloom's Taxonomy. Instead, the reader will be introduced to
an entirely new. taxonomy, the Domain of Cognition, which-was developed from
the research 1iterature on human learning. To support this hierarchical
system, ‘3:model of how humans process information will be presented as a

‘synthesis framework. to pull.together the memory and learning research as
‘well as tb provide a flow model representation of how thinking, memory

and ‘learning coccur {nteractively within instructional settings.
TAXONOMY. DEFINED

Prior to the-examination of the Domain 6f Cognition: taxonomic system
‘ts be presented here, it seems. appropriate that some consideration be given-
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‘to.the nature and attributes inherent in any taxonomy. Among the defini-
tions of taxonomy found in- the literature-one finds. the following:

Ts +so the classificatiorn of data according to their
natural relationships or the principles goveraing
such classification.? -

2¢ oso 2 eystem of classification of data according
to their natural relationships.2

3¢ «es @ system of classi?icat;qn and the concepis
underlying ;t.3

Le The pfimaiy,megning of taxonomy ... is systemestic
classification...

5¢ sie classification, esp. (sic) in relation to its
general laws cr principles; the classification or

S putting things in proper order.

Although nct stated in. the definitions above, an important distinc-
tion needs to be made between .the term "classification" and the temm

"taxonomy. "

. Classification is the ordering of phenomena into

groups-i;or sets) on the basis of their relationships,

that is, of association by contiguily, similarity,
.or both.

Taxonomy is the theoretical study of classification,
in;lud%ng its basis, principles, prccgdures, and
rules,® ‘

The distinctiqn>can be further highlighted by paraphrasing“ﬁregg7 in
stating that the subjects of classification are the phenomena and the sub-
Jects. of taxonomy‘qrg classifications.

e

. Theoretical science is concerncd with ordering, and taxonomy is a
‘branch of science that is exclusively and explicitly devoted to the order-
ing.of complex phenomena.8 Xrathwohl, Bloom and Masia refer to the order-
ing. process in terms of "a . . . set of principles.” - ’
A true taxonomy is a set of classification which
are ordered and -arranged on the basis of & single
or on the basis of ‘a consistent set of principles.

. « « The taxonomy must -also be éqnsistent1w1th
sound theoretical views in the field.
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PRINCIPLE FEATURES OF'A TAXONOWY L3

With the above ihformation in-mind, salient -attributes of a taxonomy

-as a-model, including basic assumptions underlying taxonomic systems, can

be discussed. Some of the principal features of taxonomic systems are:
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studies.

Classes or aggregations of phenonena, not indi-
vidual specimens, are the basic units of taxonomy
and are the things to be clascifled.

Observations of prbpertiééfand characteristics
are essential, but not definitive in taxonomic

Classes at all levels of a taxonomy are not in
principle defined by their membersiip, but by

‘their relationships. Characteristics in common:

are viewed as evidence of the theoretically
derived relationships, which are primary.

The construction of formal classifications of
particular groups is an essential part and a
useful outcome of taxonomic effori. However; it
is not the total or even the controlling purpose.
Ratlier, the aim of taxonomy is. to understand
the groupings and the relationships of phenomena.
in cdnceptual terms in order-to make generaliza-
t%ogz géd'extend knowledge of the field being
studlecCe ’ R

Members—of a taxonomic class, or order are both
similar to each other and dissimilar to members
of other classes . . . The taxonomist's criteria
for sorting specimens into ordered groupings

are, in essence, (a) minuteness of resemblance and

(b) multiplicity of similarities.

Taxonomic groupings should cozntribute to urder-
stgédine.of and insignt into the phenomena so
ordered. ) :

‘The taxonomic process should result in sorting so

that the categories can be identified with, and

--—gistinguished from,one .another.10

‘These attributes and -assumptions underiie all taxonomic systems and
all taxonomic -development. -- The. primary purposes/functions of taxonomic

Systems are:

" 1. To construct classes about which generalizations

can bte. made.

2¢ Té orsanize!ADQQer and cortrol phenomena.
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R . 3. To result in a gestelt (that is, the developed :.
taxonony is greater than the sum of its individual-
class.esg- ‘ ~

. 4. To clarify and_better understand.ihe.phenomena ..--- --
N An question. - N :

—— - . . cme .

__ The definitions, attributes/assumptions and purposes of taxonomic
systems should proviae a substautial basis: for the.development of theory
within education.. A taxonomic system helps to devel.p clarity along

with control of the phénomena in-question. In turn, greater-clarity.and
control should lead to-more effective educational development.

A_LEARNING HIEARCHY DEFINED

A hierarchy is “a Systematic framework with a sequence of ciasfés
(or sets) at different levels in which>éac9uc]ass (except the lowest)
includes two or more subordinate classes."!l o

Robert Gagne- refers to learning outcomes, each of which leads to a
different class of human performance, and each requires a different set
of instructional conditions for ‘effective learning. The key to: the de-
sign of conditions for this: effective kind of learning is the learning

o

‘hierarchy; 1

The learning hierarchy is an arrangement. of intellectual
skill objectives into a. pattern.which shows the prerequi-
- site relationships -among-them. Beginning with a particular
objective (cften a Tesson objective), the learning hier-
archy shows which intellectual skills are prerequisite;
having identified this second set of skills; the .
.. prerequisites -of edcir of these is in turn indicated,
and this process.continues until one has displayed
-in-a-bottom “row" the most elemehtarysipte11$§tua1
skills with which one needs to be concerned.

In.addition to the prerequisite skills hypothesis of learning hier-
archies, a second major hypothesis may be referred to as the "positive-
‘transfer hypothesis." The positive transfer:hypothesis holds that pre-
requisite skills mediate: transfer for the superordinate skills to which
they are related. This hypothesis assumes that if one skill is pre-

__ . requisite to another, mastery of Ehe prerequisite. skill will facilitate
"7 " the Tearning .of the other skil1.16" - . :
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A_TAXONOMY' AS A MODEL: _STRENGTHS AND WEAKNESSES
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A taxonpmic syste..or model can bt used to~identiTy and describe
different types.or' levels of .processes (learning, thinking) and learning
outcomes (behaviors). Some types of thinking.and learning .are different
from other-types of thinking and learning. Likewise, behavior can be
observed in.various forms.and can be of various types. The crucial re-
lationship between-a given behavior (i.e., outcome; objective) and the
required type or level of thinking-or learning canbe'visualized more
clearly: through a classification system. (taxonomy).

The categories of a taxonomy serve the purpose of contextual refer- .
encing. That is, any single category .or subcategory is located within the.
context -of other categories or sub-levels. These. categories provide a
basis for placing any given behavior within a group of behaviors. Con-
textual referencing -also enables one to.understand and see relationships
‘between and. -among all of the categories and behaviors within the taxonomy.

If a learning/thinking taxonomy represents -a convenient way of de- _
scribing how learning/thinking takes place, instruction can be planned,
implemented and' then evaluated: based -upon that taxonomy.. Though a taxonomy
may identify internal processes (i.e., thinking, learning), observable be-
haviors must be used to make inferénces about these internal :processes.

The constructs of iearning and thinking: cannot be measured or observed
directly. A taxonomy of learning/thinking can be used to classify and
order those constructs inferred from and based upon valid research studies
on hiuman thinking, memory, and learning. If a taxonomy is used to classify
internal processes, and appropriate, corresponding external indicators of
those processes, the user has a frame of reference that can be used to
describe (in inference) these abstract, internal activities.

Weaknesses of any taxonomic syscem revolve around philesophical argu-
ments and/or empirical questions which focus. on.the criteria of centent,

-Togic and:validity.

The .criterion -of content -centers around whether the categories and
sub-categories within a given taxanomy are complete. Does the tixonomy
contain all distinguishable categories, and does each category contain-
a1l distinguishable sub-categories? In terms of this criterion, the weak-
ness is incompleteness. Any taxonomy which does not identify and describe
in complete form that which it is classifying is: providing an incomplete
scheme of the construct  in question.

‘No taxonomist can ever be completely assured that his/her taxonomy
is totally complete. The basic reason for this is. that a taxonomy that
identifies different types or levels of processes and/or learning outcomes
cannot do so directly. The identification and subsequent classification
of the various classes takes place via inferences concerning the construct
in question. It is through observation of behavior that the taxonomist
may infer that such and such- has taken place (internally). In- this way
taxcnomizing involves a process that indirectly ‘identifies and.describes
that process in question.
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The criterion of logic-is more complex than that .0f content. The
question -of focus is “why?* Why this particular way of classification
as versus arother? For example, a common way of classifying is from
simple to complex. The first class or category is the simplest, followed
by another which ‘is more complex, etc. A common feature using this way
-of classify1n? is that each subsequent category subsumes (incorporates)

3

211 previous (simpler) categories. When looking at a taxonomic system
which 1ncorporates the sxmple-to-compIex means of classifying, one gets
the jmpression that this is the ‘only means by which-a--taxonomic system
can be used.

‘However, the question can be asked: "Why can't a different means be
used -(for whatever is being classified) in the taxonomic system in. ques-.
tion?" For.example, though a simple-to-complex scheme may be shown, could
not another scheme be utilized which grants the user -an alternative per-
spective? Other means may be: part to whole, detail to: general, unfamjliar
to familiar, -concrete to abstract, dependent to independent, order by use-
fulness, order by function, etc.

o

The .point is that the means utilized in various taxonomic systems
-are-oftentimes arbitrarily established. Though serving useful functions
: and -granting the user a.perspective of certain value, it -may not give a
- total picture. The weakness then, in terms of the criteria of logic, is:
that of simp11c1ty The critic often argues on the one hand,. for a varied
perspective, one that may view the construct from the point of view of multi- .
plicity; and argue, on &he -other hand for parsimony, i.e., a more simp]is- :
tic model:. ‘
I
|
|

The criterion of validity refers to determining whether the taxonomy
- accurately represents ‘the--construct in question. Ini one sense, this
-, criterion incorporat~c the other two criteria, content and logic, because
accuracy: would rot .. ;present if content and/or logic were deficient in w
any way. ) '

The .criterion of va11dity meets its most rigorous scrut1ny via mathe- '
matico-stat1stical analysis :and hypothesis. testing. Factor analysis, ' i
hierarchical syndrome analysis (McQuitty, 1960), simplex analysis (Kropg :
and Stoker, 1966), complex model analysis (Madaus, Woods, -Nuttall, 1973 |

" path analysis, commonality analysis and multiple régression ana]ys1s
(Miller, Snowman, 0'Hara, 1979), cluster analysis and radex theory (Geisinger,
1973) are some of the approaches used in the validation of taxonomic systems
in education.

o

1t is 1nterest1ng that the Yiterature regarding. validation of taxono-
mies emphasizas. the stat1stica1 procedures to be employed void of any con-
cern on the raszarch methods, design, and procedures employed to investi- i
gate the research questions and to obtain the data.. In making cases for - !
. statistical analytic procedures, researchers should be cautioned not to :
z allow the tail (statistics) to wag the dog (design, method, etc.). The
. insistence on absolutes in.explorations of theoretical constructs and
their validity :ought to be re-evaluated in. terms. of the functional and
interrelated, complementary valué of research questions, methods, design, ¢
. procedures, stat1st1cs to. one another and:as single components of any re- :
) search paradym or algorithm.
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;ntroducti'ohA to t!\e Models

- The Bloom-Krathwohl taxonomic domains were important contributions
to.all areas of education in that they provided a much needed framework
to consider learning outcomes. However, tdday, the results.of research
on thinking, memory, and learning suggest that an entirely new frame of
reference is needed for-identifying the accurately classi fying learning
outcome behaviors.

Instructional design in the 1980's mist be tied to a taxonomic
model which 1s. directly compatible with: the results of learning research
conducted ‘on human subjects. The new Taxonomy wou:d be more useful if.
accompanied by a model of .how Yndividuals -process information which has
the strong support of extensive research findings. The models should
have the additional attributes of being content-free and unrelated: to
the structure of any discipline. They should also-be compatible with
such divergent learning theories as those proposed by the "Behavioral,"
"Developmental,™ "Cognitive," "Perceptual," and "Gesalt" schools of
psychological thought.

Besides the obvious benefits related to measurement of “learning,
‘the.new information processing-taxonomy -model would have advantages
for teacher educators. They would- allow teacher educators to help pre-
service and in-service teachers make sense out of the various learnina
theories presented in the literature. This is especially true for
teachers who have been introduced to different models of learning which
appear to be inconsistent with one another and which are incongruent
with the Bloom taxonomic system they are to use to plan and evaluate
instruction. They would also help teachers develop instructional
strategies 1ikely to attain the different levels of learning they have
established as-their end goals. ; .

What is needed in the field of 1‘nstmctiona1 design is:

a) a model or explanation. of how information: is accepted,
treated, processed, and acted upon within the individual
learner. Such a model-must be consistent with the re-

search findings on human subjects and would distinguish

among- thinking, memory, and learning as separate yet
interrelated aspects of human behavior;

b) asmodel fiixOhou\y)_exp'laining the different types or
1evels of memory, :thinking, and. learning which is con-
sistent with the information processing model cited

above and which stands upon its ‘own merits with suffi-
cient research support for it;




&
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c) a way of helping pre-service:. and in-service teachers
separate pre- and post-learning behaviors within class-
room situations; h

d) a way of looking at memory, thinking, and learning
which “"makes sense” to teacher educators and teachers
and. is compatible with an extensive body of literature
related to human learnings; and:

e) a vay of’converting the internal operations of thinking,
memory, and learning into observable process (i.e.,
;gaggass) and produce (i.e., outcome) behaviors (Stahl;

LY

‘A system incorporating the points- above would be worthwhile and

practical from:the. perspective of the teacher educator -and. the pre-

service and in-service teacher.

‘The Stahl Perceptual Information Prdcessigg;gpd Operations Model (SPInPrOM)

The basic components and flow-of the_SPInPrOM model are provided in
Figure 1. The features and characteristies of the operations of the
model are explained below. The SPInPrOMimodel contains some components
featured in existing information processing models. The explanation
suggests a,workab1else60ence\of'howfthis;1nformation processsing model
operates to- determine what. and how.thinking and learning take place.

The order of the presentation below is based upon convenience and
ease of understanding. As appropriate, additional items will be identi-
fied for comprehensiveness, completeness and readability. The intent of
this description is to explain the ways an individual goes about thinking
which may result in learning.

", 1. Environmental Information. The Environmental

Information component serve to identify the

externai--scurce of information to be confronted
and handled by a person's processing system.
This_component is-defined to include all the
information and stimuli which are available
within the 1ife space of the individual. En-
vironmental factors vary in:their power, direc-
tion, intensity, and strength. Some of these
factors may influence or dominate the person's
thinkifig and behavior. The individual ulti-
mately decides what in the environment will be
attended to, internalized, and processed.
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Preparation-or Perceptual Set. Although this
aspect of Information processing is not identi-
fied:by any single -componént of the:model,
Preparation plays an important role ‘in thé-early
stages of the entire processing operation. Some-
times .referred to-as. "expectancy: set," this mind
set guides: a number of ways a learner attends to,
receives, processes, and understands available

and recently received information (Estes,. 1972;
Frase, 1977; Gagne and -Rothkopf;, 1975); The: per-
son's-mind set may persist during an entire learning

activity.

“Readiness” or preparation. for information plays-.a
critical role in ‘learning (Bloom, 1968; Ausubel,
1960; Neisser, 1976). In most situations.the
learner's- personal motivations, learnings, and

needs produce a -powerful: perceptual: set (Gagne, 1976).
These.-motivations prepare learners to expect certain
environmental events and to view such events in ways
consistent with their own-motives and needs. At the
same -time, certain types of information (e.g_;. pres
and: adjunct quéstions, advanced organizers)-often
alert learners to attend-to, receive, process, and
assign special fieaning to about-to-be-presented
information ‘(Ausubel, 1960; Rothkopf and Bisbicos,
1967). This information suggests a "feed forward"
feature of one's mind or perceptual--set which acts
1'1; :’ays seemingly parallel to motivationsproduced
mind set..

Sensory Recegtors - Effectors. Information in the
environment is picked up by the individual's Sen-
sory Receptors. , These receptors include the
physical physiological elements of the sensory
system, including the organs and .nerve networks
of sight, sound; taste, smell, toiich and interior
physiological activities such as muscle pain,
fatigue, and aches. -Sensory Receptors pick up.
information from the environment and. convert it
into-nerve impulses. “Sensory Effectors, on the

-other hand, operate to act upon the environment

via internal behavior response commands. For
instance, while picking up and decoding sounds
into auditory nerve impulses within the inner
ear grovides an example of Sensory Reception,
the activity -of directing the -ear to del iberateiy
'1isten for' certain sounds is an example of a

‘Sensory Effector at work.

13
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While often identified with "selective attention"
or selective: reception, this component of the
model indicates where information from the en-
vironment is actually taken into (and by) the
processing system. To be available for later
processing, information must first be received..

Perceptual Register. The PqueptuaiiRegister picks
up'anﬁ»mqmentarily*recbrds the kinds of information
associated with an .entire "perceptual .system™
rather than that merely picked up by each individual

‘sense organ. as .separate items (Gibson, 1966).

Several "perceptual systems" exist and function
within ‘the body, and the information they pick up
is recorded in the: Perceptual Register.

The learner is capable of preserving the informa-
tion (e.g., 1maggg in this Register: for milli-

seconds after the external information is no

Tonger available to the Seénsory Receptors. While
the capacity of the Perceptual Register apparently
is quite large, information is held for only
milliseconds.

Information not registered is no longer available
for further processing into the system. The
information registered may not survive the encod-
ing operations which translate sensory information
into the “languages" the storage, memory, and
processing systems require. Hence, parts of the
Sensory Registered information will not reach the
Ig;giient Storage or Short Term Memory (Haber,

1 .

Certain types..of sensory information which reach -
the Perceptual Register are automatically con-
verted to- messages which direct .a -behavior re-
sponse.. Sensual data which require an immediate
response (e.g., a hand on a hot stove): are.regis-
tered as .such (i.e., refléx action required).

A message is ‘then immediateiy sent to the Response
Activator to behave in appropriate "reflex" waye
(f.e., pull the hand awayg;

Transient Storage. Information passing through
this transporter mechanism must receive immediate

14
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attention or its specifics are quickly lost.
In this-component, information is presented
and then rapidly—“pushed out” within a few
seconds, Information “pushed out” is lost
to-the-memory and all later processing
systems. However, information which is
attended:to may be preserved and rémembered
for  longer periods of time. Unfortunately,
the Transient Storage is often equated with
Short Term Memory rather than being seen as

the data conveyer operation that it is.

Surviving Transient Storage. Information
: ng through the Transient Storage will

remain for a short period of time (i.e., a

‘matter of ‘seconds) and is then discharged:

(Baddeley, 1972). The processing system
operates to instantly decide what is to be
done with this information. These decisions
‘determine what will be: retained verbatum,

whether the 'gist' of the message {is enough.

to remember, and/or what:.other actions may
be called for to deal with the information.
If the information is deemed meaningful in
some way, the result is a. “memory trace” of
this information within Short Term Memory.
Unless motivated to do otherwise, the
tendency of the system is to -allow the: .
specific ‘information passing through to be.
Jost to the memory system, while a memory
trace of the general gist of the details:
survives and is kept alive in Short Term Memory
(Berelson and-Steiner, 1964).

Short Term Memory. ‘Short Term Memcry includes
hat which can | remembered -about"” recently.

received information. In contrast to the
Transient Storage which serves an- extremely.short.
"data. flow" function, Short Term Memory:serves a
“recol 1ection-remembrance” function. This memory
operatin tends to retain general features of ,
recently- received information while often allowing
the details to be lost. At the same time, atten-
tion to detail aids this mechanism: to remember
(f.e., keep in mind) specific details as well).

15




The functional.capacity of Short Term Memory,

though relatively’ small--perhaps.a range of 7-

jtems of recently received data, can be greatly

expanded by ‘organizing. information-into units or '
"chunks" -of information (Miller, 1956). Without
interference, one- can transfer Short Term Memory
information into Working-Memory ‘where it can be
rehearsed and practiced. Extended periods. of time

spent .on -categorizing and “chunking" suggest Work-

ing Memory and-not Short Term Memory operations:

>

‘However, interference disrupts the "chunking

activities" and the transference of data into Work-
ing Memory (Underwood, 1964; Peterson and Peterson,
1959). :Without attention and appropriate rehearsal,
information in Short Tgrm~Memory,w111°ngin:to(fade
out after seconds, with up to 90%. loss after only
18 seconds (Broadbent, 1963, 1971; Peterson. and
Peterson, 1959).

Information reaching this far into the .system has

already begun-a transformation or translation into

1nformgtion,wh1ch”pasmmgaq1hg1for‘the learner.
This transformation may result in alterations, in-

.completeness;, inaccuracies, and/or distortions in

the originally presented information so that it is

more: (or 1s made) compatible with what the system

already knows and/or ‘expects. Unless feedback is
received otherwise, the system will accept these
transformations—as being equivalent to the information
originally presented in-the environment.

Executor. Before moving on to the Working Memory com-
ponent, it is appropriate to introduce the Executor.
The Executor is the administrator of the entire informa-

tion processing system. To do its administrative tasks,
the Executor operates-to: -

a) assign meaning to recently encouraged and received
1nfqrmation.A’This?includesfjnf1uenc1ng the Sensory
Receptors,. Perceptual. Register, and the encoding of
data to the Transicnt Storage. In effect, it assesses,
reduces, niodi fies, -and to some degreeé censors informa-
tion entering the system (Prokasy and Hal1:(1963) in
Ellis et. al., 1979{. i

b) assign meéninﬁ to (making sense of) information in
ort iem ry and Working Memory. This includes

deciding what this_information means in terms -the—
learner can understand (i.e., in terms that make
sense to the learner) (Flavell, 1977; Martin, 1971;
Postman, 1968).

16
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¢) decide what information will be retained within the
system as well as how it 1s to be used, transformed,.

-retained; and stored. Such decisions involve recently

received information as well as that_information stored
in_and retrieved and used from Long Term Storage
(Greeno in Gregg, 1974). ‘

direct :the functioning of other components of the
memory system (1.e., J! rt Term, Working, and Long-
"}l';%)ne_mries‘);‘nd their interactions (Krech et. al.,

e) decide how much influence the learner's Cognitive-
gel ef System w 1ave on directing the meanings
given to new and recently received information.

It also identifies. the alternative responses -open
“to the learner (Allport and-Postman, 1945; Salomon,
1979;-Tulving, “19_6\23’., -

decide how: the ledrner will respond within the
environment and situation. The Executor notifies
the Response Activator which behavior has been
decided upon;. This message transmits the type
and ‘kind of response needed in: the given situation
(E114s et. :al., 1979). '

direct the internal thinking operations within the
system responsible for conscious. -thoug t, process-
ing, and related activities and functions (Cofer,
1973; Berelson and Steiner, 1964).

d)y

f)

g).

In review, the Executor directs: the inner functionings of
the memory-storage-response system-which ultimately controls
what. is learned, how it is. stored;—and how one -will respond..
As a general rule, the Executor is greatly influenced by

previous experiences as. they are established in :the learner'’s

own_ Cognitive-Belief System. Hence, there is the overwhelming
tendency to perceive and transform new information. to fit the
individual's existing "world view.” Decisions as to what
information: is -relevant to- the learner are made by the. Executor

as influenced by. the Cogniti ve-Belief System. -

The Executor decides what information will be transferred
into Working Memory (Crowder, 1976). It also determines

‘how this, information.will be transformed and. handled
‘within' this particular memory component. In completing

this and many of its other functions, the Executor seems
to operate autside the conscious control .of the individual
(Shevrin and.Dickman, 1980).

17
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. Staying Alive .in Mefnbr¥. The 1ife span-of recently
Tecelved information within the processing system

up ‘to this point ‘has been-measured in terms of

seconds. Information which is to be “learned'must. be
retained for much longer:periods of time. For ‘this
reason, the learner must take steps to keep: informa-
tion in- the system for-much longer pericds of “time..

The longer information is kept “alive” within the
memory System, the more ‘1ikely it will be stored: for
later retrieval. The learner can keep information alive
by “rehearsing" it in various. ways with past Long Term
Memories and' other new information.

There is no doubt. that this rehearsal-operation- takes
place and works (Rock, 1958; Tulving, 1974). The primary
purpose of “rehearsal” or practice is to enable the
learner:to understand the meaning, message, intent,
value, and/or ‘uses of information in relationship to.

other information already 6r just being processed. Ex-

tensive rehearsal takes place: within Working Memory

which allows interaction between Short Term:and Long

Term Memories. During this operation, the information
as transformed is being. personalized and further internal-
ized into information which makes. personal sense to the -

learner. (Wittrock, 1979; Salomon, :1979).

working Memory. Working Memory provides the arena where:
newly rece!ve% information actively interacts with in-
formation obtained via Long Term Memory (Wittrock, 1979;
Shitflin andGeisler, '1973?. This interaction tends to
"¥i¢1d test" the new data to determine how it will or

might fit into the Long: Term Storage-Memory system. The
more the information seems consistent with long term
memories, the more 1ikely it will be found meaningful

and hence be filed for rapid retrieval in:Long Term Storage.
The mental application of recently received information as
well as the application of retrieved-from-Long Term Storage
information upon recently received -problems takes place
within Working Memory. -

Information. reaching Working Memory includes that recently
received. information. which has been ‘kept ‘alive for further
processing. At this time, information tends to be further
transformed into the types-of data ‘which ‘has meaning for the:
learner in 1ight of previous.understandings: and. experiences
(Greeno, 1973; Lindsay and Norman, 1972; Gagne, 1976). If
the information needs to be retained in Long Term Storage

as originally given; then this ‘rehearsal is referred to as




"memorizing." However, .the most .common tendency of
Working Memory operations is to transform the new
information into "impressions® or "generalizati ons"
which the system equates with the originally given
information .(Wittrock, 1979; Neisser, 1976).

11. Consolidation and Storage. At the close of an "atten-
Ehjon span period," the gnfomtion_, meanings, and im-
pressions included within Working Memory will either be
“unloaded" into Long Term.Storage or dropped out of
the system as if erased. The learner does not con-
sciously control-what will be stored-nor how it will be
retained. The learner can work to improve the 1ikeli- -
hood of its storage and later retrieval. The opera-
tions below ‘influence the what, how, and extent of in-
ggma,tion which moves from Working Memory into Long Term

orage: .

a) the more meaning the system has attached to some
information; :

b) the more it has been appropriately transformed
and rehearsed;

¢) the more it fits in (although, in some cases,
contrasts) with.Long Tetm Memories; and

d) the greater the quality of ,tﬁ‘e consolidation
which-takes place immediately prior to the
'close of the: "attention -span "

An “attention $pan" {s the.period of time information in
Working Memory is held before it is sent into-Long Term
Storage or is "unloaded” from the system. The “attention
span® variés across learners and across situations for the
same learner (Posner, 1969). These spans adppear to be un-
consciously regulated. The close of these spans frequently
'results in information being-encoded -and stored in Long Term
-Storage for later retrieval or jt is ‘dropped’ from the
system as if never encountered.? The more important it is
for the newly received information to be retained for later

e

thinking, the more necessary it.is for consolidation to
occur -before the attention span ends.—Under certain condi=
tions, individuals are capable of carrying information over
from one: span period: to the next. This ability sives the
appearance that the Working Memory component ‘has "elastic

qualities," i.e., it acts as though it has 'stretched’ its

capacities to accommodate information processing across
~-x- —..attention span periods.
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13.

14,

‘Unless motivations and perceptions function otherwise,

the results of the éncoding-to-storage operation tend to

sigpcrt previous generalizations and impressions (or schemata)

‘that the learner already possesses while tending to store

specific details where they -are more difficult to:retrieve
(Conrad, 1964; Duell, 1976; Sachs, 1967). In most situations
where new information has been encountered by -the learner,
consolidation of the contents in Working Memory is necessary

to help ensure its transfer into 'Long Term Storage (Bauman and
Glass, 1969; Tishner and Power, 1978?.

Lona*Term Storaaﬁ; Long Term Storage should not be equated
W ong Term Memory. The information contained in Long
Term Storage {s. extensive, detailed, and: somewhat .permanent
(Loftus and Loftus, 1980). While there is a theoretically
Timitless amount of such storage space, it seems that once
information is stored in Long. Term Storage, there is a

great deal that appears to get "lost.” A transfer-to-storage
operation encodes the data from Working. Memory and files it
as is appropriate. Such encoding and filing is beyond the
conscious control of the learner (Shevrin and Dickman, 1980).

Retrieval and Learning. Information which can be recovered
rom Long lerm Storage and ‘used reveals what. has been 'Tearned.’
By definition this recovery is required since it suggests the

information is available. over time for use in thinking -and

behaving. The more stable this thinking and behaving is across

time periods, the better-the indication of how well the infor- -

mation was originally learned. This retrieval. operation
produces information -as required by the learner for a given
situation. Higher forms of thinking-1earning require: later
retrieval, but they are not restricted to just how much one
can reci]J.“Thgse:highé?f?brmsﬁare characterized by how
well ‘the. Tearner can -use retrieiied information to guide
thinking and behavior without having to take time to "think
about" the information before using it. Thinking, and be-
having guided:by the learner's ‘Cognitive-Beliefs are in-
dications of higher level thinking and behavior.

‘Long Term:-Memory. Long Term-Memory includes that which~
The Yearner "remembers about what is stored." This memory
comporient also: directs "how" stored information is remem-
bered. This :memory component and not Long Term Storage
diregtsutherrgtrieva]voperationsvof‘searching; locating,
recovering, organizing and: constructing informatio

stored in Long Term Storage: -
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sense of and think ‘throug

16.

The retrieval of data from Long Term Storage via
Long Term Memory-may be accurate in-many details.
Frequently, material seems to be fabricated (in-
vented) by the information processing system at

the-time the -memory: reports -its findings. Thus,

missing information is often filled in to present.

a reasondbly complete.and consistent “memory"
(Berelson. and’ Steiner, 1964;. Loftus and Loftus,.
1980). - "Forgetting" (or the failure to retrieve
accurate; complete,, and/or detailed: information
from'Long Term Storage) is a failure of the Long
Term Memory-retrieval operation rather than a
failure of the-storage system,

vUti'lizin? Retrieved Information. Since information
an

I how 1t may be: used to guide thinking as-retrieved
via Long Term Memory is "learned information,” the.
memory, system -depends upon its learnings to make

S ! K néewly received information.
This learned information is constantly being used in.
Working Memory to assist the Jearner 'comprehend” and
ipersonalize' new information. As-a general .rule,
the memory system.uses learned information to make
the new information compatible-with that remembered
and retrieved via Long Term Memory. ‘Seen in this way,.
“pelevancy” ‘assigned .to new information .depends -upon
the associations which can be. made: between new and
previously :stored information.

The CognitivesBelief System. The Cognitive-Belief

yS 1s generated-out of Long Term Storage-Memory..
It is an organized framework which-functions to -
separate; departmentalize, structure, and develop
hierarchial arrangeménts of the major ideas, guidelines,

beliefs, and generalizations the learner ‘understands
from and forms -about ‘the universe in: which-s/he lives.
These 'cognitive-beliefs' focus on the learner as a
person (1.¢., the Salf) as well as_the relationships:

s/he has with the world-outside Self.

The Cognitive-Belief System contains the learner'c
world: view, values, beliefs, and attitudes as well as

those ideas: and-generalizations.which are used ‘to make
'sense ‘out .of personal experiences. ‘AS a general rule,
the Cognitive-Belief System through ‘the. Conservator
operates to influence the entire system to “see” 2nd
“understand” things in ways consistent with: the exist-
ing world view and the perceived Self. :

.1
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17.

18.

19.

20.

18

Conservator. The Cognitive-Bélief System-exercises

Tts conforming tendency via the Conservaior. This
Conservator -exerts a strong influence on :the Executor
and. Long Term Memory operations toretrieve and/or pro-
cess information in-ways consistent with the learner's

“previous ‘perceptions and-existingsworld view. <while

the Conservator does not control the Executoror-Long
Term Memory, prior reinforcements and. repeated similar
experiences ‘allow these components to be easily ‘influ-
énced by the Conservator. In essence, the Executor is
quite "gullible” to the influence exerted by the:Con-
servator. This explains why individuals almost -always
perceive new experiences and ‘revives past memories to
conform ‘to ‘their present world view. It also explains
-why, on some occasions the learner may resist this-con-

* servative, conforming world view and adapt new<per-

ceptions, ideas, and beliefs about Self and the -world.

Influence on Behavior Not only do previous learnings
and_the Cognitive-Belief System irfluence:thinking within
Working Memory, they also provide the Executor with-data
about alternative or needed behavioral responses.and/or
performinces: This information informs the Executor
which then uses the informaticn to reachva-decision.
Should the situation and contént call for-a habitual:
pattern-of response or routine behaviors {or "automa-
tized reactions" (Furst, 1979)), the ‘Executor allows
existing Cognitive-Beliefs and Long Term ¥emories- to
operate with a relatively open, automatic_hand in-
directing the response. Learned information'may also
be used to influence what is attended to, 'selected; -and/or
r’:jected- within the early stages of the processing opera-
tions.

Response ‘Activator. The Response Activator functions
*as,%gg ‘entire nervous system in responding in -the given
situation. This component receives orders from the .
Executor as to what the response will be and-then

e S e iy

directs the various physiological systems: (e.g., muscles)
to carry out the order, The Perceptual Register can also
'send. directives to this Activator component. initiating
what. is .called a "reflex action."” i

Sensory Efféctors. Sensory Effectors are the sanse
organs;, muscles, and.other physiological :components

which carry out the response transmitted f-om:the
Executor by way of the Response Activator.

3
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THE DOMAIN OF COGNITION
1500 PREPARATION
| “OBSERVATION® (Sensory input of data) -
2.00 RECEPTION. | o -
) 2.10 Literation

2,20 Recognition .
2.30. Recollection T
' 300 Persomlizationsi P |
3.20 Adaptation

*INFORMATION. ACQUISTTION® (Encoding andstorage of infor-
e =~ =~ ‘mation’into ‘Long. Term Storage)
4.00 RETENTION :

- 4.10 ‘Recognition - j‘,- | ;
20 Recoliection |
5.00° TRANSFERSION
5.10 Replication
5.20 Variation
*6.00 'mcoapogA'rmu
7.00 ‘ORGANIZATION '
8.00 GENERATION ' L E
Figure 2:

An outline of the major levels and sublevels of the Domain of Cognition.

-




21. Feedback-Feedforward. A hehavior or thought
~gengrqte3*5y'tﬁih1earner is supported or re-
jected in whole or in part as a result of the
information which is received into the process-
ing-system about that thought or behavior.. If
a particular guideline is used and produces
positive results to the learner, the guideline
is 1ikely to be used again in similar situations.
Negative results provide feedback as to what did
not work, as well as feedforward about what
probably won't work or should be avoided in the
future. Information provided by the environment
in regard to the learner's behavior must be re-
ceived by the Sensory Receptors and: the .processing
of this newly received information begins its
journey through the system (Wittrock, 19793
McKeachie, 1976).

e

A Note on the "Ecological Validity" of the SPInPrOM Model:

These phases, components, and operations possess “ecological
validity" in that they provide a practical and realistic overview of
how individuals.process infcrmation within their natural environments
(Neisser, 1976). Findings from empirical research studies using human
subjects and conducted in the natural environments of the learner sup-
port the model. Of equal importance is the fact that teacher educa-
tors and teacher trainees have reported the SPInPrOM model explains how
students as well as themselves are 1ikely to think, behave, and learn
within and outsidé. classroom settings.

THE DOMAIN OF QQGNITION*~“

As shown by the SPInPrOM model, information presented to be learned
undergoes a great deal of processing on its way through the system. In
some cases, what happens to this information is not what the teacher
would like have happen. Now that these processing events are familiar,
4t seems appropriate to introduce a sequence which has more direct
application for -considering outcome-of-instruction behaviors. This se-
quenggjfakg; the form of -a taxonomic system entitled the Domain of
Cognition,

The Domain of Cognition includes eight levels of cognitive and
cognitive-affect thinking and learning-related behaviors (see Figure

2). This Domain also includes two 'pseudo levels' which point out where

two crucial learning-related activities take place within this explana-
tion of the thinking-learning continuum. Within this sytem, thinking is
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defined as "any mental activity" while learning is defined as "acquir-
ing a new thought or behavior which will be retained, maintained at a
reasonably stable level, and demonstrated in similar situations across
time." Thinking may result in learning as well as incorporate previous
learnings, but it is not to be equated with learning. The Domain of
Cognition includes pre-learning thinking levels and post-learning levels
which operate within and may result from -classroom instruction. One ad-
vantage of this taxonomy:is that it helps teachers to view the entire
range of thinking-learning activities likely to occur during and as an
outcome of instruction. .

The levels of the Domain of Cognition described below identify
the sequence of processing information for thinking and learning from
an instructional viewpoint. This taxonomy is not a modification of
the Bloom-Krathwohl systems. It is an entirely new system and should
be seen as Such. And although the Domain of Cognition is related to
the SPInPrOM model, the reader is advised not to look for an exact
one-to-one correlation between components of these separate models.

Progressing Up the Levels of the Domain of Cognition

The eight levels and two "pseudo” levels of the Domain of Cognition
are presented below in sequence from the lowest to highest levels.
These levels are described in linear order for convenience and reada-
bility (See Figure 2).

Level 1:00 PREPARATION. The Preparation level
indicates that the learner's existing "perceptual set"
or "mind set" toward the class, course, content, etc.,
affects what information will be received by the
learner. The learner's motivations, needs, attitudes,
and expectations operate to influence what and how
information in the environment will be attended to,
noticed, and taken in. This level represents the
pre-Observation readiness of the learner immediately
prior to the presentation of an experience or
information.

First Placebo Level: OBSERVATION. This
placebo level s included to Tndicate where the
actual intake of external information occurs within
this sequence of thinking-learning. This level is
added for completeness. Information not taken in
or "observed" via the senses is not available to
the learner for later processing, thinking, or
learning.
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Working memorie
yet reached Long Term Storage,

response has. been learned. Reception 1
to: long term retention-of the. information receive

nied by external construct

Level 2:00 RECEPTION. The Receptor level describes

the ways—learners may report. and/record the information
they have received.. Learners are capable of thinking
about recently received information :in three specific
ways.. First, they may report what they are taking in. at
the present moment. This Literation sub-level involves

the learner's identification.of the information immediately

before him-or her. The second sub-level, Recognition, in-

volves the ability to identify whéther information. currently

available to the learner is similar to or different from
information presented earlier in the same lesson. The
‘highest sub-level, Recollection, requires the ability to
completely recall from Short Term or Working Memory the
information which is needed for a particular response.

Reception level thinking involves operations of Short Term and

Level .3:00° TRANSFORMATION. Transformation level
thinking is where the Tearner translates just-received
information in ways that make personal sense to him/hee.
To increase the-chances of being stored into Long Term
Storage, information just received must be given meaning
that "makes sense" of this information in terms the
learner will understand.. During this phase of thinking,
léarners: translate recently received information into a
form and version which gives it meaning as well as’ has
meaning. for them. In transforming this information,
Yearners may alter or change its message, content, in-
tent, accuracy, or details in order to make sense of it.
The activity of assigning meaning to this recent informa-
_tion is associated with the "personalization” sub-level

of Transformation.

‘ s since it deals with information recently received in
the given class period. Learner responses on. this level have not as
so the teacher is not to infer the

evel thinking is not equivalent
d by the learner.

The second sub-level is called "Adaptation." Adaptation is where

learners practice using or "pehearse" newly received information and

the meanings which have been assigned to it. This rehearsal may include

using the information as guidelines (or rules) to direct .uniprocess
megaprocess thinking.5 Researsal actually serves to help the learner field
test the various uses which may be put
the learner to comprehend the information in regard to its possible and
appropriate uses. Adaptation level rehearsal, especially when accompa-
jve and corrective feedback, increases the

to the new information.

It allows
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likelihood that information received in a given class period will be.

encoded more completely. and correctly into Long Term Storage.

Second Placebo Level: INFORMATION ACQUISITION.
This second placebo step in the sequence operates beyond
the conscious control: of the learner. Added for complete-
ness, this step identifies where the acquisition, encoding,
and storage of recently transformed information from Working
Memory into Long Term Storage following the close of an
"attention span" occurs. .

Level 4:00' RETENTION. Retention is that level where. the
learner demonstrates the ability to successfully search, lo-
cate, and recover 1nfgruntion stored in Long Term Storage
via Long Term Memory.® This ability to recover information
when: and as necessary from Long Term Storage provides evi-
dence that 1earning on 2 minimal level has occurred.

(Note: As pointed out in-the SPInPrQM model, information
received by the learner in a given.class period and recalled
and used from Short Term and/or Working Memories is not.
evidence of successful learning. Learning is dependent upon
retrieval from Long Term‘Storage--a phenomenon not possible
to measure during the class period during which- the informa-
tion is first received.)

"Recognition* is the lower of the two sub-levels of
Retention. Recognition behavior requires the learner to
retrieve sufficient information to verify or indicate
whether a particular set of data has been experienced
previously (e.g., multiple choice or matching test items).
On the other hand, “Recollection” requires the learner to
recover information ‘to complete or fill in gaps of missing

data (e.g., completion or fill-in-the-Hanks tests).

Level 5:00 TRANSFERSION: Transfersion represents the
learner's ability to go beyond mere retrieval of informa-
tion via Long Term Memory. It requires the demonstration
of the use of the information in relevant situations.

During this phase, the learner must make regular and
appiopriate use of guidelines.or rules which have been
retrieved from Long Term Storage. This ability is indicative
of higher levels of learning and thinking since both require
the reasonably stable use of retrieved guidelines or rules

as the basis or guide for behavior. (Note: Learners use
these guidelines as.the basis for various uniprocesses and
megaprocesses and t9 deal with problems similar to those
studied previously./ It is not the uniprocess, the type




vition: Short Descriptors
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Mike ready to’ receive, attand to, or accept infarmastion
Studeats are resty ts receive, attend t8, Or accest {nformation
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Students make use of recalled guidalines 1 situations new to thes .

Studeats use recalled guidelines with ene or more precesses or pracedures ts dedl wish
viriouws situations and prediess

Students praciice using recalled guidelines to master thetr correct we

6.0 INCORPORA (Function: Using informetion (uidel ineg which has doen internalized)

T -JTUGERSS undersiand-guidelines se well that 1t becomes an automatic an¢ unconscieus basis
for their thinking
Students use guidelines o deal with sitvations without consciously deing aware of whas
information they are using , )
Students wse iaternalized guidelines te form new comdinations ang arrargements of guideiines
t0 deal with situations or predliess.

ZE _ORGUIZATION:  (Fumction: Intarrelating ind prioritizing 211 previously understood
: informtion)
Students forw and mske use of their {tive-delief systam ]
Stidents autamstically and -wncensciously arrur. interrelate, and prioritize information
SR¢ metnings they understand’and have iaternalized )
Students use thair cognitive-delief system to {afluence what information {s . ceived and
what mesaings 1t is given

8.0 _GDOACION  (Functien: Synthestzing pravious 1nformstion o form new fdess and -
) wderstandings) '
Students “orm new feeas and understandings by integrasing old guidelines So thinking

Students creates mew wnderstandings and products synthesizing (e.9.,.
ancar3Sandings ane {nformation 9 by syn 9 (e.9.,:Hagel) previous

o Short descriptions of the levels of the Domain of Cognition.
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Major Catagorfes in the Domain of Cognition Taxonomy
(Stahl, 1979) - ,

-

_OESCRIPTIONS OF THE MAJOR CATESORIES IN THE DOAIN-OF COGNITION

L.

%Lﬁ_ ‘Prepiration refers to the mental readiness of the individual immediataly before and
t the time.new information. is presentsd.. This. level strasses. the. need for students to have the
background and mental set to be ready for new. information. The student outcome is the cognitive
background and.attitude to-take in outside:experfences and. input.

s

%ﬁ Reception refers to. the reciting of informstion immediataly in'front of the indivie
A .8, 11ke reading aloud) or-recalling: information that has recently-been presented
within the same lesson. This learning outcome 13 for students:to recall & wide range of . .
information in much the same form 1t was preseated. The student s required to:-recognize or
recall the appropriats-information from:short term oF working memory, -Recsption -represents
}mmsm the student can retrieve from memory within & few hours after encowntering: this
ul"- 0N, -:,‘.._- *.': :',:"‘ AT R l' 'a:-“-' . Ve .'.'.‘-.\ ) ,‘~ ) .- < .:..:. S :

P
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%ﬁ! Transformation refers to the ways studants may alter or change the original

in on as they try to ?m ¢t mia‘, This understanding may he desonstrated by changing
“the wording of the information (parsphrasing), by personalizing 1t (changing 1t in a way that
makes senss to the individual), or b{ uses
(applying the information in particular-situations). This level of student Tearning outcomes
represents the lowest :level 67 comprehension, with the practice step requiring the application
of-rules, mthods, laws, etc., during the lesson where these.are first encountersd and used.

-

T ’
ld

4.

Retention refers to the recalling from. memory of - praviously - learned information and
' tions approximstely. 26-hours after this. information was _first. thought-about, This
student learning outcoms includes the recall of a wide range. of .information. from specific facts
o results of applications they:mede during previous lessons. The student is required to
12e or recall appropriate information MM“L:' Term Memory. Retention represents the

Towest level of learned outcomes m.iblgaiu—.t” » of Cognition,

[T

i T ¢

TN

%Tmfmia 13 the ability t0 use information retrisved by Long Term Memory in
specific situations similar to and/or different from those where the information was first -
practiced. This level is where students consciously remmmber the rules, laws, principles that
are to be applied, and then use these in appropri tuations. '

e I
. RSN
. z .2 e
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wpropriste situati
WA IQ8 Incorperation is the sbility to ufomtu{u 1n_appropriate situations w&
“Tts use_is automatic and hebitusl \d&u tudent’s -consc recs

use- ate s
) : the s - fous recall and application
of the information. On this level, students demonstrate the ability to apply rules,
principles, Jows, etc., that  they have lesrned to use: without "1"3'1'""'11: B

~rules, 1aws, 6tc., they 8ra using. This level reprecents & M'h Tevel.
information and its varfous applications snd usually. occurs only after
the Trensforsion level.. R o :

aumeroys practices at

1.

" Orgonization represents that level whereby students express how_they have
orgenized and/er priovitized their learnings as part of their cognitive-belief system.
suan-iwug outcanes on this level express their personal retings, rankings, or preferencas
for information al “sequired or thay say- explain or assess situations or new experiences
1n torms of their tive-beliefs. Student beliefs, attitudes, fdesls, starsotypic or-
prajudicial po ves, aid the 1ike, sre mest often reflections of this level.

Mtin s the ability ¢o new sets of rules, principles, guidelines,
oo WNICH reprecont unigue twe or more sats of rules,
principles, ic.; which the studont has mastared o the Incorporation Tevel. This naw set of

”»
rules, 60C., 15 to be apprepriste t0 & situction or te explain & phonemenon and shoul
run‘nt s less complex.way of daoeriding or solving the situstion, ~

. . R \1;“ >m e q.’kqt—,,

pm':t cing this new information to understand its s
Pr-s




:Knows. the seaning of T - -

Understands laws or theories e

ey

5 -

Examples of General: Instructional Objectives and-Sehavioral Terms
for the Domain of Cognition Taxonomy B

ILLUSTRATIVE -GENERAL
. INSTRUCTIONAL OBJECTIVES

ILLUSTRATIVE BEHAVIORAL TERMS FOR.
STATING SPECIFIC LEARNING OUTCOMES

(None appropriats)

Report or indicate-a reasiness to tegin or

‘| engage in-an activity.

Understands information and facts
Recognizes details and data
Knows verbal information
Understands steps of 3 methad
Knows a formsla or.principle
Recognizes laws or theories . .

%

" .given during the Just compieted lesson.

"Report a definition, description, explanation,

fact, table, 11sting, name, or other details of
information, or match, select, or indicate any of
the above in reference to information as 1t was

Understands Imorthm-fu D e
Comprehends information ~ . . ° v -0
Understands facts' " A

‘Ap” les principles to-a situation.

Utilizes steps of a method

Solves prodblems
Constricts examples of a graph -

‘Rmrtera'ﬁuuphnsins‘. transtition, rewriting,
restating, explanation, or other personal * .

_ | varston of information presented during the just
"~ | completed lesson.

| Classifies, combines, compa

res, condenses,
converts, describes, distinguishes, estimates,
‘evaluates, abstracts, interprets, organizes,
‘proposes,. selects, solves, transiates, rates,
‘verifies, gives examples using information
presented during the just.complieted. 1esson.

Understands information.and facts:
Recognizes details and data
Knows verdal. information

‘Knows Taws; principles or rules

Understands steps of a method

Report a.fact, description, or-any:other infor-
mation which indicates retrieval of information
from previous lessons:: Write down, orally

express, satch, select or {ndicate associations,
-classes, comparisons, descriptions, definitions,
_distinctions, estimates, evaluations, solutions,

etc., and/or the rules used to complete thase or

Applies ‘information .
Utilizes steps of a method Co-
Solves problems .

Applies principles or laws .
Understands how information s used

| an explanstion how these rules could be used. .

Classifies, combines, compires, condenses;
.converts, describes, distinguishes, estimatas,
evaluates, abstracts, interprets, organizes,.
proposes, selects, solves, ratas, ranks

recalled from previous lessons to obtain and/or

confirms, or gives new mles‘usinwﬁfpmtion-

(Same as above)

explain these resuits.

- »
. r-

(Same as above, except behaviors have become
-habitual:ones: for the student in similar
situations) . .

/

‘Demonstrates consistent and predictable beliefs

Provides consistent and defensible ratiomale

Demonszrates comsitment to a particular
perspective

Appreciates how a technique works .

Values a particular point of view:or product

Initiates, performs, volunteers, modifies,
.supports, defends, ranks, ratas, selects, com-
pletas (or engages in other behaviors which
raflect a pervasive, consistent, and predictable
set of beliiefs, values, perceptions, or
viewpoints)..

Formulates a new set of ;ula or principles
Develops 3 new explanation
Forsulates a new .way of solving a probles

-Creates, composes, devises, generates, con-
structs, develops, explaing, synthesizes, or
combines & new set of rules, principles,
guidelines, mathods, etc. (once mastery of each-
original rule, principle, etc., has

demonstrated on the Incorporation level).

-
»




of guidelines used, nor the problems encountered which
signify higher level learning-or -thinking. The cri-
terion is that the guidelines used as the basis. of the
thinking: or behavior must come via Long Term Memory).

. Learners. can demonstrate Transfersion level learning

- in. one of two ways. When learners use guidelines on-a
reasonably stable level in various 'situations much like
those where the guidelines were-originally practiced,
this behavior represents "Replication" sub-level
learning. When these same guidelines. are being. applied
to situations dissimilar to those where the guidelines
were first learned, "Variation" learning is evidenced.

Level 6:00 INCORPORATION. After a set of guidelines
or rules is understood so well that its use becomes auto-
matic, the learner is considered to have reached the in-
corporation level for guiding thinking.and behavior.
Sometimes this level is evidenced by the learner's ability
to use.a guideline or rule without béing able to recall
‘the details of which guidéline was used. At some point,
the learner understands a set of guidelines and its related
cues so well that it no Tonger becomes necessary or
efficient to consciously recall the guidelines automatically
as appropriate- cues .are presented.

~ The Incorporation level signifies that-the learner has
internalized a: set of guidelines so well that its meaning
he5 been abstracted and can' be used' without the learner
‘having to consciously think about the guidelines. The
learner uses guidelines understood on this level :to guide
various uniprocesses and- megaprocesses in.problem-solving
situations. In essence, Incorporation level implies the
learner has achieved habitual almost unconscious use of a
single or a given set of guidelines, rules, orprinciples.

Level 7:00 ORGANIZATION. The Organization level repre-
sents the arrangement of an -interrelations among the vast
‘number of guidelines-and rules which have been internalized
by the learner. The exact nature of how this Organization
is established, occurs, or is structured: is not known. Its
influences on the learner suggest this Organization frame-
work is departmentalized and hierarchial in that different
types of guidelines and rules seem to have more influence
(i.e.,_possess -a higher priority) than do others. This
;ramggdrk is often referred to as oné's Cognitive Belief
Systen.




~ Generation. This pbaﬁi'rgﬁiesents more than the

" time" when the: learners are practicing putting the rules and. guidelines

24

—Level 8:00 GENERATION. The: Generation level does §
not necessarily signify the mentally highest leve] of
thinking but seems to represent a very -sophisticated :
‘mental- operation-not utilized-by most.persons. .Gen- 3
eration: represents::the synthesizing of several guide- <
1ines ‘understood -as abstractions: and .not-previously {
interreTated., The mere use-of several combinations ¢
of guidelines (no matter how-complex) does not signify < %

transfer of guidélines to a new situation or context. -
Generation requires: the genuine production of a.-new ' . :
set ‘of guidelines, a new. idea or-a new.explanation

which is internally consistént and-adequate while -3
representing the synthesis (e.g., Hegel's dialectic or >
"Janus thinking"). of two or more previously separate .
perspectives or -sets of guidelines.

One of ‘the more unique features of the Domain of Cognition is its
avoidance of the use of specific processes (e.g., Application, Analysis;
and. Synthesis) as the basis for determining "higher" and "lower" levels
of thinking and learning. The findings. in cognitive psychology reveal
that higher level thinking and behavior is related to the degree .to ,
which- one has internalized and uses rules to guide ‘thinking. It is not N
the process itself which determines the. "highness" or “lowness" of the :
level of thinking. Rather, it is the level one has acquired and in-
ternalized. the rules to guide. the various processes which-determine the
appropriate level of one's thinking (Segal and Stacy, 1975).

Consistent with this research literature, the Domain -of Cognition describes

a sequence of degrees or levels which information and rule may be internal- -
izéd and uséd by the learner. Figure 3. illustrates 2] separate mental opera-
tions or ways which individuals may use rules in thinking and responding.

Each mental orération or uniproces$ represents a-distinct way the learner can
make use of rules or .gquideTines which have been acquired. Sc-called "complex
processas" or megaprocesses are defined as 'complexes’ or combinations of uni-
processes which are used to respond to a single situaticn or protlem.

Therefore, it is possible for learners to use the same uniprocess
on ‘any one of several different levels of thinking and 1éarning (i.e.,
Transformation, Transfersion, Incorporation, Organization and. Generation).
Teachers must learn to focus their attention on helping learners increase
the degree to which they intérnalize rules which can become the basis for
higher 1evels of thinking. They must also.- abandon their belief that it
is the process itself rather than the degree -of the internalization
which determines "higher" level ‘thinking and behavior. Finally,
teachers may consider the act of “processing” information as "rehearsal
to use, thus increasing the 1ikelihood these rules will be acquired and ;
further internalized: .




~ The above represents a -brief description of some .of the major
features of the Domain of Cognition. The eight levels include both pre-
learning and post-acquisition learned behaviors. Preserviice and inser-
vice teachers at Arizona State University are currently using the-taxo-
nomic system as a basis for 'identifying and writing. specific behavioral/
instructiona® objectives. They-are--also-developing. test: items. to: .
measure the various outcome behaviors associated with these different
levels. With these uses and attributes, the Domain of Cognition repre-
sents an important new addition to the Field of teacher education and
is a viable alternative to the taxonomic models presently. being used..

‘Some Prjndigles of Léarning and Thinking

In reflecting upon, the SPINPrOM and the Domain of Cognition models
described above, the following 1ist presénts useful principles for in-
structional designers and teachers to consider in planning for and

.assessing the  outcomes of instruction:

a) the individual learner is.confronted with so many
specific details in the environment that it is a
wonder that :as much :detail as does- is:eventually
stored inand retrieved from Long Term Storage (Deese
and Hilse, 19679.

b) the processing system has a general tendency to deal
with and’ produce generalizations and impressions of
whgtgjpfbrmatidn was received rather than retain the

specific details. of ithis information (Crowder, 1976;
Kolers, 1974; Sachs; 1967). ’

¢) a learned behavior is impossible to confirm at the
time new information is first encountered, even
though one's performance might suggest otherwise.
The classroom. teacher should follow the -general rule
-of waiting .24 hours until the next class period begins
to measure what was retained and can-at least be re-
trieved and used via Long Term Memory. This 24-hour
period. has precedence in 1earning-memory- research
(Postman and Rau, 1957); Déese: and Hulse, 1967).
Learned behavior:-cannot be demonstrated during the
class period ‘information was first received.

d) there is no inherent difference between information
useful -for guiding cognitive (e.g., geometric theorems)
and information useful for guiding affective (e.g.,
reasons for making moral decisions) thinking and
Tearning (Meehan, 1969; Messick, 1979).. It is the
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society, culture, institutions, etc., which attach

special meaning to such information and give ‘the
appearance thit~affective,«values.*mo?ai,;éhd/or
normative oriented information do possess inherent
qualitative features. The learner actually deals
Nith .cognitive guidelines (e.g., how to read a map)
the same way as affective guidelines (e.g., do unto
others as you would have them -do -unto you) within
the 1nformationfprocessing system.

the learner continually uses and is influenced by
information- and understandings from his/her own -
Cagﬁ1t1VQGBgTief\System-and—Long Term Memory which
in turn operate to assist the learner transform,
select, make, sense of, and assign meaning to new
expériences and data (Samuels, 1974). By and large,.
thg~ent1re»1nformation processing ‘system tends to
translate new information and_experiances to make:

them conform to and compatible with: one's existing
Cognitive-Belief System and Long Term-Memories.

the ‘individual uses rules as the basis for guiding
his/her thinking. and behavior. The critical role
rules. (or guideIines) play in psychological pro-
cessing must be-understood by teache™s (Segal and
Stacy, 1975). Rules or guidelines: do provide the
basic explanations, reasons, and basis for behavior -~
({.e., one behaves because of the operation of cer-
tain guidelines at the time of his/her behavior)
(Katona, 1940; Postman,. 1954, Segal and Stacy, 1975;.
Zeiler, 1963). ' .

the use of a rule or guideline by 2 student does not
necessarily mean s/he can: identify (at least before=
hand) what the ryle is (Erickson and-Jones, 1978; Wason
and Evans, 1975). At the same time, recalling or
stating a rulendoes not -necessarily mean one -under-
stands. it nor can use it (Erickson. and"dJones, 1978);
Van Duyne, 1974). -Furthermore, the learning of in-
formation as information is different from learning
information as -guidelines and using it (Gagne and
Briggs, 1974).

h) the {ndividual tends to learn how- to use guidelines

in certain situations when (and seemingly only when)-
certain specific cues associated with those guidelines
are present. The more these cues and s tuations appear
during initial rehearsals and the more ‘the individual
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is reinforced to use the guidelines with these
and only these cues, thé less 1ikely the indi-
vidual will be:able to transfer these guidelines
to new situations at later times {(Berelson and
Steiner, 1964; Knight, 1963; Luchins, 1942).
Transfer of learning implies: the transfer of

' guidetinesjorigin;11y~assocj;téd~w1th~one type of
-situation. to other situations where their use is

appropriate but not necessarily evidence to the
individual.
the. consistent and sometimes contradictory research
findings related to the effects of external cues,
stimuli;, and reinforcers suggest very strongly that
the. effects of these external variables are learner
determined and not ‘externally determined (McKeachie,
1976; Wittrock, 1979).

) the individual learner operates frequently on two
" different "levels" of thinking and processing of
information. As the learner retrieves and uses
information via Long Term.Memory to.work with
recently received information, thinking using re-
trieved-from-storage information represents higher
level. thinking while mental -activities working
with recently received information represent lower

level thinking.
The SPInPrOM model and the Domain of Cognition are Supported .by

extensive findings related: to human learning research ‘and possess
ecological validity from -the perspective of inservice and preservice
teachers. These two: Systems are compatible with a wide variety of
apparently divergent schools of psychological ‘thinking. Both also rep-
resent feasible models to differentiate among the internal -aspects of
memory, thinking and learning. Both.models also lend theniselves to ex-
plaining éxterng]‘behaviors as they are occurring and as they may be
identified as otitcomes of instruction. Finally, these models are
“teachable" within the framework of teacher education programs, and they
are "learnable” in that inservice and preservice teachers are able to
understand and use them, especially SPInPrOM, within a very short period
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