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. THE “CASE" PROGRAM WAS DEVELOPED TO PROVIDE A VEHICLE
 FOR UNDE:ISTANDING THE PSYCHOLOGICAL PROCESSES INVOLVED IN
CONCEPT LEARNING BY MEANS OF COMPUTER SIMULATION TECHNIQUES.
BECAUSE THE MAJORITY OF PUBLISHED “SIMULATION OF CONCEPT

- LEARNING" PROGRAMS PROVIDED FEW INSIGHTS INTO THE LEARNING -

- PROCESS, THE "CASE* PROGRAM WAS DESIGNED TO PROVIDE A BETTER
- MEANS FOR OBTAINING SUCH INSIGHTS. A PSEUDOCODE SCHEME WAS
USEDR WITH A SPECIAL INTERPRETFR WRITTEN IN MACHINE LANGUAGE
WHICH PERMITTED SUBROUTINES TO BE USED IN SEVSRAL CONTEXTS
WITHOUT HAND CODING -THE SITUATIONALLY DEPENDENT LINKAGES. A
THREE-LEVEL MODEL OF HUMAN MEMORY INVOLVING WORKING MEMORY,
SHORT-TERM MEMORY, AND LONG-TERM MEMORY WAS USED TO PROVIDE A
FLEXIBLE MEANS FOR ACQUIRING, PROCESSING, AND STORING
INFORMATION. "CASE" THUS REPRESENTS A SMALL PROGRAMING SYSTEM
RATHER THAN A SPECIFIC COMPUTER PROGRAM AND, AS SUCH,

 CONTINUALLY CHANGES AS IMPROVED UNDERSTANDINGS ARE OBTAINED.

AT THE TIME OF REPORTING, THE "CASE" COMPUTER PROGRAM WAS
PRIMARILY A MEDIUM FOR EXPRESSING AND STORING THE INSIGHTS.

.. AND UNDERSTANDINGS OF THE CONCEPT LEARNING PROCESS WHICH HAVE
- BEEN ACQUIRED. THIS PAPER WAS PREPARED FOR PRESENTATION AT

.. THE FALL JOINT COMPUTER CONFERENCE (LAS VEGAS, NOVEMBER 30 -
. . DECEMBER 2, 1965). VARIOUS ASPECTS OF THE DEVELOPMEMT OF THE
" PROGRAM ARE PRESENTED IN THREE PAPERS APPENDED TO THIS '

DESCRIPTION OF CASE. THESE PAPERS COVER (1) "CONCEPT

ATTAINMENT EXPERIMENTATION BY COMPUTER ‘SIMULATION,* (2) *

.~ EXPERIMENTAL DESIGN CONSIDERATIONS ASSOCIATED WITH LARGE

. .SCALE RESEARCH PROJECTS," AND (3} "AN IPL-V TECHNIQUE FOR
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CASE: A Program for Simulation of Concept Learning
Frank B. Baker
Univgfsisy ‘of 21390:181:1
s et
The CASE program was developed to provide a vehicle for the
understanding of the psychological processes involved in concept
learning by means of cawputer simulation techniques. Because the
majority of published simulation of concept learning programs pro=
vided few insights into the learning process, the CASE program was
designed to provide a better means for obtaining such insights, A
pseudo-code scheme 18 used with a special interpreter written in
IPL-V which permits sub-routines to be used in several contexts
without hand coding the situationally dependent linkages, A ‘three-
level model of human memory involving working memory, short term

memory, and long term memory was used to provide a flexible means for

acquiring, processing, and storing information, Because of the above,

~ CASE represents a small programming system rather than & specific

computer program and as such continually changes as improved unders.
standings are obtained.

At the current time, the CASE computer progrem is primarily a
medium for expreseing and storing the insights and understandings of

the concept learning process which have been acquired.
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CASE: A Program for Simulation of Concept Learning

The Learning Research and Development Center of the University of
Wisconsin is engaged in a long-term multi-facet study of concept learn-
ing, supported by the U. S. Office of Education. The concept attain-
ment simulation experiment (CASE) is the facet of this overall effort
which utiiizes the technology of computer simulation as a vehicle
for obtaining a better understanding of the psychological processes
involved in the learning of concepts. The long~ranse goal is the
utilization of the insights thus obtained to improve classroom learn-
ing. The study of concept iearning has a long history within psycho-
logy and has received considerable attentiom in recent years due in
part to the book by Brumer, Goodnow, and Austin (1956) which delineated
strategies for learning concepts. The experimentel materials used
by Bruner consisted of a finite universe of objects each of whieh
possessed n dimensions and each dimension could essume k different
values. A classification rule {g concept) consisting o£~a¥pdrticu1ar
combination of dimension values partiticned the universe into two
mutually exciustve sets, In a typical experiment a subject was shown
an object which was an exemplar of the set defined by the concept and
told his taak was to ascertain the claessification rule. In order to
attain the concepi the subject chose objects from the universe and
the experimenter indicated the set membership of the object chosen.
The object selection-designation procedure continued until the subjact

could verbalize the correct classification rule and hence the concept

had been attained. The experimental situation, the problem to be
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solved, and learning procedure involved appear reasonably simple and

a aumber of persons have written programs to simulate this type
learning experiment, Hunt and Hovland (1360), Hovland and Hunt (1960),
Hunt (1962), Allen (1962), Wickelgren (1962), and Baker (1964).

The book by Hunt (1962) provides an excellent review of much of the
psychological literatura relevant to concept learning as well a3 dise
cussing his own simulation program. Unfortunately the existing
programs leave one with the disquieting feeiing that ilthough they
attain concepts, little has béen added to our understanding of the
peychological processes involved in concept learning. Most of these
programs are at best watered-down algorithms and involve very little
of psychological importance. Because of the shortcomings of the
existing simulation programe a project was initiated to develop a
program which hopefully will eventuate in something of psychological
significance.

The basic approach was to use Bruner's notions sbout learning
stretegies, coupled with concepts regarding the structure of behavior
from the book by Miller, Galanter, and Pribam (1960) to write a computer
program which would attain coﬁcepts. This initial program based on
seni-theoretical grounds would then served as s stepping-off point
for a learning process on the part of the present author.

A system for collecting data was established vhich consisted of
a closed feedback loop, with the simulation program at one end and
protocol gathering during experiments {nvoiving human learning at the
other end. Within the computer programw, certain routines may be

based upon a priori grounds or represent areas not clearly understood.




In order to get better insights into such areas, questions are used
during the protocol gathering which will elicit verbalizations rele~
vant to those points. Thus, the .computer program guides the pro-
duction of information within the protocol which is subsequently used
to modify the program itself. By making an extremely close comnection
between the computer program development and the learning experiments
wvith human subjects the hope is to obtain a better understanding of
the psychological processes involved, Having set the broad context
within which the project operates, let us mext turn our attention to

the actual computer program involved.

The CASE Program

Memory Structure |
During the early phases in the evolution of the CASE program it

became obvious that one of the keys to the problem was an adequate
representation of the structure of human memory. The psychological
literature containe a considerable body of material related to memory
and much of this was studied to ascertain an appropriate structural
form of memory. The result of this search was to decisn a memory
consisting of three levels: Working memory (WM), shorteterm memory
(STM), end long-term wefiory (LIM). ' The working memory is a unit:which serves
two functions. One, .. holds all information received from the ex-
ternal enviromment untii it can be analyzed and re-coded for trans-
mission to & more permanent level of memory. Second, it serves as

a buffer memory for holding information which is created within the.
subject and must be passed from one information-processing routine to

another. 1In this buffer mode i: provides certain higher~level routines
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‘trates a typical list within STM. The description list 9-0 describes

contextual information which is used to guide program flow. The short-

term memory is semi~-permanent and retains information relevant to the
current state in the learning of a particular concept. Shiri~term
memory. can receive. inputs only from routines which re-code and transe-
mit the contents of working memory or long-term memory. Long=term
memory will contain information re-coded from short-term memory con=
cerning concepﬁs learned and how they were learned but at the present
time only working menory and slort-term memory have been programmed.
Figure 1 illustrates the communication paths y:lthin the memory
structure. The only means of communication from STM and LIM to the
external world is via the output chanmel. For example, the subject-
tells the nxperimenter which object he has selecied via this channel
but the experimentera designation of the set membership of the object

is received by the subject via worlii.ng nemory.
¥

Figure 1 “about nere
The internal structure of short-term memory consists of lists

having a somewhat unusual IPL-V structure which has proven extremely
useful. The structure employs two levels of attributes; the class
attributes which represent a rather broad deacriptign such as the
permanent characteristics of an object; and specific attributes such as
an objects sexial posiﬁi_on in the’external environment,. thus providing

a detailed description within the class attribute, Table 1 illuse

M13, description list 9-1 describes the symbol RO on M13, The des- .

cription list 9-1 contains class sttributes, such as A2, and its

attribute value list V2 which is merely a storage device for symbols




whose function is to hold a deseription list containing the specific
attributss and their values (A4, V4: A5, V5). The value 1ist of the
class attribate is a push-down list whose top symbol always represents

current information.

Table 1 giboum?e

Notice in Table 1 that the list structure is symetrical in form to
the upper left and lower right of the dotted liue. The symmetry
nhables one to write simple routines which function for a module of
memory régafdlgees of the level at which the module occurs within
the structure. There are four such basic memory routines which do
all of the STM input and output: |

1. Remember a name

2. Rexember something about that which has been

named
3. Recall a nane
4. Recall something about that which has been
named
At the present time we have not attempted to include LIM or to in-
troduce forgetting or 1nter§erence, however, ve aﬁticipate &t some
point building such mechanisms into the memory structure.
Program Structure
The CASE computer program has been designec with an expandsble

hierarchical structure whose depth depends upon the lgvei of sophis-
tication obtained in understanding the learning process. At the
present time there gre four levels vltﬁ sach level being tested
within the next highér level as an IPL-V list structurc. The list
structure representing the learning process is presented as input

to a specisl interpreter (Baker and Martin, 1965) which executes the
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. symbols in the structure mnd performs a number of housekeeping
functions. The upper level {S) specifies what Bruner, et al. (1926)
refer to as a strategy, and is a list of symbols which represent
major procedures within a strategy. The next lower level is the
procedure level (Z-D) which is a 1list of symbols representing the
processzc combined to accomplish a given procedure, such as searching
the external environment for an otject having certain characteristics.
The next lowef level (P-Q) consists of information processing routines
written in IPL~V and is the lowest level that the pfogram can manipulate
at run time., The fourth level (R) consists of basic information
processing modules coied in IPL-V which a programmer can use to
marually write new P-Q level routines, The R's are subroutines which |
e do such things as compare, test for the presence or absence of informa=

tion, etc, Withiii each level it is mecessary to maintein a sharp

distinciion between routines which perform operations (Z's and P's)

and those which provide decision-making information (D's and Q's).

It has also been found necessary to defer decision making upward to

the next higher level for action, It should oe noted, that all levels

above the P-Q and R levels merely consist of symbols, hence one

writes 1PL-V only at the lowest level = & :fact which has many impli-
cations for how one af.udiea the learning process. 3
Tn that the P-Q level routines are hasic information-processing
routines they can be used in a wide variety of situations within the
program wheze the processing is identical tut the information, its

source, and its disposition differ. Because of this characteristic

Q of the P-Q level routines one is faced with the problem of how to use

Full Tt Provided by ERIC.
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the same routine in a number of different contexts without developing
a8 sgsignificant amount of situationally depe=dent IPL-V coding. The
solution devised uses a pseudo code whose description list contains
the inputs, outputs, anq characteristics of the routine. The inputs
to a routine are determined by a higher-level routine called a contexter
which in the case of the P-Q level routines uses the contents of worke
ing memory to determine what the inputs to the processing routine
should be for a given situation. Currently the outputs are normally
placed in working memory although other options are possible. Al-
though we ave not done 80 yet it appears feasible to put oa the
description 1list of the routine a specification of the kind of informa-
tion processing the routine is capable of performing. Table 2 shows
t a P level routine before and after the context program has functioned.
Once the inputs have been determined from the context, the routine
is veturned to the interpreter for execution, Although it has not
been done, the concept of context routines which operate at all levels
within the program structure appears feasible and the context routine
at the highest level would be a plan to create plans such as suggested
by Miller, Galanter and Pribam (1960). |
Table 7 sbout Bers
CASE Mark 3 Mod 1
The preceding discussion indicates the development of what
might be loosely described as a programming system rather than a unique
computer program such as LT, EPAM, or the previous concept attainment
progremé. The inherent flexibility in the system makes it difficult
E to discuss the CASE program per se. Because of this difficulty,
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périodically a particular conﬂguration is set aside, given a mark
"and mod number, and documented. At the time this paper was written
CASE Mark 3 Mod 1 was the operational program which implemented what
Bruner, et al. (1956) called the .conservativq focusing atrhtegy. The
impleﬁentation of this strategy tequired 9 routines at the Z-D level
and 13 at the P-Q level. Table 3 lists some represeﬁtative routine»s

at these two program levéls.

Table 3 about here
Fundamentally the program is stﬂl an algoﬁ!_:hm as it very efficiently
learnsv every concept attempted in a minimum number of object choices.
Although it currently shares this fault with its published p:edeceséors
we feel its internal ‘structure is more psychologically oriented and

the potential for ncn~algorithmic behavior exists.

Some Retrospects

Program Chavacteristics
When one reviews the history of the CASE program it becomes quite

clear that a subtle process is .in effect; Namely, as qne's under-
standing of the learning process increases the computer simulation
program changes from routines which perform a large block of the concept
attaimment process to a number of ahdrt routi.ﬁea which can be widely
‘employed. In the CASE program such a change has been dr-matic at

the P~Q level from Mark 1 Mod O to Mark 3 Mod 1. The cynic will
counter that we are me:ely learning how tc code IPL-V but I do not
bglieve this is the only bgsis‘,n; as the change has teen effected pri-
maﬁly ‘on p’sychologicdl grounds rathef than coding considerations,

v In fact, separate symbols are used to designate routines which are

Aruitoxt provided by Eic:
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the result of IPI~V rather than psychological considerations and the

former routines are quite rare. The character of the subroutines in
the CASE progream have nlso changed from being highly specific to the
Bruner type exparimental situation to being reasonably independent

of the experimental situation, They are, however, dependent upon the

" basic memory structures defined earliér.' The aituationaily dependent

tasks stillyget performed but the computer program is prdblem specific

‘at a higher level than was previously true,

Qutcomes of the CASE Program

There have been a number of outcomes of the CASE effort which are
as follows:

1. The hierarchical structure of the processing routines and

| uhat appears to be a parallel structure in context routines has led

us into & continual search for logical umits within the learning process,

Behaviora which once seemed quite diastmilar have been decpmposed

'and found to share a number of basic infbrmation processing,ﬁodulés.

As a result we are slbwly acquiring a better understanding of the

psychological ﬁrocessea involved in eonceﬁt learning.

2, The dévelopment of the CASE program has genetated ideas for
classical psychological experiments in a number of arcas as a result
of problems arising during the development of certain subroutines.
quics éuqh as the role of dominant dimensions in a subject's learning
behaviorjand the lack of independence among dtmensions in the Bruner
expertmzntal materials have been elicited, It appears as though ;n
tmportant outcome of computar simulation is the generation of ideas

which can be researched in the usual psychological experimmntal setting.
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3. A completely unexpected outcome has been that we rarely make
a production run on the computer, a fact which seems anomalous in a
computer simulation project. What has happenéd is that enormous
numbers of man hours have been devoted to gathering end studying
protocols, to the development of programming techniques in order to
implement the next level of sophistication within the system, and to
analysis of the cdmputef progeam itself, These acttvit;es plus the
lack of variability in the learning behavior of the CASE program at

this point in time have resulted in.a :elattvely few production runs..

0onc1usiqns
The CASE project has not been‘conceiVed as-au effort which wiil
produce.immediaté spectacuiar results, rather we view it as a slow
w devélopmental process, The memory structure, the program structure,
the interpreter, and the@ontexter-are basic concepté which we feel
will enable us to continuously improve the sophistiéation of the
program as our_uuderetanding of the concept learning process improves,
Although it is difficult to single out specific accomplishments of
great psychological importance, a certain modicum of progress has been
- made along these lines. At the current time the computer program
| is prtmafily a ﬁedium for expressing and storing the insights and
understandings of the concept learning process which we havevacquired.

Uhr (1963) has previously indicated that psychological theories might

be expressed in the form of computer programs and our experience to

date tends to substantiatevthis point of view.

o

ERIC
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Table 1. Typical Memory List in Short-Term Memory

M0 9-0
EO

El

E2 0 /
9-0 0 E0 9-1 |
Al - X1

Vi 0 X2 0 /
| o |
A2
V2 : /

V2 9-2
Y2
/ | Yr. o
9-2 0 Y2 9-3 0
s A3
' V3 0 9-3 0

A4

v4
: A5
V5 0

JAruitoxt Provided




Table 2. Pseudo Code System

Before Context Program

P31 9-0
P30

9-0 0
A7
v7
48

V7

0
0O 0
ML O

Pseudo Routine
Executable Routine

Inputs

Outputs

After Context Program

P31

9-0
\

9-0

PI0 O

0

A7

v? Mil
M12
A6 0

A8

v7 M1 0
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Table 3. Representative Routines Currently Implemented

Procedure Level

Z1 Form criteria for choosing an object

Z2 Find object in external environment meeting criteria
D1 Determine if concept should be offered

Z4 React to class membership of object

Process Level

P3 Vary value of s dimension

P6 Remember something about object named A _

Ql Test for specific value of a given item of information
P12 Collect items having common attribute
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COFGEPT ATTAINMENT EXPERIMENTATION
Y COMPUTER SIMULATION®

| Frank B. Baker
Research and Development Center
for Learning and Re-Education
University of Wisconsin
In order to set the context of the research effort described in the ﬁre-

sent paper, I would like to mention briefly the learning research and develop~
ment center at the University of Wisconsin under whose auspices this work was
performed. The Center is one of four recently funded by the U.S. 0ffice of
Education and has as its central theme the study of classroom learning with
special emphasis upon concept learning. The activities of the Center include
basic research, devialopmcnt and: dissemination, the uﬁderlying rationale being
that ideas would be taken from basic research and translated into classroom
practices. Because of the dearth of basic research in the area’of the learning
process a few of us are engaged in what hopefully is some basic research employ«
ing the teéhnology of computer simulation. Computer s:lmdlation oZ humaﬁ be~- |
havior stems from the pioneering wbrk of the group at Garneg:l.e Tech aﬁd the
RAND corporation since the mid-1950's. At the current time a wide variety of
simulation research has been reported and the field is growing rapidly.

The study of concept learning by means of computer simulation techniques

seemed to us to be a reasonsble endeavor due to the rather straightforward ex-

perimental situations involved. We have found, however, that ite simulation is

not straightforward. Fundmntally, one cannot write a computer program for
something which is 11l defined, hence & major effort has been devoted to trying
to model the concept learning process. What one atfempts to do is to £ind a
{ramowork for the learning process and then £ill in as many details as possible.
The explicit nature of the computer and the vaguensss of current knowledge makes

this modeling process an extremely difficult task. The technique which we have

A

*Paper presented at Annual Conventior of the American Bducational Research
Association, Chicago, Pebruary, 1965. The research reported herein was
performed pursuant to a contract with the U.S. Office of Rducation,
Department ot Health, Education, and Welfare.
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devised to deal with this modeling task is a closed loop foedback system

’ consisting of the computer pfogram at one end of the loop and laboratory |
experiments ﬁvolv_ing students at the other, The usual procedure employed
by Simon and .others in simulation research has been to use the "thinking
aloud" procedure in which i:he subiect describes what he is doing as the
expériment progresses, a techni.que which is frowned upon by a large seg~
ment of the psychological community as smacking of introspection; however,
very valuable data can be obtained in th:ls‘ manﬁér. From a wodeling point
of view it has another disadvantage in that one obtains only what the subject
happens to talk about. In our feedback loop we have employed a somewhat
different strategy which uses the computer program as a guide. For example,
in the typical Bruner type learning experiment a card on the board is
desiguated as the focus card at the beginning of the experiment and pre-

2 sumably is remembered by the subject. But let us assume that at a certain
_point within the experiment an inaccurate memory of the focus card results
in failure to attain the concept. %he “thinking aloud" procedure enables
the experimenter to follow the subject and when the critical juncture known
from the computer program is reached, h? interjects questions to ascertain
if the subject still retains the focus card information. I might add that
this probing might aid a subject to attain the concept which he otherwise

might not attain, but that is immaterial to.our interests. The heart of
this procedure is that the questions asked are relevant to some aspect

of the simulation program that we are trying to develop and the “thinking
aloud" procedure provides us with the vehicle for interjecting the proper
questions at.thé appropriate time. In addition, one does »obtain the usual

protocol information. When studying these protocols we try to ascertain

[} for example if a particular subroutine exists within the protocol. Thus,

the computer program helps guide our thinking when interpreting the verbal

ERIC
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behavior. The information obtained is then used to modify the computer program
in such a way that it will correspond more closely with the experiments. What I
have described above is the framework of an investigational procedure which I
think will be of material aid in ihe modeling process, due to the fact it can
vield highly specific informaﬁion in a form usable in computer program develop-
nent, We have mgde several runs with this procedure and I'd like to mention
some initial impressions.

We‘have employed university sophomores as professional subjects who are used
about’one hour a week in the laboratoryvexperﬂments, the rationale being that we
will get some consistency of Behavior by using the same people repeatedly and
they w111 become adept at using the "thinking aloud" procedure. The questions
are veried from problem to problem to counter-balance any learning effects rels~
tive to the type of questions asked. Our initial computer program was based on
Bruner's wholist strategy and in order for it to attain concepts under this scheme
it must remember certain types of information. The first problem which arose was
to make a decision as to how people actually represent the experimental environ-
ment. In that the board consisted of only 32 cards I felt that the subjects
would remember objeé;s or at least where they were on the board; my graduate
as3istants disagreed and so off we went to run our ten subjects, A series of
questions was devised to ascertain if the subjects dealt with cards as objects
and if they maintained any form of a cognitive map as to their location. Much

to my horror and the assistants' glee, some rather intensive probing clicited

that the subjects did not treat the csrds on the board as objects but rather they
dealt in attributes and their values. At this juncture a major aspect of wuy
simulation program went down the drain and we had only asked one question!! Back

to the drawing boards,

It became readily apparent that this simulation business involves a 1o£ of

false starts and rather sudden changes in perspective which can readily obsolete

Q
I
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vast amounts of computer progcaming. Thus, a technological problem arose as to
how to minimize the efféct of major changes in the progtém and maximize the
ability to maké the changes. These two goals are not easily reconcilable;
however, Mr. Tom Martin and myself feel we have a reasonable solution. We
established an interpretive programing system within IPL-V (which is somewhat
like bringing crime to Chicago) which recursively executes lists of program names
and automatically takes care of the subroutine interface problem. In somewhat
different terms, what we did was to establish an executive program which does
not care what its subroutines happen to be. The basic computer program can
operate without depending upom the information proceésing actually performed

by the subroutines. Thus, the interpretive system serves as a super program
above the simulation program., Within the actual simulation program there are
four levels of programs which are themselves lisgs. The S or strategy level
essenticlly is an executive level description of a particular learning strategy,
the next lower lcvel is the Z-D level which is the ma}or procedure level, the
third level down is the P-Q level which is the process level, and the R level

is the module level which is the lowest unit within the program. The R level
toutines are the basic information processing capabilities which we provide our
"gubject", such as being able to compare, being able to locate, remembering, etc.
The next level up consists of routines which do things (P's) and routines which
make decisions (Q's), much in the same manncr as parte of Miller's TOIE units
except that we use only test and operate. The P's and Q's consist of a number
of R's and some IPL-V machine languuge instructions, hence are the lowest level
which gets disturbed by changes in the simulation program, The Z-D level consists
of the major blocks in the learning strategy and performs such things '3 generat-
ing the basis for an object choice or deciding what to do after an object has

been designated by the experimenter. Note that the distinction between doing

and deciding is maintained at all levels and that decisions are always deferred
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up to a higher level for action. The Q‘s result in action at the Z level and
the D's cause action at the S level., Such an upward commnication is necessary
if one is to maintain proper control of the decision-making process.

Assumtng that sufficient P's and Q'; are avaiiabie; the writing of a simu-
lation program consists merely of commecting P's and Q's to form Z's and D's,
then connecting z'aiand D's to forn & S list. The interpreter»thén proceeds
beck down the list structure to exécute each symbel 1n turn and hence perform -
the;simulation. Table 1 presents the wholist strategy in the scheme.

It is interesting to note ﬁhat the names of the subroutines almost form a
verbal description of the concept attainment strategy, a fact which_offers some

* interesting possibilities for a string language notztion. We have explored the
recursive execution of such lists and the programing technique seems to be correct.
Two related problemm were alsovresolved while devéloping the interpreter. First,
if one can remove, insert, or rearrsnge subroutines at will within such a schéme,
a difficult 1ntetfac¢,prob1em arises from the need for the interpreter to know
what inputslouﬁputs will be created. Mr., Martin and I resolﬁ#d this by making
each subroutine carvy on‘its own description list a specification of the inputs
and outputs for that routine. Thus, before each routine is executed the inter-
preter can ascerﬁain what the inputayare; obtain ther and set up the entering
arguments and in one fellrswpop the interface problem.disappgared. Currently,
the human programmer must make sure the inputs Exist; however, somgday:the
interpreter will search to see if the necessary inputs have been created and

stored. I might add I have to constrain my programmer from trying to write a

program which selects the appropriate program for insertion, deletion, etc, At

the present time, we have not been able to fully explore the possibilities of
the interpreter, as our laboratoty experiments have been running painfully slow

znd the generation of new P's, Q's, and R's has not kept pace with the computer

- technology; however, the interpretive program is debugged and we foresee no

real programing problems.

Q




Table 1: Typical Concept Simulation Program List

P Wholist Strategy List
81 9 - 0 Program Description List
X1 Initialize Problem
9-1 F1 'Form Hypothesis
9-2 F2 Select Object
Dl Object Usable?
9=-2 No
F3 Yes, designate by Experimenter
D2 Proceed?

9-3 No »
F4 Present Concept
D3 Concept Correct
9~-1 No
| X2 Print History of Problem SQIution
9-3 0 End

~ Typical Second Level Program List
Fl1 9 - 0 Program Description List

9-1 P1 Create a n valued Hypothesis
Q1 Previously Used?
9+-3 No - |

2 Q2 Change Dimensionality?
9~-1 No ‘
‘ P2 Yes, change Dimensionality
‘ ‘ 9«1

9-3 Q3  Intersection OK
9«2 No
0 Yes, End
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Aruitoxt provided by Eic:




h?-

A teview»of our effort over the past year indicates that our current
approach to programing #ia the interpreter scheme seems to offer a high degree
of flexibility. We have attempted to deétgn a basic #ystem'Which will not
change as the problem is’expanded, and our preseﬁt feeling is that we have

attained this goal. The really seriqus‘problems have occurred in the protocol-

‘gathering area, as we have not been able to devise a scheme for rapid transcrip-

tion of the experimen£a1 situation, We can generate new avenues of exploration
and couduét thé experiﬁents much faater tbﬁnwe can document the sessions, In

that our ultimate goal is trying toqugggs:andthe_learniﬁg process we are striv-
ing to get around these technological problems as quickly as possible and get

to the main,pfoblam., But as you can see, it's not easy.




. ' - 8'
.

References

Baker, F. B. "An IPL-V Concept Attainment Program,” Educational and Ps chologi~
cal Measurement. Spring, 1964, -_2_9_, 119-127, |

Bruner, J. S., Goodnow, J. J., and Austin, G. A. A Study of Thinking, New
York: John Wiley and Sons, Inc., 1956. : |

Hunt, E. B. Concept Learning: An Informatiovp Processing Problem, New York:
John Wiley and Sons, Inc., 1962.

Hillér, G. A., Galanter, E. and Pribram, K. H. Plans and the Structure of
Behavior. New York: Holt, Rinehart, and Winston, 1960.

Newell, A. (Ed.) Information Processing language-V Manual, Second Edition.
Englewood Cliffs, New Jersey: Prentice-Hall Inc., 1964.

Simon, H. A, and Kotovsky, K, Human Acquisition of Concepts for Sequential
Patterns. Psychol, Rev,, 1963, 70, 534-546.

ERIC

Full Tt Provided by ERIC.




!xpcrimnul Design COnai.duuttons Associated with
Lu'se Scale Research Projects®

P | o  Frank 3. Bnhr

| | S Laborntory of Exportmnnl Design

| Center for Research a.nd Devalomnenr i.n Learnins and Re-education

Tmiversit:; of Wisconsia
The majority of papers presented at ‘c:h'is symposium li@ve doalt with

technical aspects of experimental design, but the current p;pet does not
aspire to this end. Rather, the intent is t6 examine expcriuntal design
1n relation to the eype of research programs currently being undertaken. |
For quite some time, the author has had a suspicion that the characteristics
of problems presently being studied are quite dynamic in nature, uhet-eu
the conceptualization of experimental d&si.gn employed in educational research
has become rather ;tatic. In order to pursue this premise, let us fi:#t
examine the basis for experimental design as we now ‘undeﬂtand ic.

' During _the 1920's and 1930's, agricultural experimentation was
approaching its zenith and the agricultural experiment stations which
‘existed throughout the United States and Europe were thci focl of considerable
research, The micultuﬂl research worker of this ers was interested in
deve'ioping éropl having better yield, breeding animals which geined more
weight; applying fertilizers in a manner which would i.ru::ru:uae~ yield, and
other such projects. These teuai;ch projects had s number of charactc;istlca
vhich made them particularly smensble to statistical analysis. They were
essentialily univariate in that a variable such as weight, bushels per acre,
size of ham, etc., was readily available to provide a quantitative measure

which could be used for mathematical analysis, In addi.tioﬁ, the experimental

“Paper presented at the Seventh Annual Phi Delta Kappa Symposium
e on Educational Research, Madison, Wisconsin, August 11, 1965.
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material itself was highly susceptible to what we now call treatments, in

. ~ that one can apply a given number of pounds of potn;h per acre, feed pigs

| 8 given ratio of corn to milk, or grow plants of defined genetic structure.
Thus, a situation existed in which one had experimentsl material which ccuid
be meuuﬁd and at the same time susceptible to manipulation by means 6f
outai.dé agents. Such was the situation less than half a century ago, when
Sir R, A, Filher:: began the development of ﬁodetn statistics and exﬁerimental
decign. Fisher was chief statistician ac the Rotamsted Experimental Station,
and it was in this context that he developcd the basic concepts of

- experimental design which were latar imbedded in his classic book, "Dcsi.gn
of Experiments.” In this remerksble book he prcunted the logical basis
for statistical inference, the fundsmental concepts of randbmization,
replication, and loéal control, and various techniques for laying out or
designing experiments, as well as & number of related statistical techniques,

‘ thus essentially defining the modern field of experimental design. During

the past thirty yesrs, both theoretical and applied statisticians as well

as rasearch vorkers in diverse disciplines, have extended, refined, and

publicized the original contributions made by Fisher. Even the most

recent texts on experimental design are devoted almost qnt:lreiy to

topics vhich stam directly from Fisher's work.

One of the fundamental principles undexrlying Fisher's experimental
designs was that they should be self contained in order that a valid
estimator of the error varuncé be available fo'r use in testing hypotheses
and/or purposes of estimation. The applicr.il.on of this principle in
conjunécion with the basic characteristics of agricultural research of
that period ruulte_d in experimeutal designs for what I shall call "stand
g alone" experiments., By this I mean that each experiment was designed as

& logical entity without particular concern for any other experiment.

Q
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For example, the experimental aestgn of a corn growing experiment would
not directly be influenced bj a concuirent experiment on hog breeding.

That is not to say thet the experiments themselves were not related,
but rather that tﬁe statistician did not take the other experiment into
direct account when designing the particular resesrch at hand. These
“stand alone” experiments were typically conducted by a single investigator
aided by & number of assistants who would tend the land, apply the traacmsﬁtu,
harvest the crop, and collect the necessary measurements. The principal
investigator wouldiperform the analysis and write a paper to report his
results to the scientific community. Upon completion of thi experiment
the investigator would proceed to another stand alone experiment which might
or might not be related to the experiment just completed. Recent develop-
ments by Box (1954) and others have extended this experimental design
approach so that certain types of-expcrimnntation>lre"noe necessarily
stand alone in character, but for the moment we shail by-pass the recent
developments and defer them to & later point in the present paper. The
"stand alone" experiments and the experimental designs which Fisher developed
for them have a strong similarity to laboratory experiments 1h which one
has a reasonably ﬁell-dafined problem, experimental materisls which can be
measured, and variables which are amenable to manipulation. If one

peruses the published research in disciplines such as psychology and

education, it can easily be seen that "stand alone" experiments designed

in accordance with Fisher's principles account for a large proportion of
current research., The degree to vhich Fisher's work has permeated the
scientific community can be ascribed in part to the characteristic of the
research workers vho wers sophisticated enough to see the significance of
Fisher's contributions to disciplines other than agriculture. Such perscns

were typically, though not necessarily restricted to, university professors
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conducting individual research on extremely limited funds. Hence, a system

' of experimental design applicable to amall scale research which would maximize

scientific information per unit of cost was extremely welcome. One should
also note that during & good portion of the period under discussion the | |

world was either in the depths of a severe economic depression or in the

throes of a mejor war, hence monies for basic research were dear. Even such
a distinguished researcher as Professor Palmer Johnson, who founded these
Phi Delta Kappa Research smo-ia cons!dered himself fortunate to obtain

& modest grant providing a single half-time graduate assistunt and five
hu.ndred dollars with which to conduct an experimental study. It should be
noted that many of Fisher's ovn later developments as well as those of
others were motivated by the desire to maximize t:he' return at a ninimum
coat; Incomplete factorial designs, for sxsmple, essentially yield particular
results of a complex design within the cost limitations of simpler _dgltgna
at the expense of certain types of information, Thus, even the economics
of the time can to some degree be considered to have contributed to the
popularity of the "stand alone" experiment.

To the present suthor it appears that experimental design as we now
know it grew out of the situation in which an individual research worker
performed relatively small scale experiments which were logical entities.

It should not be iupli.éd, however, that the experiments were mot sophisti-

cated, as there is no necessary connection between the size of an experiment .
and its level of sophistication. 1If any relation does exist 1 suspect

that it is an inverse one. The individual research worker and the stand

alone experiment designed in nccbrdance with Finhqr': principles will

continue to be the backbone of scientific progress, yet recent events have

compi.red to change the fundamental character of a large segment of present
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and future educational research activity., The canea‘of,this change is
tha inc:easing availability of funds for educational research, primarily
from the fedaral go-ernment.

The availability of significant amounts of federal money for research
is a phenomena which beganAin the physical sciences during and after World
War II. Support has come from agencies such as the National Sciencéy
Foundation, the Office o£ Naval Research, and the Atomic Energy Comaission.,
fhe appearance of federal monies for educational reiegfch is of relatively
recent vintage beginning with the establishment of the Coopsrative
Research Branch of the U. S, Office of Education in 1953 and not really
getting started until 1957. In the early days of this program, only a
modest amount of~monéy was available for educational research but thtough
considerable effort on the part of many persons this program is currently

funded at about 25 million dollars per year. Due to the passage of recent

- legislation additional monies in considerable amounts are availabe from a

number of different programs within the Department of Health, Rducation
and Welfare,

In recent years the total smount of monies available has increased
rather suddenly without any corresponding increase in the number of
educational researchera competent to spend these monies, thus, creating a
serious problem., Anyone who has dealt with bureaucracy knows that unapent
appropristions are a sure sign of fncampetence and that the lolutiop is a
raplid application of Parkinson's Laws. Thus, the fastest way to allocate
money is to fund larger, more expensive projects. Despite the obvious
Parkinson's Law aspects, the emergence of the larga-scale research project

is primarily due to the belief that today's complex edncacional-locial
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prohlems cannot be effectively studied in a piecemeal fashion by
individual investigators. The opinion held is that such complex
problems are best atﬁdtad by a team of researchers, developers, and
disseminators in possession of sufficient funds and facilities over a
reasonable period of time. For purposes of the present paper I shall
beg the question whether this is the best or even the only spproach, but
will assume that it is a current npproach.‘

Accepting the premise that in the foreseesble future the trend is
towards heavily funded research involving a large-scale project, let us
indicate what the characteristics of such research are likely to be.
The research problem itself willybe on some broad problem area such as
cultural deprivation, teacher effectiveness, etc., rather than on some
specific problem such as reading rate or serial learning. Because of the
breadth of the problem an interdisciplinary approach involving
disciplines such as psyzhology, soclology, political science, economics,
and medicine, as well as education, will be used to attack the problem
area from a numbéi bf points of view. An additional facet of large
scale research projects is that because of the sheer number of persons
involved problem# of management 1nevitab1y arise. |

From the above it can be seen that the research milieu in which
present educationsl research is being conducted is quite different from
that for which Fisher developed classical experimental design.

Although Fisherian experimental designs are certainly’still valid,
the rate of change in classical experimental design has not kept
pace with the rate of change in the areas for which the educational

researcher needs experimental designs., Undoubtedly the milieu in
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which the agricultural rbaeircher of the 1920's opersted appeared to
him &c complex, confused, and intractable as does the current situation,
yet out of his era classical experimental design evolved, The thesis
of the present paper is that the current situation presents an
opportunity for a mew conceptualization of experimental design which

is equally as great as that which existed during the 1920's,

Some Characteristics of Large Scale Research Projects

In order to ascertain what the specifications for this new class
of experimental designs might be, the characteristics of lltgc-acale
research projects germane to axpetimental}deoign considerations ere
discussed in the paragraphs below, |

Strange as it may seem, one of the most difficult tasks associated
with large scale research projects is that of dgftning the problem.
There appears to be an inverse relationship between the dollar smount
of a grant and the amount of specificity in the statement of the
problem, A small scale project is far more likely to be concerned
with a problem which can be investigated via a "stand alone" experiment,
whereas the large-scale project is more likely to be defined in terms
of some problem of broad educational or social concern. For exanple,
an area‘rnceivins much attention is that of cultural deprivation,
Becsuse cultural deprivation is a compound of social, educational,

and economic factors, it is difficult to specify problems in this area

in octher than broad terms, Many other areas in education such as

teacher effcctivenéas and creativity are also complexes of many

factors, and understanding any one of them does not unravel the total

Q
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problem area. Admittedly, in any of these complex fields it is
possible to define specific problems vwhich are amaﬁable to classical
experimentation, however, such specific projects would mot normally be
funded at a level which would label them as large scale research
projects. The contrast in the level of specificity in the current
situation and that of the agricultural context is striking. In the
latter the problem was very specific; is a differential effect in
the number of bushels per ncré due to several levels of fertilizer
concentration? In the former, on the other hand, it is viry broad;
for example, can one provide an enviromment which enables children
to overcome the effects of cultural deprivation? How to design an
experiment for the specific is straightforward; how to design an
experiment for the ill-defined is not. Part of the difficulty in
problem definition utems from a scmewhat unclearly dravn boundary between
scientific research and implementation of educational change. The
educational researcher who considers himself a basic research worker
is interested in ttudying problemj with a view towards understending
the principles, the processes, and the dynamics of a problem ares.
The understandings gained eventuslly result in a better theoretical
framework for the problem srea, from which one secures better concep-
tuaslizations for resesrch in that area. The aducational researcher
who implements educational change is concerned with what can be done
to slleviate a social ill or correct a deficiency in the education
system?as rapidly as poasible. To him the problem, though not defined with
great precision, is an obvious one and readily identifiable. If a
particular programmatic change seems to produce desirabli results, he is
Ii satisfied that the goals of his research have been obtained. These two

points of view are nat dichotomous because they lie on & continuuﬁ,

©
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but it is because of this continuum that the design of exberiments is
8o difficult. |

" The problem of specificity appears in another comparison of current
and past research milieus. In the agricultural experiment the dependent
variable or criterion measured was specific, such as the number of bushels
per acre or the animal ﬁetght at slaughter. The existence of a specific
measure makes mathematical Analyais possible and becaure of Fisher's genius
also quite easy. In the large-scale ressarch project an obviously relevant
criterion variable may or ﬁny not exist and if it does, its specificity
leaves much to be desired. Because the problem is broaﬁly defined it is
not usually possible to reduce the criterion to some specific measure such
as reading score or GPA, Rather, one is concerned with increased educational
potential, improved sccial adequacy, or any of a number of criteria which
are equally difficult to define and exceedingly difficﬁic to quantify,
One, of course, can always devise instrumengs,which purport to measure
such 3loba1 vari}ble;, but the developmeht of these instruments is a
larger project thin the research projects under discusston. There are of
course some existing possibilities in constructing linear éomposites of
variables and’hsing'the composite, but none the less a serious problem
exists in large scale research projects in regard to deﬁintng and
measuring adequate criterion variables,

When an interdisciplinary approach is taken, simultaneous research occurs
in seversl disciplines within the same research framework, and one is faced
with the problem of how to utilize the measures obtained in the sever;l areas
to analyze the problem as a whole. Multivariate analysis is possible if all

the measures are collected within a given experiment, but that is not the situ-

ation envisioned. The measures would have been taken in different experiments




variation but it does not permit one to ascertain analytically the actual
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at different times for different reasons, yet they all contribute to under-
standing the problem area as a whole. The interdisciplinarxy approgch of
large scale research problems is an important characteristic and adequate
means for effectively exploiting it must be found.

Thus, the large-scale research project haé unique characteristics such
as, an ill-defined problem, the lack of an obvious criterion variable, and
the necessity to integrate results from several disciplines, which differen~
tiate it from the classical laboratory type experiment.

Avplication of Current Deéign Procedures
"~ to Large Scale Research Projects

Within the framework of existing exnerimental design procedures a num-
ber of approaches to designing large scale research projects are pnossible
and several are discussed below.

Pirst is the employment of one of the classical designs, aﬁd the »nroject
is then devoted to performing the operations required by the treatment level
combinations which must appear in the cells of the design. Within this ciassi-
ealuaﬁpnéach, one has two naths which can be takenﬂ (a) Make the design ex-
tremely large,'complex, and involved, then the energy of the project'is devoted
to trying to accomplish this complex design. Unfortunately, in the educational
context,- complex designs with many creﬁtment levels ecte., becﬁme extremely
difficult to manage and can easily degenerate. (b) Use a simple classical
design in the programmatic variation situation vhere the . treatment levels are
the various programmatic changes such as chrricular innovétions. The diffi-
culty, of course, is that the treatment levels are specified in terms which

are as broad as those used to describe the problem. The classical experimental

design in this situation permits one to test hypotheses about the programmatic

bases for the obtained results.
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A second approach to experimental designs for large-scale‘tesearch proj-
ects is a function of the interdisciplinary attack which is currently held
in highvesteem. The total nroblem can be fractionated into numerous smaller

!

experiments in the several disciplines involved. These smaller éxpertments

~ can then be designed in accordance with classical principies and conducted as

 "grand alone" experiments which are in some sense related to the total proj-

ect. Within the interdisciplinary context tiiis approach is attractive, as it
permits each investigator to perform research within the area of his ovn com-
petency, using his familiar tools, and he‘need not: be overly concerned with
1nteraction of his experiments with those of others. Although this approach
provides the individual investigator within the oroject a great deal of free-
dom, it does make it difficult to perceive the accomplishments of the project.

The  integration of the results of these numerous stand alone experiments must

be accomplished by the project director employing his clinical judcment as to

the contribution of each piece of research tokthe soals of the project. Inte-
gration of this clinical type is not simple even in small scale projects and
appears ko be nearly impossible in the case of large projects dealing with
rather global types of problems such as described above.

The third and least desirable approach is no design at all. Because of
the global nature of the problem, the diversity of disciplinee from which the
problem can be vieweﬂ, and the lack of suitable guidelines, large-scale re-
search projects can proceed without any explicit experimental design at all.

Such projects are much Iike the military study contracts in which the vendor

is p2id to probe in a particular area and see if he can find anything interest-

ing. Educational research projects can also be of this "let's see if we can

find anything” variety. The curriculum is varied, special classes for parents

are established, television is employed, etc., and one "observes the effects."
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“how to attain that goal is not clear at all and because of this, it was not
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While occasionally garnering considerablzs vublicity and revealing a great deal
of innovative ingenuity, the contributions of such projects are limited. The
lack of adequate criteria and the inability to test hypotheses under these
conditions severely limit the usefulness of suchk projects.

Althouph specific examples of these three appfoaches to laying out large
scale projects have not been given, illustrative examples could easily be
drawvn from the lists bf projects funded by any of several agencies. Bach of
the above approaches has its advantages and disadvantages, but in the view of
the present author none of them appear to be.adequate to meet the desizn nceds
of a large-scale project dealing with a complex problem.

In the paragraphs above characteristics of large scale research projects
which need to te considered vhen creating a new class of experimental designs
have been presented. In crdér to clarify these points and also impart somewhat
the flavor of how in the absence of adequate experimental designs an investi-
gator proceeds in this context, one of the author's own projects will serve as
an example. Although this is»not a larpe scale project it d;es possess a nume
ber of the necessary characteristics.

The Concept Attainment Simulation Experiment (CASE) is a project in vhich
the technology of computer programming is being used to study concept learning
by means of simulation programs. The ultimate goal of this project is that
the computer program exhibit concept learning behavior analogous to that of
human subjects learning the same concepts. Suchlcorrespondence is hot simple

due to the variability of a given subject vhen learning a concept and the

considerable variation between subjects. For purpeses of the nroject any
reasonable approximation to human behavior in this problem solving context

would be acceptable. Thus, although the goal of the project is quite clear,
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possible to decsign a classical experiment to reach its coals., Instead a
heuristic Approach vas taken which involved two techniques, First a long-
range plan was drawn up on eésentially g_ggiggg_grounds as to the kinds of
areas in which one would need to investigate and a reasonable sequence in which
the areas would be investigated. Thé long-range plan specified at ﬁhat point

in the project each area would need to be studied and why these studies would

contribute to the totul project. The subsidiary studies conducted as part of

the long-range plan have a distinct building-block nature as adequate concep-
tualization of studies t¢ be performed six months from now depend upon the re-
sults of those currently being conducted. In many cases these auxiliary »nroj-
ects are in fact "stand alone' experiments designed to test particular hypo-~
theses which the long-range plan indicates will need to be testéd before pro-
ceeding. The existence uf a long-range nlan serves as a mechanism by which

one can anticipate future needs and try to produce information which will meet
these future needs.

The second heuristic technique was a "tarpget of opportunity" approach in
which promising leads are followed when they appeared, even if they were not
plnned. For example, very eafly in the CASE nroject it became quite‘clear
that subjects differed in the basis upon vhich they selected objects from
their external environment. A series of short studies revealed a dominant
attribute phenomenon in which some subjects were attracted by color, otﬁers by
shape, etc, The simulation program vas subsequently modified to incorporate a
mechanism by which it exhibited its own dominant attribute behavior. The
provision for the "target of opportunity” type study nrotects the project from
being unreasonahly confined by the long-range oroject plans., Conversely, the
long-range project plan provides protection ajainst the project's denenerating

into a series of sub-projects on inviting but unproductive avenues of research.
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These heuristic techniques have enabled the concept simulation project to

, ' - nproceced at a reasonable pace, but there is not any coherent design to the to-
V tal experiment by which one»can determine if any particular faceﬁ contributes
to the vhole or if the vhole is in fact contributing to our understandinc of
concept learning processes. What.appears to be required is an experimental
design appropriate to suéh projects in which scientific rigor would replace
the heuristics presently employed and one would proceed on grounds other than
clinical judgment. It is not clear to the present author ho# any of urat wve
currently call éxpertmental design could be directly or indirectly apnlied to

a project such as that described above.

Section III

L]

Characteristics to Le Possessed by the New Experimental Designé.

An iaportant distinction one might make between milieu of the present and
Ql. that of the 1920's is that the current interest is in investigating a nroblem
area rather than a specific problem within an area. Whereas classical experi-
mental design provided a paradigm for examining a particular problem, the new
design must provide one for investigating a large complex area of interest.

The paragraphs below describe the characteristics which the present author feels
the nev experimental designs should possess in order that one can implement

for large scale research projects dealing with problem areas.

A significant characteristic of classical experimental design is that it
‘dictates certain principles of exverimentation such as randomization, replica-
tion, and local coatrol which must be adhered to if valid results are to be
obtained from the experiment., These principles coupled with the layout or
the design of the experiment provide a framework within which the investi-

gator conducts his experiment. Similarly, the new experimental design must

ERIC
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provide principles of expertmentatiﬁn and layout which serve as a frmmework‘for
large-scale research projects. Unless the experimental-design system providés |
such a framework, the research-manapement hierarchy will be unable to adequate-
1y perform their decision-making fuhctibn;within a project.

'The nev experimental design must be inherently dynamic and possess the

ability to change its internal structure without sacrificing the rigor of the
design. The simulation research project described above was characterized by
its fluid intermal state in which ideas, insights, and understanding could be
generated vhich would significantly alter fhe research during the course of
the project. Doyle (1995) has indicated, "'as ve come closer to the basic re-
search end of the spectrum, however, it becomgs more and more imperative to
be free to alter the plan. Indeed, in basic research altering the nlan ought
to be a state of mind."

The current 1nteiest in the interdisciplinary approach indicates that the
new experimental design must possess a capability for conducting "stand alone"
experiments in the several disciplines and yet intezrate the results of these
experiments into the main plan of thg experiment. An analopgy exists in the
systems approach used in the military to develop complex weapon systems. Sgp-'
arate companies develop & navigation system, the weapon, the fire control
system, and the delivery vehicle. Althouzh each area involved different skills
technology, and variables, the final products are integfited into a functioning
weapon system. Similarly the experimental desigzn should permit research to be
conducted in the several disciplines associated with a probiem area, yvet in-
sure éhat each subsidiary experiment can make its unique contribution to the
total project.

The capability for allowing subsidiary experiments to be a facet of the

total desisn, coupled with the capability to alter the plan, seems to imply an
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unusual hypothesis-testing scheme. Within the subsidiary stand-alone exneri-
ments the classical procedures are used to test specific hypotheses. However,
in the main body of the desigm, hypotheses must be tested to determine vhether
the results of the stand-alone projects ave to affect the total project. The
mein experimental desizn is a common thread to which the stand-alone exneri-
ments are attached. The results of these experiments can alter this cﬁmmon
thread in various ways or merely indicate continuation along the orisinal
path. The peculiarity in hypothesis testin~ arises in that hypotheses tested
relevant to the common thread or plan of the experiment may not be Lased vpon
specific data or variablec collected for that hypothesis, but could be based
upen the pattern of results of hypothesis tests rerformed within the éuxiliary
"stand alone™ experiments conducted in the several discinlines. One could en-
vision a hierarchical structure of hypothesis tests in which one moves about

a complex decision tree containing the vossible paths where results of the
sbecific sub~hypotheses will determing the subsequent branches to be followed.
Returning to the cultural deprivation example acain: separate exveriments
could be conducted on, say, reading rates of children and adaptability of
children to social stress. In each case hypotheses about particular treat-
ments using particular variables can be tested. The results of these experi-
ments contribute to testinpg hypotheses about some higher-level concent of
importance to cultural deprivation. If this higher-level hypothesis is re-
jected, one avenue of research is pursued and if not rejected, another is
followed. Thus, the hypothesis-testing procedure reflects and implements the
dynamic nature o! the new experimental design required by larze-scale rescarch
nrojects.

Implicit in all of the above characteristics is that the experimental

design provide the overall plan for the life of the experiment,
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Without experimental design the project managers cannot make the
day-to-day decisions necessary to keep a project on an even

keel, the research worker in a specific academic discipline cannot
-percéive how his wotk,contributes‘to thé total projecc,:and the
scientific rigor of a complex project cannot be maintained, Thus,
the new experimental design must provide the necessary structure
within which one conducts research, just as presently provided by
classical experimental design.

The characteristics of experimental deaign required by large-scale
resetrch projects may seem curiously confounded with what we currently
consider to be research plamning and management, and this is cettatﬁly
true. It is just this truth which is the emphasis of the present paper,
namely, that one canmot conduct large-scale research without an experimental

design which provides scientific rigor to these aspects of research.

Section IV
Existing Bases for the New Class of Experimental Designs

The immediate creation of a class of experimental designs to meet the
needs of large-scale research projects is of course not possible. One must
attempt, however, to find useful concepts and approaches to existing tech-
niques which can be employed in the development of the new experimental designs.
There are several existing areas of investigation which appear to offer
a basis for the necessary developments., These are the Program Evaluation
and Review Technique (PERT) of the U. S. Navy's Polaris Project, Professor
Box's response surface designs, and the general field known as operations

research (OR). Each of these fields has unique characteristics which can be




exploited. The parazraphs below indicate the present author's notions as
P to their possible contrilutions.
|
| PERT

The Program Evaluation and Review Technique is a managemeht tool used
to keep large-scale milit#ry development prozrams nroceeding according to
schedule. The large scale pfoject i3 fractionated into its component activi-
ties and a petwork developed which depicts the relationships existing among
the muititudinous activities. The PERT network normally employs only a single
variable, which can be either time (PERT/time) or cost (PERT/cost). To use
~ime as the case in point, ﬁhe date at which the total project must be com-
pleted is ascertained and the amount of time necessary to accomnlish each of
the activities specified in the network is also ascertained. The path through
this network requiring the maximum amount of time is the critical path, and if

t the tbtal time along this critical path exceeds the completion date the

project goals will not be met. In order to meet the completion date, the
times allocated to the activities within the network must be reassigned or
the network itself can be redesigned. A computer program is employed to
analyze the network, and the reallocation process can be repeated until a
satisfactory critical vath is obtained. The PERT network is a very dynamic
entity due to the various activities requiring times other than that allocated
to them and as each activity is completed, or not completed, the network
changes. Although PERT should play a major role in the management of a very
large-scale research project, the present author is not interested in the
management aspect. The unique feature of PERT of interest is its dynamic

network which permits the internal structure of the project to vary over wide

bounds, yet the zoals of the total project are satisfied. Admittedly, a

9
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single variable such as time or cost is the criterion measure, but the dynamic-
network concept could bé extended to provide a mechanism by which the overall
plan or "common thread" of a project could be maintained, Perhaps the
hierarchical structure of hypothesis testing could be incorporated into a
PERT type network analysis. The second facet of the PERT approach is that it
permits extremely divergent activities to proceed in a series, parallel, and
a series parallel fashion, yet all of these activities are integrated into a
meaningful whole, namely, the project. These bwolfeatures of the PERT
approach, dynamic network analysis and intesration of diverse #ctivities into
2 meanitgful project, appear to offer much upon vhich the new experimental

design can be bullt.

Response Surface Designs

The response surfacé designs due to Box (1954) are an ingenious exten#ion
of the classical stand-alone exnerimental design vhich overcome, in a certain
sense, limitations mentioned earlier that the results of one experiment do
not influence the desipgn of the next. In the response surface situation one
has some response say, yield, which is connected to a group of k quantitative
variabies or factors such as temperature, concentration, and time. Cne is
interested in finding the set of conditions i.e., levels of the factors, which
will optimize the yié@d or response variable. The relationship existing
between the vield and the several factors can be plotted as a surface in an
appropriately dimensioned space. The essential problem is to allocate the
cells of a classical experimental design in this space in such a way as to
ascertain the location of the maximum point, plane, or ridge of the response
surface. Usually the original points do not produce the maximum but they do

provide clues as to the possible location of the maximum. Based upon these
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clues, new levels of the factors are established and add’tional cells of the
experiment are performed to locate the maximum of the response surface. The
analysis is based upon a multiple regression approach in which a surface of
specified dimension is fitted to the experimental points. The advantage of
the response surface desion 1s thst it is exploratory in nature. It assumes
that the experimenter knows enmough about his area to roughly locate the fac-
tor levels near the ontimum yield, then response-surface design nrovides a
mechanism by which experiments can‘be conducted to direct the experimenter
to the factor levels vhich yield a maximum.

Response surface désigns have the same "laboratery" quality about
them that are possessed by the classical Fisherian experimental designs,
namely, that :hey presupposé interval-scale factors such as temperature, pres-
sure, etc. which are amenable to manipulation and an easily measured response
varieble. However, the exnloratory capability of these designs is a charac-
teristic which should be of great value to new designs for large-scale re-

search projects. The exploratory characteristics would need to be expanded,

 along the lines indicated by Box (1954) to desisns involving multinle

response variables such as required by the 4nterdisciplinary approach and to
factors vhich are of interest to social scientists rather than the physical

acientist.

Onerations Research

The third and final area of interest is that of operations research, a
field vhich grew out of the early attempts of the British to effectively use
radar, which they had invented juet prior to torld War IXI. The escential
characteristics of operations research as given by Askoff and Rivett (1933)
are (1) the systems orientationm, (2) the use of interdisciplinary teams, (3)

and the adantation of the scientific method. The early experience involving
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militery problams associated with radar showed that the actual and stated
~ problem ravely coincided, hence it was necescary to investigate beyond the
scope of the stated problem'aren. In order to do this the overations research
pjﬂﬁle found it necessary to study and analyze the total context within vhich
the‘stated problem occurred. The study of this total context and of the rela-
tionships of the important variahbles within this context has become knovn as
the systems apprcach. Because of the manpover shortages during World War II,
the early operations reéearch groups acquired persons with a wide diversity
of training ranging from>ﬁmthemnticians to nsychologists and even some medical
speeialists thus inadvertently forminz an interdisciplinary croup. The inter-
disciplinary approach proved so successful in nroviding new ways of lookin at
problems that it has become an integral vart of the operations-research an~
proach. It is evidenced primarily by the fact that variablés from both thé
physical and social sciences are included in analyses vhen appropriate.

Ackoff and Rivett (1963) statod that the basic equation of all oneration
research models is P = f(ci’uj) vhere P is petformance,oci are the.controlled
variables, and Uj are the uncontrolled variables. The ci are those variables
whose levels can be manipulaﬁed'much in the same fashion as the treatments or
factors in classical exnerimental designs. The Uj are factors of which one
is éognizant .at yet are beyond direct manipulaticn, analogous to the variables
in education which set lumped into error variasnce. The development of an
adequate measure of performence is the most difficult aspect of this relation-
ship, and in industry it usually becomes a function of cost. The soal of the
operations research apprdach is to ontimize (either maximize or minimize) per-

formance, a goal strikingly similar to that of response=-surface designs.

The third aspect of operations research is that it is concerned with develop~

ing medels. The real-world problem areas within vhich the operations
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research specialist operates are not ordinarily amenable to direct manipula-
tion, for the changing of curtain variables could lead to fin@ncial ruin if
the investigator happens to be wrong. Hence, operation researchers attempt
to develop mathematical models, simulation models, and other types of models
which permit them to manipulate the model and ascertain outcomes without
great danger. Of course the eventual results must be applied in the real
world, but model building and manipulation reduce the attendant risks.

From & mathematical point of view, the fundamental equation of operations
research is expressed as a system of iinear relationships involving inequali-
ties rather than eqdalities and an objective function exnressed in units of
say, cost, vhich is to be optimized. Thus, a system of n '"equations' are
to bz solved, n minus one of these involving inequalities and the objective
function involving an equality. It should be noted that all terms in these
aquations are of the first order, in contrast to the use of higher order
texrms in a response surface design. The industrial applications of operations
research technology is extensive, and problems of a wide variety of forms
and content are studied via this technique. A formidable literature that is
far beyond the scope of the present naper to review exists in this area;
rather, the concern is for the features of this technology which can be
Adapted to experimental design. From a positive point of view, operations

appear to have
research workerd had a great deal of experience in the utilization of inter-

disciplinary teams of researchers, and this experience should be exploited in

developing experimental designs involving various disciplines. The general
systems approach associated with operations research appears to the present
author to be a c¢critical ingredient of any large-scale research effort.

It should also be noted that the PERT approach described above is merely a

special case of the operations research anproach and is ome of the




outstanding achievements of this field. The idea of expressing constraints

placed upon the relations of the variables as inequalities does not seem to

appear in the classical experimental literature and perhans should be a con-

sideration. Finally, the concept of developing models for complex systems

prior to actualli manipulating them, is something which all areas aspire to, ® .

but in educational research, at least,

few 1f any models. exist which approach’

the level of sophistication used in the operations-research area.

Operations research offers much i
areas via the systems orientation and

for solving large systems of equations

n the ay of approaches to nroblem
the specialized mathematical methods

via numerical techniques, Despite

these features, it does not provide experimental designs for research in the

areas to vhich operations research is

Summary and Con

Classical experimental design as

anvplied.

clusions

originated by Fisher grew out of the

agricultural resecarch milieu of the 1920°'s and 304 and was developed o meet

the design needs of research workers of this era.

since Fisher's Design of Experiments f

It has been thirty years

irst appeared, and it was the basic

premise of the present paper that todey's research milieu, especially in

education, 15 considerably different and hence offers the possibility for

developing a new class of experiment designs as uniquely suited to today's

preblems as classical design was for the problems of the 1920's.

The particular feature of today's
it fiom the earlier period is the exis
ects which have resulted from the avai
federal money for educational research

possess & number of characteristics:

situation that clearly distinguishes

tence of the large-scale research nroj-

lability of significant amounts of

. Today's large-scale research projects

the project deals with a problem area
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rather than a specific problem, the ptoblemlitself is ill-defined, a uni-

. variate criterion variable such as yield or cost is not readily available,

| an interdisciplinary team of researchers are involved, and a management
hierarchy exists vhich needs research guidelines; all of which differentiates
it from those of an earlier era. Classical experimental degigns do not apn-
pear to possess the capabilities necessary to cope with'résearch projects
possessing these characteristigé.

From the point of view of the present authér a new class of experimental
designs which possess the following characteristics needs to be developed:

(a) The experimental desipn should provide the framework or common
thread which serves the guideline for the conduct of the experiment over its
life span. It should also provide princivles of experimentation upon which
the research administrator can b&se decisions.

(b) The experimental design should be dynamic in nature in that it can
. allow for alteratiors in l:h;. design as a result of information acquired during
the course of the design. 1In other words, the design is not a fixed plan for
the experiment but rather is a strategy for conducting a large-scale research
‘project.

(c) The interdi~ciplinary approach suggests that the experimental design
possess an integrative function vhich will permit subsidiary experiments to

be conducted in various disciplines ye’ contribute to the total design. A

function of this integrative function appears to be some form of network
analysis involving hypothesis testing as a decision-making device within

the design. One should be able to fractionate a problem arca into related

. sub~gystems and have the experimental design provide a scientifically rigorous
‘scheme for integrating the end products of the sub~systems into the framework

of the total project.
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The present author does nct have a cleurly'conceived idea as to how on2
would create a class of exverimental designs possessing the above characteris-
tics but has only tried to indicate the type of challenge which is presented
by today's research milieu. Because of the lack of a clearly perceived luture,
features of existing techniques such as Operations Research, PERT, and response
surface designs were examined for useful characteristics. The gene:al systems
orientation and interdisciplinary approach of Operations Rescarch contains
much of what is desired; hovever, the most attractive features of Operations
Research are also those which are the least formally developed. The response-
surface designs, especially in their multivariate extension, most closely ap-
proach what is desired and appear to offer the greatest possibility for imme~
diate developments leading to the new experimental design.

In order to assure the reader that the present.paper is not advocating
large-scale research projects, I would liké to close with a short quote from
an editorial by Varmevar Bush (1963) which puts many large-scale projects in
proper prospective. He states: The spectacular success of applied research
during the war led to a fallacy entertained by many. It is that any problem
can be solved by gatherinz enough scientiscs and giving them enough money.

To solve the problen of‘the common cold assemble a great institution, f£ill it
with scientists and money, and soon we will have no more colds! The great
scientific steps forvard originates in the minds of gifted scientists, not in
the mind of promoters. The best way to proceed is to be sure that really

inspired scientists have vhat they need to work with, and leave then alone.”
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