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Introduction .
The UCLA Center for the Study of Evaluation (CSE) hosted a
two-day"conference on "Paths to Excellence: Testfng and Techno]ogy"

on July 14-15, 1983. Attended by over 100 educational researchers,

practitioners, and policymakers, day one of the conferencé focused'on
issues in educational testing; day tWo explored the status and future
of technojogy in schools. )

Thjs. document presents the collected papefshfrom the second.day

of the conferégce. _'Presenters representing 'a' broad range of

disciplines and local, state, and national policy perspective were

asked to consider issues in techno]ogy in_the schools and the"po1icy
€ : “

impiications of present and future app1ications, Presenters were

given broad topic areas: _ for examp]e, human cogn1t1on, 1nstruct1ona1

design, test design, software evaluation, and social policy. The1r 3

charge was to explore their topic areas in light df new techno1pgies_,
with regard to the fo11ow1ng '- _ T e ‘*‘f——~
1. What is the current state of the- art?
2. What are potential future directions?
3. . What, barriers may 1mQ§de future d1rct1ons?

4, ‘What are the 1mp11cat:\hs for educational research, po11cy,

_and practice?
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Human Cognitfon and the Usé of New Technologies

Richard E. Mayer

Psycho1ogy Department
. University of Ca]if;rnfa: Santa(?arbara

Introduction
Objective. Computer technology is invading our nation's schoofs.
However, the u1t1mate°usefu1ness'of this new technology may be.yiewed
with either optimisim or pessimism. In the optimistio view,'computers
will becomes aides for teachers, providing help in-ageas such as
iﬁStruction,'prob1emISo1ving,lapd evaluation. In ‘the- pessimistic
viem; computers wi11.become an e&pensive fad and eveotua11y join their
predecessors--teaching machines--collecting dust in the pasemehts of
“schoolhouses™across the nation. ' - |

The purpose of this talk is to convince you that the effect1ve

use of computer techno]ogy in schoo]s requ1res an understand1ng of how
‘humans 1earn and th1nk.' The fulfillment of the opt1m1st1c scenario of

‘computers+ depends on the1r being used in a way that is consistent with

what we know about the psychology of humqnwcognitive processes. In

order to avoid the pitfa11s of the past, and ‘thus to deny the
fu]fi}]ment of the pessimistiCNSSenerio, we must not base the use of
computer techno1ogy on psycho1og?€a1 prfncip]es whick are
1nappropr1ate. | N

Raticnale. The tremendous influx of computer techno1ogy 1nto our
nation's schools has been widely reported. - In airecent report to
school board members, Fortune (1983) points out’ that more than 100;000'
microcomputers and termina1s were installed in schools 1n‘1982,.and

thet there.wt11 be almost one“mi1]ion microcomputers 1nlschooTs byﬁ
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1985. Simi1ar1y, a recent report in News (1983) stated:
As of last spring, by one count, 29,000 schdo]s provided...
microcomputers and terminals for 4,711,000 schoo1 students.
Another study re]eased last fa11 found that 60 per cent of

-the nation s school districts use computers for 1earning and””
that the'number of elementary schoois using themihad increased
‘80 percent over the year'oefore.ﬂrln fact, computers are
mu1tip1ying too fast to count; experts figure the statistics are

obsolete when they are reported.

In California, the Apple Computer Founda%ionfs "Kids Can't Wait"

: program is providing one computer system.-for every. school in the
state, and'the state's "Investment in People" program'ié providing

about $10, 000 000 for the improvement of education re1ated to "high

technology". Fortune (19§3, p. 7) summarizes all of the new programs

©

as follows: "One thing is cléar: computers in the school are not just
’ ;Evéggéiﬁ§f?éa;“”““““ T e e
 The urgent need to prepare‘for the rol= of computers in schoo]s\

has been w1de1y recognized Fa?““aiambié:”'aquéeaﬁﬁéﬁaatiaﬁ"’%iam"f“

Technology in Science Education: The-NextﬂTen Years (Nationa]isciencei

. Foundation, 1979) states that there is. an urgent national need‘to
create an educationa1 system that fosters computer 11teracy in our
asociety The-report points out that “American education is not on1y
missing a great opportunity, it is fai]ing to discharge a crucial
responsibiiity"'(Deringer & Moinar 1982) ' M

As® another examp1e the Pre51dent s Report on " Science and

gineering Education in the 1980 s _and Beyond (Nationa1 Science .

§ . _.? P )




Foundation, 1980) cites the decline in national productivity ‘and
increase in foreign %rade -competitiorn as rationale for prepar1ng

American students to become better educated in.the use of computers.
The French government has recognizedethe 1mpend1ng "computer1zat1on of
iociety" and has commttted France to a national policy of computer
education for all atudents'(Nora &wMinc, 1980). In addition, state
' departments of education in\ this countryr nave begun to propose
computer couriesv as oart of the mandated graduation requirements

(california State bépartment of Education, 1982).

A recent conference on Natjonal Goals for Computer Literacy in

1985 (Seidel, Anderson & Hunter, 1982) concluded by calling for "the

presence of computers for 1nstruct1on n a11 schoo]s for -al1-students”

and "the availability of a critical mass of h1gh qua]1ty curr1cu1a and
c'courseware. In part1cu1ar, the conference supported the proposition.
\*that a computer should be in every c1assroom from k1ndergarten through
eighth grade; in grades 8 through 12, computers should be available in
& 1aboratory environment for every'student."

The Nat1ona1 Council of Teachers of Mathematics (1980‘ has issued

s1m11ar» recommendat1ons “in  its” report An Agenda= for Action.

Recommendat1ons for Mathematics of the 1980 S. One recommendat1on

concerning'computers stated: "Mathemat1cs programs shou]d take full
advantage of the power of calculators and computers at' all grade
-1eve1s.“ More “specifically, the report states, "All ‘high- school
students  should have work in computer literacy and handS-on“use_Of
comouters.“ | :

Two Scenarfos

The foregoing section demonstrated that.computer technology fs

8
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arriving in our schools. Let me try to describe two scenarios for the

roie of computers in improving our children's education: a pessimistic

o

I'e
scenario and an cptimistic scenar1o.

In order for you to fully apprec1ate the pessimistic scenario for

" the future, I ask that you. consider the past h1story of techno]eﬂs in

)}heuschoo1s. In part1¢u1ar 1et s br1ef1y review the role of teach1ng

machines 1in educat1on, and the theory of learning and: instruction

‘wh1ch supported their use. o ‘-

1

- Teaching machines c1attered onto the scene of Amer1can educat1on
about’ 25 years ago (Skfnner, 1958). In h1s c1ass1c book The

Technology of Teaching Skinner (1968, p.22) 1ntroduced an early

version of-.a teaching machine:

-

The device is a box about the size of a small record player. On

1

- the top surface is a window through which a question or problem

printed on paper tape may be seen. .The child answers . the

quesfion by moving one or:more sliders upon which the digits O,

through' 9 are 'printed\ " The answer appears in ‘square holes

¢

punched in the paper upon wh1ch the quest1on 1s printed. When

N R ——

the answer has been set, the ch11d turns a knob. The operation -

is as simple as adJusting a te1ev1s1on set. If the answer is
r1ght the knob turns free]y and can be made to ring a be]]...If

the ansver is wrong, the knob wili not turn. when the answer 1s

right, a further turn of the knob engages a clutch which moves .

the next. proeblem into p1ace in the window.

Some more soph1st1cated versions of teach1ng mach1nes 1nvo1ved answer

PR—

answer. . S I -

2

keys 1nstead of ‘knobs, and even “allowed the students to wr1te an -
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From tﬁe beginning,  the techno%ggica\ development of 'teaching '
‘machines was c105e1y tied to an under]ying theory of numan'1earning;
The dom1nant force in’ psycho]ogy at the time was behav1or1sm. Hence,
the pr1nc1p1es of’ 1earn1ng by reinforcement gu1ded the use of teach1ng
machines: - In. part1cu1ar, €E§’1;f:;ary 1nstruct1ona1 mater1a\s for
teaching mach1nes were teaching programs--a series of s1mp1e
questions, each requ1r1ng an overt response from the learner. -
For example, a programh1n high school phys1cs began w1th the fo110w1ng
items (Skinner, 1968, p. 45):

The important parts of a flashlight are the battery and the

buib. When we "turn on" a f1ash1ight: we ciuse a-switch

which connects the battery with the .

When we -turn on a flashlight, an electric current flows through

the fine wire in the and ‘causes it to grow hot.

wnen the hot wire g]ows brightly, we say that 1t gives off or

sends out heat and _ ;. .

For each item, the student fills in the missing word, and then
uncovers'the correSponding wcrd or nhrase.. In the. above examp1e,-the,
*.correct answers reépectjve1y are: bu1b,'bu1b,)and lTight. As you can
see, the instrnctiona1 materials are Based on the idea'thatv1earners
must make a lrésponée,'_and that the response must be immediatel}
reinforced. | '
Skinner's arguments for bringing teaching mechines into schoo1s

are remarkab]y sim11ar to many current argumentscfor Lsing computers

=10
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in schools. For example, Skinner (1968 p.26) .notes that new

techho]ogy will aid rather than rep1ace the teacher: "The changes

—

_proposed  should: free her for the. effect1ve exercise of her .

(teaching).” Similarly, Skinner (1968, p. 27) addresses the issue of
cost: "Can we afford to mechanize our schools? Ihévanswer is clearly
Yes." = . Qo ’ ' T

In spfté .of  the early enthusiasm of Skinner and many others,

teaching machines did not revolutionize education. This failure to

"mechanize teachtng" motivates the‘queations: Will the'cohputers being

introduced " today soon join. their teaching machine gredecessors,
col1ecting‘ dust in schoo]hause basements? T Wi computers, like
teaching machines, faijl to_1tve-up to the claims that have been made

fdr them, and instead become just another cost]yAfad in education?

13) observat1on that “Very powerfu1 kinds of 1earn1ng“ take place w1th’

computers 1n the same way we - now sm11e at Sk1nner s (1968, p. 28)

\

~.

claim that "the* equipment needed (for “educational 1nnovat1on) can

S

easily he provided"?
. Proponents of the pessimistic scenario may answer "yes" to these
questions.- In the pessimistic scenario, camputérs do not find a home

in American schools. Yet, there are several factors which lessen the

apoea] of the pessimistic scenario. First‘ the computer technology of

today is far, more powerfu1 than the teaching. machine techno1ogy of 25

1

© years ago. Computers are not constra1ned by having to prov1de‘-a'

ser1es of test 1tems, 1nstead compuzters a1low for storage of masé\ve.

data pases, grapnics and- simu]ations, interactive communication,,and:

SO on. _Second,» the -current statg of psycho1ogy has changed‘

41
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dramatica11y over the past- 25 years. The‘oehaviorist theories of
1earning, based Iaroe1y on animal —research,= have been repIaced by
cognitive psytho]ogy} Qognitiye-peycho10gy provideévimp11cattons‘for
’ thehinstructiona1 use of computer techno]ogy that are very different
from ear1ierfbehavioristeinspired\instructional materials.

" In the optimistic: scenario, modern theories of learning and
cognition are used in the development cf USefu[;-instructiona1‘

materials for computers. For example, cognitiVe'psycho]ogiéts tend tc

view learning -as -the acopisition. of knowledge rather than the .

acquisition ofhresponses.v‘hayer (1981) has shown how the analytic
. ) \ . ‘ . .
theories of cognitive psycho]od},have been applied to several Kinds of

know]edge-

semantic know1edge—-factua1 know]edge about the uor]d, such as
Py _

-

rainfall patterns for South Amer1ca. oo

procedura] know]edge--know1edge about how to carry out scme

procedure, such ‘as how to compute 1n 1ong d1v1s1on.

strateg1c know]edge--know]edge about how to set goals and monitor

1

" progress towards so1v1ng a problem, such as how to plan the wr1t1ng of

a research paper. '

One of the. maJor accomp11shmengl of cogn1t1ve psycho]ogy has been
“the development of techniques for prec’se1y descr1b1ng each of these
kinds’ of know]edge within spec1f1c domains (Mayer, 1981) These
_techn1ques have 1mp1ications for how to design effective 1nstruct1ona1

‘uses of computers. In the remainder of this paper, examples are given

of{possio1e uses of computers to enhance acquisition of each type‘of
knowledge. S "i ‘ -

Lo a

¢
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The Computer as an_AidetQ,Learning\§emanth Knowledge

Semantic knowledge refers to a person s factua] knowledge about
the woer. Examples include know]edge{about geography, such as how :
c1imate and terrain are related to a region's maJor cr0ps, or the
determinants of the amount of rainfall in a regjon..
. ~Recent research on the psychology of human\Iearning and cognition “
suggests a different approach to instruction Ss\ compared to the
behav1or1st approach which ddﬁ{nated during the teaching machine

revolution. . These differences can be summarized as foiiows.

active understanding versus: passive memorization——The cognitive

-approach views 1earn1ng as an active process in which the’ learner

ksearches for meaning in what -is presented rather than a passive
“ process “of performing and remembering what the instructor demands.

assimilative versus additive--The cognitive “approach views

1earning as a process of connecting new information with existing
knowiedge - structures, rather than add1ng iso]ated pieces of
" information to memory.

- cognitive structures versus responses-—The coghitive approach»

“views the ‘outcome. of 1earning as: a coherent body of knowiedge (ori'

,"mentai modei") rather than a set of specif1c responses for. specific'
Qtimuii. e

- LIf meaningfu] 1earning of semantic: know]edge is an active process
of assimi]ating and reorganizing information, then computers may be

used in a way that encourages active expioration. - For . exampie,'

' ;Coi]ins & Stevens (1982) have deveioped an “inte]]igent tutor that-"

u

uses an inquiry or Socratic method and that can be used with existing
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new domain, such as geography or metecrology, involves the

construction of a "mental model" which relates all of the variables in

the system.

Based on the observations of- good human tutors, Collins (1977)

developed rules for how to engage in inquiny teaching. Some of the

%

main rules for how to teach are summarized below:

de

. 2.

Ask about a known case, such as "Do they groWw rice'in China?"
Ask fof any factors, such as "Why can they grow rice in
China?" ™~ ~ | |
Ask Tor intermegiate factors, such as "Why do monsoons make
it possib]é to grow rigg'in Ch{na?" |

Ask for pfior factors, shch as "What do you need to have

enough water?"

Form a general rule for!an insufficient factor, such as “Do

you'think any p1acelﬁith enough water can grow rice?"_

Pick a counterexample for an jnsufficient factor, such as

"Why don't they grow rice in Ireland?"

Form a general ru]effos~an_unnecessaﬁy“factoh”*such_as_100“,r

~ you think it is necessary to have heavy rdinfall in order to

grow rice?"

“Pick a counterexample for an unnecessary factor, such as “Why

do they grow rice in Egypt when they don't have much .

-rainfall?" _ L

W

Collins and Stevené (1982) have summarized the strategies that an

intelligent tutor should use in teaching a student. ‘Some strategies

“involve selecting a case, and then using counterexanges. An example
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of this strategy is demonstrated in fhe following dialogue (Collins &
Stevehé; 1982, p.“81): |
Tutor: why do they grow rice in Louisiana?
Student: P1a§es wheré there is a lot of water. I think rice
requ{res the ability to selectively flood fields.
Tutor: 0.K. Do you think there's é lot of rice in, say,
| Washington and Oregon? |

Collins's and Stevens's tutor requires a Tot of specific knowledge

(such as knowledge about geography), as well as procedures for asking

questions and strategies for organizing the questions.

ﬁhat _is .1eappedw’f}omv a computerized tutor such. as the one
proposed by éo{1in;;and.3te9ens? A student may form a mental model of
the factors involved in growing rice, such a§ summérized in'Figure 1.
As you can see, thé student builds a coherent structure of facﬁors and
relations -rather than a set of specific factual answers to specific
questions. The mental model allows the student to gené%até answers to

novel questions, and may be used in learning new information.

The use of computers as $ocratit tutors represents an exciting

'possibf1ity, especially. in "situations where the goal is to teach

semantic knowledge. However, the main point in my example is that the

way in which the computer is used is determined by the underlying .
theory of human 1éarning and cognition that is}Eurreht1y available.
Thus, the- success or failure of computer technology in. teaching

semantic fhbw1edge.depEnds as much on the educational implications of

3

cogn1t1ve psychology as on uhe power. of computer techno]ogy 1tse1f
The Computer as an: Aid to Learn1ng Procedura1 Know1edge

Procedura1 know1edge refers to a person s know]edge about ﬁow to

13




'Figdre 1. Factors Influencing the_Growing of Rice
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do something. Examp]es include knowledge about how to carry out long

.division or three-digit subtraction. The cognitive approacii  to

procedural knowledge is based on analyzing any procedure into its

parts. According to the cognitive approach, the description of

much is learned. Instead of focusing on the percentage of correct
answers, the cognitive approach focuses on describing the procedure

that the student is using to generate the answers.

CognitiVe psycho1ogists have been successful in analyzing many

mathematical tasks into their constituent parts. For exampie, Groen

~ and Parkman (1972) have described several different procedures that

children might use to solve probiems of the form m + n;(whére the sum
is less than 10). The models are based on the idea that the child
uses’countihg as a way of finding answers to addition problems. Three

possible procedures are: -

counting-all--Set a counter to 0.  Increment it m times and then

increment it n  times. For 3 + 5, the child recites,

"1,2,3...4,5,6,7,8."

éounting-on--Set'a counter to the first number (m); increment it

0 times. For 3 + 5, the child states, "4,5,6,7,8."

min model (for counting-on)--Set a counter to the larger of m or -

n; increment the counter by the smaller of m or n. For 3 + 5, the

child states, "6,7,8."

s

Examp1es‘of these threet

diamonds represent decisions and the rectangles represent operations.

Fuson (1982) has: observed a developmental progression in which

children move - from a 'c6hnting-a1] _procedure to a counting-on .

brocedures are given in Figure Ziithe"

N

proceddra] kan]edge is based on what is learned rather than on hoﬁ o



Figure 2, Three Counting Models of Simple Addition .
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procedure, and eventua11y to é.'known-fgcts proceduré 1}1 which the‘
answers are membrized.

A slightly mere complex tomputationa1 ltask is tﬁree—digit
fubtract1on, such as 697 - 354 =...... Figure 3 shows a computatibna1
procedure which generates correct answers for three-digit subtraction
prob]ems.k If a student possesses this know1edqe, then the student

: -w111:.be ‘ab1e. to generate correct answers _for a11 three- d1g1t
subtraction prob]ems. However, suppos¢ that acstudeﬁt gives answers:

such as below:

521 819 712 481 655 -
\\\\ . . \ )

1 1

w.__ 66 . 22 100 515

-

Ne cou]d descr1be~th1s student's performance by saying that ne is
r1ght on 40% of the prob]ems. However,_ a more usefu1 approach is to
try to descr1be ‘the procedure that the st;;;;t\T§\fo11owing. For_ -
exam}]e, we could say that this student 1s using .the. procedure in
Figure 3, but with small “bugs : namely, at steps 2a, 2b, and 2c, the
student subtracts the smaller number from the 1arger number regard1ess
of which is on top. 1 o

Brown and Burton (1978) have argued that students{ computational’
performance caﬁ be described by saying that they are usith a
procedure-—perhaps with some bugs in 1t——and app1y1ng this procedure,
consistently to problems. In order to test this idea, Brown and
Burton (1978) gave a set of 15 subtraction prpb1ems_to 1,325 primary

 school children. Brown and Burton-deve1oped a computer program called

" BUGEY to analyze each stpdent’s procedural algorithm 7or three-digit

subtraction{‘ 1f the-studehtfsjénswé?g wereia]1;cdrrect,'BUGGY would

ks
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Figure 3. A Process Model for Three Column Subtraction
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categorize that subject as using the correct algorithm. If there were

errors, BUGGY would attempt to find one bug that could acount for all

or most of the errors. If no single bug could account for the

“errors, then all possible combinations were tried, until BUGGY found

combinations that best accounted for the errors. Figure 4_1ists some

of the most common bugs, such as “"borrowing from zero" or subtracting

smalter from larger®. The BUGGY program was able to describe the

performance of about ha1f of the students by providing a 11st of each
~

student s "bugs". Thus, Brown's and Burton s work provides a means

. ¢
S 2y

for pinpointing spec1f1c bugs in, students computat1ona1 procedures.

The BUGGY program prov1des an example of how oomputer technology

can be used to improve the teaching of proceduraT know]edge: The

BUGGY program provides the teacher with a detailed diagnosis of errors.

in "what is learned" so that the studeht\can be given 1nstruction"

aimed specifically at remediating~the,bugs.‘nAgain; my point is that
the use of computers jn teaching of procedura1 knom1edge can be
closely guided hy existing theories in cognitive pSycho1ogy.
The Computer as an Aid to Learhing Strategic Know]edge
Strateg1c know]edge refers to.. know1edge concerning how to set

goals, se1ect procedureswfor achieving goais, and monitor progress

\,

toward goals. Examples include knowledge of how to plan the writing'

@

of a research paper or how _to produce a ecomputer program that

v

accomp11shes some task.. Research in cognitive psychology emphasizes

‘the role of process rather than product in creative prob1em.so1y1ng.

For eiamp]e, consider the following assignments:_“write an. essay on

N,

‘whether .children should be\a11owed‘to-choose their;own courses in

schcol™ or "Write a BASIC program that will take a 1ist of names as

S



Figure 4.
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rences in 1325
Students

o
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SoméﬁComﬁon'Subtraction Bugs

-Example

Description

"Name

—_— . .

Borrow from zero 103
- 45

158

Smaller £rom larger ,,253

;/-118
‘Diff O=N=N”"4“—:”«~-w~140u<”
; - 21
Diff O-N=N and .  3C4
move over zZero - 75

23

..the answer.’

When borrowing from a column

~ whose top digit-is 0, the

student writes 9, but does .

- pot continue borrowing from
the colvan to the left of

zero. -
The. student subtracts the
smaller digit in each column
from the larger, regardless
of which one is on top.

__.Whenever the top digit im.a -

a column is 0, the student
writes .the bottom digit as

“the answer.

Whenever the top digit im a

“column is 0, the student

writes the bottem digit °as
‘When the
student needs to borrow from
a column whose top digit is-
zero, he skips that column
and borrows from the next’
one. - ' '



@

1nput and g1ve an alphabetized Tlist as output. Instruction could

focus on the f1na1 product, such as a ho11st1c rating of the final

.. .essay or whether the BASIC program runs proper1y, or could focys on

the processes that a person went through in generating the f1na1

~ product, 1nc1ud1ng setting of goa1s, etc.

~ Research- on the -process of writing (Hayes & Flower, 1980) has
1dent1f1ed the fo11ow1ng processes in wr1t1ng planning, in which the
author. searches memory for ideas and uses these 1deas to establish a
plan for generat1ng text, trans1at1ng, the actua1\product1on of text;

and reviewing, the 1mprovement ofmthe wr1tten text. According to

vthese’researc -rs, writing may be v1ewed as a- prob1em~so1v1ng process

in wh1ch goe - e set and mon1tored
. -

How can the computer become involved as .an a1d in wr1t1ng? One
current .area 1s to use the word processing power of computers to .
stimo1ate interest in writing and to free children from some of the -
lTow level aspects of wr1t1ng (such as correct spe111ng, punctuat1on
and penmanship). For example, Sardama]1a Bereiter and Geo1man (’989) B
propose that s1nce the 1nf0rmat10n process1ng capacity of young
writers is 11m1ted, and since the mechan1ca1 and syntact1c aspects of
wr1t1ng are not automat1c, emphasis on_ correct]y formed sentences
results in poorer overa1].writ1ng qua11ty. The 1ow 1eve1 “aspects’ of

writing interfere wfth higher level planning. - Evidence for . this

assertion includ es the find.ng that when children .are a11owed to

dictate their essays (which presumably frees them from some of the Tow

1eve1 aspects of writing) they produce 1onger and higher quality
essays as compared to writing.

CurrentIy ava11a61e‘word processing systems make revision;much
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easier and free the writer from some aspects of production (such as

penmanship and spelling). However, word processors of the future will
} C . - .\ ‘ .
be even more :helpful in stimulating high’ qua]jty; writing.’ For

example, the ‘"writer's workbench"' (Macdonald, Frase, Gingrich, &
Keenan, 1982) is an 'gt ]11gent computer coach. It‘Eonsists of ‘a

. colection  of _programs which - ana1yze wr1tten prose and . make’

-~

suggestions for revisions. The writer's workbench is actuplly in use

‘at Be11”Laboratories, thh a;EF\Lgooo users. You can type your text
;into the.computer,ousihg a stahdard worg processing sxstem.;-Then,
once you'have finished your first draft, you‘can ask the programs from
thelwr1ter s workbench to suggest revisions in your manuscript.

The writer's workbench cons;sts of three -major parts: a
proofreader, a style ana1yzer, and .an on-line English referencetf
guide. ' The proofreader consists of the fo]lowinglprograms:

spe]]ing--]ists 511 words that may be misspelled, and allows the
user to ‘specify any hew words (such as jargoh, proper. names, and

I3

acronyms) to the 1ist of acceptable words.

T punctuation-—11sts Cases where punctuation may"be.neeQed or where
_existing pinctuation may be incorrect. - . i

~ double words--lists all ‘cases in which a word is'repeated.

fau1ty phras1ng-—11sts phrases which may not be coherent.

split 1nf1n1t1ves--11sts all instances of sp11t 1nf1n1t1ves.

An example of the output of the proofread1ng program 1s shown in
Figure 5. As can be seen, the program points out poss1b1e errors as
we11 as mak1ng suggest1ons for how to ‘correct. the’ errors. -

3.

The sty]e ana1yzer consists of the‘fo110w1ng programs

.ji;zafs?, S .-:.fa
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Fig‘ure 5. Output From A Proofreader:Program

o

INPUT: Our report, “The Basic Fundamenms of Compulatonal Comp!exity'
" isenclosed. Please send any recnmended chanss at your—.
earliest convenience. thanks. ~

PROOFR .....“....“....m..m.m SPELLR\G soew h « . L

OUTPUT: Poss'ble spelhng errors in examplefile ares

o Compulatonal ) recomended

lf any of these words are spelled correctly, laler type
spelladd wordl word2 ... wordn - )
zo have them 2dded to your spelldxct file,-—"

tesrsssesss PUNCTUATION =+ easosssesenens

The punctuation in examplefile is first described.

<2 double quotes and 0 single quota
0 apostrophes
- 0 left parentheses and 0 right ones . _
’\ The program next prints any semencc that it thinks is maurrecdy
. ~ punctuated and follows it by its correction, .

&,

nel’ ‘ ' '

OLD: Our report, "The Basic Fundamentals of Computatonal Complexity”,
NEW- Our report "The Basic Fundamenlals of Computatoﬂal Complexity,”
fine 3 ’ -

OLD: earliest convenience. thanks.

NEW: earliest canvenience. Thanks.

For more information about punctuation rules, type: < -
punctrules ’
* DOUBLE WORDS e
) For file examplefile: . ° - . . ,
No double words found

....r.......-“..““.m“ woRD CHOICE ? ‘ P
T
Sentences with- possmly wordy or misused phra.scs are hstcd next.
followed by suggested. revxsaons. _ ) . . .
bcgmmng linel examp&cﬁle . : T
A Our report, "The '[ Bmc Fundamemals]‘ of Computatonal Complexity®,
~ . a isenclosed. : . L -

 beginning line 2 exampleﬁle L
Please send any recomended changes °[. at your earliest convemence]‘

~\i © file examplefile: number of fines 3, number of phrases found 2

= — " Table of Substitiiions

* ce ) .. .

PHRASE "7,  SUBSTITUTION "

" at your earliest convenience: use *soon” for ® at your earliest convenn;nce
basxc fundamentals: use °f; und.;memals" for* basxc l'undan'emals

‘"... o . .» N oo " SPLIT INHQITWES .......'..“...........‘. ..
For ﬁ!e_examplcﬁle:, g

No split infinitives found -

V. ' - . o -

Aruitoxt provided by Eic:
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<

£g1e--provideS“”readabiTity‘"indices;“"measureS“'ofmaverage‘word

length and average sentence length, ‘the percentage of verbs in the _

.

passive voice, the percentage of houns that are nominaiizations, the

. number - of sentences ‘that begin with eXpietives, and__other such

_information.

prose--compares the sty]e statistics 1isted“ above with some

standard measures; if the text $ measures .are outside -of‘“the

standards, the program prints an eXp1anation of why the text may be -

hard to read and prints suggestions for how to correct the problem.
find--]ocates individua] sentences that contain passive verbs,

expletives, nomina1izations, "to be“ verb forms, and other’ potentia]

) problem sentences. B -

4

The on-1ine reference programs include information on the correct

‘use of 300 :common1y misused words and phrases, a computerized

dictionary,' and . general information about the writer s workbench.

Additional programs - =rate the words in - the - text for '

abstractness-concreteness, rate the paragraph 'organization, and

. detec+ possible instances of sexist 1anguage.f‘

Other writer S he1per systems inc1uoe JOURNALISM, a proofreader

that comments on the organization and. sty]e of news stories (Bishop,

«1975) and CRES a. proofreader that identifies uncommon words,_]ong

sentences, and difficu1t phrases in NAVY documents (Kincaid Aagard :

‘ﬁ 0'Hara, & Cottre11 1981)

: Inte11igent computer coaches for writing may | writers to

deve]op more produc ive writing strategies. , Fon examp| ear1y.

=,

¢ : - AR -
. . \ . L :

.

'drafts nore attention can be devoted to the organization and goa1s ofg_.
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the document, since proofreaders’ui]T“detect—iower~4eveimerrorsr~—ln—~—
" addition, writers are encouraged to engage in more eXtensive revision
cyc1es;’a1iowing for_refinement of writing strategies. Unfortunately,
there s very little empirica]i ,information concerning  the
effectiveness of writing coaches, but Macdonaid et al. (1982) report
- that writers tend to Tike ‘the programs.
Goldstein (1980) has deVeToped a computer coach to teach general
' probiem-soiving strategies. For.exampie, a student is asked to play a
computer game that requires the use of strategic thinking. Throughout
- the game, the computericoach makes suggestions or observations about
the strateqy that the student s using. Goldstein (1980, p. 53)
, states that "the coach's ‘function is to intervene ‘occasionally in
student-generated-situations to discuss appropriate skills that might
improve the student S p1ay. Thus, an ultimate use of.computers may
be to eXpand the power of human strategic thinking. ‘HoWever, as‘Hajes
and F1ower (1980) and Goldstein (1980) have pointed out' successful
computer coaches must be based on usefu1 theories of human thinking'
(such as Newe]] & Simon, 1972) Again, the usefu]ness of a computer
coach is tied to the under]ying theory of cognitive processing. S
| Conc1usion )
, We began with a pessimistic “and an 0ptimistic scenario for the
role of computers in education. This paper. then brief]y explored
..exampies o‘ how computers can be used to he1p 1earners acquire
semantic procedura1 and strategic knowiedge.”‘ The major theme of
this paper has been that the effective use of computer technoiogy in

schoo]s is tied to the educationa1 va1ue of current theories of human )

1earning and cognition.f Another way to state- this theme is to say{




~

~

“that the future of computer technology in schools depends on both the

\spechnqiééica1 power of cbmputers and the pedagogic usefu1ne$s of
f cognit%?e psychology.
Aiquarter of a century ago; American éducation was introduced to -

the tgghnd]ogjca1  jnnovatfon of teaching machines supﬁorfed by a
behavigrist psycﬁo]cgy of 1earning. Today, schools are again being
‘asked to participate in é techinological revolution; however, the
technological innovation involves' computers, énd the dominant
péychﬁ]ogy §f learning is cognitive psycho]ogy. " The rea1izét10n of
the .optimistic scenario depends on our abi]ity to éxtract‘what is
useful from,the coghitive psychology of huméh 1eérning and cognition,
and . to ~creative1y apply the information to the devé10pment of
computer;based 1nstructiona1 mateials. . B1iﬁd1y using computers,
without making use of what we now know about human 1earnipg énd
cognition, is likely to result in the realization of the pesthﬁstic

~

scenario.

=

7’

29
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Instructiona1 Seftwate Design Pr1nc1p1es >

Dav1d Merr111
Un1versity of Southern Ca11forn1a
Instructiona1 design has been reborn as a cottage industry.
" People who have never before been engaged in the preparation of
~educational materials, and who are unfam111ar with the 1mportant work
1n the field, are current1y des1gn1ng 1nstructiona1 -software and
: se111ng it through the ma11. ' However, because so many' software
‘writers lack the necessary grounding “in design principles, they are
inadvertantly re—inventing the wheel, and doing a poor job of it.
. Design Principles.- ' .
) Many 1nstructiona1 programs -that - 1've reviewed. are

' denera11ty-rich and examp1e-poor: they provide lots of definitions but
not enough examp1es. There is a tendengy to put a 1ecture or a
~ textbook on the screen. ‘In fact, 1've been told by the representative
{of a major pub11sh1ng company that their practice - 1s s1mp1y to
transfer their own workbooks to the computer moni tor screen. This
company publishes programs that are no more than the standard schoo11
workbooks. The correct'approach is to represent each major- idea with
a rule, an examp]e;. and as -much opportunjty' as poss1b1e for the-
student to pract1ce the 1nformation. As simp1e an idea as that is, it
1s frequently vio]ated, not on1y 1n computer-assisted 1nstruction but
in almost all 1nstruct1on. program shou1d ask the students not to
vrepeat the 1nformation that-has been presented but to npply it and
-fdemonstrate what they have 1earned. -' | \' -
Putting a textbook on the screen 1s a |n1stake." There wis an, -

N economic Justificat1on for f1111ng‘a pr1nted‘page w1th text, but there;f
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is no reason to so1dd1y pack the cOMputer screen ‘with wdrds.
———Tnformat+on—presented—%n a—bqbckwas~hard—to—read'—~4t«is-not—organlzed___
in a way that makes it easy to 1nterpret.' If the program does no more
than duplicate the format of a textbook, the student might as well be.
given a traditibna1 book. The special audio and video capabilities of
the computer should be‘uti1ized as attention-focusing devices to tie
the information tbgether and emphasize important points. i
The program should encourage active mental ,processing. The
Skinnerian princip1e of  overt response may;or m;y.not indicate that
- the student is actua11y th1nk1ng about the lesson, s0 a e,ponse alone
does not constitute an adequate 1nteraction between student and,
computer. - It is necessary to ‘anticipate a wide variety of student
" reponses in order to facilitate the student S active 1nvo1vement.
Also fol1uw1ng this pr1nc1p1e, constructed responses‘are better than
mu]tip]e choice items. And before the student is required tb_practice
the 1nformationl given, . the program should provide enbbsitory
examples. Many students feel threatened by an 1nsﬁruct1on' to go
directly from reading a definition to_coming up with.an>enamp1e of:,

3

azad)

their‘onn,-and prefer to sea the princjp1e,111ustrated first.»‘
The student shou1d controT the text ‘6utput; "~ Pacing .the
bresentation can’ be an effect1ve emphasis, but some means- shou1d_
__remain for the ‘student to reca11 1nformation 1f necessary, to ,9°
faster or slower as desired.. Automatic scro}]ing, as provided by

b_Pi]ot and otherscomputer_1anguages;‘can be'irritattné.‘VIK:dynamic'

disp1aj
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. better than a screen full of text. Animation is one good way to show

relationships between different pieces of information.

| Learner Input and Qontro1

Keyooard ‘anxiety. is a problem for ‘students, teachers,
.executives--peop1e ‘who regard:_typing as a low-level skill, never
1earned5to type, and are conseouentJy intimidated and ‘threatened by
the need to convey ,1nstruotions to the computer .by means of a.
» typewriter-11ke keyboard. This prob1em will diminish in time, as more
peopTe recognize typing to be\as basic-a skill as handwriting. But at
the moment there is a need to mtnimize//typing. We vneed to use
procedures other than finding 1ettersf/6n a heyboard that make it
feasier to oo through a program. Cne pos¢1b11ity is the use of arrow
.dkeys to point to options on the imenu. It's easy to use a pointer, you
can point to the menu and touch a return key and accomplish what you
want that way. Use arrows to go forward or backward and for page
turning. Pointers can be used.when responses don's nave to de typed
dout. There are times when the purpose of ine 1esson invesves hav1ng
" the: student type out the words in fuli, but in the case of mu1t1p1e.
. choice selections it makes much more sense to use a pointer than to
.type letters. Using ‘a poiater a1so minimizes the 'chance of
accidenta11y'mak1ng an incorrect entry. ‘

An advisor function shou1d ‘be provided. We have to monitor the
student s activity,‘rot on1y 1n terms of whether “his or her answers
are right or wronil but 1n terms of whether the student has seen

1.enough examp]es and,.is, progress1ng through - the program without

skipping ‘1mportant‘finformatjon.rg';It's~‘Very 'easy'}to; store data on

li.gﬁgii»if}~»;ﬁ¥:;}}ffi"

-

e



whether the students are paying attention and making consistent
. f . c

responses, or whether they have made so many errors that they need

additional practice. This data can'be used to advise the students on
their progress and offer them alternatives.

Students are very good at selecting the number of examples they'

need before they understand a rule. There is no point in having a

 student who has a1ready mastered an idea look at more "and- more

exampies. Nevertheless, there are'students who abuse the privilege.
Given the opportunity to 1eave one part of the program and advance, -
some students will move ahead before they are adequately prepared.q~T
guard against this, the program can teiT'them that they have not yet
done enough work -in the previous section. -

Learner control, then has both advantages and disadvantages, but

should always be Provided for. Control of -text output is certainiyé;

required; nothing shou]d go past the students before they've had a
chance to assimiiate it, nor should a fast reader be chained to a slow
presentation of text. The students should also be able to decide

whether-or not they want to~ask for he1p;_better students may be bored

by a piodding “step by step program. An escape fonction is also

1desirab1e, so that the stu\ent has theAfreedom to exit the program at
Cwill. It's a good idea to aécompany the: escape\Wdth more advice about
- where to begin when the. student\comes back to the program, especia11y _

if the escape isfpremature.

Programming Principles

-

Directions shou1d be exp]ic1t and accessibie.:’Some programmers,

N

'forget' that not everyone has their comprehensive knowiedge of *

', .
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conventional computer functions. Nothing should be assumed about. the .

’ 1earnerhs computer knowledge and expertise. Options should be readily"
avaiiabie to the student e1ther dispiayed on the screen or as a
retrievabie part of the program. However, in an attempt to he1p the
nov1ce? don't make it inconvenient for the experienced’user. Provide

.

a means whereby a 1earner who has the necessary skill can bypass thef
siower procedures that help an inexperienced/user. |
Always use the most naturaiaprocedures: escape keys shou1d be
used\fto exit the program,  arrow keys shou1d be used to move: in
different directions, the return or enter key shouid be used to enter }
commands. Make use of nmemonics-so that menu commands empioy_the )
'first letter of the word (or some other 1ogica1‘re1ationship) rather‘
than the conventional 1isting of “A-B-C D." C]ever,'arbitrary, unique
definitions of key presses usua]]y lead to confusion.v Finally,
structure the program. Like evaiuation in education, everyoneA in
computers talks about structured design but very few peopie do it.
Stroctured design is critical to an educat?onai program, especially
when working with the limited space available on. a small
microcomputer with only 48K of memory. . It's possible to design

excelient programs within those constraints, but it demands a carefu1

design that doesn't waste space.
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Deveioping Domain- Spec1f1c Expert Systems
) Bernard Gifford .
Dean, Graduate School of Education

University of Caiifornia Berkeley

8

Instructional programs shouid operate at descending levels of
sophistication to accomodate -the student'slievei of understandino.!
This 15 the level at which it is appropriate to begin 1nstruction.
When the student begins to make mistakes which are not easily
analyzed, he: or she should bec able to go to an ‘error analysis
routine. Diagnosis would then be made, not oniy'ofithe type of error

ﬁlmade, but of the reason for the error. S |
In order to develop a system which would dispiay this kind of
sensitivity to ithe learner's performance, a modei"of‘ student
problem-solving behavior is needed. It has only been Within the 1ast;
. 20 years that. psychoiogists have moved from research on instruction in
a '1aboratory setting, and the development of generaiized rules of
v_‘knowiedge acquisition, to the observation of students in the act of
acquiring various kinds of knowledge. The shift An methodoiogy, as
well as the differentiation among types of knowi%dge is due to- the';
| growth of cognitive science.' There is sti11 very‘iittie information_
\on which to base a true instructiona1 science that is domain—specific...
In addition to a mode1 of how students acquire knowiedge in a f
particuiar domain, a, mode? is required ' of :nthe successfu1
prob1em—soiving | behavior  that s desired:- as. an outcome - of -

instruction. Software ais being deveioped which repiicates the

»behavior of experts in various fieids, in, a medica1 program, for
v . . :
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exampie, very. good doctors are asked.how they go -about diagnosis--what
==~ symptoms they 1ookrfor, what-questions they ask, what procedures they
follow--and their responses form the basis of an expert“system that

can hand1e the large data bases that are avai]ab]e fdr diagnosing

illnessas. An expert system in_so]ving aigebra prob]ems would" require :
-a different set of ski]is, as would a system for geometry. .
- Most instructional programs :being published do not "provide
_ adequate opportunity for- .interaction with the student; they ‘are
. primariiy drill and practice exercises. The student shou1d have many
' chances to practice the appropriate prob1em—so]ving behavior.

Fina11y, a variety of fields of expertise shou1d contribute to
the design - of educationai programs._ unowiedge of the prob1em—soiving )
behavior  of learners and expert§ (and\of workabie.ways in which the
two behaviors .can be - bridged) must\ be combined -with a good

nunderstanding of the specific subject matter: being .taught;

i Unfortunate]y, it is possib1e 0 bug software that has obvious1y been
written by someone who did not know enough about the squect e.g.,-
mathematics, to teach it effectiveiy. \ Moreover, know]edge ~of ‘
instructionai psychoiogy and the:’ princip1es of instructiona1 design_
mist be partnered by an understanding of the computer s capabiiities.'
. The juxtaposition .of these diverse competencies is se1dom achieved
’(and cannot rea]istica]iy be eXpected in the immediate future) but is.

_essential to the»deveiopment ofvsuperior educationai software N

< . i
o . . -
\ . . 2

Full text will be available in monograph. - . ' 5




A R -35.- "

-

~

some New (and 01d) Directions for Computer Courseware
| ~ J.D. Fletcher

~ Center for Advanced Techno]ogy in Education

University of Oregon

-

In 1960 T. F CETBEFE WReTeT T T e

If you don' t “have a gadget Cn]]ed a "teaching
machine , don t get one. Don' t\buy one; don{t'
. .bornow one;-dOn‘t»stea1 one. If you have suchn

| a Qadget get rid of it. - Don t give it away,

for ‘'someongé e1se might use 1t...This is the

most pract1ca1 ru]e,‘pased on empirical facts

from considerable observation. < 1f you begin

with a device of any kind, you will try to ‘ <

4 K.

- develop the,§teach1ng program tqﬁifit; that
deVice. (p. 478. The emphasis is G{1nert‘%i) .
This is a point of view with which many of us w111 sympathize.f
Educato:s .who have- mastered their craft through cons1derab1e
1nvestment of time and energy -in 1earn1ng how to use the trad1tiona1

techno1og1es of text, 1ectures, b1ackboards, and real- equipment.
: v

1aborator1es have every right to be suspicious of new . techno]ogy that
threatcnﬂ Vﬂ !ﬂVﬂ1uL1ﬂn12e Qho hard-won techniques\now at hand.i Even

b
programmers, 1n1t1ates into the priesthood of ccaputer techno]ogy, are

occasipna11y e1evated by computers to leve1s of frustration in. which .
they are w1111ng—-and eager--to &estroy tﬁousands of do11ars worth of
‘ equipment with ‘their bare handss- Mqrepver, Gi]bert 1s undoubtpd1y’ 

‘correct when he suggests that we mqj‘dng1dp teachjng. e
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programs_to fit the technoTogy at hand. Of\course we wiii,_and to

varying degrees we always have. To suggest that we shou]d‘not pursue

new techno]ogies for this reason may not be so correct.

°

As Marshall McLuhan (1967) pointed out, every techno]ogy, to some

extent, carries its own message. To 1gnore ‘this message 1s‘to negiect-

' the strengths of the technoTogy. " The tehno]ogieSj’now becoming

avaiiab]e wi]i‘not only provide powerfu]-new instructionaigtactics for

. presenting context they will also- make some content accessibie that

heretofore cou1d not be taught in any practica1 setting In the

.deve]opment of computer courseware it-.is possib1e to discern entireiy

-newk “functionaiities © in instruction. _ As‘ is true -of most

. R~ ‘,-.\: o ; ,
technoiogicai efforts, we haVe begun ~by trying to enhance the

capabi1ity of our exis ting practice. We may end with new capabiiities

.that change the nature -of what ‘we do in ways that ar%'compietely

unanticipated " Ihis could be the essence of the new computer_,l
revo]ution in schoois._ It is not just that we wi11 ave computers
everywhere or that we will enhance our capabi]ities to instruct. e

may also change our 1deas about what instruction is./ Not on1y will we’

get better: at doing what we do now, but in a fundamentai sense we may\p'

change<what it is we.want to do. ot - ‘./
| G New Directions /

It may be we11 to begin with a fab]e. This fable wi11 already be‘.

!

’

'famiTiar_ to - some- readers. iﬁ Nevertheiess,: it--seems sufficiently

."

.reievant to bear repeating. As the-story goes, there.once was a- -

government “b]ue- ribbon“ commisssion of inStructionai’ experts

: assembied to specify the uitimate in ins7ructionai techno]ogy After

L k] . . L
4 . H I .
- . : . . ' L

. I : . . ) X
4 ’ PR . Te : . . e, .
C .A . ) N N N . ‘ / ) ’ L ~.\‘ ' . . ’
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several days of meetings--suitably fueled by Tong luriches and
accomodated by comfortable 1odging—7the_ experts came up with. the
following specifications for the new: technology:

1. There should be no exotic power requirements.

"

The technology should use ordinary househo]dl);hﬂj
current, or be battery powered; solar oowered; -
" or require nodoower at all to'operate;
2 It _shou'ld/ge_'\u;_;ht/and casily oorta!b'le. " One
T 7 perso shou1d»be¢ab1e to traneport”dt, and at
‘besy it would be. carr1ed in- one hand.. | |
3. The:e should be no comp11cated 1nsta11ation or
..env1ronmenta1 requirements. It shou]d -be easy'
to- set up and use, 1t shou1d operate in :
moderately extended‘temperature_ranges, and it
should be, as the mi]tary says; “ruggediie'.“' S
4. It should provide random accessv:tor a large
amount of.hater1a1.’ | |
5. It should be capab]e of displaying graph1cs,b
| photograph1cs, drawings,» color, and high_"”
qua11ty, eas11y read text. | ‘
6. It ‘should be 1nexpensive, ‘costing Jess than . “h\.

SSO a: copy.

The commiss1on report was received with great re11ef for, as the

N

perspicacious reader may rea]ize no- research and deve1opment money

“was required to deve1op the techno1ogy In fact the techno1ogy :

r
!

a1ready existed and had been 1n p1ace for over five hundred years.,

B to,
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-'The'appropriate technoiogy was, pfzcourse, a book.

This is a fable for all of us in the business of appiying new
technology to instruction. We must come up with solutions that
promise rea1 innovations; in_theucase'of instructional technology,
‘they must be better than books. At the same time, some of our

'prototypes wi11 be;—1ike—the- horseTess*carriager—iess-eff1cnent—than——-—
what they are intended to replace. | |

Books are important beause, among other-things, they are ab1e to

~ capture instructional content and make it inexpensiveiy available to
an un1imited audience. As Bunderson (1981) pointed out, omputer
technoiogy is important because, ‘among. other things, it makes both the
content and the ‘.nteractions of great. instruction inexpensiveiy
available to an' uniimited audience.' This promisé" has yet to be _
realized, but it seems almost inevitable. What webneed to do is sift
through ~all the prototypai deveiopment and find therein those

.embryonic techniques that promise to be better than books. ‘It turns.

out that these techniques are neither easy to find nor trivia1 to "

deveiop. I wi11 briefiy exams ne them in the three areas of driil\and
practice, tutorial dialogue, and simulation. L : N\
o Drill and Practice |

“Dri11 and practice is doubt1ess one ‘of the more regrettabie
terms in instruction, evoking images of the classroom as a sweat shop :
and attracting the ire of those who want to use computers to create a
rich and friendiy 1earning environment for inte11ectua1 expiorationp
and. discoverj in the c1assroom. Certainly it is now fashionabie to.

.deprecate drill and practice as a computer instruction technique, and

. o . - R BN
. i C DN -
-~ o \ '
EIE S . B : - \
N vl . . . . . \
“ A . “ N . . e
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it has been S0 for the Tast f1ve years. Papert (1980) cites drill and
practice as an exampTe of the QNERTY phenomenon. It turns out that

because the mechan1ca1 keyboards of “earlier times were unable to keep
up with sk111ed typ1sts-—the keys woqu Jam and otherwise m1sbehave if
they were operated too quickiy—-typewriter keyboards were originaily»-

de51gned to sTow,down the key»presses of:skiiied typists. The result

“was the QWERTY keyboard; named afterzthe topmost row of letters. This
vkeyboard is- with us today‘ despite our' havingv removed aTT'“the
méchanical obstacTes to'?fast operation that resuTtsf’in the QwERTT
“design in the first’pl ace.

Papert's argument' is\that early appTications of'computers to
~instruction necessariTy foTTowed drill and practice formats partly .
‘because .that is what cTassroom teachers woqu accept and partTy‘
, because’the'computer technoTogy of earlier times could support nothing
- else. This point of View is not‘entireiy\accurate; as can be seen in
the design of curricula for ‘the IBMFISOd\System in~‘.e mid-1960's.i
The Stanford beginning read1ng program is :§\case in point. ~ This

curricuTum which,was designed roughTy in the period 1964 1966 and is‘

described more fuTTy by FTetcher (1979), encouraged chderen to bude»
matrices using words and speTTing patterns, “to read and to be'read
stories (with iTTustrations) to record and pTay back. messages, and»
to experiment with Tinguistic forms and variations. _ .
| Teacher acceptance was ~ an issue - somewhat separate from. the
content’ and approach of the curricuium——using computers to- teach at
aTT and taking away fronl cTassroom time to do it were the centraT_
concerns of'the teachersr Nonetheless it is notabTe that when the
e _

o
]
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Stanford group moved to a 1ess‘expensive machine configuration for

/

- presenting beginning reading instruction, the'curricuium'became more

?_riii and practice in nature.

'_,f‘ In any event, it seems past time to make a few arguments in. favor

of dri]] and practice. Is drill and practice an example of Papert'’s

——QNERTY‘phenomenon?—'ThE”answerfseemS*to~be—Lno—7—parfhr~because~it—-——

works--drill ~and practice is still. one of the most successfu1
technioues we have in computerfinstruction--and partly because there
" is so much yet to be’ tried and develuped in the drill .and practice
modeJ Even if we assume drill and practice is limited to presentation

_ of discrete items such as math facts or vocabu]ary items, there are at

least three directions for curricu1um deve]opment in drill and
practice. TheSe' have to do with performance -goais,' optima] item
seiection, and.optimai activity selection. | |
_Perfornance'GoaTs
We may best begin with trajectory theory. Basica11y this is a

way of accounting for the progress, or trajectory, of individual

students through a curriculum as a function of the amount of time they
,Spend‘ working in- the curricuium. Figure 1 ;shows,'gperhaps more
c]eariy, what tnajectorj? theory is getting. at, Forf individual
4 fstudents A, ‘B, and'C ue‘try’to predict and prescribe their grade
placement on standardized paper and penci1=tests based on the amount
of time they spend on the computer curriculum. The interesting'thing
about trajectory theony“is not just that it works, but that it has
 worked amazingly well in practice. In "two pub1ished studies using

trajectory theory (Suppes; Fletcher, & Zanotti, 13]5 and 1976) the
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standard error of estimated grade placement was in_the range .04 - .06
of a grade placement. In other words, the'estimateS'were off by less
than a tenth of a grade piacement for 90% of the-cases. Again; these
est1mates were based solely on the amount of t1me the student spent on
vthe computer and were 1ndependent of . what was being dope in the
classroom. If we want to predict and control progress toward measured
goals of achievement, traJectory theory may be -one. of the best
techniques we have. It is worth emphasizing that aithough trajectory -

theory was developed .for dr111 and pract1ce, 1t may be. app11ed to any

form of instruction where we have ciosely watched and accurate N
measures of time on task, as we have in computer instruction.

There ‘are sti11 many questionsoto be answered about traJectory
theory. "Can it be applied to all- subJect matter? Can it be appiied
to méthods of instruction other than drill and practice? _ Are there
significant and 1mportant benefits to be gained from using ciassroom
observations of time on task as well as computer time to predict and
controi progress? The Tlist of questions could be continued.‘
_Trajectory theory is- not a particuiariy new technique for computer‘

curricuium, but it remains_ promising and worthy of : further

development.

’.

°

Optimal Item-Seiection
Basicaiiy, an’ instructionaiiy optimal soiution is one that
attempts to maximize some ~ outcome, ‘such as scores on an achievement
test subject to some constraints, such as tota1 time on task session
‘siength and student ability. . Optimal 'solutions are. brought to use by !

control theory which in turn comes from 0perationsvresearch. It is a
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well known and noted fact'that openations researchers tend to attack
problems by removing from them everything difficult to quantify o£7’
“measure ‘and  building ~an imposing mathematica1 structure on what
 remains. In"the ‘current jnstances, _the_ imposing mathematica1

~structures remain, but some portion of what’ is difficu]t'to quantify

or measure can'be'suppiied by mathematical models of Tlearning and

" memory. The wherewithal fdhmabpiying both these models and‘conthoi

theory to 1instruction in real time is provided by computers in the

with mathematica1 clarity and rigor by Suppes (1964), but can be

context of computer instruction.

«

The brobiem of optimal item selection .in instruction was stated

“stated fairly 51mp1y in words:’ given‘a large nnmber of items to hewr.

taught and a. fixed time in which to teach them, what subset of items

should be presented to an individual student at a given time in order

Y
. to maximize his or her- eventual achievement? The answer can be

supplied by the  above-mentioned quantitative models of learning and

memory. Figure 2 phesents a probability state-transition matrix of an

apprbpriate‘sortihaseqqu Qenehai Forgetting Theory (Rymeihart, 1967;

Paulson, 1973). This matrix shows what can happen to an item when:it

~.

is presented to a student.: As'can be seen from the tigure, the~m6de1'

of 1earning postu1ated is very simp1e. If an item is in the 1earned'

state, it stays there. If. it is in the short-term state, it=wi11

either advan,e to the 1earned state or stay where it is. " If 1t is in'
the un1earned state,_it wi11 advance~to the short-termvstate or the )
1earned state or remain un1earned.,a Genera1 Forgetting Theory is

actua11y a 1itt1e more sophisticated than this in that it accoynts for
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. Figure 2. Probabilities of an item state transition when it is presented
‘ .- .at time T. ‘ ' '
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probabilities of correct responding separate from the learning status

of items and, notably, it postulates what happens to the learning

--status -of anwitem»whenfit.isunotapresented-g,An:optimallstrategy for.. . .

+ item selection based on General Forgetting Theory is,.iike all models

“of this sort, fzirly simple in its view of human Tearning but fairiy

compiex to imp” “ment. It cou1d not be 1mp1emented by a book.

Studies . “orton (1973) for. teaching spelling and by Laubsch
(1970)-for'teaching foreign ianguage vocabulary have shown approaches
of this sort to be~ effective They may even be dramatica]iy

\

effective, far more so than any’ other method for teaching 1arge‘

‘numbers of relatively independent items to students, but 1itt1e work

has been done in them since the mid-1970°s. It seems to be a thread

- of. resear ch we have let slip through the cracks There seems . to be no

-real reason to drop it from our Yist of new directions for computer

DI -,‘\*

curricuium.- ftsé promise for exceeding]y efficient instruction

remains. ¢

Optimal Activity Se]ection ‘
A few words may aiso be in order. for optima] selection of

activity.- This prob]em “most c1ear1y emerges in the context ofq

'.”strands" approaches to curriculum deveiopment The strands -approach,

which was first described by Suppes (1967), cai]s for the apportioning
of a computer curricu1um into various content areas, or strards For

instance, a curricuium in reading comprehension might be’ divided up

1nto, vocabu]ary, 1iteral Compr8h8n510n, cnd interpretive comprehensionlﬁiw

strands The problem, then, for a Computer curricu1um desi9ner is to

decide how much time students should _spend in each strand or, to;_:'v
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state it a 1itt1e,more completely, how-to control student progress in~
each strand so that each student's achievement over all strands is
maximized at the end of somegspecified period of time. If progress in
'each strand is independent of progress in each of the others~and ife
.each of the strands contributes equaiiy toithe.measure of achievement,
j‘thenlthe solution is simple: we just pick the strand in which learning
.s rate is greatest and ’aiiocate all the student's "time to it. If,
'houever, the situation resembled our reading comprehension example in
which progress in one “strand is interre]ated with progress in the
,others, the situation is more compiex. In reading, after_a]], a

student with a poor vocabulary will not progress very far in literal”

or _interpretive comprehension yet the achievement measure of success

for the curricu1um will presumab]y be more: concerned with'
\\\comprehension than with vocabu1ary growth. Some sort of opfimai mix
fof vocabuiary deve]opment ‘and work in comprehension w111 have to be
deviseu for the student. |
An appropriate optimal strategy (based on the Pontryagin maximum T
principie\of contr01 theory) for adjusting progress 1in interre1ated
_ strands was, devised by Chant and Atkinson' (1973)" for the case of two
strands;‘- This strategy determines how nmch time a student shou]d.
_ spend each day in each strand, depending on the student S 1earning
rate in each strand and on how much he or she has progressed a1ready
.in ‘the strand. Extension of. the strategy to curricu1um environments
with three or more strands was 1eft by Chant and Atkinson as *an

exercise for the reader but was described by the authors as beingy

“straightforuard“. It very probabiy is, but it has not been done, or
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at least it has not been published. Moreover. there have been no

)

appiications-of this strategy to determine in practice how much it

“really buys in terms of student achievement. relative to other

approaches. I~ other words, here is another promising direction which -

we ha  Just o=gun to expiore. It cannot be implemented in a book,
re needs t- done.
Most ¢ ime .cal psychologists reading the above discussion of °

drill and practice “will find it difficult Tto suppress—dark——
uncompiimentary mutterings about "1960's psychoiogy“. There are |

cycles in research, as in most things. In this.dimension, we .seem to
osci]iate _between attacking smaii, tightly constrained, and fairTy."
uninteresting prob1emsvover which we exercise a great deal of control,

and 'attacking 'verv large, sioppy, and interesting prob1ems over

which we can exert very little controi. As ‘may be evident from the
abovebdiscussion and from reviews by Atkinson and Paquon (1972) and

Fletcher . (1975), drill and practice 'emphasizes; :the : former;

‘~'Nonethe1ess,'it should also be evident that drilikandEpracticé is not=

_EJust a matter of throwing items at students who are; treated in some

I

.
assembiy 1ine-fashion. There are- deep, educationa11y signifucant, and

scientificaiiy credib1e issues yet to be settied concerning dri11 and

' practice. Fina11y, it should be evident that despite the ear1y strongv.

results we have had from dri11 and practice, much more couid be done '

i

to fu11y realize the promise of this approach. gg

" As far. as the - osci11ation between . tightiy contro]]ed 1ess.
interesting probiems and poor1y controi]ed but muchlmore interesting“

prob1ems is concerned it appears that current resea%ch in psychoiogy,
: \‘ p . .
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applied psycho]ogy, and instruction emphasizes the 1atter. 'This trend-

is espec1a11y apparent in current attempts to bu11d tutor1a1 d1a1ogue
A=
systems. '*Nowhere is the attempt to automate 51ng1e tutor/s1ng1e

student d1a1ogue more evident. This is the 11n€*of deveiopment to
turn to next.
" Tutorial Dialogues

Before diving into the area of tutorial dialogues, a few comments

on the automation of programmed~textbooks may -ba in .order. Most
cemmentators on tutorial dia]ogue"approaches'inc1ude'in this category . f

the 1ntr1nsic programming techniques of Crowder (1959) that appear S0

frequent]y in commercia]]y ‘available. computer 1nstruct1on materials. -

: Basica11y this. approach uses the computer as a very large - .and

‘sometimes very 1ntr1cate1y programmed textbook This is an approach '

that could be pursued in a. book, a1though the book might have to be

carried arounduin a_whee1barrow. Nonethe1ess, this approach appears-

N

" to concern app11cation of book and text techno]ogy- rather than

computer technology to 1nstruction. It remains one of ‘the most
common, easi1y produced and frequently 1mp1emented approaches; and it
is best suppor}gd/by author1ng 1anguages for computer 1nstruction.
- The development of authoring 1anguages such as PILOT TbTOR WISE,
PLANIT etc.,_a11 seem to have intrinsic programmingsjn mind_since

this is the approach most easj1y-taken when one uses thesejfanguages.

. P 5 A -
, Ne’tend not to- publish our unsuccessfu1 attempts-at computer

1nstruction, among other th1ngs, but there seems to be an underground

consensus among those 1n the business that these 1ntr1nsic programming

aproaches do not work .very. well.. _.Nhat appear to _beyyintu1t1ve1y.

-

i
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.Vobvdous -and correct procedures 'for- assessing; student‘ know]edge,;
dec1d1ng when to branch and prOV1ding remed1a1 and acceierated
~»materia1 turn out to be re]at1ve1y 1neffectua1 in the 1ight of student
performance data. The determined reader is we1come to peruse F1etcher

and - Beard (1973) as an examp]e of unpubiished--and unsuccessfui——work

[N

of this sort. In any case, this section does not concern the
automation of_programmed tex Pooks. - o

This section is'aconerned\ with the deveiopment~:of inte]]igent
1nstructiona1 systems as a new d1rection for lcomputer instruction.

This approach is a direct attempt to 1mbue computers w1th the

t

““qualities of expert human- tutors. This=Tine~ of - deveiopment grew °“t‘“'”“

of early concern with Just how 1ong it took,’ ani how‘expensive 1t was,
Ato generate items for computer presentation.’_cariy estimates'of the
amount of time required to produce one hour of computer 1nstruction
ranged from 77 to 714 hours on PLATO -200-400 hours on TICCIT, and
. around 475 hours for the IBM 1500 Instructionai System (Oriansky &
B String, 1979) One solution to this probiem was sought byrthose who
'noticed that the process of preparing items for computer presentation
was- boring, repetjtious, and du11--in other words, a perfect job for

\

computers. The resulting. so]ution took the form" of programs that o
“wouid generate items for 'students (e. g. Koffman & Blount,‘1974) and

was ca11ed Generative Computer-Assisted Instruction, a1though what we .

_ now nean by generative computer: instruction is a} 11tt1e more

'sophisticated.. 1In any event, it occurred to ear]y observers of thev

- scene thav since we. were trying to use computers to mimic the item -

‘=generatjon capabiiities of expert human tutors, why not use computers

o
o ) . I
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to mimic all the capabiiiti%? of human tutors? - Thus was born the

notion of computerized tutorial dialogue. | -~ - - i»' .

'\

R
-

" “ The deveiopment of computerized tutorgai\diaiogues invoives the

‘application of artificial inte11igence techniques “to computer'

instruction ‘resulting in the informationi~structure. oriented (1S0) .
' approaches discussed and’ advocated by Carbonei] 01970) 'Carbone11
contrasted these approaches with ad’ hoc frame voriented (AFO)
: approaches based ‘on techn ques of programmed instruction. Carbonnei]
| pointed out that un1ike AFO approaches, 150 appr0aches-can be used to
'.deveiop instructiona1 systems that answer questions not spec1fica11y
'anticipated by the instruction designers, construct\ appropriate“
'”questions on- given topics and carry,on a “miked—initiative“ diaiogue
.'in which either the student or the computer can introduce a response o
. topic or idea in a free and comfortab]e subset of Eng]ish., This may

sound 1ike programming a computer to bhe an expert tutor, and it is

| meant to. _ I Ebez -

This. approach is in _the mainstremn of current deveiopments in
° |

, cognitive psychoiogy which have taught us--or reminded us--that

&

pe\ception and 1earning are overwheiming]} constructive processesv‘

\

(cf. Resnick, 1983). In’ perception we Fo not coiiect bits of

' information from the "outside worid" and paste them. up on perceptuai,'“

temp1ates, and in instruction we are not writing information on b1ank5
. siates in students heads. Instead we are dea]ing with active and
: R R T

B very. rich simu1ations of the wor]d which students must create in order ?d

to perceive or 1earn. It is ana]ysis by/;ynthesis with a. vengeance, '

“and what gets transmitted in conmunicat on and instruction are not,
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bits of information or knowiedge but cues that may or may not be used
to adJust the simuiations being bui1t up by students._ The attempt 1p
tutor1a1 diaiogue approaches is to deai d1rect1y with these
- simu1ations in ways' that no dri11 and practice program--and no

book--can.

~ .

\

Computers-are both very good at this and very bad. " Consider the

|

foiiowing senten:se: |

The man the' dog the girl owned b1t died.

Th1s is‘audifficuit sentence for us to parse. We quickly become

entang1ed in its/syntactif nestings. -Human chauvinism'ieadS'us to -

assume that since the sentence is difficult for us to parse, 1t 1s

wimpossibie for a machine. Yet a computer could quickiy discern, after

diving into , its recur51ve routines  for processing nested

constructions, that there was a doq that was owoed by a gir1 that the,

dog bit a man/'and that the man subsequent1y died.
Here is ‘another exampie ". T ! ~,.

The man kicked the ba11 kicked the ball.’ . , ; -
TAis 1i a perfectly grammatica1 sentence;ﬁas any‘seif-reSpecting
machine wouid discover\\after reversing an _English. ttransformationai
ru1e for dJieting function words and determining that a man to whom a
.ba11 was icked;_kickedmthe.baii back. In both. these ex@ijes,‘a

: ﬁcomputer ilvies \iikeiy'than we are to be confused or distracted and

A ‘ ) —" v M \ N\
its -abiligy /to | process these twoi exampies i11ustrates rea1

| . -\
iinteiiectuai abi1ity; "Artificia1 inte]iigence“ is, aftFr a11, a poor -

/

-'vname for the business of making computers inte11igent.f

_Inte11igence,

vor inte11e/tua1 abi1ity, is rea11y what the Id is a11 about.‘ That

o

\

RN
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theories of.inte11igenceoare tested by algorithmization and puttjng
them on computers is merely an: issue of methodology, albeit a central
one; th;re is nothtng artificial about the‘capabi1itjes,targeted by -
this wth. ' | '
’Next we might consider the following eXamp]e,btaken:from.Dona1d
Norman (1973): | -
What was Char]es D1ckens s telephone; number?
A know]edgeab]e pnogram would search the attr1butes it had assoc1atedl
with Char1es Dickens 1ook1ng for a telephone number, and/or it would
search its 11st of te1ephone numbers Tooking for one associated with
Char1es Dickens. Presumab]y, no te1ephone number w111 be found for

‘ Char1es ‘Dickens, and this. fact will_simply be reported. As most human

1nformation processors must be aware, there is -a more ?hte]\igent
answer. to this query that - comp]ete]y avoids searching 11sts of
| N

te1ephone numbers and/or attributes. To reply that'telephones were

\
not used unt11 after D1ckens S 11f§t1me does ‘require some know1edge,

AN
but this 1nformation cou1d eas11y be stored by the computer. The rea1_

prob1em is ‘to devise a computer pro\ram that knows .when th1s

* i{nformation is relevant.

»

‘These examp]es also illustrate the dist nction drawn by John

Brown between “1nte1ligent“ computer 1nstruction‘and what might "be
ca11ed “know1edgeab1e" ‘computer 1nstruction. In this.1ight we m1ght
consider the following student/computer protoco1 taken from Brown's
SOPHIE system (Brown, Burton, & Bell, 1974) In this exampTe, the
\\\student is comp]eting a ser1es of tests on a computer simu1ated p1ece\\\

of e1ectron1c equipment (a regu1ated power supp1y) with a fault
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generated by the computer. Student reponses are under]ined.

WHAT IS THE BSE EMITTER VOLTAGE OF THE VOLTAGE LIMITING TRANSITOR?
BASE '

TRANSISTOR

THE BASE EMITTER VOLTAGE OF Q5 IS -.037 MILLIVOLTS.

The spe111ng corrector has detected and corrected two misspellings.
The system must also knowvthat Q5 1s;the vo]tage limiting transistor.

WHAT ABOUT THE! CURRENT LIMITING TRANSISTOR

THE BASE EMITTER VOLY AGE OF 06 IS 349 VOLTS.
The meaning of this question is completely dependent on the context |
established by the prior sentence., The system uses this context to
determine that the 'student is intenested not on1y in’ the voltagd

‘measurements but in the voltage across a particular junction.

WHAT SHOULD IT BE’

IN A WORKING CIRCUIT THE BASE EMITTER VOLTAGE OF Q6 IS .593 VOLTS.

: Aga1n the context determines the meaning of the quest1on. Moreover,

.. the system must 1nfer that "should" 1mp11es what the measurement would

be in a properly working device. » 3 . B

REPLACE 06 o i -

I'AM GOING TO ASK YOU SOME QUESTIONS ABOUT HOW Q6 IS FAULTED. ARE ANY
JUNCTIONS snoa*snv . |

At this point SOPHIE knows that'the student 1is barking up the'wrong
tree. Rather than simply ~rep]acing the transistor as nequested;
SOPHIE beginsrtghqyery the student about nhat he nr_she thinks 1is
wrong.‘va the student gets at least something right the system says .

what was actua11y wrong and goes ahead and rep]aces the fau]ty part.
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- Clearly, SOPHIE has progressed beyond knowiedgeabie syntactic,and
semantic processing of student inquiries and .is behaving in - an
. “inte]iigent“ manner: The: system . tries to .create a reactive
‘environment in which the student 1earns'by activeiy trying out ideas
in interaction with a simu]ation program. However, the program does
more than simply simu]ate the information to be transmitted; it
provides' for tutorial feedback and, in effect, for' a one-to-one
reiationship with an 'articuTate.expert“ prob1em solver who he1ps the
student create, experiment with and debug his or her own idea

. Several ‘reviews of this -area have appeared, notable among

which are discussions by Peeis and Riseman (1975), Sleeman anderown

(1982), Barr_and Feigenbaum (1982) and;Fietcher (1984). Fletcher
references about 16 of these tutorial diaiogue'systems'that have been
or'are being developed. ' Carbonell's SCHOLA§4(1970) and Brown's SOPHIE
| (Broun, Burton, & Be]], 1974) were seminal systems,in;the deueiopment
.of tutOriai diaiogues.. The two.premier'systems currentiy seem to be °
GUIDON (C]ancey, 1979) and Steamer (Williams, Ho]%and, and Stevens,
1981). - o L o
GUIDON 'serves as a physician s consu]tant for the student, who
piays the roie of the physician, in diagnosing infectious diseases.
" GUIDON: focuses directly on the prob1ems a\subject matter expert faces
in making his or her expertise,/,unde»standing, and heuristics
adcessible to students. GUIDON takes account of students' knowiedge
~and interests in Ch0051ng what to present, it\dncorporates a. know]edge

base that is augmented to better organize and exp1ain the subject

matter to the student “and  its teaching expertise is representec

-

*
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“explicitly and modularly so thatfit can be modified for different'
research designs. GUIDON both "knows“ the subjeot matter and -can
exp1a1n to the student the paths it uses to reach a diagnosis Just as
ain expert tutor does. " .

Steamer is a Computerfbased system being deve1oped by the Navy to
provide 1ns}ruction in steam propulsion engineering. It Tinks a very
complicated and highly abstract, guantitative (mathematicaT) model of
a sh1p s steam propulsion system to - high quality visual (graphics)

/

presentat1ons of the under]ying mode1. The student 1s thereby able to /

/
manipu]ate the ‘underlying abstract mode1 through the graphics/

" {nterface and to see ~in COWPUber graphics presentations how the
effects of these manipulations would be propagated throughout tpe}
ship's steam propu1sion system. Additionally, Steamer uses the
student s manipulation to better model his or her understand1ng of
steam and to extend, correct, and deepen that understanding. /-

At this point, we may all wonder if we are going to see tutorial
d1a1ogue systems of this sort in our classrooms in the near‘future._
About a year ago one of the major figures 1in the tutoF1a1-d1a1ogue
world passed through “Oregon State University leaving the fo]iowing
Quote in his wake: "It's amazing what you canxdocwhenvyou only have

. two megabytes of memory.' | " ‘\ | |

To those of us used to working with 32K and 64K byte persona1
computers, the notion of 128K bytes seems 1ike Nirvana. Two m111ion
bytes 1s beyond a11 1mag1n1ng, ‘and this 1s apparent]y the 1ow end for '

' someone working with vtutor1a1 dja]ogues The - point 1s that the

computational requirements for tutoria ulu*OQUE systems are very

T R
¥ 0 . . L ) o to O
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large. A‘singie:user system sufficientiy powerfuiifor‘deiivery out
not-deVeiopment of tutoriai dia]gues'might be'purchased today for
about $20,0od;< In ten years the picture will change completely, and
for this reason the deveiopment of - tutorial dialogue systems should
.now be pursued vigorousiy on large machines. |

. Somewhere among all the new directions for computer courseware ;;
major breahthrough will occur. Tutoria1 diaiogues appear to be a .

1ike1y area -for this breakthrough This direction represents an

approach that is both evoiutionary and revoiutionary That isrtoasay;

we can eXpect it to he1p us accompiish what we want to do now and to a
_valteruin very fundamenta1 ways our understanding of what_instruction
shouid be. In any event, tutorial dialogues could not be}impiemented_
without computers, and their deveiopment<is limited by the current =
- state of the”art in both computervhardware and"software, It is often
_said that hardware and software developments are far in advance of our
capabilities~ to use them in‘instruction. In’the case of ‘tutorial
dialogues, this .is not true. We»are simultaneously deveiopingfandﬁ“
capita1izing on the: state oftthe art in computer hardware_andcsoftware
technology. . - ' |

Much still needs to be done. ' We need to learn how to,represent‘
5imperfect1y understood and poorly described know]edge'domains‘and to;j
reducev the coSts of creatin§ 'knowiedge domains;“;‘Better dnatura]
language processinQ 'must be developed, 'tethniques Vforv~node1ing
learners. must become far more. sophisticated ‘and our: understanding of
what master tutors and teachers do must be greatiy enhanced We need

to learn how to :interface computer ‘tutorial dia]ogues with the.

. . SRV T

v -
H et
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practjce of c]assroom teachers. 'However, these_issues only indicate
that hreakthroughs in this area‘wi11 occuf,perhaps later rather than
sooner. The prdmiseVOf tutorial d?;1ogues rdréimproving instruction
remains.. | | ' .

This promise'is particularly euidentIWhen we review efforts to
join tutorial dialogue techniques with simu1ation,,the;topic of the
.next section. *In_fact,awe have a1ready skirted these shoa1s very
closely. After -all, the student troubleshoots a simulated power
~supply in SOPHIE, diagnoses an ailing simulated patient in GUIDON,~and
m;operates a simuiated steam.propu1sion systen 1n\Steamer;w It may bew
’ past time to turh to the area of s1mu1ation in 1ns$ruction.h |
Simu]ation _ T : | | |

The current1y strong and‘grOWing 1nterest in simu1ation‘used for
education is far oyershadowed by the interest 1n and supports for
simulation used lin. training, specifically mi]fta%y_ and industrial
training. Most readers will be familar with the 1onb history and use
of mu]ti-mi]]ion dollar -aircraft s1mu1ators-—some epsting more than
- the aircraft “they s1mu1ate-~by the mi]mtary and by aircraft'
,manufacturers for p11ot training. Twenty years ago, 1f on»lnentionedl
the use. of s1mu1ators in 1nstruction the reference wou]d be to
#,aircraft simu1ators and probab]y nothing e]se.,vThe adv nt of computerjv

techno1ogy has permanent]y a1tered this state of affairi.,

Because current simu]ators are based on programmab?e computers,_
' they need not be sing]e purpose representing on]y a s1ng]e system_;v
* such as the cockpit of an F 14 fighter aircraft.h»Instead a wide;ﬁ

range of related systems can be simu]ated for the purposes of tra1n ng

“

62
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individuais who must learn ta dperate and maintain them, The Navy's
Generaiiied Mainténance Trainer/Simulator (RiQney, wane,_ King, &
Moran, 1978) is a case in point. The GMTS can be usedito simulate any
device in which signal paths and their reiationships to controls,
;indicators, and test points can be defined So far the GMTS hasﬁ
demonstrated its 'versatiiity by being used to teach techniques to
maintain both a radar repeater and a UHF conmunications systems.

) Again because current simulators ‘are based on programmabie_.
computers, they can be much sma11er and 1ess expensive than they were
originally. Simulators too are benefitting from- the micro-eiectronic
revolutien. .~ The idea of "suitcase simulators" abounds in today's
military. MITIPAC (Rigney & Towne, 1977), for instance, took the GMTS

and shrunk it down via: micro-eiectronics to fit into a suitcase sizeda
»package which provides a true job site training capabiiity MITIPAC

can now be transported to locations where military jobs are actuaiiy

performed--in the field, on ships,‘on fiight 1ines--and tailored to‘
-the specific jobs at hand. Many simulators have been built, tried,

and evaluated in training, as_0r1anskx andIString showed-for training

aircraft piiots (1977)  and for training naintenance: technicians

(1981).  In-this sense, simulation is an vestabiishedh and proven

"technique for instruction; Houever,-deve]opment of simuiation for

‘instnuction is far‘fromlfinished. The field is-particuiariy,fdrtunate _
in that’EromiSing and dramatic‘new "functionalities” now»ekist.' Three

of these new functionalities are interactive movies, . surrogate
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'Itravei, and~ spatial data management. A1l three of these use
computer-controi]ed videodiscs. - o | ' &

Interactive Movies'

Interactive movies - attempt to translate movie viewing into an

; .. R

active, participatory process. _}n_ﬂeffect, the viewer becomes the
director and controis many features of"the movie, 'Feature controls -
avaiiabie to the viewer are the foiiowing |
1. PerSpective. The movie can be seen from different
directions. In effect, the viewer can "waih around" ongoing
‘action” in the movie or. view it from above or beiow. ' '
2. Detail. The viewer can "zoom in" to see seiected detailed
‘aspects of the ongoing action or can "back off" to gain mere
"persgective “on the action‘_ and | simoitaneous activity
elsewhere. | n |
3. Level of’instruction. In some‘cases, the'ongoing_action.may
be too rich'in\detaii or.it'ma;‘inciude too much irrelevant

detail. .Thenviewer can hear or see more or less about the

‘'ongoing: process by so instructing an'.interactive movie

N

o . e o

system. e
4, ; Leve1 of abstraction.? In some instances the viewer may wish'
to see the process being described in an entireiy different
‘form. For exampie, the viewer might choose to see an’
. animated 1ine drawing of an. engine s operation to get a N
ficiearer understanding of what is going on. In some cases, |

.'-‘eiements shown in the line drawings may be invisib1e in the"‘

ongoing action e. g. e1ectrons or force fie1ds.'

L
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5. Speed Viewers can see the ongoing action at a wide range

of speeds, 1nc1ud1ng reverse action and stnii frame.

\
6. Piot. Viewers can. change the plot to see, _the r,su]ts,of-

o T

- ._d1fferent decisions “made at se1ected times during the movie.

\
Surrogate Travei : S SR \

'\

Surrogate travel forms a - new approach to locale fami11arization

and low cost instruction; In, surrogate travei images organized into

video: segments showing discontinuous motion along a 1arge number of

~paths in an area are stored on v1deodisc. Under microprocessor

controi, the student accesses different sections of the videodisc,

3\

: simulating movement:over the selected path. : o N
o A . |

v The student sees with photographic realism the area of interest!

‘can then choose both the path and the Speed of advance through the

area using simp1e controis, usua11y a joystick To go forward the_“'

student pushes forward on the Joystick, to .make_ a 1eft?(turn _the
student pushes the joystick to the left; to go faster:the_student
pushes the joystick harder, and so on. | |

The videodisc frames the viewer sees originate asifiimed views of
what one wouid actua11y see_in the area.v To allow coverage of very
;1arge areas, the frames are taken at periodic intervais that may. range
from every foot inside a buiiding, to every ten feet down a c1ty

astreet to hundreds of feet in a 1arge open area, e.g.,ga harbor.’

Coverage of very small areas is a1so of interest., In microtravei

A which is a. combination of surrogate trave1 and interactive movies,

travel is possib1e where humans cou1d cou1d never: go inside watches

T
<

O
o ey

for instance, a city streot or a hallway in a bu11ding The'student\

A\
\



' video frame is displayed before the next-frame is shown,;determines\

,the apparent SpeédAOf travel. Free choice in. what routes may be takén

. B ,'I . l"‘
. / y
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while they are running, inside 1iving organisms, etc.

The rate of frame p1ayback, which is the number of times each
\

\

A\

is obtained by fr]ming all possible paths in the area as well as a11
posﬁdbie turns through all intersections To some extent this a time\
consuning and expensive technoiogy, but it has become re1ative1y

efficient because of the design of ‘special equipment and procedures

_ for doing the fi1ming

.the method of 1oci transformed to a video or computer graphics

‘Demonstrations of this teéﬁho}ogy have _been deveioped -for
building interiors (Nationa1 Ga11ery of Art) a small. town (Aspen,
Colorado), an ,industria1 faci1ity (nuclear power p1ant) and San

! /
Francisco Harbor.| Plans are underway to produce a prototype video map

' 1ibrary of broader scope for se1ected areas woridwide

Spatia1 Data Management

Basically, Spatia1 ‘data storage and retrieva1 of information is

/

. format.”  The information is stored and retrieved through its

association with a1ready famiiiar geographic terrain

Suppose, for instance, a student wanted to \study the musica1

environment in which Ra1ph Vaughan‘&iiiiams wrote hi "Concerto forvf

Tuba and Orchestra - In an ordinary oata retrieva] syst\m\the student

/

will. type in a comp1icated set of Booiean expressions--or Eng1ish

phrases standing for Booiean expressions-—and wi11 receive in, return

-eon1y textua] information about the topic - Reievant informafion

c1ose1y re1ated to the information successfu11y retrieved uill \not
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appear unless the student starts from the top again with a new set of
‘Boolean expressions. In a spatially organized data system, ‘the

‘underlying geography will be familiar to the student for instance the’

school campus.; The student may then “fly“ to the mus1c department (or‘.-

library, concert hall, professor s OfflCE, etc.) “and 100k for a tuba
) (or an orchestra, music library, portra1t of the composer, etc.).
Upon finding a tuba or other relevant’ cue, the student can zoom into
it, still using his single joystick contol, select’ the concerto bl
name (or by hearing it, seeing the score, seeing the composer; etc.I
and then-hear, see, and vead more information about it all retrieved
through visuallyeoriented associations. . j‘

~In this way, spatial “data management acts ‘as 'an electronic[
; 1ibrary that gives students. and instructors access to a wide ,
' assortment of multi- source and | multi-media information ‘whose
components are associated in a natural and easily accessible manner.
Instructors can access the . system to create and/or assemble their own.
-information 'spaces to be explored later by their students or
| ubsequently present these materials to large audiences in single .

locations using large screen television projecti/n or to mult1ple1~"
| locations though cable distribution . systems. : Students can
independently use the system for individualized instruction by working :
though previously designed information-spaces, o/‘browsing on the1r
k‘_own, or “by creating. their own data spaces. ’ _hhen students and'
. 1nstructors "are in remote locations,- offsite instruction -can be

facilitated by- linking two or more systems together using regular

telephone lines. In this manner, a student or instructor can "fly"_-

k)
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the other to a topic of interest sharing ‘at geographicaiiy remote

sites a large,. visuaHy oriented 1ibrary of- information.
- Two points are worth noting about these new directions for
simulation applied to’_instruct.ion. First, they cannot be imp1emented
in a book. Segond, 'the application of these new directions for
simu1ation-based computer instruction 1n education is just beginning.
One can easi]y imagioe app1ication of this techno‘logy to science
education. Perhaps a few’ words on this subJect are in order.
| The best way. to 1earn science is by doing it. The excitement,
_mystery, frustrations, and triumphs of science are oniy dim1y reveaied
by the usual fare of introductory science course. , It would be far

oe

" better for. stadents,. especiaHy ihtroductory :"students,. to approaCh

science with freedom to indu1ge their curiosity,\form and re-form

their own hypotheses, design and perform their own experiments, and

bui1d their own mode]s and theories to exp]ain natural - phenomena.

. Unless there are drastic shifts in nationau furding po‘licies for
science education, this essentia1 scientific experience wiH be
prohibitiveiy ‘expensive to provide. ~ The. resu1t s that
students--especiaHy eiementar/ dnd Junior high sch001 students--are- :
"turned off“ by science at a time when our industr1a1 and a¢:ademic.
need for scientists,' -engineers, and technoiogists is acute and;
increasing. - - ‘ o -

What is néeded in science education ‘is something that has the;"._‘f

impact of video gaming,.‘ but at/the same time possesses substantia] :

pedagcgica] pcwer. One way\to accompiish this is to provide simu]ated’ B

scientific experiences to students. Good simu]ations are. exciting,

BN
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cOmpeiiing, and teach effectiveiy’by providing an'environment in which
Jiearners must live with their decisions. Simuiated experiences need
not repiace existing 1aboratory and field exerCises, ‘but they mayn
expand<and supplement them. Moreover, S1mu1ated experiences may be
,superior_ to. rea]‘ experiences 1n at least four ways. F1rst, and

primarily, simulation can be economicai.‘ Use of simuiation should
reduce the need for 1aborat0ry equipment and itst*maintenance,

1aboratory suppiies, and travei costs for field experience. Second,

i
_simuiation can make relevant . phenomena more readiiy visibie in two

ways. In one way it can make the inv151b1e visibie. For instance;

"the flow of ions can be seen more cieariy and simpiy under simuiated

conditions than under real. conditions. In another way, simu]ation may °
. \\
increase the v1sibi1ity of a phenomenon by separating it from a

confusing or chaotic background ' One can see the conceptuai forest

without getting 1ost in. the procedurai trees. Third s1mu1ation
: ;
a]iows reproducibiiity. Students can repiay over and over chains of

events that they couid not otherwise observe repeatediy. Fourth,

simuiated ecxperience i$ often safer than the reai thing Airpianes
S s

can be crashed, poisons can be : ingested and 1aboratories can be

exploded with impunity in simuiated environments.-

, . \ 4
Two sorts of reievant scientific experience that. lend themseives :

jreadiiy to simulation are fieid study and/ﬂaboratory experimentation.'

.

: These two kinds of experience couid be provided using the new

-

functionaiities described above. These functionaiities couid be used‘v

to buiid video field trips and simulated, aboratories.
j )

In the f1e1d the student sees the total ecoiogicai view. He/she



. - : \ g
- 6 3 - v,/ - ‘\2‘ - /y\

ey LoD

sees the overall landscape, the terrain,'the popu1ations of}?4ganisms;

and 'individuai ‘sampies/”of interest “in their speciai 'areas. - In

23

‘xsciences such as bio]Ogy, geo]ogy, pa1eontoiogy, arcrcoio , and even

astronomy, substantiai learning and appreciation can be achieved by

-trave1 0 1ocations that are d1fficu1t to access under the best of
conditions. However, field trips are treated as an/ instructionai
' friii. After a11 the trips are made rare]y and 1oc Ty (they depend
for success on what is serendipitousiy nearby), they emphasize on1y
the group. (indiv1duais do n7¢ have an 0pportunity to'.do the science on
their'own), and most of the administrative effort centers on getting
to the.fieid and'getting ofck, not on the field experience itself. _As
. a resu1t, eVen short, loc ]"fieid trips‘are being /cancelled by schcols

because ' their cost in time and fuel is noY balanced by their

.o

educational return. Sur ogate trave1 removes t7e major obJections to
field experience and. offers to each student a bfoadened opportunity to
1

experience scientific phenomena in their natur . ecoiogicai context.

St dents interested in, say:kthe bio]ogy of deserts could visit

- the Gobji in the .morning,
‘ﬁthe aft rnoon. - They coul
identifying, andl"gathering

the same purposes, as - a tr ined scientist. Panning and zooming

. through he fu11 ' range of habhiats couid deveiop in students many of

the same intuitions and understandings of environmenta1 geographic,

and c11ma'ic contexts that an experienced scientist gains. from actual
travel. |
- Back | in 'school, .]aborato ies rovide __af préb]em soiving

i

[

he Sahara.around. oon,4£nd the Sonoran in °
travel -around inveach,habitat 1ocating,v

sampies in rou7th the same way,'and~for
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envirohment where students interact, observe processes, and are
stimu]ated to synthesize concepts as part of the1r 1earning.' However,
many schools are e1iminating 1aboratories from their science courses,

not because they are not useful learning experiences, but because of

the cost of obtaining, maintaining,.and supporting specimens, samp1es,

and laboratory equipment. Interactive movies and spatia1 data

management allow us \to simulate laboratory ‘experiences.without the

»'high cost and effort that is ‘normaiiy involved under the present

pattern.
Students can create, store, and retrieve information from mammoth
data banks usiné spatial data management, One can imagine high school

students organizing an entire archaeoiogicai,excavation or geological

,suruey using spatial data techniques.. One can also imagine elementary

”_schooi students setting_up and running high-energxiparticie physics

¥

eXperiments through interactive movies with plot control. Students

wouid'aiso have full use of thé latest in té%ﬁscopes, microscopes, and

--aven endoscopes through computer-based simu1ation.

; \Finaiiy, 1aboratory and: fie1d eXperiences can be linked so that

.hypotheses deveioped in the 1aboratory wou1d be tested by return

"travel” to the correct habitat,‘“coiiection" of data orvspecimens,

and return to the laboratory for testing and:verification. In this :

Way the excitement frustrations, and triumphs of scientific

experiences would become accessib1e to students.

/s

In the above, s1mu1ation was presented as a new direction that is

' finding its way into computer instruction, but it is interesting to

note that“the”history of computer instruction is exactly the reverse.

[ P : i ey . S
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The first use of computers to teach grew.out'of a computer based

\ . .
\ : . . L R N .
system that was primarily intended for simulation of real world

experiences. This was the Air Force's SAGE (SemiLAutomatic\Ground
Environment) system which was built in the late 1950's to train Air

Force personne1 in. the tethniques and tactics of air*defense (Rowell

& Streich, 1964; Parsons, 1972}). Compqters in SAGE were 1n1tita11y '
used to ‘simulate equipment mostiy radar, to- which ground based. air

defense personnel were to make appropriate reactions. - However, as.

. / .
time progressed, the SAGE computers began to. be used to present

training inla-more generai-purpose.foshion. _
The University of Illinois's PLATO (Programmed Logic for

Automatic Teaching Operations) was probably the first computer system

built specifically for computer instruction. Interestingly, it too ~’

was first sﬁpported solely by'the miiitary--in this casebby'the Army
-Signal Corps,. the Office of~Nava1 Research, and the Air Force Office

"of Scientific Research (Bitzer, Braunfeld, & Lichtenberger, 1962).

Initfally PLATO was used as a sort of "book with feedback" following

the suggestion‘ ot_ Chalmers Sherwin, and few who saw early
demonstrations of PLATO in the Tate 1960's were able to escape 1its

"fruit fly" demonstration; This was a cimulated biology laboratory

showing in high ouaiity graphics successive generations of fruit flies

as they illustrated a mooei of genetics. This type of simulation in

- computer instructionviS’stiii in use.

The focus in this section is on nen techniques for simulation, }'i

three of which are 1isted above These three haVe'been discdssed‘in a

11tt1e more detail by Bo]t (1979) and by Levin and Fletcher. (1981)

72
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' Other techniques may well be-oh the way. We have bare1y begun to
,expiore the instructiona1 p0551b111t1es of natural 1anguage proce551ng
(as -opposed to computer 1anguage process1ng) voice output voice
1nput computer-generated imagery (which may obviate some of. the need
for ~videodisc storage), - and psychoneuroiqgicai monitoring. New
" functionalities for these capabi]itieé?wi]h,ooubties§ be'oeveioped.
However, it should be emphasized that this process of discovery is at
least as demanding of time, resources, -and 1ingenuity as the
development of the computationai capabiiities themseives.- Swamping
schoois with hardware and computer capab11ities and then expecting
T _instructional functionalities to flow spontaneously 1in their wake is
simply wrong. The process will continue to require support,
encouragement,'resources, and time., |

‘Final Word

| It 1is wrong to'inundate'our educationai institutions with new

[

"technoiogies without insisting that they do at Teast something to help
us through the day.. It is also wrong to hold off all investment in
| new'technoiogies'because they may affect what it 1s.wefwant to do.
The correct approach seems to be’ somewhere in’the middle. No one
envisioned te1econferenc1ng when the te1ephone was invented no one
imagined our current 1nterstate highway transportation system when the
horseiess carriage came along, and steam engines languished for 30
.years pumping water out of coal mines before someone began’to think
‘seriousiy of their possibiiities\ for se1f 1ocomotion.' ~ He have
benefitted from the . introduction of these devices into our 1ives just

as we have suifered from them. We must give the new technoiogies
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their place if we are to improve our instructional practice as the

Gardner Commission said we must. At least in the case of computers,

"we are in a position! to insist that they be of some immediate

practical value along the way. This is a fortunate positfon to be in,

and we should capitalize on it. Computers can,he1p»mee; goals and

"solve current problems of schools and school districts at the same

time they are he]ping’to advance the craft of instruction. We can ind

should ‘expect them to do both. o - ‘

in’short, computers will help us better perform the business of

instruction as ‘we envision it today. They will also broaden our

horizons. They" w111‘ change and !gxpand our. 1dea§k‘about‘ what A
1nstrdction is and wnai it must do. Their ché11enge to us as
educators 1is as serious ‘as their promise. We should rise to the

occasion.
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The, Present and Future Reiationship of Technoiogy and Testing.

e;;_-' - 1 | Frank B Baker

Department of Educationai Psychology

N Univer51ty of W1scons1n
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~ I.- In roduction

 One of the haiimarks of the testlng movement has(’been ite-

long-term 1nvo1vement with technoiogy , In the early educationai _

‘testing movement 1iterature, the. mu1tip1e choice item was referred to’
< as the~ objective type 1tem as! 1ts scoring involved no judgmental

processes. Because of this, 1t was naturai that efforts be made to

\

mochanize the test scoring process° Over the years, many schemes were

.dev1sed to efficientiy score mu1tipie choice tests via -manuai

v

or mechanicai devices of one type or another. ‘While these devices

viorked, -they coqu not reaiiy cope with the vclume of test\resuits
/
. beingxgenerated~by the nationai testing programs/estabiished during -

the 1930's. R 5/ o e | |
L The first real technoiogica] breakthrough in _the. automation off.’
\ktest scoring was due to.a high schooi physics teacher who invented a

_current summino devicethatfcouid obtain a test scOre fromvpencii
\marks on - an -answer sheet. "/~ His invention became the IBM 805 test i

- scor1ng machine of 1935 ‘that was: in w1despread use unti1 the 1960's..
I am sure many of the “o]d;timers" in the audience cou1d regaie us_

- with a 1itany of the idiosyncracies of this mﬁchine. -
However, as»testing programs grew in size, the need for faster

- more accurate automation grew. HTﬁ@jsecond major: technoiogicai advance

occurred in 1955 _and was_the;deveiopment of,the_opticai mark reader

= i
A o

;f;f_ﬁf5j_ l,;:aﬁ'f'8() - lf ;:;';,.;




(Baker; £971iu' This device could sensé/marksion the answer sheet
ioptica11y andmused the. "ecentiy develpped computer technoiogy to score //

the test. Much of this scanning technoiogy was deve]oped by E.F. ‘

Lindquist at éhe University of Iowa, and resu1ted-in his 1955 MRC /

machine which couid process 6,000 answer sheets an hour. | ’ y/
Since that time, there has been. a steady improvement in the

_..accuracy,. f1ex1bi11ty, and versatiiity‘\of the OMR test scoring‘
' -equipment. | Today, ‘there are a number of manufacturers of sucht o
‘ equipment-(Baker, 1983). Because of the‘capabiiities and avaiiabiiity-

of such ‘test ;scoring 'equipment a wide variety ofi organizations

(commercia1 testing companies, state education agencies, universities,

and school districts) can conduct large scale testing programs in a

cost-effective manner. As~a result, one can consider the automated

scoring and reporting of test resuits to be. a rathi;gfature fie]d.
AN
!
§

g However, it has provided the basic foundation for ot 7Lp1ication§/'
. of technoiogy in testing. = ; i;
i " : /

I1. State of the Art ' . \\\ T 1) 5 S

N i .
The high capacity ‘test scoring equipment represents/one erd of a \\\\'

range of test scoring equipment.. At the - other is the desk" ‘top

»scanner‘\ In about 1967 Richard Schutz of SWRL/ expiored the
&
having a desk top scanner deveioped. However, events

s

conspired %o - -t art -this effort It wasn't unti1 1974 that a 5
.\/

/ -
commerciaiiy avai1ab1e desk top scanner (the. DATUM 5098 . OMR) was -

possibiiity )

-avaiiabie._ It cou1d hand]e a 64 x 13 array of marking positions on an

-

8 1/2 x 11 sheet Of paper’ and COSt 33 000. . /, o

This scanner was important as it cou1d be connected in series




T

-,
, -

with a computer term1na1 and item responses could be sent over
te]ephone 11nes t0 a central computer for scoring and reporting. The

- desk - top scanners openad the door to cost—effective, -small -scale, - _

automated test scoring and reporting. At the University ofshigfonsin,

we have DATUM scanner seria] number 3 and it is sti]],ser ing us -

-

faithfu]]y for c1asSroom testing.' The DATUM 5098 was a very basic'OMR

and did 11tt1e more than sense marks: on the sheet and send item -

' .responses to a computer with an overa]] processing ratn of about 15

& T

sheets per minute.

5

In recent years, the micr0processor chip - has become readi1y

avai]ab]e and desk top 'scanners have begun torincorporate them. The"
- Europeans have “been’ a-few years ahead of us in this area and sma]]
scanners such as Kajaani Eva]matic use a micr0processor to compute and
,7 | disp1ay the test score ‘as the sheet is scanned Recent]y, desk top
' scanners. incorporating m1cr0processors have appeared. in this country
-as we]]. ‘Because these microprocessors are sma]] but fast computers,
they can be used to perform a number of functions within the scanner,
one of qhich is the quality contro] of the mark sensing process. The
micr0processor can obtain the readings from mu]tip]e marks, app]y::
—decision 1ogic, and ascertain which mark is . to be considered the
student s item reponse., The microprocessor can score the test and in .
“some scanners cause the” score to be printed on the answer sheet. It é‘
.is a1so possib]e to compute summary statistics as the sheets are
processed. " The microprocessors are, a1so used to control  the .
communications process and coordinate data with a computer.:_iThe .

\ ;~

inc]usion of the microprocessor provides the desk top scanner with '

0

features and capabiiities previous]y found oniy;in the expen51ve high
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capacity scoring systems; Yet, the overall cost of the desk

ct
O
©

scanner has been quite stabie for a number of yedrs.

1
|

‘ The - 11nking of\the Jesk top scanner to a m1crocomputer results in
a smaii scale test storing arid report1ng system. Microcomputers such
as.the APPLE iI, IBM PC, or TRS-80 have more than enough computing
power to score_ka test,' compute summary statistics, perform 1tem
' anaiyses,,and print a variety of reports. Thus, for about $5, 000 a /
sch001 can have an automated test scor1ng system that can process a
very respectable number of tests per day.. Recentiy, Nationa] Computer'
Systems ‘has begun to market just such a system consisting of an IBMﬂPC
_,and Aan NCS 3000 desk top scanner. ~ The~ Nippon . E]ectric Company has
- been marketing a m1crocomputer-based test sco ing system for a number T
of years. The' system 1nc1udes a mark sense card reader, a
: microcomputer, a typewriter printen, and an S-P keyboard. 'The*iatter’
is a specia1 device used to enter item reponse data manua11y for a

specific type .of item anaiysis. Systems of this type ‘'should find

>
~

, widespread acceptance in the schoois. 5 Ll

¢ o"

A1l of the tést processing systems described to this point have
used’ answer sheets upon which the students mark their item response
choices. The Test - Input Device- (TID) (Syscon, 1983) is des1gned to
eiiminate the answer °heet and the OMR from the test processing

W

.sequence. The TID is’ about the: size of an e1ectronic caicuiator and
‘has a simiiar keyboard and disp1ay. Y Interna11y it contains a
microprocessor and about 20 000 bytes of computer memory. - K probe on

the device aiiouwwit to be connecteg to a computer via ‘a "black box .

xnitialiy, the c0mputer is used to prestore in the TID information
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Iitems. In use, the student empioys the keyooard to enter his ID

number, the test ID, and’ then his reSpohse choi e for each item. A

‘ifeature of the dev1ce aiiows the student to review his choices, change
/

them, and otherQise edit them via the keyboard and the display. when-
/
’ the student is done, he simpiy 1nserts the probe. into the "black box",
”u |
© presses a button\ and all the data aie transmitted \to the computer,

where the usual programs score the tesk and report t_e results. The

o

Navy is currentiy\using the TID and appears to be pleased with its use .
as a test answering vehic1e.'vThe technology contained in the TiD is a

Spinoﬁ(,of_miiitary data coiiection,’and the device-its 1f isfsimiiar'

to those used to aud1t inventories in, saV, a grocery ! tore. Giyen
the high cost o

answer sheets, the'TID couid be quite economical to
use in many testdng s1tuations.'

A significant facet o# any large scaie testing pr grmn is the

‘creation and ma1ntenance of the item pooi. This has 1ed t the use of
computers in this process, and a fie]d known as item banking (Wood &
| Skurnik 1969 Lippey, 1974) has arisen. The basic idea is to store
the actua1 test’ items in mass storage and provide functions that, aiiow
“one- to .nspect items, edit them in various ways, and’ se1e t them for
inc1usion in an instrument. Since the reason that an item pool exists“
is to -’ support the - test const%uction process, most comguter—based
systems merge the ifbm banking and test construction proc ss into a
psingie software package (Lippey, 1974) |
A decade ago, 1 deveioped an. ~item - banking/test co struction”
] .

7.program based upon an item response theory approach that sti 1 defines‘ﬁfx

the state of the art (Baker, 1972) This program maintaine

,Jpooi kept historica1 records of the item and_the test statisics, and o

an itemwl,;
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was integrated with a test scoring program. when a test was scored,
all the historica1 data' such as dftem and test statistics were

automaticaiiy updated in the fi1es. " This computer program was’’

.impiemehted on a large sca1e computer and designed to be used by a

o

relatively sophisticated test constructor.' As one would expect, the

item banking/test construction process has been imp1emented \noa
microcomputer (ATA, 1981). This system empioys\a TRS-80 with two
fioppy disks, and -the computer program is caiied TEST BANK. The
program can store about 300 items and the user can seiect items using
a limited number of keys. DeSpite its modest capacity, this system
represents a significant contribution to testing technoiogy As - the

data storage capabiiities of the microcomputer grow, so will the size

* of the item banks that they can I.:intain. More .important1y, such

systems make item banking/test construction accessible to a very wide
range of users. o

Computer administered tests have been empioyed for many years,
primarily via time sharing termina1s from a large computer. -Such
testing has always been eXpensive and limited by the sma11 number of

terminais avaiiabiezon any one computer. The. microcomputer has opened

up new and interesting possibi1ities for on-line testing It is quite

,possib1e to store test items ‘on - floppy disk and have the

microcomputer administer the test and record the student item reponses

..on a disk. Upon compietion pf a testing session, a student cou1d be

given immediate feedback by the computer as to the resuits and their

;interpretation in either a norn1hreferenced or criterion referenced |

'7sense. In addition, the graphic capabiiity of the micro can be used-

N

- for figures and. diagrams appearing within individuai items. Voice
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output devices such as the “type and taik“ (Votrax 1983) can be used
to present questions and instructions verbaiiy. ' Ciear]y, the'
é?crocomputer capabilities such ‘as graphics, verbal ‘output, data
storage, and man—machine Tinteraction‘ can bel=forged into‘ a very
powerfui and dynamic testing vehicle. The present state of the art
offers all of these capabilities atn a modest hardware cost.
Microcomputer systems for administering Standard psycho]ogica] tests
such as the MMPI are currentiy used in a number of settings.“ Such
testing is also offered as a commercia1 service by a 'nUmber»;of
'consuiting psychoiogists. E -
One form of computer administered test is the taiiored or
adaptive, test first proposed by Lord (1970) .and invest‘gated
extensiveiy by Weiss (1975). Under ‘the- adaptive testing procedure, a‘“

series'of items arevadministered via a set of rules that se1ect-items

 that are appropriate to the examinee's ability. The available schemes‘

o

narrow "in on a student's ability level rather fouickiy, and each
student gets a unique test.v-Such adaptive testing rests uponbitem'
response theory and is an exce11ent example of‘the appiication of the:
.‘theory to. practical testing. Given a prgcaiibrated item pool, the‘
i actuai item se1ection? test administration, and scoring procedures of
the adaptive testing'can'be‘impiemented easiiy upon a microcomputer.
Such - adaptive testing is part1cu1ar1y appropriate for schoois using

indivdduaiized instruction where students are tested on an as- neededl,

basis rather than in groups at predetermined ‘times. It aiso does not

: require personne1 to edminister the test. vThese and other advantagesf -

. have 1ed to the creation of microcomputer Systems devoted specificai]y

_to adaptive testing ; Vaie and his associates in Minnesota are"»‘i
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‘currentiy deveioping such a system for the military.

Computer a1ded instruction and its der1vat1ves, such as computer
based instruction, have had a long and rather tortuous history. In
the mid 1960's it was treated as the savior of -education- and
considerabie resources were devoted to the area without a great deal
of success. By the m1d 1970's the CAI furor had subsided and on1y a
minimal v.interestl existed. "~ However, the “emergence of the
microComputer, andtits.widespread penetration into the home and the
*schoois,~has givenﬁCAI/CBi a dramatic new 1ease on 1ife,*and'it'has
risen Phoenix¥1ike' from- the ashes. 'Numerous sources report that_
instru%tiona]]y-oriented software for microcomputers is one of the V
major growth industries in the 1980's. Many new,software houses have4
beén established to produce such software, and old-line pub]ishing
houses .are getting ldeepiy' invoved in ‘the selling of instructiona1
_computer programs. ' ) B 4 K | |

‘ InSpection of this new generation of 1instructional 'software
quickly reveals that it is nearly always devoid of any testing or
eva1uation component, Dri11 and practice programs will tell thei
-student how many probfrems they got correct, buthfmost other
instructional computer programs do not. The general approach seems to
be one of 1etting the student“interact with’the computer in various .
ways, when the student reaches the end of the program paradigm the

omputer says goodhye and the student walks away. In addition, there
are’ no records kept for the teacher to use in eva1uating student
progress. whiie Such software may in fact be instructive, it does not
wintegrate well into the oVera11 educationa1 process. The-1ack of a

| .
testing or evaiuationﬂ component in such software is particuiariy

i AT
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disconcerting

At’ this point I would 1ike to brief]y summarize the state of the

art in testing technology before proceeding.”

1.'

The desk top scanner .and microcorputer combination provides the

technoiogicai _pase for a cost- effective test scoring and

'«reporting system. As a resu1t most organizations and schools

can now afford the test processing assoc1ated with sma11 to
moderate scale testing programs. - Such a capability allows
schools much greater f1exipi1ity and controi over their testing
programs. The state of:the art in'high capacitv test scoring and
reporting is at a sophisticated 1eve1. Because of this, the dat//

processing aspects of nationwide or .other large sca1e testing

L programs can be performed efficiently and at a reasonable- cost °

3.

4,

~

-per student. " : - . .

Due to microcomputers, item banking at the local level has become
feasible; However, the practical size of the item'pooi‘is still
somewhat 1imited by the avai]abie storage devices.'. |

The existence of a dedicated hardware/software system for -
d°1ivery and administration of - tests is an important advance. ‘In
particu]ar, - the deveiopment of microcomputer based adaptive
testing _is an’ important increment to tne'.state of . the -art
in testing; | ©

AT indications suggest that the computer as an instructiona1

,device is fina]]y going to make sufficient penetration into 1oca1.

;schoois to be considered a viab]e technoiogy. However, existing

'instructionai software rare]y inc1udes any provi51on for testiig'»’

or eva]uation-‘f“ff




- 82 -~

I Future‘Directions | L

A. Test theory trends | \ .

For those of us who work in psychometric theory, it has ‘been
clear for many years that classical. test theory has run its course.
This theory grew out of ‘the work of Spearman on 1nte111gence dur1ng
the 1920's, ‘and was the theoretical underpinning of the past half
century of testing practice. However, a ciose look at c1ass1caf\test‘
‘theory shows that other than some work on generaiizabiiity (summarized
by Brennan, 1983), there has been -1itt1e if any extension or\ .
elaboration of th1s _theory 1% recent years.- In‘addition, existing
testing procedures ‘and practices have fully exp]oited the capabi]ities
of the theory. The theory is a mature one and its future growth does
not seem Tlikely. In. sharp contrast, item response theory (IRT) is
.a1ive, dynamic, and growing ~rapidiy. | A considerabie body. of new
theory is in place due to the efforts of Lawiey_(1943i,'Lord (1952),
Bock (1972), Samejima (1972), Wright (1967), wfignt and Stone (1979)
“and others. This theory is vast1y superior to c1assica1 test theory
in its conceptuaiization,_as it is based upon the item rather than a
test score, and has considerable potentia1 for further growth.

At .the present time, IRT is'rapidiy making the transition from a
pure theory to one, .that is wide]y used in practice (Lord, 1970) In :
addition, it has- provided anaiysis techniques for. estimating
parameters of items. having graded or nomina1 response that classical

'theory could not hand1e. It is this author S view that the future

'w111 see an acceieration of the transition from ’ iusting practice

= m—

"-‘theory. , Because of its greater mathematica1 SOphistication, ‘the




app1ication of item response theory is going to depend heavily upon

o

technoiogy.
B. Technological- trends .

The microcomputer revoiution is not even a decade old, and the
© rate of change sti11 appears -to be acce1erating. . The early
microcomputers were 8 'bit machines having 8 b1t address and data
buses. Next we had the 16 bit machine with an 8 bit data bus. Todayh
we have 16 bit machines with 32 bit internal registers.and_16-bit'
'& address_andrdatambuses.ﬁﬂThelnet result is:that today's microcomputers

Eare:rapidiy exceeding the capabi1ities of.the medium sca]eAcomputers

of a few years ago, - at a fraction of the hardware cost.

A1though the hardware currentiy available has-considerabie power,

©

g

that which.is Just around‘the corner is.even more'start1ing. For
example, computers based upon the Intel 432 chip are just now
beginning to_emergeifromAthe R and D shops. This family of computer.
chips allows one to create 32 bit microcomputers that are as“powerfui-
as today's 1arge scale computers. Yet they'are physicaiiy no bigger’
than the fami1iar personai\computers. in a very real sense, this wi1T

be 1ike having your university's computer center sitting on your

“desk. - Thus, an increasingiy large amou". of raw computer power‘is’”

becoming avai]ab]e to u.e within the context_of testingvprograms and‘u
re1ated app1ications.' The oniy factor to:dampen our enthusiasm-for

this c1ass of machines is that the software to make use of it wi11

‘ cost many *imes that of the actua1 hardware. One may pay 515 000 for

| the computer and then SSO 000 for the operating system, 1angucqe7 .
compiiers mathematics 1ibraries, statistica1 packages etc., that are’

swcessary to expioitfthe nardware.‘




7 The second area of vep rapid technoiogicai advance is that of
mass storage. The basic tpgnd is toward everiiarger storage capacity
at a re]atiueiy decreasing_cost per_unit of»storage. For example,
most microcomputers have used a “fioppy'disk" that can store about
.\5144 000 charactersﬁon a disk. with today's techno]ogy, this unit can
be rep1aced w1th a unit of the same phys1ca1 size that stores severa1

F
miiiion characters._ S]ight]y 1arger yet modestly priced un1ts can

store from 10 to 40 m11110n characters per d1sk‘
It should be noted that a major 11m1t1ng factor in a number of
-lareas of testing such as item banking, test construction, and adaptive
testing has been the lack of low cost mass ‘storage. The 1ncreasing
availability of low cost_mass storagegpromises to have a significant
impact on testing procedures dependent upon an item pool. Given the
avaiiabiiity-of such mass storage, the technica1 1imitations on our
abi]ity to <create and ma1ntain such item poo]s are rapidly
_ disappearing. lit will -aiso increase the feas1bi11ty of on-line
adabtive testing as an item pool, for longer sequences of items can be
~.accessible. to the algorithms that se1ect itemé for administration.
From a practical appiication‘in testing“point of view, the ingrease in
low cost mass storage will probabiuhhave a greater‘impact upon the
“field than the increase in raw computing power This is because;most
of our testing applications are. heavi1y data based oriented and on1y
marginally number crunching oriented.’ | :
Perhaps the u1timate in mass storage are the new opticai storage

' devices.v Some of these are write onco,-then read on1y devices.

Once the data are. stored they can never be changed Suchodevices have.

f{« considerabie promise for archivaildata, such as obsoiete item poois,
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but could not. be used for active'item poois,' However, optical mass
storage devices that can be used 1ike ordinary disk storage are
beginning to appear and offer exc1t1ng possibilities in very large
scale data storage. It-will be a few-years before this technoiogy
gets within the price range most testing organizations can afford.

A re1ated memory device is the video disk which allows one to
store fu11 v1deo screens and p1ay them back | Th1s opens up the doori“m
to dynamic presentation of test 1tems such as the re- enactment of a
historic event or the record1ng of a physical process. At the present.'
time, the cost of material development and creation of a master- disk
is very high. However, copiest of the disk are not too expensive.
Thus, it wou]d:belposSibie to use.this technology for testing, given
the proper equipment. A few systems combining a microcomputer, a
video disk p1ayer,°and a color TV set are available commerciaiiy. .But
I am unaware of their use within the context of testing. | 'i

A third technological trend of interest is that in.0pticai mark
reading equipment. The introduction of the desk top scanner in 1974
has. provided diverse organizations with a reasonabiy priced means of ,
scanning answer “Sheets. There has beenv a . trend toward greater
s0phisticat10n within such. scanners,_but the cost. has remained near
the $3, 000 per unit 1eve1 What is ;eaiiy needed is a ]ow cost, say;'
3600 desk top 0ptica1 mark reader. Such a device ~is not ds -
complicated as a printer, and the state of the art of optica] marker
reading is adequate, hence, to create and produce such a piece of
':equipment is not a major probiem._ However, I+ suspect that when such af*

J'scanner appears it wi11 carry a Japanese namep]ate. The avaiiabi]ityf,l

' ,of a reaiiy 1ow cost scanner will put automated scoring and reporting;i
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‘systems at the ciassroom‘ievei A _ _.5 / ;
An .age- o]d ‘prohlem in “the production of tests is inc]uding
p1ctures and- diagrams within the test 1tem., Traditionaiiy this has

been done manuai]y via cut and paste procedures. Fortunateiy, there
. ¢

are a w1de range of commercial .and m111tary appiications that -face the

=] 5

“same problem, " For exampie,. technical ‘manuals are .wideiy ‘'used and_

include. both ‘text and engineering -diagrams that must be reviséd

A}

frequent]y to keep the manua1 current. To mé@t this need, equipment
~ has been. deve10ped that can scan graph1cs materiai, convert\\}>1nto a
ccmputer representation —and save it on a mass storage device. It is
‘then a simpie matter to merge these digital representations of the
graphics with textuai materiai and produce both the graphics and textf.i
i on the:screen-ofva video dispiap terminai, or print them on paper. .
l It shou]d be noted that .a variation of this can be done w1th a
| persona1 computer using a GRAPPLER I1 board and an EPSON MX 80 pr1nter
w1th GRAFLEX ch1psp One can program the_desired diagrams using h1gh
resoiution graphics, and store the’ binary fi1e on ‘the fioppy d1sk.
The textuai part of the question can be programmed and stored..;To
reproduce a hard copy of the item, the graphics information is read
.into memory and dispiayed on thewVDT screen.- N1th<a_singie command
the diagram is reproduced by the printer. -Then the text portion can_;
‘be printed. Th1s is not as n1ce as simpiy scanning the diagram but
it does prov1de a 51gn1ficant test item creation capabiiity. Numerous
computer programs,isuch as the Graphics Magician (Peiczarski Lubar, ’
& Jochumson, 1982) are avai]ab]e to fac111tate the creation of the -

L /T
graphics part of the 1tem. ’ .--7 T R C//

ca

T 0ne of the rea11y active areas of technoiogicai deveiopment is '

o 930




: . 1
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i
l

that of computer. networks. ~ The goal here is to create a communication

network through which many different computers “ta1k" to each other.

IR
where all the. computers are_in_a reasonab1e prox1mity to each other,

. these schemes are called "local area networks . ' The driving force

behind such networks‘is the aﬁtomation’of\the office-andithe need for

L)

- Tlarge corporations and/or government agencies to exchange data on a

computer-to- computer basis. Perhaps the best known of the nationwide

networks is the ARPA ‘net that interconnects many universities and
/ S /
governmenta1 1aborator1es. A maJor thrust is to interconnect

microcomputers and this can.be done using commercia1 networks such as

APPLENET. - "~1.”:-~f~»—77-, S ",ﬁ"' o/
Computer networks have a direct app1ication to a w1de range of
testing procedures. For examp]e in the Netherlands .an effort is
vunderway to create a nationwide test processing network Each schoo]
1wi11 be equipped with ‘a desk top scanner a microcomputer with disk
drives,.and a. printer. \When a testing program is conductpd

" answer sheets are scanned 1oca11y, -and the resu1ts stored on disks and

/ ) ——_— .
then transmitted to-a centra1 computer. Upon scoring, item anaiysis, :

'.norming, etc., the test reports for the schoo] and ‘the individua1

students are to be transmit*ed back to the schoois for printinq via.

N the microcomputer.' At the same time,"ctest resuits agg;egated by

schooi districts and other 1arger units are avai]abie at. the centrai

"computer whiie simiiar systems have been bui]t in the past via the

.,time-sharing capabiiities of ’arge computers, the microcomputer-based

__.«/ Kl

' network offers much greater fiexibiiity and ease. of B

~Another appiication of computer networks is in on-1ine testing

a9 B
el e

. /._ T

a. centra'l ‘cgauter with somemass«
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S

storage to store many different item pools. A student can sign on to

a microcomputer in'the network reouest to take a-test’ and have his-
I v

request va11dated The centra1 computer will then transmit a tesc

’(pos ibly unique to the student) to the microcomputer, thCh then

administers the items, scores the test and teiis the /student the

1

i

.

'resu1ts..r Upon compietion,\ the 1item responses and other data are
?transmitted back to the central computer for aggregation —and storage.
}iAgain, ‘such: a ‘scheme has_ been possibie 1n the -past but the
3fm1crocomputer and iocai _area networks piace this within the rea1m of

the readily achievab]e.<§\£? S :; ' g |

The final technoiogica] trend of interest to testing practice is

©dn the area of software. Until quite recent]y, most app]ications

impTemente% on.a c0mputer existed as separate computer!programs with

their own éet of procedures and purposes.\ The disadvantage of this
approach was that the ‘user had to learn the procedures for.- each.
appiication in total isolation from all the other app}ications. Each -

hadﬁ its _c#n"set of controi functions,'\unique feature§ that were

'taiTored to} the probiem,°and ne commonaiit} of Togic.-/The resuit.wasf
.a_rather.iarge Tearning period for ‘a person\who needed to use several
;different_aapiications. About ten years ago, the tr?nd was to piace a
tbmmén;,qat.“fségé underneath these appiications. _,Even thouan ea?h :
appTication procéeded independentiy,_they nonetheiess used the co non

set_of'data.~ Nithin “the past 2-3 years, efforts were initiated to

integratela number of seemingiy disparate appiications into a fﬁng]e

' coherent 'package. . The first avaiTabie integrated package, was

B lL — 3.

vimpiemEEEEd on the APPLE ﬁISA computer system. The software provides

e

an integration of word proCessing,,spread sheet caTcu]ations/ business

— =

1:' f e :/‘-

CweToanstEs T T
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graphics, list maintenance; .PERT 'charting"and computerifterminai

emulation. All of the data employed by a uigr of[fhé:§y§t°

e

passed easily from. '6ne' application to. anotherﬁfvi:
user-friendiy set of prdcedures.

o

A number of other such 1ntegrated systems are fo]iowing;q ,LISA s__f;

heels, and they will bé»commonpiace in the near future. .LAithoughT

’trese “integrated 'systems have. been, de51gned for.;the bus1ness

::::::

vdnv1ronment the basic approach and’ techniques are directiy appiicabie

.,,

§o the testing environment It is currentiy feas1b1e to create.

hardware/software system for a microcomputer that couid integrute itemﬁwf"

“'v

writing, 1tem banking, test construction on- 1ine adm1nistration of
T

f tests,atest scoring,.item ana1ysis,vand reporthg of 'test resuits.

oAl

Once the appropriate software tools | are made vai1ab1e, this'might fi

even be done within the context .of an existing system such as - LISA
In’ any event, it cou1d be done if one were to devote some peop1e and
resourees to the task. S T | o

l ) ) ’
» C. Instructiona1 trends ' . _ S

—~ I

' The widespread penetration of the microcomputer into the’ schooisi

is: beginning to resuit in change in 1nstructiona1 approaches.. At the;‘

_._’__/—'—‘ .
coiiege level, a 1arge number of textbooks are being accompanied by a:

AR

fioppy d*sk wh1ch contains computer programs to be used in conjunctionrg.

with ‘the text. . These progams range from simpie exercises to

————rt Y

) sophisticated simuiations of compiex processes. In the physica1 "f

.

sciences, .many of these programs enabie students to eXpiore topics 'f

that would - be prohibitively expensive to~ impiement in a 1aboratory

setting. A simiiar pattern is beginning to deveiop at +he sec:ndary*‘}'

~,_and-e1ementary 1eve1 where computer software is being used to#’,f
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supplement existing texts and to provide enrichment. As mentioned in
an earlier section, textbook publishers are moving quite rapidly to
establish a market share in what 1is being called "electronic
publishing”. This 'activity suggests that the publishers see “an
underlying trend in which they must pafticipate to énsure future
business. _

At the preseﬁt»time; the coordinat{on between the textbookﬁ and
the computer software varies fromvveryA1oose 40 a reasonably good
level. Much of the software has been collected from a variety of
sources and has been pooled under a commmon title rather than having
been created Specifica11y for the text. However, the Tlonger term
trend is toward a closer linkage between the material and approaches
taken in the text and those in the computer software. At some point
in time, instructional  designers, curriculum specialists,
psychometricians, textbook writers, and software deveiopers are going
to work as a team to joint]y develop: curriculum, instructioﬁa]
software, evaluation procedures? and instructional management systems,
all within a common frame of reference.

Itl should be mnoted that the result will not be classical
computer-aided instruction or computer-based instruction. Rather, the
result will be texébooks written to take advantage of the e&ucationa]
leverage the computer can provide. Under this approach, an
instructional decision is made that a specific topic can be handled
bgttér via the computer than by the textbooks or some other vehicle.
Only then.wou1d a computer program be written ;nd its use integrated
into the instructional flow of the text. In many pTacés, it would be

clear that the text or other materi?§%ywou1d be more appropriate. The
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net result dis going - to 'be a mixed bag of conventional and
computer-based procedures, all  of which -contribute to the
instructional process defined by the text. In addifion, the computer
will maintain record§ of information needed by the teacher to
effectively monitor and manade student progress through both the
conventional and computer-based parts of the course.

The fésue of present concern is where testing fits into such a
highly integrated system. Qonventiona1"testing will be used to
measure student progress in the broader sense. Howevef,'w;thin the
context of the computer-based aspects of the curriculum, a significant
change will occur. The old "pretest, instruct, posttest, remediate"
paradfgm émp1oyed so widely in computer-aided instfuction will be
abandoned. This paracigm has been with us since the da&é of

programmed instruction (Coulson, 1961), and is badly timeworn. The

- basic problem with the paradigm within the context of computer usage

is that the student spends too much time answering multiple choice
questions rather than using the computer in an optimal fashion.
Present-day microcomputers have sufficient poWer to enable the stﬁdent
to use the computer as an exploratory tool as well as to implement
highly dynaﬁic modes of instruction. Time spent responding to
multiple~-choice items detracts from the studen£'s productive use of;
the computer.

" The testing alternative that I see developing is whatvcou1d be
called "non-intrusive" testing. Under this approach, a student using
an instructional software package would néver be administered a formal
test within the context of using the computer. Instead of

recognizable tests and test items, instructiona1gmgre1evant data would

[
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E
be  collected as the _ student" interacts %dynamica]]y w%th the .
instructional software. A variety of inf?rmation, §uch as the
sequence in which capabilities of the softwdre are employed bj the
student, the rate at which a student moves froﬁ one level to the next
of Bloom's taxonomy, and thé strategies_emp]o&ed by the student to
reach instructional goals, can be co11ected1 during the computer
session. ~ Given fhis data, evaluation routineé embedded within the
instructional’ software can ascertain the stﬁdent‘s instrhctiona]
status. An excellent example of this type of eJ@]uation is the model
deve]bped by Brown and Burton (1978) to identify *bugs“ in a student's
Jearning procedures. When the desired level of uﬁderstanding has been

reached, the computer simply tells the student hé‘knows the material

and ‘should move on. From the student's point of view, a test was

never taken; however, from an evaluative point of view, the student

has been cont1nuous1y eva]uated and teachers have at their disposal a
wide range of eva]uat1on data collected by the computer.

‘Such non-intrusive testing clearly makes bepter use of the
student's time as well as the computer resources. wh%1e many examples
of non-intrusive'testing procedures do not exist at p#gsent,’there are
some antecedents. The standardized‘grade score u%éa by Suppes and
Morningstar (1972) was computed dynamically as a studegi did drill and
practice exercises. After each problem, this score was recomputed aﬁd
used' to -select the next problem ioA be used. The eiagnosis and
prescription procedures implemented under CMI ﬁgve similar
characteristics even thbugh fhey are baséd primari1y on\test scores

(Baker, 1978) The analysis port1ons of non-intrusive test1ng have

\

much in common with the current efforts 1n artificial 1nte111gence and

R
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énd regardless of the level of testing, the technology for proceésing

¥

the results can handle the workload.

o

Modern techno1ogy has also provided the means for ma1nta1n1ng

very large item pools, and providing automated or semi-automated item

selection from these pools. It is not uﬁ»ommon to have pools of up to
25,000 items stored via a computer system. The quality of these 1tem
ponls is yet another matter. Whenever such a 1arge pool exists, it is
usually the resu1t of hav1ng many people in many different sett1ngs
write items and entef them into the pool. In;such,c1rcumstances,_1tf
is extremely difficult to maintain the instructiona1 focus of the
items as well as technical quality. ~ For example, Brenner (1981)
reported, in the case of a pharmacology jtem pool of 25,000 items,
that only 6,500 items were retained after scrutiny by a review panel

of subject matter specialists. Most large item pools would exhibit

similar shrinkage upon close inspection. 1lhe underlying message here

" s that technology can make a process easy -to implement, but it does

not ensure the quality of the product.
Technology has contributed indirectly to a new testing problem.’
In an earlier era, thg development of tests was a rather academic

process. Typically, a scholar became interested in a subject matter

area and constructed a test. The instrument was refined in the course

of a few school years. Graduate students would further explore the:~

instrument through their thesis research. After a few years, the

instrument was reasonably well developed, and some research existed

that described the re]iabi]ity,'va1idity, and interpretq;ibn of the
instrument. In some cases, the scholar printed and distributed the

test in the marketplace. In other cases, the%tés

t
100

would be taken over

IR .3
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in particular with "“expert systems". The Tlatter are computer
hafdware/software systems that embed the decision-making heuristics of
experts within the software, which is then used by Tless skilled
persons to ana]yzeTSituations and draw conclusions. The immediéfe
example is medical diagnosis. but educational diagnosis could just as
well have been the area of interest implemented via an ‘expert system.
D. Summary of trends °

Again, 1et“me briefly summarize the future direciionﬁ as I see
them. |
1. Clearly, classical test theory has reached its upper limit of
deveiopment and will be replaced in practice by jtem response theory.l
2. Microprocessor-based technology will continue to move at a rapid
pace. This will make it easier to autdmate existing practiée. It
will also  provide the basis  for developing specialized
hardware/software systems for use in the field of testiﬁg.
3. There w{11 be an increased empﬁasis upon a coordinated approach to

instructional design that exploits the microcomputer as an educational

Vvehic]e{ Non-intrusive testing.could be a significant"part of this

approach.
IV. Barriers and Problems’

A. Conventional testing

Let‘me mention seVera] old prublems before describing a new one.
Modern technology, in the form of desk top scahners, microcomputers
and high-capacity test scoring equipment, makes the autométion of tést
scoring and reporting easy and Ecstﬁeffective. However, there are

1imits to the amount of testing that the schools can absorb. We have

‘seen several swings of the testing pendu]um in the past few deéades,

101
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by a commercial testing organization and marketed. Even when
instruments are developed within a testing company, the basic paradigm
holds with a somewhat different cast of workers. On the whole, fest
devé]opment was a rather gentlemanly purguit fhat was -only
sporaaica11y impiﬁéed upon by forces outside of the educational
establishment. | | '
Beginning about 20 years ago, 1in the context of eﬁp1oyment
étreening instruments, political fevcés have intruded into testing.
At the present time, two po1itica1]& motivated evénts'have occurred
thafqhave a major impact upon testinb. First, the combetency testing
of the 1920's and 30's has been res%rrected from ;he grave aﬁd'given
new life. Second, in-some states,gitgm disclosure 1aws have been

passed which give examinees a:cess fq items “in the tests they have

“taken. I don't intend to argue the merits of these two, but the

process by which they came about and their impact ubon testing bear 

" some examination. The politicians who pushed these two ideas did so

w{th 1ittle or no understanding of the nature of test deve19pment, the
technical iséues, or the 1on§-term ramifications for educational
measurement:'zThe net result is that measurement spécia]fsts have beeh
thrust into a situation for which they are i1l prepared.

In the case of competency gesting,’ there is a demand ’for
immediate large-scale testing on a wide rangé“of'subject matter, with
little br no un&er]ying test development.: The Jtem disclosure rules
result in tests that have been carefully deve]opéq Qver many years
being put in fhe public domain. If the'test is to be retained, it
forces those reponsfb]e for the test into a high-speed, iteratjve ftem

deve]opmentnprocess to §ep1ace\compr0mised items. Afthough there are

T ' -“_;1(323
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many forces contributing ﬁo‘an increased role of the politicians in
the measurement arena, one o% the culprits is technology. The general
public's naivety about how computers work carries‘ over into the
political arena. wﬁat happens is that the bo]iticians hear that tests
are scored by computers, that item pools are maintained on the

computer, and that tests can be printed via computer. The conclusion

reached is that if so much of testing is automated, it must be a

simple. matter to establish a testing program; you Jjust Tet the
computer do it! I suspect that in the long term, the ability of
measurehent specialists to cope with these external inputs will depend
upon'that same technology that helped get them in trouble.

B. Technological barriers and problems

Technology itself is also a barrier and a problem. Because of
the 'rapiﬂ\ pace of technological development, the hardware 1in
particular advances faster than we are able to absorb it into the
daily wér]d of testing. Taking advantage of new techno]obf, such as
optical storage, involves: major levels of effort. It takes time and
money to explore what tesiing uses can be made of the technology, and’
the ’start-uﬁ costs are independent of the .eventua1 u;é of the
t;chnoiogy<in the schools. In addition, making the_transition from a
feasible use of technology to one that is widely used in the schools
jnvolves a véré high level ;of effort and cost.  Even iwhen such
technology does reach the schools, it requires resources which are
scarce. Hardware must be maintained. It becomes tééhpo]ogic511y
obso]eﬁcent rather quickly, and the trade-in value of an old piece of
ha;dware is nil-. Thus schools have to seriously consider the
Cost-benefits ratio when introdlicing technology- ofl any kind. .In

| S0
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particular, ~any ftesting—related technology eust have a fd?orap]e
cost-benefit ratio in order for it to 'be widely adopted by the
schoe1s; |

While the creation ofnhardware)software Systems ;hat integrate
item writing, item banking, test construction, on-line or adaﬁtive
testing, graphical capébj]ities, automated test scoring, and reporting
will occur, it is a significant - development task. For example, the
LISA system is reeorted to heie\cost $50 million to develop. Ar
" integrated testing system is “at  an equal ‘1eve1. of technical
complexity, yet the ﬁotentiq1:market'for such a system is very small
compared to that for a work station such as LISA. As a result, the
deve1opmenf of such systems is going to be an evolutionary _process
based upon available techno1ogy rather than a sudden quantum step.
‘The component: are all there; it is their integration. 1nto a flexible,
powerful system with sufficient generality that costs time and money.

C. The manpower barrier “ ?

The current testing‘mi1ieu is one in which testing is not as
static:as it ance was. The field is more. dynamic, more dependent upon
technology, and increasingly under greater  scrutiny. Moee_ u
importantly, the context within which testing is employed is pecdming
increasing]y unstable. Because' of this it is increasing1y difficult
to construct items and to ref1ne and po11sh them in a vo1ume necessary(_
to meet the need. One consequence of th1s will be a 1ower1ng of the
quality, of the tests due to TnSLff1c1ent deve1opment. The conclusion
is that maintenance of gquality both in terms of contept and technical
characteristics requires more trained persohne1 thaq are currently

devoted to test deyelopment. ~In addition, if testing is- going to
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exploit -technology, persons are needed who can work within both
' measuremént and hardware/software. This is particularly crucial if
adequate integrated sysems are to be”deve1oped to support testing.
The trained .manpower barrier to future development of testing is, not
"~ .an obvious oﬁe, due to the diffusion of such manpower across a widé
spectrum of levels in government and educational ins;itut%ons;  Yet it
does exist. h
V. Implications and Policy Recommendations

A. Education

1. The rap1d transition from c1ass1ca1 test theony to IRT has
many implications for the use of tests' in the schoo]s (spec1f1ca11y,
the reporting of test results in-an ability metric-~that will do_much
to improve the interpretation of test results). IRT ai]ows the use of
~ new item types as well as néh*testing progedures‘éuch as adaptive
testing. The policy recommendation is twofold. Fir%t, schﬁo]s and
other -responsible agencies should foster the switch in. the
psychometric. underpinnings of testing practice. Secbnd, vehic1es»need
to be put in place to fully explore the.ramifications of item response
theory for the day- to -day pratice of test1ng.

2. The 1ncreas1ng use of . m1crocomputers in the classroom opens
" the door to the use of .non-1ntrus1ve testing progedures.,_However,
this idea is not well formed at present; and considerable research
needs to be done to determine " the undeérlying principles of such
testing. Without such research each app11cation of the approach is av
special case, and it will be difficult to determine if the basic
concept is viable. Once the basic framework of .non-intrusive testing

is estabfished, the incorporationl.of such testing '"into modern
) AU O '] . ‘
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computer-supported curricuium will be much easier.
3. Test development
Conventional testing as we nowiknpw it is going to be with the

schools for a long time. However, the demands upon the schools for

"~ both externally and internally imposed testing will dincrease with

time. The major implication is that_thére will in all probability be

a continuing shortage of personnel trained in measurement and its

related technology to develep such tests.

~ One of the clear outcomes of the CSE Study of Test Lse is that

the majority of classroom testing employs teacher-made tests. Yet,

 classroom teachers are provided with very little assistance in the

preparation of such tests. Thus, efforts should be initiated to
develop a microcomputer-based test development system for- use by
classroom teachers. Such a system is within the state of the art, and

its availability could have a significant impact upon testing in the

.schools.

" B. Technology

Thére'current1y is a significant 1ag between the introduction of
a new ‘level of tedhno]ogy and its application to the field of
testing. What is_peeded are vehicles so that this tgchné]ogy can be
employed quick]y‘and its advantages/disadvantages for use in. testing
can be determineq.- Such early evaluation allows one to both discover_
viable uses of such technology gnd' to enable others to avoid.
nonproductive .uses of the technology. Let me briefly describe scme
examples of areas of technology where pilot projects would be
valuable. | | |

1. The availability of low-cost mass storage for microcomputers
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has major implications for item writing, item banking, test
construction, and on-line adaptive testing as well as for automation
of test scoring and reporting. We need to look into what can be

accomplished using these storage devices. . In particular, their role

in the development of tests needs to be explored.

2. Video disk technology opens many poss1b 11t1es in both
conventiona] ~and nnonéconvent1ona1 testing procedures. It makes
poss1b1e test jtems that involve dynamic presentations. as' well as
active exam1nee participation in the evaluation process. The Achilles
heel of this technology is the enormous matzrial preparation time. The

role of ' video disk technology in testing, as well as vehicles for

minimizing ‘the material preparation time, needs to be examined.

3. The leading edge of the app11cat1on of computer techno1ogy

. currently dea1s with oemputer networks. Trt hardware and software is

available to construct a w1de var1ety of networks, Such networks have
many implications for testing. These involve down loading of tests to

Jocal sites from central sites, aggregation of test results across

widely distrbuted sites, and flexible mixes of conventiona1 on-Tine

~and adaptive testing. The interesting feature of this work is that it

ijs focused wupon a11ow1ng microcomputers to be networked. The
ramifications of networking for testing need to be investigated.
Pilot projects,. in these and other areas can be conducted in a

“, -

vari~ty of seftings ard are within the capabilities of a range of

“educational institutions. The results from such pilot projects would

do much to set the tonepfor the improvement of testing via technology.

VI. Summary &

The intent of the present paper was to provide.an overv1ew or the

v
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symbiotic reiatibnship between testing and technology. This
relationship has been developing since the earliest days of the
testing movement. Despite the age of this relationship, it has not
gone awry. fOne of the major factors in the continuity of this
relationship is that the cost of high technoiogy has been~reducedAtb
“the point wﬂere it is accessible to most of those with an interest in
testing. Because of %his, one is as 1ike1y: to see sophisticated
researcﬁ\?ﬁtf~deve10pment projects dealing with tesfing at the local
school district level as in professional .édhcationa1 innovation
ofganization;. As a result, thése aré rather excifing times in the
fig]d of edqcationa] measurement. ,“Hoﬁefu11y,‘ one.. outcome Qf this
coﬁfergnce will nbe the addition of further e*ciiement to the

relationship of testing and techno]ogy.i
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From Domain-Referenced Curriculum Evaluation
To Se1ectfoh of Educational Microcomputer Software
Wells Hively
President, Hiveley's Choice Publications, Inc.
Much of my past work has been in the field of domain-referenced
testihg and curriculum evaluation. Some of that wofk took place in a
happy ansociation with the UCLA Center for the Study of Evaluation,

which published one of our contributions to this field as the first of

its Monograph Series in Evaluation (Hively, Maxwell, Rabehl, Sension,

& Lundin, 1973). Those of you who know this-work probably will not be
surprised at the apgroach we are now takiﬁg to the selection of
educational software: cbmpare, contrast, classify, and try to avoid
over-genefa]ization. |

Currently, we are concerned with veva]uating microcomputer
programs that can enhance instruction during the period of schooling
when- it is easiest to consider the curricuium as a whole: preschool
through grade 9. We have formed a publishing company to assemb]e and
transmit information about educational microcomputer software to
schools. - Qur purpose is to ﬁe]p schpo] people more easily find what
they need and use it more effeciive]y. Specifica]]y, we want to help
teachers answer the following duestions: i

~ What kinds of programé are currently being developed?

How can we find good ones?

How can we use thgm effectively in school?

How can we tie them into the basic school curriculum?

We aﬁsUme tha# there are many differént types of educationa11y’

useful mitrocomputer programs, each with its own practical purpose,

— e
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each derived from its own theoretical assumptions and each, therefbre,
requiring its owﬁ unique set of éVa]uétiQe criteria. We also assume
that the lesson-plan settings in which teachers use the programs have
at least as much influence on their impact aé the characteristicé of
the programs themselves. ansequent1y, uéefu]leva1uation must take
account of both the characteristics of the program; azg'the ways in
which they are used.

The termino1ogy used to classify different types of programs has
by no means settled down. To make métters'worse, the terms often'
carry evaluative connotations. Currently, outside the military, "CAI"
(computer-assisted instruction) fis a low-status term. "Drill and
ﬁBractice“ is out. "Simulations" are in. "Learning gahes“ are in.
"Computer literacy" is definitely in. But a11 these terms are
operationally hazy. _It's jmportant to try to clarify the terms we use
to classify programs, because the c]assifications govérn our approach
to evaluation: programs are relatively easy‘to compare and evaluate
within the same class, but very difficult to éompare across t1assés.
ALet me_give you examples of the different classes of prbgrams we are
encountering, and suggest some more precise nomenclature fqr them.

] Types of Prograhs
A simple -and gengra]]y useful type of program may be called
"Domaiﬁs of - Practice". A good exahp]é is a program pub]fshed by

Sunburst Communications called Smart Shopper Marathon. The purpose of

the program is to provide practice in rapid arithmetical estimation.
The setting is an imaginary supermarket. Each so-called: "aisle"

represents a different domain of practice. In aisle 1, the student

113
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has to rapidly estimate the reéu]ts.oﬁ;dividing a decimal by a whole
number. The Student'§ job is. to answer és many problems as possible
in a given time, so quick]y_¥hat det5%1ed calculation is a hindrance:
rounding off and EStimating is the skill that must be practiced. In
aisle 2, the student has to estimate the results of multiplying whole
nﬁmbers. In aisle 3, subtracting decimals; in aisle 4, comparingi
fractions; in aisle 5, multiplying whole numbers times decimals.

The problems in each set are generafed’in random ordef, and each
time you use the program:thg’"aisies“ aphear_in a different'order.
fherefore, because students are not likely to Memorize rote sequences,
the program lends itself to repeated practice without boredom. The
scores used to Jjudge youngsters'.progress‘are based on a combination
of speéd and aécuracy. |

Programs like Smart Shopper Marathon .are charactérized by items

drawn from c1ear1y defined domains of knowledge or ski]],. a high
frequency of opportunities to respond per unit time, and almost tctal
absence of insfruction preéented by the program itself. The teaching
of the constituent §ki11;'and the orientation to the problem-solving
épproach must come from an outside source. The stddehts must obtain

guidance in strategies for estimation from their teacher, or from each

other, working in a small group. Therefore, programs T1ike this maké

good vehicles for classroom demonstrations” and for small -group
discussion. They provide external focus and feedba;k around which
classroom actiyit{es_can be asseﬁb]ed. Increased perforﬁénce on the
domaihs of practice presented by the computer may beccme the'criterion
toward whiéh teacher and students can work together, a welcome change

from the teacher's usua]{job o% standard setter and tfsf‘-imaster.
- . : : . . '
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It s usefu1 to ccmpare programs of the doma1ns -of- pract1ce type
with programs of a second type that have historically been called

"sutorial™. A tutorial program developed by the Minnesota Education

' Computing Consortium leads up to the geometrical definition of an

angle. What the student encounters in programs of this class is a

fixed and predetermined sequence of presentations of bits of

information interspersed with questions and answers. The term

mputorial® is too broad to clearly denote this type of program. Let's

o

naFrow the terminology to "linear tutorial". This is the classic
programmed-instruction format which most people associate with the
so-called "CAI" that is currently out of fashion. Pehaps one can see
the reason why. The frequency of opportunities for students to
respond in linear tutorial .programs is low in comparison to the
rapid-fire opportun1ties pr0V1dEd in domains of pract1ce. Nearly -
always, the expository mater1a1 could be con:s2yed faster 1n a book or
in a conversation with a teacher or a peer. Perhaps most important,
the sequence of hte]]ing and testing" arises totally out of the mind
of the designer, with no elbow room given for the idiosyncracies of
different 1earnen&. | |

In construct1ng domains of practice, we are on fairly safe ground
because we are creating mode1s of subject matter. The theory and
methodology of domain-referenced testing provide a fairly solid
foundation for this ljob. But in linear-tutorial programs wel are
attempting to hode] the - dynamics of bteacher—stuHent"interactfon'

without actua11y a11ow1ngodynam1c 1nteract1on. There is little theory

to guide this task, and successfu1 programs of this kind are hard to

‘find. Perhaps art1t1c1a1 1nte111gence theory w111 eventua11y help us
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construct truly dynamic tutorial programs of the Socratic or
error-analysis type. But good; dynamic tdtoria] programs have not yet
filtered down to the practical Tevel where we encounter them in our
survey. For practical purposes, teachers can db much better by
putting small groups -of children to work on domains-of-practice

programs, and letting the teaching arisé from class discussion and

~spontaneous interaction, than by sending individual children off to

have fearning doled out tec them in small droplets by step-by-step,
linear-tutorial programs. | |

An enormously popular third type of program is. the education
game similar to those seen in video parlors and arcades. Basically,
these games are domains-of—practicé with several added éttractions.
This cbmbination may be called extrinsically-motivated practice’ or
extrinsif games. Some’of them are a lot of fun. |

An example of an extrinsic game is the DLM Company's A11ig;£or
Mix. -If your answer in the'a11igator's belly matches fhe problem in
the apple that comes floating in frqﬁ the left side of the screen, you.
win by opening the alligator's mouth and swallowing it. -'If it
doesn't; you 1eqve the mouth closed, and it bounces of f and spins

away. At the beginning, there is Jjust one a11igator,'af the bottom of .

b .
- the screen, and the apple has to travel a long way, so you have plenty

- of time to make up your mind. After a string of successes, a new

alligator surfaces. The apple doesn't travel as far to get.to that

-alligator, so you have to think faster. When there are four

alligators lined up, you really have to hustle. The teacher or
student can choose from nine skill levels, which haQe to do with the

velocity of the apple's motion, and three prob]em-rénges which have to

[ 116
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do with different domains of pract1ce.
Another examp1e from DLM- is called Demo11t1on D1v1s1on, The

tanks all come forward at the same time, shooting at your forts. Your

»job is to position a O underneath the cannon that aims at the most

threatening tank. Then change the O to a number that corresponds to
the questions on‘the tank, press the space bar, and destroy the tank
before it knocks down the wall and destroys your,cannon.

What makes these games fun is delicate grading of speeds -and
levels, lfreegom to select levels that match entering skill, and
richness of alternatives in ways to respond. A whele art and
technical literature is growing up in the area, and standard “plot
formulas" are ngpid1y appearing;

Anothen kind of plot vformu1a fer an extrinsic game is

demoristrated .by Sunburst's Math Mansion. It gets good mileage out of

a "dungeons and dragons" theme. The thematic deve1opment and the

richness of alternatives in Math Mansion trade off aga1nst re1at1ve1y

Tow frequencies of 0pportun1t1es to respond. We are a 1ong way from

knowing, if. we ever w111 know, what are the optimum mixes of such

X

'1ngred1ent>. . But youngsters jdentify the. good e}amples by

their attention and their resultant learning.

“Afourth category of program might be called, by way of contrast,

intrinsic “games.  QED Company s—Arith= mag1c——program—~ns——ca11ed-

"Diffy". The student vo;unteers a set of four numbers which the .
computer places at the corner of a.square.’ Then the student goes
around the square "finding: the differences betneen each pair of

numbers. The differences found in the first round the: form the
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corners of a new square for the second round, and the student Qoes
around finding the differeﬁces again. This goes on until, eventually,
1o and.behold, the differences a1% come out the same.. The cha]]enge
is to figure out what character1st1cs of the starting nuwbers make the
d1fferences converge qu1ck1y or s1ow1y. "The geme provides a vehicle
for discussion, exploration, and curiosity, and iocidenfa}]y provides .
a very high frequency of opportunities for subfraction practice.

Other examples of intrinsic gaoes are Sunburst's Teasers by
Tobbs and MECC's Taxman and Bagels. Games like these tap into the

whole realm of classic puzzies and brain twisters, some of which lend

" themselves nicely to computer presentation. As usual; the most

frequent examples tend to be in the field of mathematics, but there is

no reason why they need to be Timited to that field.

g

A fifth promising categony of programs ijs exemplified by two in

the Milliken Company's Edufun series: Golf and The Jar Game. Let's

call them intuition-building programs. En' Golf the problem is to

‘direct the ball from the tee to the green by est}moting an angla and a

~

distance us1ng “a compass rose for reference “and a given uoit of '
distance. If you lead off you must estimate d1stance and direction
abso]ute]y (in terms of the compass rose and the unit of distance),
but if you shoot second, you can correct-your d1rect1on by add1ng or
subtractyng degrees “to the couose taken by your opponent's ball, and
you can correct your opponent's estimate of distance. The game builds
up a nice 1ntuit%ve judgment of angles and directions. g

In a similar ,veio, The Jar Game builds upon the intuitive

statistical notion of drawing beads out of a jar. The young student

is then shown djagrams of jars containing different proportions of two. .
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kinds of candy pieces. The job is to figure out on which jar of candy
a random]y-directe@ fly will land more often.

There are many other potentia] Aexamp1es of geometriqa] and
statistical intuition-bui]ding activities that computer experiences

could enhance. The ease and speed with which “the computer can
o

generate these examp]es'is delightful.. We have come a long way from

.the old-days of having children estimate the number of raisins in an

average slice of raisin bread by taking apart a loaf of bread and
canting the raisins in selected slices.
The sixth category is simulation programs. There are sO many

different kinds of simulations, and they can produce so many different

. outcomes, that this category will no doubt be subdivided 1atef, but

the characteristics that guide subdivision are not yet clear. The

- MECp' Sell Series, "built around the famous Sell -Lemonade, 1is an

example. The simplest one of the series is called Sell Apples.

When youngsters are turned 1oose on a program like this, they may

“learn many different things, depending on the context provided by the

teacher. “They may learn to read carefully and follow instructions in
detail. They may learn to interpret data in tabular form.# Tﬁey‘mgin
build up an intﬁitiop about the re1a£ionship beween price and volume
of sales. They mgx_1earn important habits of-record keeping. 'They
may learn to transform data in%o gfaphica1‘form‘and interpret trends.
At a deep level, fhey may learn some important strategies that
underlie gciéhtific method, such aélchoosing extremes of variab1es”and

narrowing down to find the maxima and minima. They may even learn

something about the cost benefit of seeking truth. None of these
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things is taught for sure by the prbgram. They depend on the centext
provided by the teacher and other students. It is particulariy
obv1ous, in the case of simulation programs, . that validity and
usefu]ness depend as much on the context prov1ded by the teacher and
peers.as on the programs themse]ves.

MECC also provides a nice example of the seventh category:
information retrieval programs. Nutrition asks you to provide'e list
of your food intake for - day. Then it gives you a nbtfiéiona]
analysis: how well your day's food intake represents the four basic:
food groups, how your numbers of calories provided by fa;,
carbohydrate, andc protein compare to the . recommended number of
calories for a perscn of your age ana stature, and how yoﬁr intake of
jron, calcium, vitamin A, and vitamin C compares';o the recommended
daily requiremeﬁts. This is what the computer does best, and its role
in this kind of instruction is distinctive. MECC's Nutrition program
does not provide a means of accessing or adding to the nutritional
data base, but one can easf]y imagine pregrams to which teachers and
students might add information for foods not currently included, or
ask for other kinds of analyses; a nice meeting groepq between

specific sdbject matter and computer 1iterecy.

| Nutrition is- a.miniature data base, and elsewhere a wonderful
array of useful data bases is becoming - available to teachers and
-students. Comgyserve, for e;dmp]e, ijs a service that enables computer
owners to obtain information from many data bases at night--airline
schedules, weather rpeorts, and so on. Tne potent1a1 of data bases
such as these as veh1c1es for. instruction is tremendous. Answering
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'éuestions that come up in class by accessing a nutritional data bé§e
overnight would be a copsfderab]e Eteﬁ up from wfiting letters to'the
Department of Health. »

The eighth and last catggony ijs. such a large and heterogenous
category that it, too, will no' doubt soon be subdiyided.‘ For now, let
us call it "tools and diSp1ays“. In this category are all "the
pr&grams that perform helpful calculations, the programs that process
words, programs that display graphs of changes in phenomena detected

| byvsenSing devices - 1ike thermometers, and programs like thé famous

Logo that offer  environments with importanth properties to be

. exp1oréd. The educational utility of these programs is limited only

" by 1imagination and experience. Thé  fb]]éwing is Jjust one
example.

A program produced by Spinnaker Software called Delta Drawing is

a kind of baby Logo. The commands are easy to understand, and & small -
child can start making interesting pictqres'a1mostuinmediate1y. We
start with an arrow, move it forward by pressing the D key, "and turn-
it to the right by pfessing the R key. We change the color of the
1iné by pressing the C key and then a number corresponding to the
" cnlor we want. we-mové'it forward again and change its direction and,
~ar. We store all the.preceeeding:steps in a sub-routine which can
be repeated. We repeat the sub-roﬁtine to generate a kind of rose
Lﬁfndow{' We may fill the spacés on the screen by choosing a cb]of an
theﬁ pressing Control F. The computer keeps track of all these steps’
"as a ‘string of symbo]s; and we can switch to text mode from the )

graphics mode and examiné the string, operate on it, and go back to

graphics to see the results. , L -
| . o 121
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G

Programs like Delta Drawirg offer nice opportunities to exp1ore

' symmetr1es and art1st1c effects. For examp1e,: wher a line passes K
beyond the border of the screen, we have a cho1ce of hav1ng it wrap
around and appear from the opposnte border or having it bounce off'at"
an equal angle. The line bounces and bounces again like a billiard

-—ball._.1t coatinues bouncing“to generatewawsymmetrica1.pattern.fw~»«Am!
| It is also possible for a repeated figure to wrap around and then
bounce to produce a complicated effect.. It goes onﬂ houncing and'_
creates an‘interesting“artistic resu]t.made up of a:combjnation of
expected and surprising features. There is considerable potentta] dn
' programé }ike these in the hands of teachers with sensitivity to some

-

of the relationships between art and mathematics.’
The overwhe1m1ng 1mpress1on one gets from watch ych11dren work
with all the forego1ng different types of programs--ranging from

'open—ended environments, 1dke Delta Drawing, to practice sequences

1ike Smart Shopper Marathon--is that: the1r effect1veness depends at

1east as much .on the classroom context in which they are used as on
the propert1es of the programs themse]ves. Propert1es of program§
which are drawbacks in one context ‘may be benefits in another, andi
exciting uses may be totally unant1c1pated by the people who developed.
the progranms. ' |

| A Cdrrjculum_GuideL__wﬂ
- With the foregoing review of types of programs as background, now

Tet me tell you about the product of our work: a curriculum guide for.

grades 0-9 called Hively's Choice. The target aud1ence is what you

might think of as ‘"second wave" educators—-not s the .or1g1na1

NS v

enthus1asts, but the exper1enced and thoughtfu1 ma1nstream teachers on . .
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whom any-successfu1 educational innovation depends.

Several characteristics distinguish the’ guide from other efforts

~-to help. teachers evaluate and choose software. First;“the guide onij

contains .software that has been-:found to be particular]y outstanding

in qua]ity'and‘ease of use. Second, the guide is designed in such a

uay as to make it as easy as possible for teachers to connect the

recommended software to curricuia and lesson plans. This is done in

several ways. The user may begin by looking at a chart'showing wnere

eacn of the programs fits into generai subject matter areas and the

grade levels over which it is 1ikely to be useful. Next, the user'
turns to a set of quick descriptions, organized by subject matter,'
within grade levels, and arranged so -that ore can look through them
very rapidly so as to _maximize chances of discovering unexpected
connections to upcoming lesson plans.

Tne?reader who finds something ofginterest by perusing the quick
descriptions may turn to a detai1ed description of that program.
There, the'goai is to describe tnewprogram in enough detail that one
can inte11igent1y,decide whether it would really be useful and exactiy
how it would relate to ongoing curricuium. ‘ X ;

A subsection of the detailed description ca11ed "Curricvl.m
Connections” includes words and phrases that can be used as cros.
references to scopes and sequences. “Objectives" briefly describes
the kindsnofriearning which may be enhanced by the program: and a
section called “Instructionai Exampies gives recommendations about
how best to uti1ize the program in c1assroom discussion, -small group ‘
or individual work. "Estimated Engagement Time" he1ps teachers plan

-

how much time to aiiow for workcon the prog"am by the whoie class,

23
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small groups, or individuals. y
Also in the detailed descriptibn section one may find the
techgica] information éboﬁt the pfogram, the hardwaré it requires, and
-—fmthe;naheyﬂaddnesswand~te1ephone_numbenmofgjis.pnoducent,,Iheﬂxestﬂof“_w_
the book consists of cross indices by subject matter and topic, and an |
.a1phabetica1 listing to faci]i;ate the location of Spg§ﬁfic programs.
Our goal .is to find rich, ehgaging'aﬁd easily usable programs

that have so1{d connections to all the areas of the basic curriculum,
preschool through grade 9, and that take all the different' forms
describéd in the ear]{er part of this paper. If you imagine the
curriculum as a matrix of subject matter areas by grade levels, some
of the cells in the matrix are already geiting crowded while others
are virtually empty. Over time, our goal is to weed out progréms in
the crowded cells so as to include only a selection-of the most useful
‘and interesting ones, and to seek entries in the empt} cells. Each
year the guide book will be revised, fo11owing the ana]ogy- o% a
Eurobean_.tréve1 gufdé. Like -a' travel guide, each edition will be
cumulative and self-contained. o
| 0rganjzationa11y, ';hig work is done by a small, carefully
selected gfoup of contributing editor§,‘who work in .schools and wofk
very c1oseﬂ¥*with teachers in training. These edifors are chosen to

< represent areés of the,couﬁtry where thoughfo] and interésting work
with microcomputefs is going on. In their daily work-with teachers,
the contributi@g editors keep an eye out for outstanding programs ;nd

' interesting ways of using them. They forward their

i
A t
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reviews to a small centfa] editorial staff that produces the book.
In meetings of this editorial staff, we work to explicate the

_bases for our selections, to c1ar1fy categor1es of programs and the

evaluative criteria applicabie to each, to organize observations aboutm“n
effective classroom use of various types of programs, and to identify
useful sequences and combinations of programs. This work aims to
create a dialogue between good_theony-from the technical literature
and careful observations of classroom use. From thesé; we . are
developing, year by year, a progressively more usefu], readable, and -
halanced curriculum guide--one which can contribute both substance and
diversity to the curriculum for preschool through the first nine -

| grades.

126



- 119 -

Beference-
 Hively, W., Maxwell, G.,EﬁRabeh], G., Sension, D., & Lundin, S.

(1973). Domain-referencéd curriculum evaluation. Los Angeles:
:

UCLA, Center for the Studyﬂgf Evaluation.

kY
\
y



- 120 -

Implications of New Technology for Social Policy
Robert M. Hayes '

Dean, Graduate School of Library and Information Science

University of California, Los Angeles

I'm not sure that I can provide the kind of focﬁs that was wanted
for this meeting, since my own Qbrk has been tofa]]y in the context of
university"teaching and research concerning computer applications to
information storage and retrieval, their effects upon libraries and
the information industries, and related public policy. Tﬁe problems
and concerns faceduby the broad range of educators,.espec1a11y with
respect to fissues about testing and evaluation of programs and
students, are therefore considerably outside my area of expertise.

However, there is a topic of special concern to me that may
provide you with a springboard for your own discussion. It has‘been
characterﬁzed as the "information age", and I think it ought to be of
concern to you. Therefdre,_in my comments this afternoon, I ﬁian to
sketch out the broad outlines of the 1nfofmation age, and then to pose
some questions about the responsibilities of all educators with
respect to preparing students for their lives in this_newvwor1d.i The
issues which are bof paramount importance, the ones for which the
coming generation must Be préparéd, are those in socia[ ﬁo]icies:bf

-\

both government and the private sector. )

*

The Information Age

Y
v

The general context is provided by the report "The Information
_Economy” of the Office of Telecommunications. It presents data that

show .that 50% of the (ndtion's workforce today is directly engaged in

;12371 f ..
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informatibn activities. Of them, 25% are in "information industries™
and 25% avre in the internal-information operations of companies.

The c}ucia] thing is not so much the magnitude (50%), since the

ion used in that report is so broad that it's bound to include

a high percentage, but the growth rate in that percenkage‘oven~the

past 100 years and more.  The percentage engaged in information

activities, taken in the broadest sense, has increased from less than

5% _to 50% within the past ten decades--clear growth at rates of 25%

per*décade. In fact, the match between that exﬁonentia] growth rate
and the actual growth is frighteningly close. Furthermore, when one
also recognizes that the workﬁng population has increaéed
exponentially during that same period, the growth in number of ber;bns
in information work is awesome!' Since prior to the report on "The
Informatioh Economy" this fact of exponenfia]lgrowth in information
activities was buried in the data for the "services sector" of the
economy, it is only now that policymakers are beginning to recognize
the magnitude of this phen;menon and' to be conqerned about what it
méans in both social and economic conditions.

The report "Tﬁe Information Economy"f defined "information
industry" in the broadest possible mannér; encompassing not only

traditional agencies for disfribution of information (publishing,

libraries, scientific and technical information centers), and all of

-

the information techno1o§ies (computers and telecommunications), but
all of banking and insurance,-all 'of education, all of real estate and

stock.and bond brokerage, all of advertising, all of the entertainment
_ . _ | o L |
industry. ~Of course, once the initial shock of such a broad

definition has beén felt, it quickly becomes clear that indeed these

10}y
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all are "information" industries.  In fact, with any. rational
definition of'the term it is virtually impossible to limit the scope
more narrowly.

It seems clear, in 1light of what.is happeningjnith the growth of
information activities, that information is an economic entity. Costs
are incurred in producing'it‘ it can-be used for a variety of pnrposes
that have econom1c value, s0O peop]e are willing to pay for it; lt can
serve as support to producing products and serv1ces, and thus behaves
somewhat 1like a capital resource; when used by the information
industry itself, it actually does serve as a capita1 resource, a means
of production of products and services rather than simply an ancillary
support or management tool.

These.are the aspects that I want to emphasize in this ta1k; but
before doing so, 1 must recognize the technological aspects:
commqnications, " computers, the people and faci1it1es needed to
ma1nta1n such equipments. In fact, most discussions of the nation;s
information systems are stimu1ated by, and start from, considerations"
of these technological issues. And rightly so, since they indeed are
spectacular.. Each of the information technologies has underg%ne
dramatic decreases in cost. ‘And there  do -ndt appear td be any
fundamenta1 barriers /to continuation of those 'past rates of
improvement. It is [a1so clear that the continued growth. of the
information econdny ﬁ111 .depend upon and be fed by the information
techno1og1es. Indeed \the very tit]e of this conference itself
emphasizes the technological aspects as they relate to the t0p1c of

test1ng, ‘the primary concern, I suspect, of most of those -attending.

But these : techno]ogiesf-computing, data ) retrieval,
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communications—-are not, in fact, the primary issues. It is clear
that societal forces are what ‘have made information increasingly
important. In particular, increasing size and complexity of

organizations, growth in populations, and technological™ revolutions

all combine to make improved information  essential; otherwise, the

organization could not be managed, the communication among peep1e

would become more- and more diff1cu1t, and techn1ca1 development wouid

‘cease. It is tﬁerefore an 1mperat1ve of 11fe that there be a growth
z in information 1nst1tut1ons as the means to-meet those needs.

A key p01nt, related to the techno]ogies, is the fact that while
the e fects of the technology are to reduce the costs of the physical
carrier of 1nformat1on {whether in the.form of a printed pub11cat1on, ‘
a.digita1 data base, or a telecommunication), that doesn't mean that
the costs of{ the information package itself will be comparably
reduced. What it does mean is that the 1ete11ectua1 costs--the real
"information" costs, the EOsts involved in'creafing the 1nformation
jtself, 1in selection and quality control, 1in marketing and
distribution--will become an ever-increasing proportion of the total
costs. Those are the real functions of the pub1fsher (fn contragt
to the prihter), of the data base service (in contrast to the

o computer), -of the 11brary (in contrast to the mere co11ect1on of
books). This fact needs to be regogn1zed if the techno]ogica1 effects
are to ,be"fseen_ in 'proper perépectivea And it means "that the :
organizations involved in the 1nformatioﬁ transfer.process will become
increasingly important to the, economy of the wor]d.
It is the 1ncreasing va1ue of the 1nf0rmat1en 1tse1f that has
made this revolution .meaningful. For example, an economic value of-

Q ' | . S s s ‘:._ -1:3() . )
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information is in jts use in decision-making, especially in achieving
better use of resources; a social value of information.lies in its use

to jmprove the health of the popu]atfon. So, as I have repeatedly

emphas1zed the most 1mportant issues relate to the effect1ve use of

information throughout society.

One concern has been with the relationship between the use of
jnformation and the productivity of industry. Does the grewth in
information activities mean simply increasing "overhead", a drain on

the economy, a dissipation of resources in non-productive work? or

does it represent a valuable, even necessary component of production,

a positive contribution to - the economy, a thing of value. both in

itself and in the better use of other resources? *

Recent research has shown the extent to which productivity 1s
directly related to investment in information resources and ;erv1ces.‘
The continuing growth in the importance of information as a broductive '
component”’ of society has led to jncreased interest in the burgeoning
"information industty". 0f special 1mportance in this respect is the
report of the Public Sector/Private Seetcr Task Force of the National
Commission !on Libraries and Infprmation' Science, which addressed
several of the issues involved in interaction between the government,
the not-for-profit “sector, an< private enterprise; It clearly
supported the view that information resources, products and services
vere essential to.further national development. ' The Report on the

o]

White House Conference on® Libraries and Information Services
identified the full range of values of information in .society, witn
special emphasis on i%s importance to the 1nd1v1dué1. “

Most recently, the effect of the new information techno]ogieslpn

- 131
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property rights, as represented currently by patents anﬁ copyrights,
have been the focus of,_extensive legal "dgbate and wide-ranging
discussion. 1 refer, of course, to the "Betamax Case" which the
Supneme Court has been considering since at least January of this year
(and it appears wi]f continue to do so for months to come). But
beyond that very pﬁb]iq litigation, th;re is degp.giscussion underway

in _the publishing community and between publishers and librarians on

the implications of the -"optical disk" technology on intellectual

:propérty rights. As more and more: full-text 1is stored in

maéhiqe—processib]e-forﬁs, as increasingly data bages are avai]ab]e_
online of are pub1ished.a; computer—brdﬁessib1e files, the problems of
balancing the righfs”of the author, publisher and user are becoming
hore.and @ore complex. ~ Another issue of current cancern<ih this
respect is&the re]ationéhip‘between publishers and authors as we move
hore and more ninto e1ectrbnic preparatioﬁ_ of manuscripts. What
standards should ' be developed to facilitate that move?  What
protection does the author have in ﬁaking‘an even greater investment
personally in the process of production and distribution? . What will
be the relationship to alternative means for publication and
aiéfribution, especially in maphine‘prdcessib1e férms sucﬁ as ontical
disks? ‘ ' ’ |

“ There is even a growing awareness on the international scene of
the importance of ihfqrmatibn economies to national interests.k
Several countries haveu‘;dopted “informatfon po11;1e$" designed to
encdurage the development of their own information. industries.
Although Ymany of the 'isskss relate to computer and ¢omm§hiéa;ionv

technologies, the most critical prob]ehs relate to information as an
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intangible resource," é; a part of cultural 1dent!ty and national
pride. | .
The Educational Implications

So what does that all mean for education? Aside from the obvious
‘need to provide studehts with "computer 1literacy" or, perhaps,
"information 1literacy", it seems to me that there is a vital
reponsibility that we all have as educators, af every level .Of
education. It's to provide studerits with the means to evaluate the

~

qﬁorth of information to themselves and to.society; w%tﬁ such a high
percentd@e ;f resources in our society being committed to these kinds
of products, services and activities, it is absolutely essential that
we prepare students today to make the decisions tomorrow, with
conscious awareness of ﬁhat is happening.
The worth of information is difficult to measure. Entrepreneurs
involved in developing information resources, products and services
,qhave an emotidnal as'we11i\as a finangial committment to the belief
that they are providing marketab1e; commodities,’ffrom which their
customers -_Q111 derive . bénefits. - Librarians aﬁd_“ information
'Sc{;ntists, invo1ved in the day-to-day operation o% information
services, have a professional comm%ttment to their belief that
information'is an essential tool. The purveyors;of the information
techno]ogies—-the -microcomputers, the optical disks and video
recorders, the new communications systnms——maintain a steady barrage
of advertising hype designed to entice the market to buy their wares,

which- they describe as. the essentia] means to enter the -information .

age. But the va1ues are by no means c1ear1y 1dent1f1ab1e, ‘nor are .

Q : S ;.Q';’ | : .1:353
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they easy to measure.
Personal Values of Information

Certainly, for the individual person, information has immediate
value for which»we are willing to pay substantial sums of money: We
spend years in getting an education that provides,us with both a store
of informatidn and the tools we need_fpr finding informatton when we
may Tlater need lit. We buy books, phonograph records and audio
cassettes, cameras and photographs, television sets and video cassette
recorders, all for the purpose of getting 1nformation:

Some of these personal values ére obviouly recreational, since
the.mind, 1ike the body, needs to have both exertise and re1aiation.
We read books and view films and watch'te1evision because‘we enjoy the
information we receive from them. | |

And some of the values of 1nformat1on for us as persons lie in
the better decisions we can make ,about ogr. own 11ves. We get
1nf6rmatiqn, in the form of advertising, that helps us decide what
products and sérvices we want or need. We get.jnformation'on plane
schedu]esio hotel reéervations, travel dbportun%ties to help us 1in
planning trips for both pleasure and business, We get information
about the stock market and real estate sO we can invest our money more
effectively. We get information about the services of companies and
govétnment agencies so we canlbetter use them,

| Societa] Values of Information

-

But information is of value to more than just 1nd1v1dua1s. It

provides the primary means for maintaining a scciety as a cu1tura1g

eatity. Information provices us with our cultural history, our sense

a
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Informaticn also serves as the means for Keeping the _severa1

- parts of society working together. Communication is obviously

necessary for busiqegses ﬁo work togethe,. It's necessary for plane
schedu]es to be maintained. It's part of assur{ﬁg that goods,
materials, food and drink can be distributed throughout our society.

Information is essential to an effective government, especially
in a democratic society. Thohas Jefferson said, "The basis of our
government being the opinion of thé people, thé very first objective
sﬁou]d be to keep that right; and were it left to me tégdecide whether
we should have a government without newspapers, Or newspapers without .
a government, I should not hesitate to prefer the latter." He also
said, "Ikhave sworn upon the altar of God eternal hostility against
every form pf tyranny qver,the mind of man.““ He said so clearly how
vital information was to this country!

économ%c Value of Information

Information also has economic value, both as a commodity in

~itself and as a means for better use of other resources. Compan1é§ as

“well as individuals are therefore willing to pay for it.

In their effort .to establish the value of irformation,

. entrépreneu}s and professionals have turned to anecdotal evidence--the

experigﬁce of users who have benefited frqm‘having information readily
and reliably avai]abie. But the problem is that such evidence is
unéertain at “best; likely to be apocrypha1, and not quantifiab]e..
Rarely doééfit‘provide_the‘basis for evaluating the overall effects of
the availability of 1nfofmation. ;

Yet th; .facts appear to be; that our society 1is steadily.

increasing the percentage of manpower and other resources béing spent

' 13!«
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on information. Such growth would seem to substantiate the view that

information has value and ‘that the forces of tiie, marketp]ace have -

|
|

In contrast to this, it .is also true that investment in

information has been anﬁ“overhead" expense, and bureaucraCies bui1t'v

around the distribution of information represent a drain on the ,

productive“'aspects of the economy In one ana1ys1s, it is shown

that over the past 50 years, the costs for 1nformation have become a

dramaticai]y increasing proportion “of the total costs incurred in

production of goods. ‘

Thus- we have a ba1ancing of Views: infornation‘as anieconomic
tool, on the one ‘hand, and as an economic drain, on the.other, So the .
problem conSists of measuring the ba1ance,‘inkidentifying the value of
information as a support to the production”,of“‘other goods = and
services. | )

The Qualitative ﬁvidence ,
There are at Tleast the following six types of. quaiitative

evidence that support the view that 1information . has vilue as an

economic tool:

1) Better work force. vIt cah be argued that k
-information results in a better work force--better
trained, more capable of making decisions 'and
dealing with probiems, ab1e to adapt better and
. faster to changing itpations. 0f course, there may
‘“Fbe types of work in jch these qualities have no
va1ue or- even negative va1ue, but those tend to be
types of work that become mech;nized anyway. - -
e 3
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Better product development. It can be argued that.

information results in better product deveiopment,:

since there 1is more understanding of the. needs of

. the consumer based on information'about,those needs.

@

Better engineering. Most of the anecdotal evidence
on the vaiue of information has focused on the

effects of its avaiiapi]ity' on scientific and

_technical development, with examples given in which

experiments could have been avoided if prior results

“had beéen obtained. S

o

‘Better marketing. The most general definition of

“‘the "{nformation economy" includes services such as

—advertising and marketing in genera]. It is clear

that such seryices lead to improved sales and thus
to overall better performance for a company. Beyond
that though it is also important to note that
- information about the marketpiace is necessary to
determine marketing ‘approaches and decisions about

aiiocation of resources.. Much of the investment by

Aindustry today is in_marketing--in information about

.F

markets and in advertising to make ‘products known to

o

the_markets.i*ThervaTues appear to be evident in the

_market-based €conomy of the United States.

A
<

N

Better: economic data. Decisions made by individual
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compgnies concerning their allocations of "resources
must be based on information .about the economic
context within which the companies fuhction. \The
bettgr the 1nformétion, presumably, the better thé

allocation decisions.

©'6) Better internal management. Finally, it is clear .. _

that modern information systems, 1nciud1ng the use
of both telecommunication and "the computer, are
valuable -and even neéessary to good internal
management. Porat refers to the "secondary
information sectbr“ as the internal information .
systems of companies and  governmental
organizations. These are ‘the pub]icA and priﬁate
"bureaucracies” that, while they representlé drain
of resourtes, provide the information that is
essenfia] to the managemeht_of 1arge'6rganizations.
Balancing these aspects are the following:
1) Evident costg. Most information activities involve
.very evident costs, in manpowér; in equipment, and

in purchases. , ’ .

2) Uncertain return. Rarely are the positive results

of any of the "benefits" listed above attritutable

a

that clearly to the availability of the information
rly te , f

of which  they were based. In many cases, the

o ~.’»" fl~ﬁﬁﬁ;i>;    ;138f*
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decisions could have been made without  the
. ,
‘information; in some cases, they may even be made

counter to the information.

3) Long-term return. Even when the value is evident,

it is 1ikely that the return is only over  the long

term, while the expenditure is made in the immediate
term. The result 1is that most information
investment must be amortized over a 1ong period of

a

time.

S

4). _,ﬁox_;.di_t:gc_t:].y_ ;;.r.qc.i.u,.c.tixg-____Ey.x:th_etmo,r,e ,.only in rare -
sifuatibné (and most of those in the information -
.industries themselves) 1is’ information directly
productive. Its v§1ue lies in the better uses of
otﬁer‘resources, not in the direct contribution to
productién. ‘ : Although increasing use of
computer-based _technologies s . changing this
situation'and.increasing.the direct contribution to
_production.atiributab1e toiinforﬁation, in the  form _
of programs and data, for hbst purposes today the-
role of information is supportive at most.
5) Overhead exbense. As a.rgsu]t, in virtua]]y every
accounting practice, information is treated as an

"overhead" expense, and is therefore subject-to all

 of the cost-cutting attitudes associated. with

CREY
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overhead expense.

6) Differential use.l-A11 of the data available on the
use of.informatioﬁ éuggests that most of the use is
made by.on1y’a few persons:\those who know the value
and who know how to use the information. As a

. .___.result, investments that should havé wide use turn

out to have very limited use. .

S

The Quantitative Evidence

Statistical analyses can be made of data cohcerning ~the
1nvéstment made by _1ndustcy in informétion services and their
profits. Thé results show tﬁat'for evefy dollar spent for effective,
useful 1information services, industry ,wfi1 make over $2.50 in
additional profit. That'si a return of two and a half times the
investment!  .0f course, the investments must be properly madé, and/f
that requires that: the decisions; bé made by a management that is‘

knowledgeable about the proper use of informatjon. ' L

-

- -
s ¥ , o~

o Théié"aréM'interéétihg"differences“”ih'”the”“éXtéht;”td“ﬁWHfCwa““
o djfferent ~industries 1in the United States 1invest in information
se}vifes. Tﬁ;'“high technology" 1ndustr}es--e1e¢tron1cs, computeré,
‘chemicals, drugs--are the ones that make the greafés; investment in
information services. They Spend over 6.6%. of their gross PEVEHUES‘O&I
«information se}vices, compared to an average,'dvefﬁa11 othef 1hdus£ry,
of 4.4%.. That means that the high iéchho1ogy-1ndustr1es spend half

again as muchﬁ on information as do all other industries; on the

average.
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xIt is even more interesting to note that those industries that
have xfaced economic difficulties, such ‘as basic steel and the
‘ automotive industry, have spent the least on information services.
“ They have averaged about 2.2% of their gross income spent on
informatiqn services--one third of that spent by the high technology
industries}\ | ' t ’
' A1though it is difficult to prove that investment in information
will resu{t in greater profits, the facts are that those industries
| which are at the forefront of American productivity are precisely
tnose that spend the most on information.' And those that have been in
the greatest profit squeeze are those:that have been 'spending the

least on information services. ) |

' Librarians ‘Faculty, Administration

I bring to this discussion a particu]ar pointu of view,
represented by the fact tnat I am dean of a graduate school of library
and;information.science. I see the iibrary as potentially playing a
central roie in management of information resources, whatever form
they may take. ;ﬂistoricaiiy, the library has been'the institution in
society with -~ the defined responsibility for: organizing reeorded

'knowfedge; providing access to it, and managing the resources needed

,__-—-.-——

for those functions. Today, as.we. move into the expanding wor]d of
information;) the 1library has become the central tooi in many
organizations for information resource management.
| Just to mention three examples:
1) In  health care, ‘the medicai 1ibrary'/nas. been
reeognized as a vital tool. Now, as a broader range

of information resources--patient records computer

o - Lo st 141 o,
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research data files, audio-visual materials--becomes
vital to medical research and' patient care, the
library has -been .seen as the. focal point for

information resource management.

2) In the gcademic research uniVersity, the same
phenomenbn is occurring, with data bases, online \
computer 'fi1es, and media resources sﬂpp]gmeéting

Ithe traditional resources of books,‘ jou?né]s and
reports. AQaiﬁ, the university befény is seen by
many as the focal ppint for information resource

management in the university.

3) In industry, the same'phenOmenon is a1so-ocgdrring,

and the special Jipranyjis seen by'maqy (énd not

just by the libfar%ans) as the focal point fbrl

industriai * Jinformation _ management, because it

proVides the means bj- which external sources of

information can be combined with the internal ones
that ’have heretofore been ;the focus on corporate .f -

data processing systems. | |

. In the éducationa1 system, we face_the samevkjnd of situation,
.buf with an already-established tradition that the 1ibrary has bréader'
responsibilities, including “prihted materials, of céurSe, but also
including the audio%visua] materials. Now we are adding an entire

}ange of computer-based resources. The online data bases are the most :
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current exampie,_but very soon we niii see distribution of -massive
amounts of materials in computer-processibie form--digital video
disks, for example. | ) |

‘ This, then, is the basis of a new partnership. The .1ibrary
continues to serve as’ the - manager for the schooi;s~ information
resources. That may or may not inciude the physicai hardware,
depending upon. the spec1fics of the 1nstitutiona1 env1ronment but it
shouid definitely inciude the management of the "software"--the
1nformation data base in whatever form it may occur.

The reSponsibiiity of the faculty in this partnership is then
cruciai. to incorporate into the curriculum a conscious recognition,
far beyond what all offthe‘evidencebsubgestskis currently provided, of
the importance of information to the person, to society, to the

And the responsibility of the admintstrators? That is clearly to-:
insure that the /resources are made available, that they are
effectively used, and that all oarticipants are wofking together in
meeting the objectiVes’of preparing ftuQents for their lives in an.
infofmationfrich?worid; | | |

’ L | Conclusion

' In conciusionn I want to emphasiie one point.that I hope has
aiready been made ciear, but I am very pedantic and tend to hammer the
obvious.l It 's that the concern with the new information technoiogies

B

while of passing importance today, should not be the primary focus Of

o S

our attention. The technoiogies, after a11, are merelv the toois for

accompiishing the objectives in using information effectiveiy. Our

/

v /concentration shouid be on the obJectives, not on the means. That's

».f#,;;g,l ':, 1J4:3 o
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the purpose of an education, as contrasted with mere technician

training.
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~ ~2arch Foundations of Future Development 1in Education.
Gerald Bracey
Director, Research Evaluation and Testing

Virginia State Department of Education
Given that the two days of this conference have been rather
independent'discussions of two articuiatabie areas, I would like to
try and articulate them and I wou1d 1ike, to do it thematically, in
terms of techno]ogy and ‘testing and how they might assist the solution
of dinstructional problems. First I have to lay out a bit of

background. | | |

Bi11 Coffman, in an excellent presentation that told us all1 that

vwe ought to go back and read a lot of things that were written in the

1930's (and I believe thati;—asserted that the teachers determine the
ourricuium, or define the curriculum. That assertion was assented to
by many in the .audience and by many other speakers, especially Archie

La Pointe, who spoke about the one-to-one relationship between teacher

" and pupil. I tend to disagree about: the importance and independence'

of teachersfin this roie. I- agree more with Dale Carlson, who, in his

presentation today, said we probably have something on the verge of a

~nationa1=curricu1um-because'of the uniformity of thevtextbooks and,

.consequentiy; the uniformity of tests. Dale's comments accord very

much with the observations of John Goodlad, who has recentiy conc1uded_
that "in the how,and the what of instruction, a school is a school is
a sch001 !

’

_ Ciose]y related to discussions on both days about teachers and

' their re1ation to inStruction was discussion during the first day of

- the .importance of ciinicai as opposed to quantitative, formalized. -

t
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judgments in the teaching and assessing process. 1 have some real
qdestions about how much ° that transp1res and how good it is.
Again, John Goodlad finds in h1s studies that 70% of all 1nstruct1ona1 '
time js teacher talk. ~Much of the administration activity time of
schools is also teacher-dominated, ‘And if talking, as he says, is a
good way of organizind your thoughts, then the teachers are,doing most
of the learning. ~Good'lad's co-researcher, .Kenneth Sirotnik, in a

recent Harvard Educational Review, referred to this as the

o

consistency, persistency and mediocr1ty of the typical c1assroom.

But given all this teacher talk and teacher domination of the

classroom environment, I doubt seriously that teachers right now,are
making_ very good c]inica1 judgments. For one thing,. they'rei not
trained for-it; in fact, they're probably trained cut of it‘in their -
preservice programs. Second]y,.I don't think they have much time for
it. Un1ess.tne1r 1ntu1tions a]]oﬁ them'to,nake good diagnoses on
brief,vinforma1 obseryations, such as a c11n1ctan ncticing a rare but
very important verbal orfbehavioraT tic, they have 11tt1e»0ppcrtnnity
for deve1op1ng clinical Judment. 1 back my conc]usion~up with the
observation noted here that high school teachers, 'who have to deal

with hundreds of "clients" each day, put more reliance on tests "than

do elementary school teachers. But even at the elementary level I am

. concerned because.l amsreminded of the Ldu Smith studies that found

quite a bit of role differentfatipn,acrossvchi1dren,_but not much role
differentiation across time  within chi]dren, and' that childrens'
stereotypes tended to perseverate across grades. Teachers 1n ‘the-
teachers' 1ounge“ﬁou1d say, "0Oh God, yes, I had that person last year,

and you can expect this and this and this“, and so forth. Certainly
' 5

. ,f',~,hd“j?ff, : f-'- . ,,141‘3
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this is a source of information about children, but I'm not sure that
it provides a basis for an adequate, informed clinical judgment about
then. . -

Part of the problem with schooling today is the structure of the
classroom; 25 to 30 students are just too many to deal with. I am very
pleased that Ted Sizer in part of his report a1ready in the June, 1983
__EEEE said that same thing, that the structure of the . high school is
dysfunctional and we need to do something about it. I wou]d point out
that these observations accord very 'weii‘ with ear1ier:,conc1usions"
about aohieVement and affective ;ariabies reached by Gene Glass and
Mary Lee Smith. | - | - ‘

" With that as background, I want to go on to emphasize that I do -
beljeve that the need for accurate c1inica] judgment is critical, and -

that's, where I think "some -of the emerging information

rtechnoiogies—-microcomputers, the irteiiigent video disks, the expert

systemsjof software--might be able to heip_us. I m not speaking of
something as primitive as item banking. “1'm not terribiy sanguine

about item banking: I know of at least one item-banking'program where

.teachers could oaii for a test from an item bank,for_anj objective

‘they wanted. The people who monitored the system fdhnd that they.

tended to ca11 for tests on things that their chiidren had already

‘mastered such as phonics, rather than going on ‘to’ COmpreheneion_ ‘In
/
additio"’ at the 1982 conference onm Large Scaie/Assessment ‘we had

/

: Speciai sessions on item banking, and ‘one theme that emerged was that

item banking sounds 1ike a great idea unti1 you do it.h

The kinds of things 1 expect to heip are the ‘kinds Of programs

that were discussed here eariier today, like the Burton and Brown,

S N -f,fzgf-.13477
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P75y and T ¢ rograms tha~ 3ok at the patterns of errors that
.dr  aak and try to . -e the specific "bug" in the child's
problem-solving process. Unfortunately to date, most of these kinds

of investigations involve mathematics, because it's a lot easier to

write a phogram to analyze patterns of responses in arithmetic than it

is to write a similar program to analyze problems in reading or
writing. i
There are other disciplines that "I think are amenable to what

might, be called computer-assisted diagnosis. For ‘example, Gordon

‘Novak at the University of Texas has deveioped an expert system to

analyze what kinds of concepts anﬂ_what kinds of equations are needed
to solve certain kinds of physics prob1ems. He finds that’probiems
appearing in textbooks which appear to call foh one or two equations
actuaiiyrcaii for 10 or 12. But the students are not taught 10 or 12,
nor are they given an adequate understanding of the concepts in their

textbooks. As a recent study by Ca1dwe11 found, high sch001 students

emerge from physics courses w1th fundamental misconceptions about

Newton's 1ans of motions. They are, ir.many instances, left with only
their own intuitions or, guesses io solve physics problems. The clear
implication 1is that one‘ of the reasons that students dre bad at
science is they don't haye adequate materials to he1p them understand
what'svgoing on. I,nouid hope that the deveiopment of future"expert

systems will help in the diagnosis, assessment and"instruction of

- students in many areas, 'not Just sc1ence and mathematics.

A second area where I expect, I hope, that information technoiogy

~wWill help in the 1ntegra1 task of assessment and- 1nstruction, is in

what has been ca11ed componentia1 ana1y51s, the attempt to ana1yze

L 148 s
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cognitive tasks into their component parts. Given-myAaffinity for“
Gestalt psycho1ogy, 1 worry a little that componential analysis may
Jead to another, more sophisticated round -of " T1tcheneresque
structuralism, but .even with that reservation i think it‘s;a step in
the r1ght direction. o

It was mentioned dur1ng the first day that knds often ask
teachers, "Te11 me what I'm do1ng wrong. : If we can get good
component1a1 analysis, and 1 wou1d guess that this will have to be
computer-based or computer- ass‘Isted~ we have an oﬂportun1ty to assist
teachers in answering that question._

1 don t think it's going to be that hard techno1og1ca11y, to do
a‘1ot of creat1ve things in component1a1 ana1ys1s. 1 recent]y saw a
drill and practfce program that had two real-time clocks ,built 1nto
”t. This program ran on a Commodore YIC-20 8K machine. Well, if you
can put two real-time clocks .on a Commodore Y1C-20, imagine what can
““be done on an Apple or a Commodore 64 or the machines that are certa1n
to be developed in the next-few years. Even now it shou1d be«poss1b1e
| to ana1yze reaction time ormdo some k1nd of . ana1ysis of ' how 1ong a
student)11ngers over a prob1em or even a particular part of a prob1em. .

1 am also sanguine ‘about us1ng 1nformation techno1ogy to l1ook at
h1gher-order ‘thinking skills. Dean Gifford sajd ear1fer that . ‘these
“1nvest1gotjoos were in a relatively pr1m1t1ve state. I would say a
very primitive state right now. we are in danger'of maﬁfﬁg great
leaps of fa1th from a few studies based on expert versus nov1ce
approaches to.phys1cs-prob1ems, ana1yzjng 1ife master chess players

- versus non-master. chess p1ayers. We need much more .of a data base -

'before we start mak1ng genera11zat1ons or. drawing strong conc1us1ons

L E i
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colloquially by Tirbergen as the art of watching and|
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about the development of expertise. Still, the possibility is- there.

fhis brings-me to one topic that has not yet been covered at this

Vconference, which .1 think is very important and: that is that both the

areas of assessment and techno1ogy need to be informed by

developmental psycho]ogy. Cnly a- few\peop1e have mentioned this, Sam

Messick at AERA th1s‘year d1scussed assessment ‘as a deve1opmenta1
Y . ? N

“construct, but it's the first time:I've seen that done recently. I

think we are emerging from a Dark Age of ps}cho]ogy.. d think our
theories of '1earntng have been serious1y. hampered by psjchd]ogy‘s ,
going off and trying to emulate an already defunct mode1 of nhysfcs
and science back 1in the 20's and 30's, and I think 1t;s,st1}1 being
hampered'somewhat py the fact that most expériments in 1earn1ng theory
are constrained»by the convenience of the exnerimenter, and by the

revard structure of un1vers1t1es which still tend to count number of

I think we need to have a-general theory of long-term acquisition

L}

of competence and expertise over years:'and that will require, 1in

' addition to the interviewing that Dean Gifford mentioned, a lot of

*inatura11st1c : and_ a 1ot of carefully 'constructed observat1on.

Otherw]se I think we re in danger of another Dark Age in psycho]ogy.

I think it is no accident that today, the giants 1n psycho]ogy

are not Th::stpne or Gi]Ford or t1ark Hull or Neil Miller, they are

'V_Freud and-Piaget, and Freud and Piaget practica]]y alone. You may

d1sagree with them and a 1ot of people do, buJ they had_ an

observationa] data base, not an experimenta1 data base. ‘I think that -

!

the rise of ethology toA respectability, etho1ogy being defined

/wonder.ng, will

o
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help the . people who are doing - observational or 'interview= type
research.;‘ﬂnd, as 1 noted eariier and as Dean Gifford noted, such ;
research is essential. |

| In my-remaining_time,“I would 1like to note three probiems thai
concerned'me oger the course oi the conference; Iam concerned that

cognitive .psychology is much too influenced by analogies towdigifaT

computers._ Mamy of the ouerheads deailing with ”modeis of problem

solving looked 1ike flow charts and even used the symbols of
f]ow—charting. I"think we are currently in danger of imposing a .model .

of the brain as a digital” computer onto much of our research rather

_ than con51dering such a mode1 as one of many mode1s and a11 such

models as working hypotheses or metaphors. 1 don t have time here for

a discussion of 1atera1ization theory or the’ model of the metaphorical

_mind, but there are many models out there’as worthy of cons1deration

as the digital computer.

B Secondiy,‘ Dexter Fletcher .mentioned the inveniionu of the
horseless carriage, and 1 would just like to p01nt out that whiie we
were inventing and reinyenting the horseless carriage, we\ere also
experimenfing with a wide variety of engine types: ‘steam engines,

e]ectricai engines, internal combustion engines,\ and we have paid

dearly, for the monOpoiy that became estab]ished by the internal

.m combustion engine. 1 think that «ou]d be the ‘same thing if we had a

similar monopoiy of one approach to computer-assisted 1nstruction or

assessment, and I've even: argued that we are paying dearly by having a

. monopoly in pub]ic schooiing where a schoo. is a sch001 is a school.

Fina]iy, again in connection with the invention of the horseless

_'carriage, I would 1ike to remind you tnat Seymour Papert has despaired
e

, ;of educationai research contributing’much to an educational horseiess.ﬁ
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carriage because it presumes the traditional classroom. Without a
- research program that studies children in a variety of environments, -

we will end up with a set of data that are very much context-bound.

x
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Conceptions of Teaching: A Changing Image
| J. Myron Atkin |
Dean, School of Education
Stanford University
The emphasis at the conference has been on improving instruction
by systematic -attempts to enhance the quality of testing -and-
" technology. I want in this brief reaction to the excellent papers
that have been presented only to highlight another aspect of
educational quality: the teacher. My purpose 1is to raise some
possibiiities about the 1impact of deve]opments in testing and
technology on our evoiving conception of the work of the teacher, and
the effect of the changing image on the choice of teaching as a career
by some talented people. I believe that the most important factor
bearing on the quality of education is the nature of the teaching
‘force. By "nature" I mean the characteristics of those who choose to
teach and what those who_teachviike to do. Do developments in testing
and technoiogy change our concept of teaching in a manner that may be
unattractive to some able people?
The‘picture of teaching portrayed at this conference is one of a
highiv_goai-directed activity nith a strong emphasis' on instructional
¢ management.- The desired outcomes of schoo]ing are assumed to be very
clear, and the task of the teacher seems to be to reach the goals as
efficientiy as possib]e. Recent advances in techno]ogy and testing
have led to a focus almost entirely on tightly specified outcomes.
There 1is another conqeption of teaching, that of a versatile and -

f1exib1e professiona1 who constantly tunes goais as well as techniques

to the changing conditions 4n the classroom and®to the varying and

Q ) o ; : . _ N :15553
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Shifting‘needs of different children. Many goals are worthwhiie. The
teacher plays a ‘key and sensitive role in selecting those that seem
most sa11ent or achievabie depending on circumstances. Such . a style
tends to be attentive to potent1a11y benefic1a1 effects of teaching
thet are indirect, sometimes long-term, ‘ and( occasionally
incidental---as well as those that are more carefully prespecified. In
the papers at this meeting, there seems to be 1ittle value placed on
such goals. An assumption underlying deve]opments 'in _testing .and
teaching, so far, seems to be that whatever is worth teaching is worth
teaching directly, and the educational result shou]d be apparent
quickly. ' |
0f course, many learning objectives, perhaps most, are highly
specifiable and short-term{ Many, however, are not. What is crowded
out of the curricuium when modes of instruction keyed increasingiy to'
tests and computers are emphasized? Is this change pieasing to those
who teach or whu are‘contemp]atfng teaching? V
Effective teachers have recognized that certain .ciasses of
worthwhi]e educationai'goais, fpr example, those iike deveiopmént of.
sportsmanship, are probably aenieved best nhen.the opportune moment
;arises. If the moment doesn't arise, teach something eise._ Many
thoughtful educators believe that the same is true for many basic
| concepts in science; social science, and indeed all areasm of the
curriculum; ndt all ‘basic concepts,” of course, ‘but a significant
- number. Furthermofe, some teachers, some very good ones, relish the
ony of the children's educational ‘voyage as much as success 1in
arriving at the educational destination.“ They derive satisfaction

from making choices about the objectives to be stressed at different
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times and for different children. '

Phillip Morrison, the physicist, used to taik about "enlightened
opportunist in teaching. He stressed the dimportance of taking
advantage of the unexpected event in thetciasroom to teach importantq
concepts. in science. Indeed, some of the most important ideas 1in

science——-ubiquitous concepts like eauilibrium, randomness and

symmetry---probably are taught best by pointing them out in oifferent

"~ contexts when the opportunity arises, rather than striving for such

Yearnings directly. These opportunities often are the incidental
resu1ts of other pursuits. The very pouer of the concepts.iies in the
unexgected richness of their application. ' "

A somewhat related point: Max Beberman, one of the greatest of

mathematics teachers,_used to try to delay children's verbaiization in

‘his teaching to encourage reflectiveness and intellectual discovery.

He felt that sometimes statements of conclusions crystallized thought

-t00 quiciiy. He wanted youngsters to ponder various issues 1in

mathematics at leisure. Teaching styles emphasized at this meeting -
seem inattentive to\such.an approach.

The'major point 1 am trying to make is'that_we may be conveying a
picture of teaching,cnith our attention to tests and technology, that
de—emphasizes a type of creativity that is value ' by, and that has
served in the past to attract, an important: group of people to the
teaching~ profession, people sensitive to a range of worthwhile
educational outcomes poorly adapted io prespecifiation, tes%ing-andi
computers; We may not want to lose this group, and perhaps we can
piace our efforts in testing and technoiogy in a context that more
highiyhvaiues‘the 1mportance'of continuing to attract such people to

the teaching profess_'_ion.' | o0 153
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