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The Information Syitew for Vocational Decisious

{ISVD) places Boocock's (1967) Jife Carerr Game in the core of its
operating systew. Thuis paper considers the types of interaction that
vill e required of the systea, and discuscses the role that a career
decision game mnight plav in its tolal context. The paper takes an
into-thae~future look af the day when an artificlal intelligence
systewm 42104ng siuulated counselor, teacher, and career gererator
systerms becomes 3 feasible prograsing task. Toward this 1ltisate
goal, the author proposes te start with the career decisicn gane, and
to develop the full 8ystem as a series of increasinyly cosplex
zodifivations of its basic format, The jase in its present form is
described and its use as a miniature sodel ror the entire system of
interacting siunlations {teacher-student, counselor-client) (s

discussed. (TL)
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The Information System for Vecational Decisione places the Life
Career Game of Boocock (1967) in the core of its operating system. The
game has this location because it is a means which the inquirer has to
engage in life planning in ways in which he can subject trial decisionus
to teste of tlelr consejuences In our existing socifetal arrangements both
in terme of facts imputed to another ana in tcrms of facts oalding for
himself.

Therc are tvo f~rms of writing within the ISVD project about this
gamelike possibility, One form of writing is about the game {tself aund
abcut 1ts implementation in the ISVD as the system tukes ils more final
condltion. The other form cf wiiting is ahout what the game idea can
contribute to the underscanding of decislon processes of persons 1u edu-
cation and of designers of thz ISVD fiself. This peper by Roman is of
the latter kind.

1his paper was originally 1ssued as s working paper {n February
1967. #e now refssus it 3s 21 Project Report btecaure it3 i1de~a have not
yet been superceded ard becsuse those ideas deserve attention from the

wider audience within reach of our Project Report distribution,

david V. Tledenan

31 Octeber 1969

O

b et o o

ERIC

Aruitoxt provided by Eic:



IMPLEMENTATION OF A CAREER DECISION GAME ON A TIME SHARED COMPUTER:
AN EXPLORATION OF ITS VALUE IN A SIMULATED GUIDAKCE ENVIRONMENT

Richard Allan Roman
Graduate School of Fducation
Harvard University

The general zoals of the ISVD project are stated {n {ts praposal
to the granting agoncy end {a other literature (Annual Reports, ISVL, 1966-
1569). The purponur of this paper 1s to consider the types of jnlevaction
that will be required of the system, an. to discuss the role that a career
R decision game might play in its totsl context.

Me users ¢f the system will {1clude many who wii] find that the stvl-
fzed rigidity of ordiaary conpater programming interferes wilth their purposes.
These people must express their thoughts in an English-1lika languuge, and
should not be burdened with uaneceasary det2fls of progracaing. A pollte
diagnostic system should instruct thew when they err. Others, in the
interest of efficiency, will want more diract communication with the pro-
gramned systems, and they tco should be satiwlied.

1SVD users can be divided rcughiy into the following catezories:
progrummers, ecducational reseacchers, trained couvnselors, student coun-—
selors, inquirers in the schiols and opoortunity centers, and clerical
workers. These categories ar¢ refther mvtually exclusive nor exhaustive;
they merely represent anticipaled users of the Bystem,

wWhat fa:ilities will be demandecd by these users? This cannot be
shsweted without a full understanding of tha highly abstracted functfonal

units of the system and their intevactions (See Figure 1). The final
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prototvpe of the ISVD project will be characterized by a programmed
supervisor interfacing between the users and the internal routines, a
data bank and supporting routines, and an artificial intelligence system
controlling the operations of the similated teacher, simulated counselor
ard simulated carcer generator. All of the routines will draw on the
data benk extensively, and will be controlled by the artificial intelli-
gence. The supervisor will determine which user 18 to be serviced next,
and assign space within the computer.

One of the goals of the ISVD project is a clearer understanding of
the guidance process. One of the most successful methods for forcing
clariLy in thought {2 simulation. In simulation, the important processes
to be modeled are abstracted and written in the form of a computer program.
This progran works ur fails, and thereby indicates the strengths and weak-
nesses of the model.

We 1n the ILVD project are interested not only in {mitating what the
counselor does do, but in doing what the counselor would 1ike to do. The
covputer an handle larger amounts of information than a human being.
Therefore, if we speéify the information transformations carefully, tle
cemputer can>surpass hunan pet{vrmance in this regard. This is one arpect
of what is called artificlel intelligence.

Artificial intelligence in this paper will be a general method for
measuring performance and improving on 1t. The specifis task is irrelevant
to artifical irntelligencn, -ince it applies hifr order hruristic rules --
such as goal seeking ar’ subgoal formation and working backwards from gnal
to present stiute -- to a varfety of tasks, Thus, one artificial intelli-

gsnce routine can be applied to a simulated teacher, a simulated guidance
(8
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In short, the artificial intelligence system {s a routipe that
{ncludcs the tools for learning to improve performance. These tocls will
be applied to each of the simulaticn routines developed for the profect.
Simulation ané artificia! intelligence thus go hand in hand for the pur-
po- s of the ISVD project. In the simulation stage, the present methods
of decision-making are specified; in the artificial intelligence stage,
the methods for 1mproving decision-making arz esplored.

The artificial intelligence system functions by guiding the
subordinate similation routines. For example, it could tell the simulated
teacher that more importance should be given to how long the student takes
to answer and less to his IQ score.

Consider the simulated teacher in more detail. The simulated
teacher will have a variety of methods for presenting concepts. These
wil? include various media of presentation. different vocabulary levels,
and different logical sequences. 1t will also have available the student
profile containing data on socio-economic status, test resulta, school
records, and persorality measures. Finally, it will have records of pre-
vious lessons that will include errora made, latenty of response, and
character of the materfaa.

Many of these factors will be taken in account as the teacher
decidesp what material to present next. Scme factora are clearly more
{mportant than others in the decision. This will be taken {n account
by weighting each factor differ«ntly. The teacher will use the assigned
weighting of factors untfil som; estimate of fts efficiency is made by the

artificial intellfgence.
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The artificifal inteiligence system will have access to a vast
variety of individual records, and can look at the whole picture in a
way the teacher is too restricted by {ts position to manage. With this
broader perspective, the artificial intelligence system can determine
4 better way of welighcing factors. It will then give the new sct of
weinhts to the teacher who will proceed with them as it diu before.

The critical and difficult question this procedure leaves is
to define precisely what is meant by better teaching. The system will
approach whatever goal 1is set. Setting the right goal {a the project's
resporsihility.

The other two simulatr~d systems are more specialized than the
teacher. The simulated counselor will look st the atudent profile and
creace sugpgestions and recommendations for the student. 1t might sug-~
gest a sperific test to gain further information, or 1ia* relevant
occupations for the student, or compute frequency tables for success in
particular jobs,

The final simulated system {s the career generator. This would
be a probsiilistic model that would predict the course that & person's
1ife woul&-take. given a past proffle. This past profile could be the
up-to-the-moment history, o+ the history supplemented with a decision
to pursue some scticn in the future. It could be asked questions like:
that will happen to John {f ne decides to major in Far Eastern studies?
What will happen to Mr. Smith 1if he goes to night school and finishes
his high school work? The answers would be probability etatements, or

best gBuesses at the actial results. This routine could have a recursaive



feature, which would allow it to pursue a person's career through
gseveral discontinuities before returning an answer.

The key to the effectiveness of all of these simulated systems
1s the usefulness of the data bank. The stored data and the easy ac-
cess to material in the bank would allow all of the simulated systems
to be pre-tested on the records of the individuals. In this way, the
initiul settings of the parameters could be determined without risk to
those using the system. No advice need be followed; no career plan
fulfilled. The machine can make many errors as it develops an estimate
of the best plar for action while interacting only with data. Once the
estimates became stable and relfable. researchers could determine their
relevance and realism by further testing from the data bank. If the
machine’s estimates seemed dangerously far off, the researchers could
adjust parareters to ubtain results they thought were more realistic.
After further calculations utilizing the adjusved parameters, another
feedback session would bte in order. 1In this way, the program could avoid
local maxfwa in the mult{-dimensionai spaces in which they will work.
Periodic checks by skilled nembers of the siuulated professions would
guide the computer cn its search.

The three sinulated programs would interact with one another,
each supplying its best estimate of the effects of the other's a~ticns.
The simalated counselor, for fnstance, would look at the profile data of
an fndividual facing a discontinuity. After considering the relevant
information, it would make a decision, and subnit 1t to the career
generator, which would then simulate Several years in the individual's

life. The resulting projected profile could then be scored oy the values
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included i{n the profile. Next, any discrepancy between the *deal and the
actual projection could be minimized by testing alternats decisions of
the cavesr generator. When the mirimum discrepancy 1s encountered, the
artificial intelligence system could suggest new weightings for the
guldance counselor to use.

Similarly, the progiam designed for teaching might b app fed to
teaching decision-naking ekiila. It could call on the simulated ruidance
counsclor to aid in fts estiwmation of che student's skill.

"7 All of the above 18 idealized, and far from & feasitle programming
task in the {mrnediate future. There are availabie somc approximations to
the kind of programming requirnd, but the scope of this prodlem 1s far
beyond the capabilities of eny existing program. We must censider wayr in
which we can move toward this ultimate gcal. The system must be useful
before 1t reaches the level of sophistication for which we are striving.
Theve are approximations, which can be implewented simply and quickly,
that would serve 38 a basis for expsnding the system to full pnwer.

One possible plan 19 to start with & career decis on game, and to
develop the full system af a8 series of incressingly complex modifications
of its basic format. Such a game wculd reiuce the level c¢f abstrsction
required for the initial development of the syctem without changing the
fundamental questions ISVD must answer. 11 om not suggestiny that the gawe
18 in any way necessary to the project. It would ba dispensible at any
stage of the project, ond serves here only as a focal point for the
developing system.

The starting point for ny thinking was the preliminary version of
a carcer decision game devised by Eugene Wilson., Since literature about
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thie gam' I8 not yet avallable, I include a summary here.1

The pame consists of a series of discontinuities to be <olved by
the player. A discontinuity 1s a choice point in 2 person's life. Fnr
example, choosing a pattern of courses in high school, deciding on a
type of college, or picking a major are discoatinuities, A discontinuity
is solved wnen a firm decision on a course of action has been nade.

The player {s presented with a discontinuity and a personal pro-~
file sketch, which includes the name, age, and gex of the person facin.
the discontinuity. Tne player assumes the role of the pers ' n ir the
profile, and tries to gather further informatiocn from the complete profile
to help him clarify factcrs bearing or the decisfon. Tne additional infor-
mation is presented from the profil: in the order set by Mr. Wilsoni the
player cannot influence the order in which he receives the information.

After each plece of inforwation is requested and digested, the
player examine: the 1ist of alternative solutions to the discontinuity,
and tries to narrow the range of appropriate choices for his profile.

Tha geme conianues until no additional informaticn is availadble in the
complete profile, or until a player reaches a final decision. The player
tries t. make the decision most appropriate for the person in the profile.
Even after all the information {n the profile is avaflable, the grounds
for decisiun may not be :lear, so “he player may have to make his final
commitnent on value judgments.

The preliminary version of the Reme has a paper and pencil foimat.
One persoi presents the discontinuities and information to a second person

pu—

1. This funformation came from my convarsat’ons with Mr. Wilson on October
10, 1986 and earlier dates. The game ls still teing revised, so this report
is of ny understanding at that tire. 7ie revisions and modifications sug-
gested in this paper are solely my tesponsibility.

10
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who plays the game. The information about these factors is presented in
a fixed arbitrary order. The player does not ask for specific information,
but must accept the next piece that comes up regardless of its usefulness.

Players who don't know what a particular test score me.ns have no
way to help themselves. Tanere is no provision within the game to allow
the player to use books or tables. The game contains no specific teaching
of decisi mn-making skills., The game will be part of a total program for
increasing decieion-making skills, in which the student will have instruc-
tion before and after the game {g played.

There i{s little .ed for a computer to handle the )jresent game
structure. A rugu}gr teach!ng machine would te quite adequate. However,
the many contemplated Improvements will inrroduce complications that will
require a computer to handle the Jata and decision-making functions.

Before the game can be computerized, its structure must be well
understood. Figure 2 nrovides a summary of the gam2 in ilow chart form.
Therv are several important lists in the game: digeontinuities (a 1list of
aescriptions of possible discontinuities), pogsibilitiee ( set of poasible
solutions corresponding to eaca discontinuity), profiles (a list of 1n,vt-
mation abuiul people -~ several for each discontinuity), and judgmente (a liet
of the relationships betueen the itformation in the profiles and the possible
solutions to the discontinuity). As examples of the list of judgments, a
male could not go to a girls® college, a atudent with an IQ below 120
could not be in hurors courses, a man with a8 mechanical aptitude below
the tenth percentile shcuid not be an auty mechanic.

The game in its present forn is completely determined once the

discontinuity and profile are c¢h¢sen. The information presented does

S
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1. player begins
P §
2. player quits? ~—3YES e— — e EXIT
3. pick discontinuity
A
4. plck profile
5. present “ist of possible soluticns
&
6. present information next in profile' #
7. player judees possidbilities
I }
8. evaluate player decisions using
the judgment routines
9. provide appropriate feedback
YE{g——— 10, decision finally made?
| /’_,,)NO
i1, informa*lon done?——’”""———_’—-—r—
YES
12, ferce final der fon >
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not depend on the ability of the player, and the feedback in a fixed
function of the plaver's choices. Tor each discoutinuity and profile,
the scrip: specifies exacrly what informaticn 1s n2eded to ellminate an
alternative. The script wiiter :nust examine every possible response
and provide énproﬁrlate feedback. He must arbitrarily decide which is
the correcfrcholce rather than rely on statistical analysis of similar
cases, This 18 a lengthy and thankless task, one which 3hould not be
undertaken for more thar a few discontinuity-profile pairs. The infor-
mation galned by such brute force programming wi.l help us undcrstand
the process of analysis, so that we can simulute it later. Results of
running the finished scripts will provide some feedback on the properties
of the game.

We need to devise a 1ist processing Janguage flexible enough to
handle the presentation of material, the complex conditionals needed, and
the record keeping required. MINCGPCA I will easily handle this version
of the game., later modifications of the language will allow it to handle
all of the extensions of the game discussed below.

In this discussion bslow, the game 1s the starting point for de-
velopment of the entire system of interacting simulaticns with which this
paper cpened. The game will become a minfature model of the eatire system.

The game, as described above, will be the early pro:otype of the
simulated teacher. Eventually, the same systemn will provide all interaction
with the users. Extentions of the game will more closcly approximate the
1SVD vision. Part of the working philosophy of the ISVD project is to
provide the student with the opportunity to learn ateut decision-making,

to increase his ability to turn data into information, to help him see
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how information can be used to solve complex contingencies, and to provide
feedback about his performance. 1In order to facilitiate this improvement
in skills, the game could be enlarged to allow the student to enter an
“inquiry mode''. In that mcde, he would seek specific information about
tne profile on which he was working, rather than passively accept the
acript writer's order of presentation. This would force him to ~ngage more
actively ir the process of information gathering and wou d therefcre cause
rore profounrd changes ‘n his behavior. If the player found that he could
no longer jntelligently seek further information or use the data he had
gained from earlier inquivies, he could return to the ''presentation mode'
and allow the script writer to prompt him.

Another desirsble modification of the game would allow the student
to {rterrogate the {nfcrmation and teaching files. These files wculd pro-
vide paragraphs about the alternatives from which the student might choose,
and information abcut the tect scores inclided in the profiles. With this
provision, the student might ask, for iastance, 'What is an 1Q score?” or
"What does an undertaker do?"

Making this feature avaflable has implications bteyond the gare.
The same programming wovld alloy counselcrs to ask for job descriptions or
summaries of college admissions requirements. Researchers tould use this
feature to ask for statistical ccrrelations and frequency tables constructed
by exumining the data bank, Information about people with similar pro-
files would be available from the data bank. This information would bde
useful to the script writer while he wro.e, and would give himp firmer
grounds for his decisions fn particular situations. The player should

have limited access to tte bank. He should be able to ascertain what
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happened to othevs with eipilar profiles when they accepted each of the
various alternatives available to hin.

At this point, the process we a;e dzrcribing ceases to be a game,
The inquiry mode and the statistical routines are appropriate tcols for
the student personally facing a dfacontinuity. Similarly, the counselor
can use the routines to find information relevant In guiding a student.

Ariother functicn of the game is to provide feedback to the student,
and evaluate hiy performance. This evalustion should become part of the
player's rvcord ia the data bank. His perforrance on future friale
cculd be compared with those of the past io estimate his growth. In
this way, the game becomes part of the monitoring function and provides
useful information about the satudent.

To "estimate growth," the goals of the game will have to be more
clearly stated. Superficially, the game shosla {ncrease the studcut's
readiness for carecer decision planning and picgress should be measured
on the O'Hara scale devised for that purposc. To be a useful measure,
the test would hava to bc given several times. The details of edminis-
tration and the practice effect on the scale would have to be determined
so that scortes could be meaningfully compared, The game itself might
serve as 8 test, if performance cculd te reliably correlated with come
external medsure. It certainly offers an attractive alternative tc the
dull paper and pencil tests usud today.

As we¢ gain greater uuderstanding of the game by watching rRtudents
play, a classificaticn of easy and difficult discontinuities will appear.
At that t{me, tandom assignment of discontinuvities for sulution will

become wasteful. With a wore raticnal basis for assigning problems
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cor:‘esponding to the student's abilities, the game becomes a contruvlled
learning experience for the player. Rounds of the game could be inter-
spersed with lessons or sessions in the inquiry mode. We could increase
the student's level of competence by making each leeson depend on those
preceding 1t. After the appropriste lesson. the student could demonstrate
his mastery of the new skills introduced in the lesson by successfully
completing a round of the gaue.

When we view the game as an extension of the simulated teacher,
i1: becomes clear that wany factors influence the optimal order f¢r lessons.
¥e nust ask what we mean by the concepts we use freely in conversation.
How do you tell that a percon has mastered the implications of the IQ
scores? How do you know he has transferred his knowledge from :the game
to practical situaticns? How do you know he is improving? How do you
measure teaching effectiveness?

These are the gueaticns that arise about the game. In that context,
they have concrete form. You can measure score on tie game, length of time
to make a response, and readineesa for planning. You can look at ttra order
in which the student seeks informatfon, and check to be sure he has eiim-
fnated all improdatle alternatives.

Dealing with the questions in this concrate form will help us
discover where to look for the answers to the same queations about tha en-
tire system. The closed universe of the game gives us a finite level
of discourse that makes concrete the abstractions with which I$VD must
deal.

After watching many students play the game, we will be atle to

discover heuristic arguments they use. Our own play with the geme, both

16
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as ccript writers and as imitation players will give us insight abour
reasonable assumptions to make. These assumptiors and heuristics could
be built into a sirulsted game player. The machine could then play the
game by our rules and show us how acute and comple:e our observations
were. This would provide further stimulation for observation. This
simulated game player 1s vhe begifnning of the simulated counselor. All
we would need to do is to give it real discontinuities and real profiles,
and it would arrive at a rearoaable coursc of action for that individual,.

In this sinulated player, ve have relief from the tedious labor of
creating scoripts for profile discontinuity pairs. The machine can reach
optimal solutions a3 easily as script writers. It needs to have approp-
riate general material for feedback, and then it can supply particulars
for any discontinuity profile pair. We also have eliminated tha probhlem
of creating ideal profiles. The simulated counselor can examine large
nunbers of real profiles from the data bank and selact those that make an
interesting gare.

Similarly, the career generator conld begin as a zame player. Given
an existing profile and discontinuity, it would generate a solution. It
would then use the frequency tables to find tha probable outcome of the
decision. The cutcome would be sppended to the existing profile, a new
discontinufty chosen, and another cycle played. 1In thie way an entire
career could be generated as a series cf plays fn the game.

These prograns rely on each other. The simulatod teacher draws on
the simulated carcer generator for materiala. The csreer generator uses
¢he simulated plajer te solve single discontinuities, and integrates s

1 serfes of discontinuities into a career. The student playing the ganme
©
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supplies an answer which can be evaluated with the career generator.
The simulated counselor will provide optimal solutions and feeddback
reasons for rejecting certain possibtilities.

In order for the system to improve its performance, a master
artificial intelligence must guide the performance. It will integrate
all results and change the way in which {nternal decisions are made in
order to bring the system closer to its goals.

Thus, the entire project cen be viewed as a series of modifications
of the basic gare format. In each stage, the program can supply additional
information about the decision~making environment and the users of the
system.

The game becomes a model of the whole system. Concentrating our
attention on the game {s a way of thinking about the entire project. The
questions the game brings to mind are btut sw.aller versions of the questions
raised by the system as a whole. Similarly, the entire project can bdbe
viewed as an extension of the game. Problems solved for the game will

give the clues to the answers for the entire system.
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