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Chapter 1

[NTRODUCTION

The PLATO Computer-Based Education System was designed to aid
both student and instructor in the educational process through use
of the capabilities of the modern digital c(omputer. The PLATO
computer interacts with each student by presentiﬂg information and
reacting to student responses. The comuter's actions follow the
instructor's rules which specify what is to be done in each and every
possible situation. A lesson constructed of such a set of rules
can have a flexibility approaching that possible when each student
has a human tutor. In fcct, the rules definine a useful tutorial
lesson presented by computer are quite similar to those implicitly
used by a human teacher. For example, areas in which a student has
proven compeience are given minimal coverage while areas in which
the student lacks competence are developed more thoroughly.

In counstructing computer lessons, instructors must use
"languages' w* . allow communication wi:h computers. One such
language is TUIOR, )

TUTOR consists of about seventy words or ''commands' which can
be used in various combinations t» produce desired effects, ‘uch
lesson writing can be done using less than a dozen of these commands.
TUTOR was .lesigned by Paul Tenczar of the Computer-Based Education
Research Laboratory specifically for use by lasson authors lacking
prior experience with computers. The languagc is extremely easy to
learn and to use, Normslly, authors are able to write parts of
useful lessons after 2 one-hour introduction to TUTOR. The simpli-
city of TUTOR does not limit its applications. Since TUTOR is a
true language, the ultimate complexitv and flexibility of TUTOR
lessons is limited largely by the ingenuity and experience of lesson
authors,
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TUTOR 1s among the languages presently used on the PLATO system
at the University of 1llirois. PLATO (an acronvym for Programmed
Logic for Automated Teaching Operations) currently consists of a CDC
1604 computer, student stations, and the equipment necessary for
the computer to interact with these stations. Each student station
has a television screen for presentation of information to the
student and a keyboard used for student communication with the compu-
ter. Chapter 2 will describe a typical student station and show how

PLATO commun1éates with a student through such a station.
SOME REASONS FOR USING TUTOR AND THE PLATN SYSTEM

i, 1ndividual Attention

In contrast to a conventional classrocm 1n which a teacher
manages twenty to thirty students simultai2o0usly and can seldom give
special attention to 1ndividual students, PLATO apoears 1o give
each student undivided attention. This appearance resuits from the {:)
computer's ability to identify and handle most student redquests in a ;
srall fraction of a second. When several students request material
simultaneously, the PLATO svstem processes their requéests in turn.
However, PLATO woiks so rapidiy that the iast processed student
seldom has 1o wait ncre than one-tenth of 4 second for a reply feom
the computer. To mbs; students, one-tenth ot a second anpears to be
instantaneous. One aspect of 1ndividual attention is rap1d teedback.,
The student can get immediate knowledge of the correctness of his
1esponses. .

PLATO's individual attention capability towether with Lts
compﬁtatLOnal and praphic displav abilities aliows authoss to produce
simulated laboratories in which each student can collect his own data
without fear of damage to himselt or anparatus. Since the time
scale of a model ;aboratory can be shortened, the student does not
have to wait hours, days, or even‘yeaxs for actual exverimental
conditions to occur. ln one Uhlversitv of 111inols course the
student is allowed to experiment with a mode! home thermustal system. g
The student selects the outside datfy temperdture range, the furnace
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and air conditioner thermostat settings, the tvpe of furnace and air
conditioner, and the type of house insulation. The student can then

see a graph of indoor and outdoor temperatures for a twentv-four

FRESS N )

Figure 1.1

hour period under these conditions. (see Fipure !.1) Another model
laboratory allows students to train a simulated mouse in an orerant
learning situation. Tae ''mouse’ moves about the screen of the
student's TV set ir response to "stimuli" given by the student and
past "experience,"

At another level, TUTOR permits the author to provide alternate
information based on a pattern or history of student response.
Unlike many forms of programmed instruction, computer-based education
is not limited to providing lesson alternatives based on one student
response. Thus, in a TUTOR lesson it would be possihble to give a
student remedial instruction if he missed, say, anv four of the last
ten questions. Som- of the techniques of lesson individualization

are discussed in Chapter 4,

10
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2. Ease in Lesson Construction

Additions or @orrections to TUTOR lessons can be made faster
and easier than additions or corrections to a typewritten manu-
script. A single change will affect all students using the lesson.
Thus, if an author finds that recent advances 1n his fieid have
outdated a section in his lesson, he need only sit down at any
PLATO sta;ion and replace the outdated section with the latest
informatioﬁ. The updated lesson is immediately available for student
use. With languages such as TUTOR, the author spends most of his
time working with lesson content rather than struggling to "inter-

pret’ the content to the educational medium being used.

3. Complete Data Handling

Authors, especially at early stages of lesson development, can
collect data on all student responses. If students are having
difficulty with certain concepts (as shown by the number of incorrect
responSe§ or amount of time spent in the area), the author can use
the data to alter the lesson znd clarify the difficult areas.
Automatic data collection 15 also a useful tool for experimental
studies :n the behavioral sciences. ‘ine computer acts as a very
accurate and unbiased data collector for the exverimenter. Data
such as response times and answer scores can also be used during a
student lesson as criteria for choosing the next lesson segment for

the student.

4. Computaticnal Ability

In addition to recosding student data, authors in experimental
studies can use the computer o perform necessary statistical opera-
tions on data as they are being collected. The computational ability
can also serve the student in subjeCt areas requiring the student to
perform lengthy or complex mathematical operations. Freec from
tedicous calculations, the student can rapidly explore the important
relationships among elements of - problem.



‘ 5. Visual Displays

PLATO can be used to select and present stored material such as
printed:messages or photographic slides. In addition, PLATO is
also able to construct geometric¢ figures or graphs. Such constructed
displays are produced by the computer following instructions speci-
fied by either the author or the student. A constructed graphic
display might, for example, be used to allow a student in a Physics
course to specify the shape and composition of a lens. PLATO could
then produce a side view of the lens on the student's TV screen.
Upon the student's request, PLATO might also show the path of light
rays through this model lens. Chaoter 2 illustrates a TUTOR program

which allows the student to construct geometric figures on his TV

screen, This same program can also evaluate the student's work.

6. Judging
The TUTOR language allows the author to specify a wide range of
criteria for acceptable and unacceptable student responses. At the
o most limited level, the computer may require that the student respond
in exactly one way (e.g., the answer "'4") or require that the student
respond with one of a list of correct answers (e.g., "'4", "4,0,"
“"FOUR'™). TUTOR goes beyond this restricted form of '"answer matching.™
The student’s answer can consist of single words, a phrase, and even
sentences. The computer can be directed to indicate to the student
such things as possible misspellings} incomplete answers, duplicate
terms in lists, or incorrect words in sentences. An author need not
specify every possible form of correct answer. In certain instances
the author might even let PLATO decide what the‘Eorrect answer is.
PLATO's decision would be based on rules given by the lesson author.
For exampie. the student might be allcwed to construct his own
addition problems. The "correct answer" would be determined by the
‘rule "sun the factors given by the student." Chapters 3 and 5 will
cover further éthples of judging options available to the TUTOR

autt.or.
;)
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7. Drill and Practice

With littie effort an instructor using TUTOR can provide his

students with an untiring drill master. The author can set the rules

of timing, problem removal, and criteria for exercise completion or
he can allow the student to set his own rules. For example, a
University of Illinois French course allows the student to choose
his timing for an English-to-French translation drill. wWords from

a list are presented in random order. A word correctly translated

within the time limit is removed from the list. Thus, near the end
of the drill "he list contains the words most difficult for the
student. When finished, the student can take the drill again at a
quicker pace. After the drill session or before the next lesson
session, PLATO can remind the student which i-ems in the drill caused
the most diffichlty. The accounting abilitv of the computer is
ideally suited to take over this tedious and time-consuming job from
teachers and release them for more rewarding labors. In addition,

a well written computer drill lesson can hold student attention

through its game-like qualities.
Ok THE MISUSE OF COHPUTER-BASED ENUCATION

Balancing the positive features of PLATO are several negative
consid2rations. These considecations can be placed in two general
classifications; cost and relative effectiveness. [f instructional
material can be presentzd with equal effectiveness by any of several
media, that medium which has the lowest cost in time andsor money is
usually chosen. Fven when one medium is superior to another there
are usually financial limitations. Cost and effectiveness are inter-
twined in ;ny actual judgment but their separation simplif.es further
discussion. '

' . Coet. In future versions of PLATO the cost ver student-conta.i-

-hour will apprbﬁch that incurred in conventional eles:ntary school



ERIC

PAruiitex: provided vy e [

education. This favorable cost relationship does not presently
exist for any computer-based educational system. The effect of the
present high rurchase and operating costs limits the availability of
conputer-based educational systems. In addition, existing systems
are generally subject to heavy use which limits new research and
lesson development.

Of more direct interest to the author is the cost in effort
needed to prepare lesson material. Certain instructional techniques,
such as programmed instruction or inquiry learning, are costly in
preparation time, whatever the medium of presentation. Other
techniques, such as drill-type lessons, are relatively easy to pre-
pare. In addition, cost 1s a function of the complexity of the
materials. It is easier to give a thorough coverage of the rules of
integer addition than to do equal justice to, say, the laws of
thermodynamics or irregular French verbs. The use of languages such
as TUTOR minimizes the effort need:d to put draft lessons onto the
computer. Thus, the preparation of lesson content will usually be
the most time-consuming aspect of vreparing lessons for PLATN. The
instructor must judge 1n each case whether the preparation cost will
be balanced by the benefits to students,

Relative effectiveness. The instructor is to some extent an
expert in teaching his material. He generally has at least a
notion of an ideal method or methods by which this material could be
presented to maximize learning. Computer-based education should be
considered as merely another medium which mipht allow some of these
methods to be used 1n practice. The instructor will seldom go wrong
if he lats the message diotate the mediwn. Many of the trivial or
contrived uses of computers and other "glamorous' media are the
result of instructors who start with a commitment to a medium and
proceed tﬁ write materials intended to utilize the features of that
medium. No ﬁagical improvement of material occurs simply because of
presentatioh by a computéxfbased educational system.

Instructors using both cost and effectiveness as guides can
avoid the mistake of using computer-based education ‘n situations

‘14 &1



where more effective media exist. The very flexibilitv of systems
such as PLATO tends to draw lesson authors intu the trap of acting
as if everything that can be done by compute.-based education
should be.

HOW TO USE THIS MANUAL

This manual is intended for use both as a textbook for the be-
ginning lesson author and as a reference manual for the experienced
user of TUTOR. The manual is written for the prospective lesson
author who has neither a back-rcund nor a particular interest in
computers. Examples are used it henever possible to clarify use of
TUTOR and to provide modris for simple applications of the language.
Chapters 3 through 8 are concerned entirely with the elements and
structure of a TUTOR lesson. Upan finishing chapter 3, one should be
able to write simple lesson material. Chapter 9 tells how this
material can be put onto the computer.

Many parts of the manual on first reading +ill not appear to be
of immediate use., In these cases it is generally quite sufficient
to merely read for an understanding of what is possible rather than
how it is done, Later, when a need for one of these techniques arises,
one can rturn for a more thorough reading. Pemember tlat useful
lessons can be written while using only a fraction of the features
of TUTOR. '

The yellow-page section of the manual will be of most use to
authors after they begin exteasive lesson writing. The section
contains a complete description plus useful examples of each of the
a?ailaple TUTOR commands.

ERIC .
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Chapter 2
WHAT THE STUDENT SEES

Conversation between a student and his computer teacher occurs
at a student station (see fisjure 2.1)., The station is equipped with
a television screen for display of the computer's part of the
dialogue and a keyboard for the student to use in responding to the
computer display.

Writing Keys

The keyboard (see figure 2.2) contains a set of keys labeled
with alphabetic and numeric characters simiiar to those found on a
typewriter, These keys are used by the student to answer gquestions,
The computer “writes" what the student types on the screen in an
appropriate place. Normally, pushing an alphabetic key causes a
lower case letter to appear on the screen. If the shift key is
held while a letter is typed, an upper case letter appears. How-
ever, losson authors may choose to use only an upper case character
set in which case unshifted keys produce upper case letters. Press-
ing the SUP key causes the next character to appear as a superscript
while the SUB key produces a following subscript. Other keys have
the effect of cau51ng a carriage return and a backspace. The back-
space can be used to superimpose characters. '

The character set used by TUTOR is sufficient to write in any
of the major Europenn languages. In addition, keys exist which
Z‘automatically superimpose an accent, grave, underline, overline,

‘ etc., over a preceding character. The computer automatically dlS-
tinguishes between lower and upper case preceding characters so that

A'i‘the additional nark is positioned properly. Under directions of

the lesson author, students can write using a Cyrill‘c or a Phonetic
character set. Characters specific to a certain field of study
(e.g., th» sigma used so frequently in statistics) can be designed
and employed in a lesson.

‘.
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Figure 2.1
Q A student station
ERIC
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Functional Keys

The keyboard also contains a set of keys labeled with words
which represent lesson control options available to the student. A
list of the main lesson control keys along with a description of
their use follows.

NEXT .

A student presses the NEXT key to request the computer to do
the next logical action for the current student situation. For
exarple, if the student has typed in an answer to a question he
would press the NEXT k2y to obtain an evaluation of his answer. If
the answer is incorrect, the student can push the NEXT key again
which will in this case erase the student's response so that
another answer can be typed in. If the answer is correct, pushing
Lthe NEXT key advances the student to the next question or informa-
tional display.

ERASE _
A typing error can be deleted by pressing the ERASE key. The |

lower case ERASE key deletes only the last character typed while

the upper case ERASE key deletes the entire response previously

typed. »

BACK

A student requests to review material previously seen by
pressing the BACK key. Lassoﬁ authors provide the computer with
information necessary fo handle this student request. For example,
a lesson author can allow the student to review previous material
in reversé order, or the q@thor can allow the student to choose
which parts'of the lesson he wants to‘revlew, or the author caﬁﬁA
disallow the BACK option. '
ANS |

The answer to a quésthn may be requested by the student by
pressing thevANS key. Unless this option is disallowed by the
lessdh nuthof{ the conphief respoﬁds by giving the student the
nuthor's fl;st‘answer cholce for the question. (‘
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HELP

A student experiencing difficulty with the lessun can requesi
aid by pushing the HELP key. The corputer thon takes the student
into a sub-lesson segment provided by the author which is as speci-
fic to the student situation as the author desires. Upon completion
of this supplementary lesson segment, the student is returned to
the point in the lesson from which he requested aid. The additional
lesson control option keys LAB and DATA function in a manner identi-
cal to the HELP key in branching the student to an author provided
sub-lesson segment. These keys may be used to provide the student

access to reference material,

TERM

A student can request the definition of any word by pressing the
TERM key. The computer responds to this key by displaying the
message '"WHAT TERM?" near the bottom of the T.V. screen. The

_student can now type in the word he desires information about. He

then presses the NEXT key. If the lesson author has provided for
this word, the student obtains a sub-lesson segment of the author's
choosing. Upon completion, the stuient is returned to the point in
the lesson from which he pressed the TERM key. While these sub-
lesson segments reached by a »tudent through pushing the TERM key
often concern word definitions, they can contain anything the author
chooses. Thus, for a chemistry course the TERM key can provide
access to information concerning the chemical elements similar to
that pro.ided by a periodic chart of the elements.

REPLOT . ‘

Much of the screen display can come from a storage device
gontaining plotted information from the computer. Over several
minutes time, the image plotted on this device decays and produces
a los§ of qu#lity in the student's screen display. Pushing the
REPLOT key recréafes the {mage on the storage device. Thus, the
student‘can refresh his T.V. screen.

20 T
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ARROW

Several questions may occur in a given screen display. A
small arrow appears on the screen near the particular question to
which the student is currently.responding. His tvpewritten re-
sponse appears on the screen after this arrew. Initially, the
student's response is directed to the first question in the display.
However, he may choose to address another question on the display.
By pressing the ARROW key, the student can move the arrow to what-
ever question he wishes to address.

The set of arrows on the left hand side of the keybuard can be
used for a variety of author determined functions. A Geometry
course developed at University High School in Urbana uses these
keys to move a small dot around a grid shown on the screen. The
dot moves in the direction of the arrow key pushed. Additional
functional keys allow the student to mark a current dot by a large
circle and to draw lines cohnecting marked dots. Thus, geometrical
figures can be produced.

New authors need nof fear that there are too many functional
keys, They can use only the keys needed. Indeed, several lessons
use only the NEXT key.

ILLUSTRATED LESSON SEGMENTS

The remainder of this chapter illustrates with actual photo-

graphs'parts of lessons taught on the PLAT) computer system utilizing

the TUTOR language.

>
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The above message appears on the T.V. screen of any student
station not being currently used. A student begins conversation
with the PLATO computer by pressing the NEXT key. He is then
asked to write in his name. If PLATO recognizes him, his lesson
resumes where he .last left off. As an example, say that a student
is studying French phonetics. The last time the student wcrked
with PLATO he was in the middle of a timed translation drill.

ERIC
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He resumes study and types in an answer.

His wrong answer elicits help from PLATOC.

23
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Another student in a different course is asked a question about

the discovery of the New World. His ansver car be a phrase or

Lafl

Sentence. PLATO evaluaces this long answer by means of a kevword

judger which is described .n the next chapter,
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The student types in a long answer.

@ "LATO in turn underlines misspellings and crosses out unrecognizable words,

ERIC
s 25
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A sixteen lesson course in geometry used zt University High
School, Urbana, Illirois has been developed by J. Richard Dennis, *
Dr. Dennis devised a grid system which allows the student to con-
struct and evaluate geometrical figures. By storing relevant
information during the student's construction of the figure, Dr.
Dennis' lesson can distinguish the major geometrical figures
regardless of their size, positioning or rotation on the grid.

The student constructs a figure by using the set of arrow keys on
the left hand side of the keyboard. These keys 1move a small cross
in the direction of the arrow key pﬁshed‘ The student can mark

a location and upon marking a second location defines a line.

'

* Dennis, J. Richard. Teaching Selected Topics via Y
Computer System. CERL Report X-3; June, 13968, Urbana, J1l.

»
r\r\’S*
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PLATO draws a line connecting the marks.

The student continues this process until his figure is complete,
Q
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PLATO then evaluates his correct figure and ...
¢
‘ asks him to draw the other quadrilateral possessing one line of

symmetry. The student does so.

ERIC

28 . v
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A last example demonstrates PLATO's usefullness in a beginning

chemistry course at the University of Illinois.

Frequent mention has been riade of the fact that the computer
is directed by lesson authors in choosing what information will be
displayed in a given situation and what evaluation will be given to
a student respor,e. The next chapter describes how lesson authors

can direct the PLATO computer by using the TUTOR language.

Q
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Chapter 3

HOW TO BEGIN LESSON WRITING

Lessons on the PLATO teaching system consist of a repeating
sequence: a display on the student's T.V. screen followed by the
student's response to this display. The display information may
consist of slides, sentences, graphs--nearly anything of a pictorial
nature--and in eny combination. The student responds to this dis-
play by pressing a single key (e.g., the HELP or NEXT key) or by
typing a word or sentence or even by making a geometrical con-
struction. Lesson authors provide enough details about the possible
student responses so that PLATO can maintain a dialogue with the
student. The sequence of a display followed by a response is the
building block of a TUTOR lesson and is called a UNIT.

An author constructs a lesson by writing one UNIT at a time.
For each UNIT, the author specifies (1) the display that will appear
on the student's T.V. screen. (2) how PLAT(} is to handle student
responses to this display, and (3) how the current UNIT connects
to other UNITs.

A statement written in the TUTOR language appears as follows:

HRITE HOW ARE YOU TODAY?

The rxrst part of the statement (WRITE) is called the command,
while the remainder (HOW ARE YOU TODAY?) is called the tag. Com-
mand names mnemonxcally represent PLATO functxons. Following is a
UNIT written in TUTOR. Fxgure 3.1 shows what a student would see
on his T.V. screen while working on the UNIT.

Ny .‘ | {3() oYy
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UNIT DAVINCI :
WRITE NAME THE ARTIST WHO
PAINTED THIS PICTUTZ -

SLIDE 24

ARROW 1110

ANS LEONARDO DA VINCI
WHERE 1301

WRITE YOUR ANSWER TELLS ME THAT YoOU

- ARE A TRUE RENAISSANCE MAN.

WRONG WHISTLER

WHERE 1301

WRITE ~ 1 HOPE YOU ARE JOKING,

As one can infer, tags individualize commands for the parti-
cular function desired. The statements in this UNIT will be explained

fully to verify inferences,
UNIT . DAVINCI

The URIT statement initiates each UNIT. The tag (DAVINCI) will
become useful later when UNITs are connected together to form a
lesson. Each UNIT must have a name. No two UNITs may have the same

\

name.
WRITE  NAME THE ARTIST WHO
AR PAINTED THIS PICTURE -
The thTE statement causes the 1nformat10n contained in the
tag to be displayed on the student's screen. The w riting starts
at the top left corner of the screen.

SLIDE ’,24

The SLlDE statement tells PLATO to show slxde 24 on the stu-
dent's scre(n. Slldes and wr1t1ng are superxmposed on the screen.
In this case. slide 24 1s a pxcture of the beyulling smller, Mona
Lisa. SR

" ARROW 1110

The ARROW statement acts as a boundary-line that separates
preceding display statements from folluwing response-handling
) stetements. jhus, what precedes the ARROW cemmand pfoduces the
- T.V. display which remains on while'the student works on the UNIT.
Statements after the ARROW command are used in handling student
o rcsponses to the display.

RPN

 ——
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- -» LEONARDO DA, VINCI OK
Py i

ARE A TRUE RE EMAN,

PLATO'S JUDGMENT D. CORRECT RESPONSE AND .JUDGMENT

Figure 3.1

The T.V. screen at four phases of a student's study of Unit DAVINCI
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In addition, the ARROW statement notifies PLATO that a student
response is required at this point in the lesson. Not only must an
author leave room in the display for a student response, he must
tell PLATO where that space is. The tag of thé ARROW statement
locates the student résponse on the screen. An arrow is shown on
the screen at this place to tell the student where his response will
appeag.' The tag 1110 is coded as follows. Consider the number 1110
as-two‘pairs of numbers--11 and 10. The first pair refers to the
line count and goes from Ol (the top line on the screen) to 18
(ti:e2 bottom line on the screen). The second vair refers to the
character count on the given line and goes from 01, the left side
of the screen, to 48, thekfight side ofvthé screen. Thus, 0101
refers to the first line first-character position, while 1848 refers
to the last-character pdsition on the bottom line. This convention

for referring to screen positions is used in other TUTOR commands.

ANS LEONARDO DA VINCI

WRONG  WHISTLER

Thé ANS (mnemonic for answer) and WRONG stafements are used to

,evaluate the stucent’s response. if the response matches the tag

of the ANS statement, PLATO writes '"OK'" after the student's re-
sponse "NO" is wrxtten for a match to a WRONG statement., An "OK"
judgment allows the student to proceed to the next UNIT, whereas a

~i"N0" judgment requires the student to erase and try again. Any
E response not foreseen by ANS or WRONG statements is jud,ed YINO,"

Having matched the student's response, PLATO proceed: to execute
any display statements following tle matched ANS or WRONG statement,
Thus, student answers of "LEONARDO DA VINCI" and PRHISTLER" will
receive appropriate responses from PLATO,
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WHERE 1301

The WHERE statement indicates where the tag of the following
WRITE statement will appear on the screen. The screen position con-
vention aiready explained is used. Hence, PLATQ's response to the
student will start : . the first-character position of line thirteen,

Stateﬁents can re added to the current example UNIT which will
greatly improve it. Consider the following:

UNIT DAVINCI

WRITE NAME THE ARTIST WHO
PAINTED THIS PICTURE -

SLIDE 24

ARROW 1110

ANS LEONARDO

WHERE 1301

WRITE THE COMPLETE NAME IS LEONARDO DA VINCI.
SPELL

ANS LEONARDO DA VINCI

WHERE 1301

WRITE YOUR ANSWER TELLS ME THAT YOU
ARE A TRUE RENAISSANCE MAN.
WRONG WHISTLER

WHERE 1301

WRI1TE I LIOPE YOU ARE JOKING.
WRONG : v
WHERE 1301

WRITE HINT - MONA LISA - HINT

As you can see, any number of ANS and WRONG statements can bg
added to the response-handling section of the UNIT. Time and
effort spent by an author in providing for student responses other
than the common answer can greatly increase the ability to carry on
a personal dialogue with each student. Use of the last WRONG
statement (which has a blank tag) needs explanation. As previously
mentioned,‘any unmétched student response is judged 'NO.'" However,
én author may wish to do Something in addition to writing '"NO" after
an unanticipated response. The WRONG command with a blank tag
facilitates such action and is called a "unjversal WRONG" statement.
A student respohse that fails to match an ANS or WRONG statement tag
is automatically "matched" to the universal WRONG statement.
Display statements following this universal WRONG are then executed,
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Thus, PLATO can give a hopefully appropriate comment even though the
actual student response is not recognized (just as huﬁan teachers
often try to do).

. The SPELL command is also intréduced here. In matching
responses to ANS tags, PLATO uses a precision which often seems
undesirable. Renderings of LEONARDO DA VINCI as LEANARDO DA VINCI
or LEONARDO DAVINCI cause mismatches. Simply to judge these student
responses "NO' would cause confusion. Is the concept incorrect or
only the spelling? The SPELL command resolves this problem by
telling PLATO to place "“SP" after a student response if a slight
rearrangement of the responte would result in a match with following
ANS tags. The student must correct the misspelling to continue,

Lessons could be written using only the commands already dis-
cussed. Expository UNITs could be written using only display
commands. Tutorial UNITs could be intevspersed to test a student's
understanding of the lesson material. Thus a simple linear chain
of UNITs could form a lesson. However, mastery of a few more TUTOR
commands opens up a wealth of "brénching" possibilities. Branching,
the technique of allowing alternate paths through a lesson, is‘the
key to personal dialogue with each student. The example UNIT will
therefore be expanded to include NEXT, BACK, and HELP commands.
UNIT DAVINCI
NEXT RUBENS
BACK INTRO
HELP DHELP1

WRITE ° NAME THE ARTIST WHO
" PAINTED THIS PICTURE -

SLIDE 24

ARROW 1110

ANS LEONARDO

WHERE 1301 ' :

WRITE . THE COMPLETE NAME 1S LEONARDO DA VINCI.
SPELL

ANS LEONARDO DA VINCI

WHERE -~ 1301 g

WRITE  YOUR ANSWER TELLS ME THAT YOU
- ARE A TRUE RENAISSANCE MAN.
WRONG  WHISTLER

WHERE 1301

WRITE 1 HOPE YOU ARE JOKING.
WRONG

WHERE 1301

WRITE HINT - MONA LISA - HINT
WRONG MICHELANGELO
NEXT MREVIEW

-~
*
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The tag of the NEXT statement following the‘Ule”cbmmend gives

the name of the next UNIT the student will see upon the successful
completidn of UNIT DAVINCI. The NEXT statement is necessary be-
cause in a highly branching lesson sequence the next UNIT for a
student méy not be the UNIT following in the write-up, For example,
a diagram of the lesson flow involving UNIT DAVINCI might be:

PARTIAL DIAGRAM OF

LESSON ARTSY

UNIT INTRO 1‘““

vr"'rj‘ [/}

. | UNIT DAVINCT e

MAIN J ' BRANCHES
L | uNIT DHELPI ~ -

LESSON _ j . OFF
o g UNIT DHELP2 :
, | o J MAIN

UNIT DHELP3
LESSON

L'UNI'I‘ RUBENS

The tag of the BACK statement gives the name of the UNIT the

B

. student will see upon pressxng the BACK kev. As you may infer,

hl

an author may choose to 3llow students to "backup" thtougn the main

lesson flow. However, the current example "backs up" to mlrr INTRO

which might, fbr exnmple, contain a list of the artists to le studied

S

in the lasson. o P » _
The HELP statement refer< to a help UNIT which the studert
may reach through use of the HELP key Help UNITs are constructed

in the same manner &s WNIT DAVINCI, However, the last (or only)}

‘_ 3-8 O e
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UNIT in a help sequence is term1nated by an END coumand. - Upon

complet1ng the last HELP UNIT, the student is returned to the main

UNIT from wh1ch he branched--1n thxs case UNIT DAVINCI. Help UNITs

for UNIT DAVINCI eould appear as follows

UNIT  DHELPI

SLIDE 25

o~

WRITE - HERE ARE SOME ADDITIONAL

WORKS BY THE PAINTER OF
THE SMILING LADY ’

UNIT  DHELP2

SLIDE 26
UNIT DHELP3
SLIDE 27
END ‘

. As another example of TUTOR branching, cons1der the following
. situation., A student workxng on INIT DAVINCI, responds '"™ICHELANGELO."
Previously, the student had worked h1s way through a series of UNITs

concerning Mlehelangelo

The author therefore feels that the _

student must have missed something in the previous study and must be
given further information about Mlchelangelo. The set of TUTOR

statementS"y“
WRONG  * MICHELANG

NEXT " MREVIFh

ELO

permit an author to force the student into additional material con-
When the 'tudent responds "MICHELANGELOD, "

he will see this answer judged "NO."
‘Instead he can only go to WNIT MREVIEW Upon completion of the
Michelangelo review, which may consist of any number of UNITs, the
author may return the student to UNIT DAVINCI Thus, this student's

cerning Michelangelo.

lesson flow ould cons1

st of:

He will not be able to erase.

"l._ a serlos of UNITs on Mlchelangelo,
2. a question about the Hpna Lisa; error leads to

3 8 fu;ther study of Michelangelo, and

4. a return to the Mona Lisa.
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" Cons:der now the problem of us1ng UNIT DAVINCI for a second
student response. Additional display information is needed to ask
the student a second question and another ARROW ctmmand 1s needed
plus a second set f response handling statements. The UNIT may
appear as follows: o

Wi pavined

NEXT  RUBENS

" BACK INTRO " -

WRITE NAME THE ARTIST WHO

‘ PAINTED THIS PICTIRE -
WHERE 1501

WRITE IN WHAT CENTURIES DID THIS ARTIST WORK?
SLIDE 24
ARROW 1110

HELP DHELP1

. 1
. J Response-handling statements
for first arrow. .

ARROW 1601
HELP - DTIME

. Response-handling statements
. for second arrow.

‘ome may wonder why the first WRITE statement in the WIT is
not preceded by a WHERE statement. The first WRITE statement auto-
matically starts in the first character position on the top line
of the screen. However, that assumption can be overridden by using
a WHERE statement of your choice. fl" o ‘

f‘ Notxce that specific HELP statements are placed after each
ARROH connand. Placing the HELP statements in this Jocation pro-
vides the student with he!p sequences specific to the question he
is working on. - R o L

The second question, "In what centuries did this artist work?,"
aﬁgives rise to a large number of possible student responses which
must be judged "OK. "< Students may respond "15 and 16," “the 15th
and 16th centuxies,“ "fifteenth and sixteenth," etc. Students may
even respond with variations of "Leonardo Da Vinci worked from the
fifteenth century to the sixzeenth century."” Hundreds of correct
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responses exist. To list a]l possibilities by means of ANS state-
ments is cledrly impractical and programming a computer to under-
stand sentence syntax is turrently unsolved. Fowever, an attack
" can be made on this problem if one considers a sentence to consist
of key words together with filler ones. Thus, the words "fifteen"
and "sixteen" are the only vssential words of the answer. ""Century,"
""of,'" ""the,'" and ''and" are fi]ler words. The following lesson
segment illustrates how this division of words may be used to
handle responses for the second question of UNIT DAVINCI.

ARROW 1601

HELP = DTIME
ANS - THE FIFTEENTH AND SIXTEENTH CENTURIFS.
SPELL

MUST - 15, 1STH, FIFTEENTH

MUST ~ 16, 16TH, S1XTEENTH :

DIDDL ° THE, AND, CENTURY, CENTURIES, FROM, TO, HE, WORKED,

. LEONARDO, DA, VINCI

CANT 13, 13TH, THIRTEENTH, 14, 14TH, FOURTEENTH

WHERE 1801 -

WRITE - YOUR DATES ARE TOO EARLY.’
. CANT 17, 17TH, SEVENTEENTH, 18, 18TH, EIGHTEENTH

WHERE - 1801 - -

wm're © YOUR DATES ARE TOO LATE,

A MUST statement contains an important word along with any -
acceptable synonyms for this word. A student response must include

one of these words *o be judged "OK." The author includes as many
MUST statements as there are 1mportant words in the desired re- .. -

- sponse. Failure of & student response to include one word from

each "MUST" statement results in the student s response being judged
incomplete The DIDDL statenent contains 8 list of words which may
or may not occur in the student response. These words are ignored
during judging. Any words in the response not accounted for in

~ MUST and DIDDL tags are censidered inapproprxate and result in a .
~"NO" judgnent. CANT statements indicate & list of inappropriate
words for which the author deSires to take some specific action,

The action is specified by.statements following the CANT commands.

Y
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A collection of MUST, DIDDL, and CANT statements allows handling
of student phrase or sentence cesponses. The price paid for this
flexibility, however, is that the order of words in a student's
response is not considered in the judgment. A student would be
judged "OK' fur his answer "'LEONARDO DA 15TH WORKED SIXTEENTH
VINCI CENTURIES."! The ANS statement is present to tellt PLATO what
to put on the screen of a student who pushes the ANSWER key.

Fifteen commands have been illustrated in this chapter. While
over seventy TUTOR commands exist, most of the additional commands
are as easy to master as those already explaLnéd‘ Mastery of the
complete repertory of TUTOR commands is neither necessary nor suffi-
cient to guarantee useful student lessons. Novice authors with
clear goals can write useful lessons using only the commands already
discussed. On the other hand, the most sophisticated programmer
may write worthless lessons using the full set or TUTOR commands.
The number of TUTOR commands mastered by an author should be dic-
tated by the requirements of the lesson materiai and not by a desire

to use all TUTOR commands 1in a lesson.

40
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: Chapter 4 -
HOW TO CUST™ TAILOR YOUR LESSONS

A goal of good teaching is to tailor the instruction to the needs and
background of individual students. If a student demonstrates failure to
learn something, the teacher may try alternate approaches to the material.
Similarly, when a student shows mastery of a topic, the teacher moves on to
new material, Such flexibility is relativelv easy in a tutorial situation
(one teacher to one student) but hore difficult in classroom instruction,
Fortunately, PLATO allows a form of instruction which is quite close to the
ideal tutorial situation. '

In the last chapter you saw how the Unit, the basic element of a
TUTOR lesson, was constructed and how Units may be connected together to form
simple lesson segments. This chapter elaborates on the important subject of
Unit interconnection. ﬁefore describing the TUTOR commands used to connect
Units together, a common type of lesson framework will be examined.

Certain Units may be considered basic to the presentat1on of a lesson
to a particular student. Such Units are called base Units. Each base lnit
can be considered to be a decision point in a lesson. The student is either
ready for the next ﬁajor step in the lesson (a new base linit) or he is not,
If the student is not prepared for the next step, he is riven supplementary
material until he is prepared. A student's main lesson is defined as the
path through his base Units. The first Unit in a lesson is automatically the
first base Unit of each studeni's lesson. Following this first base Unit,

) each student moves to additional base Units. For each base Unit, a student

may branch into Units supplementary tuv the base Unit. After a student poes
into supplementarv Units, he must raturn to the base Unit from which he
' started‘and resume the main lesson.‘ PLATO's record of the current base Unit
‘ serves'as 8 narker to facilitate the return from the supplementary Units.

 Unit interconnecticns‘within the supplementary Units do not reset the base

. ﬁafkdr.x_ihe harker is analopoﬁs to & bookmark which keevs the student's

O

ERIC
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place in his text while he is using a reference book.
TUTOR branching commands can thus be divided into (wo catecories:
1. Those which permit movement between base Imits and,
2. Those which permit supplementary lesson seaquences.

-
-

- 41
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Commands wWhich Allow Movement Between Base Units

The NEXT statement specifies what base Unit the student will be sent
to when he completes his current base Unit and presses the kev marked "NEXT".
Usually the student is not allowed to use the NEXT key to move forward in
the lesson until he has correctly answered all questions in a Unit. However,
the author might want to select alternate Units contingent on a certain re-
sponse by a student. For example, an incorrect answer which indicated a
misunderstanding of a concept might best be followed by a few Units which
give extra emphasis to the missed concept. As you may remember, there was
an example like this in Chapter 3. ‘The author can force the student to move
on to these remedial Units before answering other items in the original (hit.
A more complete explanation of such 'contingent operations" as well as
details of use of the NEXT command in these situations will be covered in
Chapter 5.

Like the NEXT command, the JUMP command specifies a Unit which the
student will be sent to. 1In our example of a response contingent operation
of the NEXT command, the student entered a wrong answer and found that 1t was
judged '"NO" by PLATO. Having given this particular wrong answer, the student
is permitted only to move on to a remedial sequence of !'nits., However, until
he presses key NEXT he remains at the oripinal Unit. The remedial Upits
would be seen only after the student pressed NEXT. In contrast, if a .JUMP
command had been used i1nstead of the NEXT command the student would be sent
to the first remedial Unit as soon as PLATO judged his answer "NO". The
student would not have even seen PLATO write "NO" after his incorrect answer
before the shift in Units took plece.

Our discussion of the use of NEXT and JUMP branches as contingencies of
particular student answers suggests a way in which these connection commands
could be used to allow the student to select his own connections between
Units. Suppose the student is working on Unit SELFCT.

‘4;3 Yoo
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UNIT - SELECT
WRIT. SELECT A LESSON BY

PRESSING THE APPROPRIATE KEY

PRESS KEY... TO SEE...
) 1 ADDITI"N DRILL
2 SUBTRACTION DRILL
ARROW 1001
LONG 1
ANS 1
Jup ADDA
ANS 2
JUMP SUBA
WRONG
WHERE 1101 .
WRITE YOU MUST SELECT EITHER 1 OR 2,

PRESS -NEXT- AND TRY AGAIN

You can see that Unit SELECT is very similar to the Units shown in Chapter 3.
The statement "LONG 1" tells PLATO to '"judge the students's answer as soon
as it is 1 characte. long" {i.e. immediately after the student has pressed
one key). If the student presses key 1, PLATO will immediately judge this
‘answer" and find that it matches the tag of the ANS 1 statement. Since there
is a JUMP to Unit ADDA which is contingent on the‘student giving this parti-
cular answer, the student will be sent to Unit ADDA as soon as he presses
kéy 1. A similar effect would have occurred if the student had pressed

key 2 (except that he would have been JIPPed to Unit SUBA). If the student
had pressed any other key his answer woiuld have been judged ''NO" by PLATD
and he would have received the message "'YOU MUST SELECT EITHEP 1 OR 2,

PRESS ~-NEXT- AND TRY AGAIN.'" Unit SELECT thus gives the student the
voluntary choice of going to either the first Unit of an addition drill
sequence or the first Unit of a subtraction drill sequence.
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Commands for Branching to Supplementary *aterial

As you saw in Cnapter 3, the HELP command specifies a Unit to which the
student will be shifted whenever he presses the HELP key. The term "HELP"
arises from a typical use of this type of branch. The DATA and LAB commands
operate in a similar manner, and provide add1t10na1 branching possibilities
for a s;udent situation. The Units reached by the HELP, DATA, or LAB key
contain supplementary information which is 1ntenﬂed to aid understanding of
the material in the main Unit. They are not. l1mited to such use however.
Mathematicai tables, vocabulary lists, review sequences and a host of other
reference-type material can be stored in HELP, DATA, or LAB Units for ready
student access. ' . '

A HELP-type sequence may consist of as many Units as desired. The
student moves through such a sequence Just as if it were part of the main
lesson. If the studen; presses the NEXT key after completing the last Unmit
of the sequence he will be returned to his‘base Unit in the main lesson. He
may also return to his base Unit at any intermediate point in the sequence
by pressing the SHIFT and BACK kevs simultaneously. Each Unit in a lesson
(including HELP-type Units) may have its own HELP-tvpe sequences.

In other situations it might be neceseary for students to have direct
access to a'great many small pieces of information. For exemple, suppose a
lesson uses many new terms which the student may not be familiar with. It
would be convenient if the author could give him the definition of any term
upon request. This is essentially the effect of the TERM command The
TERM command specifies a term which will allow access to a s1ngle Unit. The
student desiring information presses the TERM key. A message appears at
the bottom of his TV.screen asking "WHAT TERM?" When the student tvpes a
term, say "CAT;" and preeses the NEXT key he is sent to the Unit which
contains a TERM stetement with that particular term (e.g. CAT).

44 .,
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UNIT . . .. DICT74 ... ..
TERM | CAT
TERM =~ FELINE ~
WHERE 401
CWRITE AT (FELIS CAmS)

- CARNIVOROUS QUADRUPED MAMMAL.
FREOUTNTLY KEPT AS A PET

© BY DISCERNING HUMANS.

The same Unit COuld be *eached by tvn1ng any numher of different terms so
long as each term (e.g. FELINE) appeared as the tag of a TERM command in

that Term Unit. Thus 1nformat1on can be "cross-referencedd When the
‘student is finished w1th the Term Un1t he presses the NEXT key and is
raturned to his or1g1nal Unit ]
‘ ' Like the HELP branch, the TERM branch is not limited to the use
suggested by the word "term " Any 1nformat1on which can be indexed by
~ single words or short groups of symbols could be stored in Term Units,
One convenient use of a Term Unit 1s as an index to other mater1a1
Unit TABLE allows access to the 11sted information from any other Unit
in the lesson.

UNIT . TABLE

TERH - INDEX

CWRITE ~ PRESS KEY... " T0 SEE,..
A HEART RATE
B TENPERATHRE

o c RESPIRATION

ARROW 1001

LONG 1

ANS © A

Jue HRT

ANS B

JuMp T™P

ANS c

Jnep RESP

Notice that the JUMP comrand appears here desoite its normal use for
movement between base Units. Both JUMP and NEXT may be used within HELP or

~

, - J
‘J> . 74’5‘}\‘

0
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TERM Units. However PLATO will not shift the "marker" which indicates the
original base Unit. Thus, in the above example, Units HRT, TMP and RESP
will be considered as‘supplementary Units rather than new base Units,

The BACK command specifies what Unit the student will be sent to if he
presses the key marked '"BACK" on his kevboard. The svecified Unit may be
the Unit that was last seen, Thus, the BACK key would act as a 'reverse"
allowing students to review previously covered Units. The student returns
to his base Unit by pressing his NEXT key. Since the author has complete
control over what Unit is specified, it is also possible to send students to
special review Units. The author can even prevent use of the BACK key in
varticular Units simply by not including a BACK command.

In some situatidans, e.g. when using a Term Unit as an index to other
material, the author may wish to redefine a supplementary Unit as a base Unit. ‘
Inclus on of a BASE command in the supplementary Unit will perform such a
redefinition. Thus, Units reached through HELP, DATA, LAB, BACK, and TERM

commands can become main lesson base Units.

Using Stored Student Information for Branching

So far, all of the described connecticn {or branching) operations are
fixed at the time the lesson is written. The author may, however, want to
allow alternate connections as a result of prior student performance, For
example, the author may want to give additional explanations to students who
make too many mistakes during the lesson. Connection commands such as
NEXT, BACK, JUMP, TERM, HELP, LAB, and DATA, can use stored student informa-
tion to "decide! what connections each student may make from each Unit., In
short, the author is able to provide alternate branches from a Unit and let
PLATO decide (from specified student information) which of the alternate
connections each student will be allowed. This generai techniaue of
assigning branches based on stored student information will be fully ex-
plained in Chapter 7.
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To reviek: TUTOR ''branching’ commands allow authors to prepare lessons
which are responsive to the needs of individual students. Two of these
commands (NEXT and JUMP) are used for connections between base Units. These
two commands may also be used for connections between supplementary Units.
Other commands {(HELP, LAB, DATA, TERM, AND BACK) are restricted to connections
to supplementary Units., However, the BASE command may be used to redefine
a supplementary Unit as a base Unit. The author may provide alternate
connections to various Units on the basis of specified rtudent responses or
stored Student information. The quality and quantity of lesson individuali-
zation is limited only by the ingenuity of the author. The next few chapters
will give you full details on how to incorporate these connection features

into your own lessons.
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Chapter 5
TUTOR COMMANDS

An Overview

All of the TUTOR commands can be arbitrarily placed in one of six
categories based on their major function in a lesson. The only purpose 1in
making such a classification is to insure that the new TUTOR author will
not overlook a useful command simply because its function is not suggested
by its title. The following list of categories (and the commands outlined
within the categories) should be used mainly to suggest which commands
warrant further investigation. The brief description of a command's function
is oversimplified and based on typical use of the command. A more complete
description of each command appears later in this chapter. The individual
descriptions of the commands and the examples shown there will suggest
more applications (as will practice in using the commands in actual
lessons).

Do not be overwhelmed by the number of available commands. A great
deal of useful lesson writing can be done using only about a dozen of the
possible commands. Nor is it necessary for you to be familiar with every
option of the commands you do use. Many basic commands (such as WHEKE)
offer a great deal of flexibility for the author who has special reauire-
ments but can be used in a much more restricted fashion by authors who do
not need this flexibility. At the same time, your efforts to understand
and use the complete range of TUTOR commands will be well rewarded.

(1) 'Lesson' Commands
This group of commands is used in presenting.the lesson as a whole.
Some of these commands are used only once (or not at all) in a given
lesson,
AREA - gives lesson title and author identification
UNIT - gives unique name to each segment of the lesson
END - specifies the end of a main or help-type sequence in the
lesson
T6PTHS - specifies that times of student responses will be recorded
in 60ths of a second (usually recorded in minutes and

seconds)

48"
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BASE - specifies that a supplementary segment of the lesson is (:)
to be redefined as a part of the main lesson, ' )
UPLOW - makes both upper and lower case characters as well ss

special language character sets available in the lesson
C - allows author to annotate lesson

(2) vDisplay" Commands
These commands allow information to be shown on the studeht screen
WRITE or WRUSS - allows printing (using a standard set

of characters} on -:reen

SR .
PLOT - displays special characters designed by CHAR
LINE - displays straight line anywhere on screen
SLIDE
SHOW - displays information stored during the lesson
WHERE - specifies where on the screen WRITE, PLOT, or SHOW infor-

allows special characters to be designed

displays photographic material

mation is to be presented i
inhibits certain standard TUTOR displays for special (:)
requirements

INHIB

(3) “Response' Commands
These commands specify where student responses are expected in
a lesson and how they are evaluated. '
ARROW - indicates that a student response is required
ANS or ANSRU - specifies a single response which will be
accepted )
WRONG or WRGRU - specifies a single response which will not be
accepted
SPELL - checks the spelling of a student's answer
JUDGE - evaluates a response (overrides prior judging)
BUMP . - allows PLATO to ignore specific single characters which
are irrelevant (e.g., spaces or certain punctuation)
in a particular response

D




RESET -
MUST -
CANT -
pIobL -
PUT -
NODUP -
LONG -
TIME -

(4) v"Branching' Commands

43

cancels prior judging options and resets judging to
standard form

specifies words which must anpear in a correct sentence-
type answer

specifies words which must not appear in a correct
sentence-type ansver -
specifies words which can be ignored in a correct sentence-
type answer

allows interpretation of specified single characters as
equivalent to other specified characters

allows duplicate student responses to be rejected

allows responses of a specified length to be judged automa-
matically

limits the time a student has to give a responsc

(:) These commands allow the author to svecify the order in which units

will be arranged.

NEXT -
BACK -
cOTO -
JuMP -

specifios what Unit is next in the lesson {overrides linear
order)

specifies what Unit the student will go to if he presses the
“BACK" key

gives Unit alternate forms dépending on certain stored 1nfor-
mation

forced branch based on a specific student response or value

of certain stored information

HELP (DATA or LAB) - allows voluntary (and temporary) branch to speci-

TERM -

O

Q
ERIC
o v

<’

fied Units by using special keys
specifios information to be received on a voluntarv (and
temporary) branch using the "TERM' key
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{5) “Splicing" Commands
This command allows information which is used in many parts of

the same lesson to be written only once and ‘'spliced' in wherever

needed.
JOIN

allows insertion of statements which are
identical to those appearing in a specified Unit in the
same lesson

(6) "Calculation”" Commands

These commands allow numerical and logical operations by the
the author.

student and
CALC
ICALC
FCALC
STORA

STORE

ACALC
INFO

CLOCK
ADD1
SuBl
ZERO

RANDP

IPERM
RANDU

LOOP

performs a mathematical operation as a part of the lesson

similar to CALC but performs more restricted operations
at a much higher speed

similar to CALC but performﬁ somewhat more restricted
operations at a higher speed

allows student to use his PLATO station as a desk cal-
culator '

stores a student response (which may be alphabetic as
well as numerical)

stores alphanumeric information

makes a record of specified stored information on
magnetic tape .

stores the amount of time elapsed since the student
signed in for the lesson

increases the value of a stored number by one
dsé;;a;ég ihé vQIue of a stored number bv one

sets a stored number to zero

stores a number selected at random (without replace-
ment) from & list of integers

sets up 8 list of intergers for RANDP

stores a number selected at random from a uniform
distribution

allows multiple cperations in excess of the usual limit

51°
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0 Contingencies

Suppose that a student is given a problem. More specifically, let us
suppose that the problem consists of a statement followed by several questions
which must each be answered by the student. There are four periods during the
presentrtion of such a task that we might want PLATO to do particular opera-
tions. These periods are:

1, when the student obtains the initial presentation,

2. vwhen the student selects a question to answer,

3. when the student answers the question and requests PLATO's

evallation, and‘

4, after PLATO has evaluated the answer.

For example we might want to:

1. display the problem and record the time at which the student

first saw the problen,

2, show a special message related to each question,

3. ignore certéin irrelevanf parts of a student's answer, and

4. send the student to a special review unit for certain wrong

O answers.

' Each of these last four operations are contingent on PLATO's being involved
in one of four basic functions of lesson presentation. Thev are referred to
as UNIT contingencies, ARROW Contingencies, JUDGE Contingencies and
ANSWER-TYPE (or ANS) Contihgencies.

Unit, Arrow, and Answer Contingencies

In terms of some of the basic TUTOR commands which you have already
seen; we might want to present & message to the student bv means of a
WRITE command

1. when he enters & Unit

2. vwhen he selects a particular question to answer

3. when his answer is recognized.

O
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This is done in the TUTOR UNIT below. = O
UNIT QUES8
WRITE ANSWER THESE PROBLEMS
3+43 =

‘ IX3 =
ARROW 309
WHERE . 701
WRITE TAKE YOUR TIME
ANS 6
WHERE 320
WRITE - . VERY GOOD
ARROW 509 |
WHERE 701 ‘
WRITE KEEP CALM
ANS 9
WRONG 6
WHERE - 520
WRITE * MULTIPLY, DO NOT A%D

When the student enters UNIT QUES8 he sees the message

ANSWE}i THESE PROBLEMS -
3 +3 =~ O
IX3-=

TAKE YOUR TIME

which was produced by the WRITE command following UNIT QUES8 and the
WRITE command following ARROW 309, Upon entry to the Unit the student
has the question specified by the first ARROW command selected for him
automatically. If he decided to try the other question first he could
press the ARROW key and he would see the message
’ . ANSWER THESE PROBLEMS

3e3s

I3X3 -~

KEEP CAIM

produced by the WRITE command following UNIT QUES8 and the WRITE con-
mand following ARROW S09. In each of these cases the small arrow

ERIC |
53 ...
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indicates where the student's answer will appear., The position of the
small arrow is specified by the number following the ARROW command.
Thus ARROW 309 puts a small arrow on line 3 in the 9th space and ARROW
S09 puts a small arrow on line S iu the 9th place. The ARROW command
indicates that a response is required from the student and states where
the response will appear on the screen.

In this example the message produced by the WRITE command follow-
ing the UNIT command is known as a UNIT Contingency, or UNIT-C for short.
Notice that this writing occurred when either of the two questions were
selected. 1In general, commands placed after a UNIT command and before
the first ARROW command in a Unit (or the next UNIT command if there
are rio ARROWs in the UNIT} are activated as soon as the student enters
a Unit and stay activated (unless specifically overriden by later com-
mands) as long as the student remains in that Unit. All such commands
are termed UNIT Contingencies (or UNIT-Cs). '

The messages-produced by the WRITE commands following each of the
ARROW commands are known as ARROW Contingencies, or ARROW-Cs for short.

In general, commands placed after an ARROW commanc. and before the
first answer-type (ANS-type) command (any command which specifies a
correct or incorrect answer is considered an ANS-type command) will be
activated only while that particular ARROW is selected. All such com-
mands are termed ARRON Contingencies (or ARROW-Cs).

Now suppose our student answers the first question by typing the
number 6. After he requests that PLATO judge his answer (by pressing
key "NEXT") his screen will show

ANSWER THESE PROBLEMS

3+3=4+60K VERY GOOD
3IX3=
TAKE YOUR TIME

As you might have guessed, the message 'VERY GOOD' which was produced by
the WRITE command following ANS 6 is an ANSWER Contingency, or ANS-C
for short. The "OK'" is produced automatically when a student's answer
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is judged and found to match an answer listed as being correct.
There are several ANS-type commands. In general commands placed
after any ANS-type command and before the next ANS-type command,
ARROW, or UNIT command are activated when the tag of that particular
ANS-type command matches the student response. The student response
may be incorrect, i.e. the matched ANS-tvpe command might be the
command WRONG, For example, after answering the first ARROW

correctly the student might answer the second ARROW with the number 6.

He would theh see
ANSWER THESE PROBLEMS

3+3= 60K
3X3=->6N0  MULTIPLY, DO NOT ADD
KEEP CALM

Notice that the prior ARROW-C and ANS-C writing is replaced by the
current ARROW-C and ANS-C message. If the student erased his in-
correct answer the "NO" and the "MULTIPLY, DO NOT ADD" messages would
also disappear. This is logical since when the student erases-an
answer, the ANS-C comments no longer Epply.
To review, a given command is part of a...
{1) ULNIT-C if it occurs after a UNIT command and before any
ARROW commands in the Unit,
(2) ARROW-C if it occurs after an ARRPOW command and before
the first following ANS-type command,
(3) ANS-C if it occurs after an ANS-type command and before
the next ANS-type command (if any) or before the
-next UNIT command.
The operation specified by a command which occurs in a...
(1) UNIT-C is activated when the student first enters the
Unit and, if a disnmlay command, remains active
during the entire time the student remains in
that unit, )

515 ;‘”:
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(2) ARROW-C  is activated whenever the student seiects the
' given ARROW and, if a display command, remains
active while the student is on that ARROW,
(3) ANS-C is activated whenéver the student's response
' matches the tag of an ANS-type command.
All cohtingent operations are terminated as soon as the studeat

enters a new Unit.

Judge Contingencies

~ Not all TUTOR commands fit into this pattern of UNIT-Cs,
ARROW-Cs or ANS-Cs. The most obvious of these are the UNIT and
ARROW commands which are used to specify part of the boundaries of
such contingencies. These special commands actually define contin-
gencies and serve to form the basic structure of a lesson. In
practice you must examine the individual descfiption of each command
to determine if it can be used under a particular contingency and, if
so, what its effect will be.

The ANS-type commands, which are used to define the remaining
boundaries for the ARROW-Cs and ANS-Cs, fall into our fourth and
final category of contingencies.- This remaining contingency occurs
during the period between the time judging of a response begins and
the time judging is completed. Usually judging bepins after a
student enters a response and requests that it be judged (by pressing
key "NEXT"). Judging usually ends when a match to the student's
response is made to the tag of an ANS-type command or no match can
be made (and an automatic "Np" judgment is given). There are situa-
tions where we might want to alter this usual process of judging.
This is done by a spécial group of commands which operate solely
under the judging contingency (JUDGE-C for short).

For example, we might want to indicate to the student that he
almost matched a correct answer. The SPELL command will slter the
standard judging so that if the student's answer differs from an
accepted answer by only a few letters, the letters “SP" (for
‘spelling") will be placed after the student’s response instead of the
usual "0X" or "Nd" judgement. i
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As another example, we might not care about the manner in which
the student'separateé a sequence of numbers which make up the proper
response. We want to allow_the Student to use spaces, cashes, commas
or z2ny other unambighous mezans of separating the numbers from one
another. One way to allow this is to list as answers the correct
string of numbers separated by spaces, the same numbers separated by
commas, separated by the word ‘'and," and so forth. A far better
approach would be to ignore any spaces, commas, dashes, etc. when
judging the student's answer. This can be done by the command BLMP
whose tag contains the list of characters to be ignored.

Commands which act as JUDGE-Cs are located after the ARROW for
which the judging is to apply and before the next ARROW‘(if any} in
the Unit or the next UNIT command. At first thought yvou might expect
there to be confusion between the function of commands in these loca-
tions since ARROW-C and ANS-C commands are also located there. How-
ever, any command which can function as a JUDGE-C cannot function
under any other contingency and anv command which can function as
ARROW-C or ANS-C cannot function as a JUDGE-C.

Commands such as SPELL, BUMP, ANS, WRONG, etc. tell PLATO how to
go about Judging a response. Other conmands, such as WPITE, have nothing
to do with the operation of evaluating the student's ansWer. From
another viewpoint, commands such as SPELL, BUMP, ANS, WRONGR, etc.
perform no function unless judging is in progress. They could thus
not serve as an ARROK-C, which is executed before a response is
given, or an ANS-C, which is executed after a response has been
judged to be of a given type, ‘Ultimately, the best (and easiest)
way to determine the proper function of a command is to read the
description of that command located at the end of this chapter.

These descripfions specify under which contingency or contingencies
each command may be used.

Once judging of a response to a particular ARROW is begun,
each of the commands following the ARROW command is examined.
Commands other than JUDCE-C commands are ignored. When an ANS-type
command i{s found the tan is matched against the students response.
Judging halts as soon as an exact match is found. If the command is
another type of JUDGE-C, judging is gltered in compliance with the
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directions of the JUDSE-C command and judging is continued to the nekt
command. You ¢an see that it is possible {(and often desirable) for
the author to alter the judging several times if necessarvy before

a match is found. For example, consider an ARROW for which the

correct answer is the numbex 23. Say that the

ARRUW 201

WHERE 220

WRITE SECOND ITEM
ANS 23

SPELL

BUMP -

ANS TWENTYTHREE
ARROW 301

student has typed "TWENY THREE" and pressed key "NEXT'" to request
that this answer be judged. PLATO begins checking all tke commands
following ARROW 201. The WHERE and WRITE commands form an ARROW-C
(which was activated when ARROW 201 was first selected), hence,

they are ignored. ANS 23 is an ANS-type command so PLATO checks to
see if '"23" matches the student's response (TWENY THREE). Since 1t
does not match, PLATO continues to the next command, SPELL, which 1is
a8 JUDGE-C that tells PLATO to alter its judging to accept slight
mismatches as possible misspeltings. The following cormmand, BUMP, is
also a JUDGE-C and tells PLATO to discard spices and dashes in the
student's response. At the next "’C command PLATO can thus look at
"TWENY THREE" and identify it as 2 possible misspelling of the
acceptable answer "TWENTYTHREE." The Student would then see the
letters “SP'" placed beside his answer. Because of the BUMP command,
PLATO would have accepted either "TWENTYTHREE', “TWENTY-THREE" or
“TWENTY THREE" as correct responses.

Up to this point the terms UNIT-C, ARROW-C, etc. have been
used to mean a single command whose activation was contingent upon
PLATC being involved in one of four basic functions of lesson pre-
sentation. From now on these same terms may also refer to a group
of commands which are similarly contingent
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TUTOR Variables

In the first section of this chapter several references were
made to "stored information" or "stored numbers.'" For example, it
might be necessary to kesp a record of the first name of each student
so PLATO could say "you are doing very well, George' at some appro-
priate point in a lesson. In order to know if PLATO should tell
George that he was ".f.doing very well..." it would also be necessary ¢
for PLATO to keep track of how mauy wrong answers George has given
during the lesson. Such information as the name ''George' and the
number "12'" (George's total wrong answers) can be stored during a
TUTOR lesson in storage spaces known as ""TUTOR variables.'

Chapter 6 will give you a more detailed description of how TUTOR
variables work and how to use them. For now it will be enough to know
that each " .udent has 63 such storage spaces (variables) which can
be referred to in a TUTOR lesson. Three types of information can
be stored in these variables:

1) groups of alphabetic symbols like "GEORGE", "TEST 42",

'JULY 29", Y“WHAT?", etc.
2) integers ('"whole numbers") like "12'", '"1984", etc,
3) numbers with decimal fractions like "12.0', ", 002",
'45.7324", etc.
The type of information stored in a TUTOR variable is indicated by a
"format code letter" which precedes the identification number of the
variable., For example,
A20 indicates that TUTOR variable 20 contains Alphabetic or
"word" information,
I32 indicates that TUTOR variable 32 contains an Integer number,
F63 indicates that TUTOR variable 63 contains a number with a
decimal Fraction. (If you have computer programming
experience, you may prefer to remember this as a Floating
point number.)
When a TUTOR variable is used (say to store information received
from a student) the guthor defines the format of the variable to
match the type of information being stored. Thus, if a student is

N
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asked to type his first name and we wish this name to be stored in
TUTOR variable 20, we would use the statement "STORE A20' in our
lesson. On the other hand, say we wanted tc use variable 20 to
make a note of his answer to the problem "2X5= ," ‘he command
"STORE 120 would be used to store his response, since the expected
answer would be an integer. Finally, if we wanted to use variable
20 to store the student's answer to a problem which would invelve a
decimal fraction, we would use the statement "STORE F20" in our
lesson, Although expresions like ‘''variable 120" and 'variable F20"
are often used for convenience, remember that "I120'" and "F20"
actually refer to only one variable.

PLATO uses the TUTOR variables of each individual student
whenever a reference-to a TUTOR variable is encountered in a lesson,
Thus one student might be sent to a remedial Unit because his TUTOR
variable 30 shows that he has made an excessive number of mistakes in
a review test. Another student on the same lesson might be allowed
to contiaue because his variable 30 shows a small number of mistakes.

A TUTOR variable with an "A" format can contain up to 8 sym-
bols--letters, numbers or punctuation marks. Whatever letters,
numbers, etc. are contained in a variable having an "A" format, it is
important to remember that they will be treated only as symbols.

Thus it would be possible to store a number like ''125" in TUTOR
variable 15 with an "“A" format but the author could not do the same
meaningful arithmatic operations that he could do if "125" had been
stored with an “I' format. You might say that PLATO does not recog-
nize that the symbols “I°', "2", “3", etc. represent numhers when

they are stored with an "A" format in a TUTOR variable, We will have
more to say about the different formats used by TUTOR variebles in
Chapter 6.

Individual Commands
The remainder of this chapter consists of single page descrip-
tions of each uf the TUTOR commands. Each description consists of

six sections:

60,
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(l)‘COMMAND: The command itself. The command specifies a
given type of operation to be activated during
a lesson.

(2) 71AG: The additional infcrmation {if any) used with
the command to specify the exact operation to
be performed when the command is activated
during the lesson.

(3) OCCURRENCE: The contingencies under which the command can
be used, i.e. UNIT-C, ARROW-C, ANS-C, JUDGE-C
or SPECIAL. Earlier in this chapter there
is a complete discussion of the idea of TUTOR
contingencies. In the case of SPECIAL com-
mands, the OCCURRENCE section explicitly
describes the situation under which the com-
mand is used.

(4) EFFECT: a description of what occurs when the command
is activated.

(5) COMMENTS: special notes about the use or restrictions
in the use of the command.

(6) EXAMPLE: a demonstration of the use of the command in
a TUTOR lesson.

The next page shows “he TUTOR commands in alphabetical order

listed with the contingencies under which they can operate.

61
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‘ Alphabetic Index-of TU'-I'OR: Commands

Command UNIT-C ARROW-C ANS-C JUDGE-C SPECIAL

ACALC X X X

ADD1 X X X

ANS X

AREA X
ARROW X
BACK X

BASE X

BuMP X

C ‘ X
CALC X X X

CANT X

CHAR X
cLocx X X X

DIDDL X

END X
FCALC
GOTO
HELP.
ICALC
INFO
INHIB

O IPERM
% JOIN X
JUDGE
JOMp
LINE
LONG X
LOOP X
MUST X
NEXT X
NODUP
PLOT X X
PUT X
RANDP X X X
RANDU X X N X
RESET X
SHOW X
SLIDE X
SPELL
STORA
STORE
SuB1 X X X
TERM
TIME X X X
T6PTHS |
UNIT
UPLOW
Q WHERE - ‘
WRITE X X X
WRONG X
Q 2ERO X X X
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t | COMMAND:

TAG:

OCCURRENCE:
EFFECT:

COMMENTS :

EXAMPLE:

ACALC

ACALC

A TUTOR alphanumeric variable followed by an equal sign and
up to 8 alphanumeric characters. Indirect referencing
Chapter 8) is permitted.

UNIT-C, ARROW-C, ANS-C

The characters to the right of the equal sign ave stored
in tha variasble on.the left of the equal sign.

This command allows the zuthor to store any combination
of up to 8 characters in a TUTOR variable. It is parti-
cularly useful in providing labels for student data
produced by the INFO command.

This Unit produces data records which summarize a student's
performance on a previois test. The number of correct
answers is stored in I12; the number of wroiig answers

is stored in I13. Note that preceding blank characters

are used in the ACALC command so the labels will be lined
up with the "I" format numbers bereath.

. UNIT SUMMARY

ICALC I14 = 112 + 113
ACALC A25 = - TOTAL
ACALC A26 = RIGHT
ACALC A27 =  WRONG
INFO A25, A26, A27
INFO 114, 112, 113

The Jata records below indicate the fvpe of output Unit

‘SUMMARY would produce.

JONES 35%*26 SUMMARY 1 INFO TOTAL RIGHT WRONG

JONES 35%27 SUMMARY 1 INFO 75 64 11

63 .
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ADD1

COMMAND:  ALDI
TAG: - A single TUTOR 1ntegéf variable, - Indirect referencing
(chapter 8) is permitted. '

| OCCURRENCE: UNIT-C, ARFOW-C, ANS-C.

EFFECT: 1increasos by 1 the vn;ue'of the variable listed in the tag.

EXAMPLE: In this example ADD]1 is used as an answer contingency
controlling IS5 (which .is used here as a .'corrects" counter).
Notice in UNIT LAST that.the WHERE command gives the begin-
ning position.of an 8 charucter field. The .values .of IS
and 16 will appear at the right of this field.

UNIT  BEGIN
. ZERO IS
ZERO 16
WRITE THIS LESSON CONS.STS OF 35
PROBLENS
UNIT  PROBI
WRITE - WHAT IS...
ARROW 1010
ANS B
ADD1 . 15 _
JUMP  PROB2
WRONG e
©ADDL . 16
' JUMP . PROB2 ..
B
. UNIT ° LAST

WRITE  YOU ARE NOW PINISHED,
CL OF THE 35 PROBLENS
Do YOUR SOORE IS...

s mmcr.-- R
A f-.mNG---.- :
" WHERE . 504 .
WHERE ' €04 . -

SHoW . 16
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ANS

COMMAND: ANS

TAG: " The author's answer (a “correct answer")

OCCURRENCE: JUDGE-C

EFFECT: While judging, if the computer matches a student's response
with the author's ANS tag, an "OK" will be placed after the student's
answer. Then a.ly Answer-type contingencies following the ANS
command are performed.

COMMENTS : Any number of ANS or WRONG commands can be placed after
any ArroW. An ANS command with a Llank tag is termed a
"universal answer' and will crise any answer that does not match
any of the other ANS or WRONG tags to be scored "0OK". All arrows
wust have '"OK' responses before the student is permitted to go to
the next UNIT. The tag of the first ANS command after the Arrow
provides the ''correct' answer that the student sees if he presses
the ANS key. If answers will exceed about 20 characters see the
discussion for LONG. Where the student's answer is given in

(“) Cyrillic °~ characters, the command ANSRU should be used

- instead of ANS. '

EXAMPLE: On the first question either "FOUR" or "4" is accepted as
“OK'', The second question will accept anything but "PURPLE" as
correct, If "FOUR" is given on the first question the WRITE tag
appears on line 17 (as an Answer contingency).

WRITE WHAT IS 2422
, WHAT COLOR ARE YOUR EYES?
ARROW 113
ANS 4
ANS FOUR
WRITE ~ THAT'S CORRECT BUT WHY SPELL IT OUT?
ARROW 226
ANS
WRONG PURPLE
WRITE I UONT BELIEVE YOU
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() comunn: AREA |
TAG: ﬁi»  Up to 32 characters.
) OCCURRENCB: First cbmmgnd‘in the first Un;t of-a ;e#son.
EFFECT:‘ Provide$ a laésoh fifle whiﬁﬁ;ailows‘identification ahd

selection of a lesson by authors and system personnel.

COMMENTS ¢ Authors may test sny lesson which has been read into the
" computer by "signing in' under the name “STUDENT."
After signing in this way (or with student records which
1ist no Lesson name), the suthor sees a choice table
listing the AREA tags of all Lessons which are then in

’ ° the computer. The author ;an‘thereby enter a lesson.
. BXAMPLE: UNIT . GEOM1 - I
AREA TRIANGLE EVALUATION BY G. P. BURDELL
c GEORGE P. BURDELL

APRIL 1, 1969

@
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COMMAND:

TAG:

OCCURRENCE:

EFFECT:

COMMENTS:

EXAMPLE:

UNIT
WRITE

~ ARROW
WHERE
WRITE

WHERE
WRIT2
ANS

TESTA
PUT AN X BESIDE 1 AND A Y BESIOE 2

1

ARROW

ARROW

1, A 4-digit number spoecifying a point on the screen., The
first 2 digits specify one of 18 lines (01 through 18} and
the second 2 digits specify one of 48 spaces (01 through

48) on this line. Thus 0148 specifies a point in the upper
right corner of cthe screen. The first of these 4 digits may
be omitted if it is zero, i.e., 0101 and 101 both specify
the upper left corner of the screen.

2. When finer control of location is desired, a tag con-
sisting of two numbers (separated by a comma) can be used.
The first number specifies one of 170 vertical positions

(0 is the top position). The second number specifies one
of 240 horizontal positions (0 is the left of the screen).
Standard characters used in TUTOR are written within a rec-
tangle 10 units high and 5 units wide. Thus, to position an
arrow between lines 10 and 11 and between spaces 4 and 5

(in terms of "single-number'' coordinates) the statement
ARROW 95,17 would be used.

After all UNIT contingencies

An arrow is displayed at the point specified by the tag.

The first ARROW command in & UNIT marks the end of Unit
contingencies in that UNIT. Each ARROW command ini.

tiates any Arrow and Judge contingencies that might be present.

Up to 20 ARROW comminds can be used in each Unit. Student
responses are displayed to the right of the arrow on the
screen. Some type of answer command must follow every
ARROW command for use in the Judge contingency. The stu-
dent may answer any ‘'arrow' firvst by pressing the ''ARROW"
key until the desired arrow is selected. Generally the
student must satisfactorily answer all "arrows" before
proceeding. Orly one arrow appears at a time.

In the example below the first WRITE is a UNIT contingency
while the other WRITE commands are Arrow contingencies and
occur only when the specified arrow is selected. Note

that thé two WHERE tags have the same effect. The student's
response appears at 0204 f{or the first ARROW and 0213 for the
second ¢ince a space is automaticallv inserted after

the arrow. :

2

0202
0301

-PUSH THE X KEY
X

211
301

Y

+

" PUSH THE Y KEY

67
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BACK

COMMAND: BACK

TAG: A UNIT name. Assigned Operations (Chapter 7) and Indizect
Referencing (Chapter 8) are permitted.

OCCURRENCE: IHIT-C

COMMENTS: When the BACK key is pressed by the student, he is
shifted to tho UNIT specified by the BACK command tag.
If the student presses BAUK again, he is shifted to the
UNIT mentioned in a BACK command in this "BACKUP" UNIT.
This process continues until the student reaches a UNIT
lacking a BACK command. When the student presses the SHIFT AND
NEXT key in any of the BACKUP UNITS, he will immediately
return to the MAIN UNIT he was working on. ’ :

EXAMPLE:
INIT . STL
AREA STUDY ONE
BACK NOBACK :
_ WRITE HELLO. TODAY WE SHALL...
) -
‘ UNIT ST2
BACK sT1
WRITE
- UNIT - NOBACK .. *.

" WRITE --. SORRY, THERF IS N
0 . BACKUP FOR THIS PAGE.

v
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BASE
} COMMAND : BASE

TAG No tag is used

OCCURRENCE:  UNIT-C

EFFECT: . - Defines Unit as the student's base Unit regardiess of how
the student got tc¢ that thit

EXAMPLE : This Unit permits a student to select various sub-lessons
" from any point in a lesson o: sub:-lesson by pressing key
TERM and typing “CHOOSE". 17he student's restart records
will reflect his actual position in the lesson (i.e.,
Unit SELECT) rather than the Unit from which Unit SELECT
was entered

UNIT SELECT
TERM CHOOSE
BASE - _
WRITE . PRESS KEY... FOR
o A VouTOR ADDITION LESSON
B VECTOR SUBRRACTION LFSSON
C VECTOR MILTIPLICATION LESSON
ARROW 1020
3 LONG 1
", ANS . A
Jump ADDA
ANS B -
JuMp SUBA
ANS
J3iP MULTA
ANS ‘
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BUMP
COMMAND; BUMP
TAG: A list of characcers to be ignored in the answer.
OCCURRENCE: JUDGE-C

COMMENT: 'The characters designate in the tag are 'bumped" from the
student's answer for judging. Thus, if some characters are
irrelevant but may appear in a student's answer, they may be
ignored in his answer during judging. Although the characters
are "bumped" for judging, the ¢tudent's answer on the screen remains
untouched. If a space is to be "ounped", it nust be the first
character in the .tag. Note that every character in the list will
be bumped. Therefore you should not include anything (such as
commas, dashes, etc.) in the 1ist which you don't want ig-ored.

EXAMPLE:

UNIT MATHS
WRITE = WHAT ODD NUMBERS ARE
- BETWEEN 1 AND 87

ARROW ~ 510
BUMP . ,AND
ANS . 357
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EXAMPLE :

COMMAND:

TAG:

OCCURRENCE :

COMMENTS :

\

~ operation.

c

A message wiin any numbép of 60 character line

Anywhere in a iesson.

) Mes3ages in the‘tag of a c commahd-will appear

the printed copy of a lesson or during on-line
of the lesson. These messages will not affoct
The main use of the command 's for
of lessons for systems and author use, Months
lessori is written, these notes will remind the
it was. |

S.

only in
editing
student
annotation
after a
author

-and inform new programmers why something was done the way

This Unit hses the C command to identify the lesson

author and indicate the use of a variable.

UNIT - Al o S
. APEA - BURDELL'S LESSON '
Cc GEORGE P. BURDELL

. .: APRIL 1, 1969 ' -

ZERO - 140 - P

- C - 140 CONTAINS TOTAL CORRECT ANSWYS
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CALC

COMMND:  * CALC

TAG: A TUTOR variable followed by an equal sign and an arithmetic
' expression. The arithmetic expression may consist of con-
stants, TUTOR variables, and operation symbols. All of the
constants ard TUTOR variables may be either integer or
floating point. Indirect referencing (Chapter 8) is per-

mitted
OCCURRENCE: .  UNET-C, ARROW-C, ANS-C
EFFECT: ~ The value of the arithmetic expression is placed in the

variable to the left of the equal sign. Operation symbols
permitted are: » i :

+ (addition) ./ (division) C (cosine)
- (subtraction) R (square root) L (natural log)
* (mul‘tiplica‘tion) S (sine) . E (&)
Parentheses are not permitted
COMMENTS: R,S,C,L and E operations sre done first, all * and /

" operations next and all + and - operations las%. Operations
at the same level (e.g. + ord -) are preformed in ordcr from
left to right.. Mathemati¢al eérrors casue a zero to be
placed in tche varisble to the left of the equal sign. Values
greater than 9,999,999,999 are not permitted. Rounding fol-

. lows scientific convention (i.e. CALC 15=1.5. would set J5=2).

: If faster operation or ~roinding by truncation is desired, see
-~ FCALC and ICALC commands. - : . . - o S

. The CALC commands and tags listed in the left column are

. equivalent 10 the algebraic eypressions or operations listed

“ 1“ ‘he fl‘\t c°>1u\.‘. ‘; ’ . DR . D IS

R
o P

Cong U pseRssLastEe Pl 36e(1ms) (o)
GALC 7 FSeSITeSITeCISCIS Fonsin?(17) scos?(15)

" round thé. value of F23
" . to the nearest whole

(12%ems
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COMMANT

TAG:
OCCURRENCE:

EFFECT AND
COMMENTS::

EXAMPLE:

CANT

CANT

A list of words separated by comnas
JUDGE-C

Use with MUST and DIDDLs (which see) in sentence judgers. If
any word in the tag of a CANT appears in a student's response,
it is overwritten with X's and the student's response is judged
wrong. In addition, any WRITE, SHOW, JUMP, or other answer
contingent commands immediately following the CANT are executed.
The CANT command is provided so that you can base contingencies
on particular foreseen errors. You may have several CANTs in a
sentence judger, each with its own contingencies.

WNIT  FARMI8 .

WRITE NAME SOME DOMESTIC FARM ANIMALS.
ARROK 510 ‘

MUST - COW,HORSE,CHICKEN,...

CANT  DEER,PHEASANT, ...

WRITE THIS IS A WILD ANIMAL

CANT . CORN,WHEAT,...

WRITE ~ THIS IS A PLANT, NOT AN ANIMAL,

. (See also the DIDDL command)

i
El
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COMMAND CHAR
TAG: First line: a name for a special character (up to 7
letters ‘ong).

Foilowing lines: wup to 64 4-digit octal nurbers sep-
arated by cOMMAs .

OCCURRENCE: Within any UINIT of a lesson (not necessarlly the same UNIT
in which it is used).

EFFECT: Allows a special character to be designed for a particular
lesson,
COMMENTS : Special characters are displayed during the lesson by the

PLOT command (which see). The CHAR command is used to
design special characters which are to be used in addition
to the charucters in one of the standard character sets,
Characters larger than the standard ones can be designed
but you should seek expart advice before doing so.

The (HAR command specifies the pdints which are arranged
within a standard area to form the shape of the desired
special character. This area with its pattern of
illuminated points can be positioned on the screen by a
WHERE command.

Each point of a character is speC1f1ed by a 4- d1g1t octal
nunber. The first 2 digits give a horizontal position
- and the sacond 2 digits give a vertical position.
" Horizontal positions for the standard characters range
from 30 (left edge of character) to 36 (right edge of
character). Vertical positions range from 44 (top) to
61 (bottom), Position 57 is just above the standard line
when the "single number" WHERE command is used., Remember
that these positioh numbers are expressed in octal notation,
hence there are no posttions 48, 49, 58, or 59.

EXAMPLE: - This is how the pro:ently Lsed upper case "L" sppears when
. 7. .7 - written with a CHAR statement. The standard characters are,
., of course, dixectly available to the author through use of
.. the WRITE command. - In fact, Unit B3 and B4 below would look
-+ the sam® to & student. Remember that continuation lines are
. spocifiod by a "blank" conmd .

CCWNIT . OWMATSIS | o

. CHAR " LCAP -

U0 3044, 3045, 3046, 3047, 3050, 3051 3052,3053
" 3054, 3055 , 3056, 3656, 3057,3157,3257,3357
3457, 35:7 %7 .

CWNIT B4
: WIERE © 201
CWRITE L
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CLOCK

COMMAND: . CLOCK
TAG: ‘ TUTCR integer variable
OCCURRENCE:  UNIT-C, ARROW-C, ANS-C

EFFECT: The time eiapsed (in 60ths of a second) since student sign-in
is placed in the TUTOR integer variable specified by the tag.

EXAMPLE: variable 112 has the elapsed time at which the student first
saw the problem and variable I13 kos the elapsed time at
which he correctly solved the problem. The time in secends
spent on the problem is stored in 120.

WNIT ° PROB2 z
" WRITE ~ WHAT IS 2427

SCLocK . 112
ARROW ~ 1020
ANS 4
. CLOCK 113 ' ‘
© CALC  120=I13/60-112/60
. WRONG
WHERE ~ 1101

* WRITE = WRONG,TRY AGAIN




TR T A M, S b a7 e Tt e e b | i o i e e i 4 e i s e

DIDDL

COMMAND DIDDL
TAG: _ A list of words separated by commas

OCCURRENCE:  JUDGE-C

EFFECT and

COMMENTS : Used with MUSTs and CANTs (which see) in sentence Judgers Any
words in the tag of a DIDDL are perwitted to be present in the
student’s respcnse, but are not required to be so. A DIDDL with
no tag, if given as the last comzand in 4 sentence judger, has
the effect of permitting any words whatever (other than those
in the tags of CANTs) to be present in the student's response.
If a word appears in the student's response which is not a
MUST word or a DIDDL word, it is overwritten with X's and the
response is judged wrong,

EXAMPLE: The ANS command is ircluded so PLATO has something to display
if the student presses the ANS key. Note that the ANS-C for
a correct answer appears after the first MUST command, UNIT
EXTRA has a general DIDDL list which can be referenced from
many different UNITs by using the JOIN command.

EXAMPLE: UNIT NURSE

WRITE  DIABETES IS A RESULT OF A MALFUNCTION
N . IN THE...
(J ARROW . 1001 .
" ANS ABILITY TO METABOLIZE SUGAR

MUST METABOLISM, UTILIZATION, BURNING, TOLERATION,
METABOLIZE, UTILIZE, USE, BURN, TOLERATE

WRITE  VERY GOOD

MUST SUGAR, SUGARS, GLUCOSE, GLYCOGEN

. CANT FAT, FATS, PROTEIN, PROTEINS, VITAMIN,

.~ . . VITAMINS, CELLULOSE

WRITE  YOU MUST BE THINKING OF A DIFFERENT DISEASE

DIDDL ' ABILITY, CAPABILITY '

JoiN EXTRA - .

P}

END g :
WIT EXTRA ‘
DIDDL A,AFTER AN, AND ARE,AT BEFRORE, BY,
CAN DURING FOR, FROM, IF, IN, INTO
1s, IT MAY, OF ON JOR, SHE »SHOULD, SINCE
.. THAN THB THEN THERE THROUGH TO TRY,
- USB NHEN HHILB HITH
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END
r’
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COMMAND: END

TAG: A blark tag is used

OCCURRENCE: At end of a UNIT, Occurs in last UNIT of a main sequence
program and in last UNIT of each HELP sequence.

EFFECT: Causes "end of lesson' message to appear on the screen when
the student tries to proceed from a main sequence UNIT foilowed
by an END command, If WNIT is last of a HELP sequence, the
student is returned to the main sequence when he tries to
proceed, ‘

COMMENT : HELP and TERM units beyond the END command are accessable only
by direct student request (via keyset} or JUMP type commands.
If no END command appears in a lesson, PLATO acts as if there
was one at the end of the last unit in the lesson. This command
is useful for isolating UNITS which are used in branching op-
erations from the main sequence UNITs,

EXAMPLE : In this example the lesson ends after UNIT SP1-3. The HELP
sequence for UNIT SP1-2 consists of UNITs HELP-3 and HELP-4,
The END command in HELP-4 terminates that HELP sequence. The

[:) HELP sequence for SP1-3 consists of a single UNIT, HELP-5,

INIT SPl1-1

WIT Spl-2

HELP HELP-3

CNIT © SP1-3
 HELP ~ HELP-5 = .
END ..
WIT . TERM-1
~ UNIT * HELP-3
WIT mBLe-d o0 T T

D e

CUUEND e T
o UNIT 7 HBLPeS o m b ln

S ]
A




COMMAND:

TAG:

OCCURRENCE:

EFFECT:

COMMENTS:

EXAMPLE:

FCALC

FCALC

A TUTOR variable followed by an egual sign and an
arithmetic expression, . The arithmeti: .expression may
consist of (a) a singls constant or variable, or (b) two
constants or variables separated by anr operation symbol,
All of the constants snd TUTOR variables may be either
integer or floating point, Indirect referencing (Chapter
8) is per:itted.

UNIT-C, ARROW-C, ANS-C

The value of the arithmetic cxpression is placed in the
variable to the left of the cqual sign. The only operation
symbols allowed are + (for addition)}, - (for subtraction},
* (for multiplication), and / (for division). When an
intager variable is used on the left of .the equal sign,
fractional parts of the value of the arithmetic expression
uwre ignored (e.g. FCALC I9=20.9 would set 19=20),

The FCALC command is performed faster than a comparable
CALC command. Note that an FCALC command which contains
only integer variables and constants could be replaced by

a corresponding ICALC command, which would be more efficient
and performed still faster. Integer constants must be

less than 32,767,

. The following calculation sequence demonstrates .several
' permitted types of FCALC expressions. Note that any
"~ fractional part of the expression F4+25.5 1n the second

P\ALC couland will be 1gnored.

CUNIT " COMPA

FCALC ~ - FS«10,3 =~
" FCALC T T16eF4+25.6
" FCALC - = P7sF10-I8
" FCALC :© ° P8eI6*F7
. FCALC = F1225/18
FCALC ~  I14=75256.

The last FCALc-inéicates’oné proper procedure for cuses

~ where an integer constent greater than 32,767 is required.

S TT
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O COMMND: - GOTO K

TAG: A INIT name
"~ Assigned Operatxons (Chapter 7) and Indire_t Referencing
’ (Chapter 8) are permttcd

OCCURRENCE : tNIT C ARROW C, and ANS C
EFFECT: Comands 1n the named UNIT are used %o . plete the current UNIT.
o The student remains in the current UNI1. (o1 ands in the current
" UNIT which follow an nxecuted GOTQ co' und are never reached
: (unlike the JOIN command)
EXAMPLE: Both INIT DEFINE a.\d DEFINEZ do the same thing but DEFINE2
- uses the Assigned Opevation option.
WIT DEFINE a ‘ - INIT DEFINEZ
WRITE = PRESS THE NlMBER ‘ WRITE  PRESS THE NUMBER
FCR THE WORD - - ‘ FOR THE WORD
~ YOU WANT DEFINED - - YOU WANT DEFINED
1 ALLEBLE S 1 ALLELE
2 ALBINO 2 ALBINO
(J ARROW 1835 . ARROW = 1835
: LONG ' 1 LONG 1
- ANS 1 7 STORE 12
G0TO ALLELE . ANS .
" ’ T GOTO 12,X,X,ALLELE ,ALBINO,...
. ‘ C JUDGE  IGNORE
WRONG . :

CONIT U AULBLE
" WHERE = 1701 -
 WRITE

1

m.ew xs A mm mmmc T

‘I‘he GoTo co-and is 1dully suitod for looping operntions (ses

Chapter 11)

)
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' - COMMAND:
TAG:

OCCURRENCE ~

and EFFECT:

COMMENTS :

EXAMPLE: -

HELP

HELP {or HEL®1, LAB, LABL, DATA, DATAL)

" A UNIT name. . Assigned operations (Chapter 7) and indirect

referenciulg (Chapter 3) are permitted,

UNIT-C: Establishes a GENERAL HELP-type sequence for a

UNIT. When the student presses the HELP key, he is branched
to the UNIT mentioned in the HELP command tag, The stu-
dont can then press NEXT to continue through tha HELP
Sequence UNITS. When the student presses the NEXT key

on the last HELP sequence UNIT or presses the SHIFT and
BACK kevs at any time in the HELP sequence, he will return
to the MAIN UNIT frem where he asked for HELP. This

MAIN UNIT wii: appear as the student left it

ARRUN-C: 0vsrrib}s any UNIT-C HELP-type sequence bresent,

ANS-C: Ths student is immediaiely jumped into the HELP-
type sequence if his answer matches the ANSWER-TYPE
command starting the ANS-C.

Commands HELP1, LAB, LABI, DATA, DATAl all perform in the
same way that HELP does except that a differeat key is
used for each.  HELPI1, LABl, or DATAl commands are .
executed when both the SHIFT key and the HELP, LAB, o.

- DATA keys are pressed. The last UNIT in each HELP-type

sequence must have an END command as its last command.

- UNIT SUMPALI is the GENERAL HELP for UNIT SCOL17.  However,

when the student is on ARROW 515, UNIT SPRING1 becomes
the HELP. On ARROW 615 the student will immediately be

. sent to UNIT SUMFALY if he answers "PARROT",
WNIT - oECOLI7 -

" WRITE * NAME BIRDS THAT WOULD BE = .

" FOUND IN ILLINOIS WOODS IN
| THE INDICATED §

o7 SPRING = i T
o SUMMER - . o
Bt I R R
OSPRINGL o co e P :
* CARDINAL, BROWN THRASHER,... -
<": OVENBIRD, BLUEJAY, .., "
CPARROT . . T, s
. SUMPALL

N.
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COMMAND :

TAG:

OCCHRRENC:

EFFECT:

COMMENTS :

EXAMPLE:

e oo’ws' N

" ICALC " ISeI425 *
7 ICALC © I7e110-19 -
- ICALC | I8=16%17
" ICALC ' 112«25/I8 -

ICALC

"ICALC

A TUTOR integer varisble followed by an equal sign and an
arithmetic expr0551on. The ar1thmet1c expression may consist
of either

(a) a single integer constant or var1ab1e, or

(b) two integer variables or constants separated by an
cneration symbol, .

Inu1rect referencing (Chapter 8) is permltted

JNIT C, ARROW- C ANS-C

The value of the arithmetic expression is placed in the
variable to the left of the mqual sign. The only operation
symbols allowed are + (for addition), - (for subtraction),

* (for mult1plicat1on), and , (for division). The remainder
in a division operatlon is ignored (e.g. 7/4 is interpreted

" as equal to 1).

The ICALC command is performed in less than 1/10 the time

" needed for & comparable CALC command (which see). Thus, in

lessons which use extensive calculation routines, use of ICALC
rather than the more flexible CALC command will result in fewer
noticeable delays. Integer constants must be less than

32,767. ...

The following calculation sequence demonstrates several per-
mitted types of ICALC expre551ons. Note that any remainder in

'.the dzvision operation wiil be ignored.

ICALC * 16=10 °




INFO

COMMAND: INFO ‘
TAG: ‘ A list of up to 10 TUTOR integer’variables separated by commas.
OCCURRENCE: * INIT-C, ARROW-C, ANS-C '

“EFFECT: . Whenever this'coﬁmand is encountered in a lesson (znd collection
of data on tape unit 4 has been requested), a record with the
specified variebles in placed on tape unit 4.

COMMENT: - Format of the record is similar to that of the standard student
: - data record except that the word "INFO" appears instead of the

response judgment (e.g. NO,SP) and a list of integer variables

appears in the area where the student answer norrally appears.

EXAMPLE: . Islcontains tdthl cbiiect answers while I6 contains total
‘ requests for Help during the preceding lesson, The universal
wrong prevents the student from proceeding beyond this unit,

CINIT - ENDIT o
 WRITE THIS 1S THE END OF THE TEST
HOW WELL DO YOU THINK YOU DID?

INFO  IS,16 -
. ARROW 401
", LONG = 500 .
" JUDGE - IGNORE ~ '~

- The following typical records might ve pré&uéed on tape unit
-+ 4. Notice that values of the variables are right-justified
. in an 8-space field. LA e

6:2%5 T ENDIT 1 vmpo . 25 126

7:02 - Cy ENDIT © o0 1 N0 - REALLY GREAT

AWER 2
. AWER . 2
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INHIB
£ comm:  INHIB ,
TAG: . NEXT, NORING, ANSHER, ARROW, and/or OKNO
CONTINGENCY: UNIT-C: (NEXT and NORING tags only)
" ARRCW-C: (ANSWER, ARROW, and OKNO tags only)
EFFECT; . Affects standard TUTOR student feedback options as follows

NEXT. - The message -PRESS NEXT- will not appear on line 18
(usually appears as soon as the student has satisfactorily
responded to all ARROWs in the WNIT)

- NORING ~ Studernt keyset light will flash when student presses
any key which is not acceptable in that WNiT (e.g., when the
"HELP" key is pressed in a UNIT for which no HELP is provided),
This light is not rormally used for TUTOR lessons.

ANSWER - S‘tudent wi-ll not be able to receive the correct
- answer by pressing the VANS" key (he normally can).

- ARROW - An arrow will not be displayed at the position on the
- Screen where a response is expected (it normally is),

O . . OKNO - Messages: OK, NO, SP, DP, etc, will not appear after

o7 Tresponss is Judged correct, incorrect; misspelled, a dupli-
- s T cate, ete, o R LN

“.. i COMMENTS: .* These options are used for special effects where the standard

G 0T 0 feadback might be inappropriate.  The ARRON-C options should
~ be used cautiously since the feedback they inhibit is cften

useful to the author in finding errors in kis lesson writing,

o It is probably best to limit use of tie ARROW tag, for example,
» .- to WITs which have only one ARROW. - - SR

RN EXAMPLES : . This Unit accepts anything as an enswer, hencc the "ANS" key
Ll e - and the messages OK or NO ar2 inappropriate. No -PRESS NEXT-
7, message will appear at the bottom of the screen after the
_ - student has "judped" his entry by pressing Key "NEXT", -
ST UNIT WO - N ‘
e URITE .. WHAT IS YOUR FIRST NAME? PRESS KEY -NEXT- - -

o hean T T AFTER YOU HAVE TYPED IT.

oo ARROW i 305 ' il it
aor. INHIB GKNO,ANSWER < vt
.. STORB As.l r.‘:!v*_.:;”,, T -



LRt el

WY i ar s ot
e i e e i 8 b e s i LN it 1 SeAt TRELLATY

IPERM

 COMMAND: PERM | |
TAG::;i' YA single TUFOR integer variable or an 1nteger constant.
Lo ‘Indirpct rqfe;png1ng (Chaptqr 8) is permitted.

" OCCURPENCE: - WIT-C, ARROW—C ANS- c

ZFFECT: =~ _F1xes the upper bound to a set of 1ntegers from which subsequen
selections are to be made at random without replacement. (The
lower bound o the set is always on 1.) For example, IPERM 5
makes the set of integers 1,2,3,4 and 5 available for subsequent
selection. (The actual selection is accomplished by means of th
RANDP command which see) The maximum value the tag may have i
. 96,

EXAMPLE -..’See mnp.

:*i.r-vw;“

o T
pi iy S0

s

t



C  cowan JOIN

© TAG: A UNIT name . -

Assigned Operations (Chaptér 7} and Indir

, (Chapte: 8) are permitted
- OCCURRENCE: - Anywhere in a UNIT
EFFECT:

This command is uéeful when ce
appear frequently in the same

COMMENTS :

to other UNITs as needed,

EXAMPLE:

JOIN

¢t Referencing

Inseifs thé‘éGnténts of the specified UNIT into the current
UNIT. The student renmains in the current UNIT,

Ttain sequences of commands
lesson,
written once and placed in a special UNIT which is '"JOINed"
ARROY commands must
- within a INIT which is JOINed to other WNITs,
may also have JOIN commands within them.
. JOINed INITs cannot be more than 6 deep.

The sequence is

UNIf TEST gives a siddent raﬂdomly drawn problems in
" addition, subtraction, and multiplication.

- RANDU statements select numbers between 1 and 99 for use
in the problem. . The third RANDU statement selects a

- number between 1 and 3.

This number is used by a later
JOIN statement to set the rules - addition

(:) . I ~. Oor multiplication - for the problem.

» Subtraction,
The last JOIN

._qpategpn;”at;ach¢§ a perfe;; match judger to UNIT TEST.

CYOUNIT

CLOWNIT

Isanx|ADD‘SUB‘mLT R \
928 T

D - "":‘v'.:'_
927 :

. WRITE _

o+ o

-~ suB o
» 7 H=[1-12

‘;Hvxe,no,ox,nb o

" EXPLAIN .
- DO THIS PROBLEM,..
LoD

I4-11¢12

L
P

ot
D Mallxiz
X

ER

not appear
JOINed INITs
Such "nesting" of

The first two
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JUDGE

COMMAND: JUD(E

- TAG: " 0K, N0, or IGQORE . ‘

‘ ' Assigned Operations {Chapter 7) and Indirect Referencing
(Chapter 8) are permitted .

OCCURRENCE : ANS C (Must follow an answer~type conmand, e.g. ANS, WRONG,
etc) L

EFFECT: Judging by the pre: eding answer- type command is overridden.

: " New judging is based on the tag; (1) OK-(judge the response
. 'K"), (2) NO-fjudge the reponse "NO"}, (3) IGNORE-(erase
- t.he response and ignore it).

EXAMPLE: = Both of the lNITS below ignore answers which are less than 1
or greater than 5. Answers 1, 3, or 5 are judged NO while
2 or 4 are judged OK. INIT EVENT uses the assigned operation

‘ optlon. _
INIT EVEN - WNIT ~ EVENT
~ WRITE - TYPE AN BVEN NUMBER "~ WRITE ' TYPE AN EVEN NUMBER
.- .. BBTWEEN 1 AND 5 . - " BETWEEN 1 AND 5
o ‘I‘HENPRESS-NEXI‘ : ' " THEN PRESS - NEXT
ARROW .~ 520 - SR ., - . ARROW 520
ANS 70 2 o ~ . STORE ' 15
ANS - 4 ©. ANS S
WRONG 1 - JUDGE 15, IGNORE, IGNORE, NO,
WRONG 3 e - 0K, NO, OK, NO, IGNORE
WRONG 5 TR
. WRONG




Vo

(DWD: Jump

A INIT name

JiMp

T,G: . ' o -
.- Assigned Operations (Chapter 7) and Indirect Referencing
.~ (Chapter 8) are permitted. '
OCCURRENCE: UNIT-C, ARROW-C, and ANS-C .
EFFECT: Forces an immediate branch to the specified UNIT. The student
: : automatically leaves the UNIT in which the JUMP command is en-
countered ard enters the specified UNIT,
EXAMPLE: - Both WNITS perform the same €unction but MED-42 uses the
' T assigned op~ration option, ;
UNIT - MED-41 ‘ WNIT MED-42
WRITE  WHAT DATA DO YOU WANT? WRITE  WHAT DATA DO YOU WANT?
1) BER HEART RATE . - S 1) HER HEART RATE
- 2) HER BLOOD PRESSURE " ) _ 2) HER BLOOD PRESSURE
%0 3) HER TEMPERATURE . -1 3) HER TEMPERATURE
ARROW 320 .- o - ARROW - 320 -
L ANS 1 - STORE : 133
" JUM | MED-78 - WRONG - -
CANS 2 L 0 JUMP - 133,X,X,MED-78,MED-94,
- JUMP - MED-94 ; oo MED-87,X
CJUMP .. MED-87 T [




COMMAND:

TAG:

LINE

LINE

1. Two 4-digit numbexs'(seperated by a comma) which specify
2 points on the screen. - For each 4-digit number, the first
two digits specify one of 18 lines (01 is the top line).

' The second two digits specify a character position on that

line (01 is the left-most space). If the first digit of
the tag is zero it may be omitted (i.e., 101 is the same
as 0101.). .TUTCR integer variables are also permitted
as well as indirect referencing [see Chapter 8),

2. Four numbers separated bv commas. For more pracise
positioning a "four number' LINE command is used. These
numbers represent, respectively, the starting Y-value,
the starting X-value, the ending Y-value, and the ending
X-value. See the description of the "double-number!
WHERE tag for decails of this fzner scale coordinate

"‘ systen.

OCCURRENCE'_

oomem. o

| EXAMPLE:

'—UNIT c. ARROW-C, ANS c.

b

g End points of lines appear where the center of & character
"+ would be if that character was positioned bv a WHERE

command having a tag uith the coordinates of the end-point.

;rIn th1s example 8 line is drawn under tne space in which
7the»stq4ent's response will appear.

P L RO S SN A
CUWNIT L sPrer o ‘
WHERE = 801 -0 7 TUEes

. WRITE | TYPE YOUR NAvE HERE S

LINE - - 1021, 1040 E R

7 ARROW 920 -

Sawe sp2 T

o et i e e OTARSTR T 43 VRO D38 2 2
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LONG

COMMAND:  LONG -

TAG: ~ - - A number specifying the maximun number of charoctcrs in

a_student's response.

OCCURRENCE: JUDGE C

EFFECT: When a student response reaches the length indicated in the
tag the computer will automatically check the response.

COMMENTS If a LONG command is NOT included, the .computer assumes a

LONG with the .tag of 32, . The student may request the computer

to check his response by pressing the "NEXT" key at any time
before the response 1ength exceeds the 1ength specified in the
tag of the LONG command.

: EXAMPLB' In the exanple below the student‘s response on the first

- ARROW 1s evaluated as soon .as the first Jetter is entered, The
ﬁ second ARROW allows for up to 2 lines @6 letters) of student

. response "
~_ T 98 |
" WRITE - HAVE YoU STOPPED mrmc YOUR WIFE?

.. ANSWER ‘YES OR NO - _

*| COMMENT ON THIS Quas'rmN o

G4 oo L7 (USE 2 LINES OR LESS) -
ARROW . 1218 b Bt

 WRITE . = GOOD, EVERYONB HAS BEEN TALKING ABOUT YOU

U WRITRE L 'nwrs oumceous -

» R SRR Y
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COMMAND :
TAG:
CCCURRENCE:

EFFECT and
COMMENTS :

Loop

LOOP

A number between 1,000 and 10,000,000,

Before a group of commands which will be repeatedly activated
A nfatal loop" occurs when the same set of commands is executed
over and over again without end. To prevent fatal loops from

occurring, no more than 1000 TUTOR commands are processed for
a given contingency. Exceeding this limit will cause the

_ student to be removed from the lesson and an error message to

be placed on his screen. Since most contingencies seldom ex-
ceed 10 commands, accidental "fatal loops" are quite effectively
caught without hindering the usual author. However, some pro-
gramming (e.g. graphing) requires looping which causes several
thousand commands to be activated. The LOOP command is available
to those authors who need to override the 1000 command limit.
CAUTION: R
1. Do not use LOOP unless you know what you are doing
2. Do not use LOOP unless it is actually needed (i.e.,
you have gotten a "FATAL LOOP" error message).
3, Do not place the LOOP command within the loop or
use more than one LOOP c¢o>mmand within the same
. contingency. S ‘ ’
4. The number in the tag should only slightly exceed
* the number of commands you expect to process.
5. The LOOP command must be located within the con-
.+ tingency which requires its use.

et e e
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MOVE
COMMAND:  MOVE

(') TAG: 4 arguments separated by commas; 1 and 3 are TUTOR variables(in-
teger or word format), 2 and 4 are integers or TUTOR integer var-
iables which specify character positions it the variables given
in the first and third arguments respectively. Indirect refer-
encing is permitted.

EFFECT: Allows movement of a character from one TUTOR variable to another.

) The specified character in the first TUTOR variable rejlaces the
specified character in the second TUTOR variable, The character
in the first TUTOR varisble is unchanged,

COMMENTS: A "character" is a 6-bit piece of a 48-bit TUTCR variable. The 8
- cheracters making up a TUTOR variable are numbered from 1 to 8

(left to right). Specification of a character position greater
than 8 is interpreted as a reference to the appropriate position
in a following variable. Thus, a reference to position 9 of var-
iable 60 is interpreted as a reference to position 1 of variable
61. Attempts to reference variables greater than 63 will produce
an error message. - Remember that while character positions for "A"
format variables correspond to the 8 rharacter positions, the same
correspondence does not obtain between character positions in "I"
format variables and decimal digit positions,

EXAMPLE: . 'I‘he lesson belou is a 40-question nultiple-chome exam. The que:s-
,' tions are on slides 1-40. The MOVE command in Uait CHOICE is used
to store the student's answers packed 8 per variable starting in
- variable 31. The MOVE commands in Unit COUNT ave used to unpack
the student's answers and the author's answers. For each match,
counter 12 is increnented by 1 ‘

£

UNIT PRE © . o o UNIT ALY

'C ¢ THE CORRECT ANSWERS  NEAT TALLY -
ACALC A41s=ABACDEEA ~ . - - WRITE YOUR SCORE IS PER CENT,
ACALC A42=CCDABECD - . . - . ZER0 I2 .
| ACALC Ad43=CAADEAAB - . ZERO 13
ACALC A44=BACEEACB © . ZBRO 14
ACALC A45sBBDEAACD CALC ~ Il1a19
C ~~ TOTAL NUMBER OF PROBLEMS JOIN  COUNT
CALC '19+40 . < - - ~ CALC .14-12/:9'100
CALC . Ile] - TR WHERE 110 . .
CJue  GOIGE . SHW T4
e UNIT umcs SR UMIT C COWNT
© o' . SLIDE - 11 "S- MOVE  A31,11,13,8
L ARROM 1010 - MOVE  AMLILIALS
- INHIB OKNO Gonl T CMe | ISs13-14
S U LONG 1 o | QOT0 . 5,001, X,COWNT
LT osToR oAs e ADDL Y 12 -
ST NS L .. GOTO ' COLNT1
. rove»,ux,ux u SC o
. ADDL - I1 S D WNIT C COWNTL
CCALC ¢ Tzelo-lli a0 suprimvo

e 12 TALY, amm {; S LM ILXK, oouu'r




"&‘mwm—~m--:»'-m-—_"-~_—»..‘.»-.__.. e e e e

COMMAND ;
TAG:

OCCURRENCE :

EFFECT AND
COMMENTS ;

- EXAMPLE ;

. ‘ o MUST

MUST
A list of words separated by commas,

JUDGE-C

A set of MUST, CANT, and DIDDL commands associated with an
arrow comprise a "sentence judger' for that arrow. The
words in the tag of a MUST are treated as interchangeable
synonyms, and at least one of them must be present in the
student’s response. If severgl MUST commands are listed
together, then at least one word from each of them must be
present in the student's respsuse, Words not required by
MUST commands may be present in the student's response only
if they are explicitly permitted. Concurrent use of the
SPELL commané will cause PLATO to check the student's

- answer for misspellings of MUST words. Misspellings are

then underlined in the studant's answer and must be cor-
rected before the answer is judged "OK." Spaces, commas,
periods, and question marks are used to separate words in
the student's sentence and ‘thus must not be used as part
of a word in a sentence. Answsr contingencies for correct

- answars should be positioned after the first MUST command.

WIT  NUMSS

WRITE ~ WHAT NUMBERS ARE BETWEEN 3 and 67
ARRON S10 - - . .

MIST - 4,FOR

WHERE - 601

WRITE . VERY GOOD

MUST - 5,FIVE

.. DIDDL . AND,+



DaSTE
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COMMAND :
TAG:

OCCURRENCE :

" COMMENTS: ',_‘
SRR . the current WNIT will be obtained by the student when all
;‘._1nis answers are “OK" und he pnshes the NEX‘I key. B

EXAMPLE: |

JEXT

NEXT ’

A WNIT name
- Ass:.gned Operatxons (Chapter 7) and Induect Referencxng

(Ch pter 8) are permtted

INIT-C: Specxfxes the next wnit of study .

' AN_S-C: Causes "NEXT" key to be only "egal" key and

" specifies whici' UNIT will be obtained when
.7 that key is pressed, This is 4 nice WRONG
- . answer contingency for branching since it
i . allows the student to see his error before
R gomg to t. e next lNIT E S

In the abs-nce of a NEXT lNIT C comnd the UNIT followmg

ke

In this exuple NEXT comands are used as lNIT and arewer-
type contingencies. ° If the student is wrong, for sxample,

* he is sent back to WIT SP1-3. If he is correct, he goes

o to urr SP1-10 when he pnesses key NbXT.




e SR L g

) : L
O .~ COMMAND:

COTAG

' OCCURRENCE:

- BFFECT:

“dlns C

NODUP

. NODUP

- A ﬁumber or a‘TUTOR intdgdt vdtiabie which ranges from 1

to 63. - Indirect veferencing (Chapter 8) is permitted.

- Autners often ask questions of the typp Ylist turee

. reasons for....". The ovder in which tha student 1liscs
" the answers is irmmateri i. However, the student is not
¢ to be allowed to list the same response more than once-

- - a cendition called “duplicate answers.'' The NODUP cowmmand

. EXAMPLE:

O

.- following a2 matched ans-type statemsnt directs the computer.
.- to check if any other judged answer in *te Unit had a
. similer NGDUP statement teg, If so, the answer is judged
RER 3 dsgucate answer and DP is plused aftar the answer or the
R st ént s‘screen. The student nust erue this ansver.

In' this exanp.e, the student canno.. havo duplicate answers,

o PLANET\ L ‘ o
{ LIST THREE PLANETS op oun SOLAR svsrau.
2810 I : - B
" 9PLAN ‘,g:.
ST 810 T T
. 9PLAN - - ot
R 3 U I
g 9PLAN N

B unncuxy




CPLOT

oomAND~ : PLO’I‘

TAG. 7 The nams of a special character which is defined thhin the
lesson by a CHAR command .

L 5 OCCURRENCE N :
UNIT-\.. ..pecial chaxractce appears on stude'\t's screen wh°n-
ever the student is in the UNLT. o :

AI‘P.OW C° spe».ial character appears on screen when the stuuclt
is working on the particular arrow. Disappears wren the
student works on a different arrow. - _

PP E S
. ANSWER- C: specinl chnracter appears when the student'
; rasponse natdws an Ansuer—type comand ;

- ‘The specinl chaucter‘is generally pcs1t1oned by a WHERF
conand»u‘ich preceeds_»it See comments for WRITE and ST.IDE

where in the same lesson by a CHAR command) is positioned on
the screen by a WHERE command. It is used in thu exawple to
- cavse & small arrow to be pointed at dxfferent areas on slide
_ 25 vhid\ hns a nap of Ilhnois on it. ST

‘_1 TYPE THE NALE OF THE CITY WHOSE LOCATION

', 15 DESIRED, . THEN PRESS KEY -NEXT-. AN .
«AARRONNILLPOINTTD'!HB cxwonme MAP.
;1820 : :

! unsm

-y




0 - :COMND:
TAG:

o —— — — .- ——— 2 VR SATH

1H)

- PUT

Two d\aracter stvings nf the same length separated by an

equal s1gn. ‘

occuuxsnce-

| nmcr' ,'

" COMENTS:

' JLDGE c. .

Any character in the student's response identical to a
character in ths fizst string of characters of the PuT
command tag is changed for judging to the character in the

. 1Jent:i'.al position in ths string after the equal sign.

L In cortun ﬂelds (e ;., genetics) the student's resporse
.-, will often be in symbols. These symbols may huve characters

that very fror problem to problem, However, an underlying

- loglc exists for symbol construction in all the problenms,
> Thus, it i5 advantageous ito write a gensrel symbol judger
" 7% that can be added to many UNITs by use of the JOIN command.
"“. - All one need do is PUT the particular characters for a pro-

RINAre gxmm:
S NIT I : L
? ’WRITB WHAT 1S THE PPOBABLE GR)'IYPE OF A

[oR

 ARROW 410

" JOIN u:uick"

< YANg 1

: blem equal to the chargqters in the general symbol judger.

. CENETS
HORMAL MOTHER NHO HAS AN ALBINO QHILET

ANS ~ - +A” -
PUT . A-M ©

T oneer
ey N SR
CeM
- AS A CUSTOH, + MMAYS PRECEDn.o
THEHUI‘ANT'!NESYHOL A
R IR SR ‘

PO NOT PUT SPACES IN (ENJTYPES
+H
m NOT PUI' SPACE§ IN (ENOTYPES

no"mr Pur smas m mmpss
WRITE ° 'ma emm.ps ts mocmu:cm mrm
rmm You ARe usmc £ WPONG cms



¢

: inqliréc_t _mfer_encing (Chapter 8)

"A singie TUPdR

4 ‘ r varieble.’
. is permitted e

UNIT-C. ARROK-C, ANS-C
. klmﬁomly s‘elehc‘ts‘ an .int.e"gér' from a set of in'.t_egersl provided
.- by en IPERM command and puts it into the variable named in the
""“ tag. The integer selected is then eliminated from the set and

" the nex: selection is made from amcng those remaining. When the

set has been exhausted, RANDP will "select! zero. L

S A AR D5 i R AR ST

It is possible at any time to abandon one set of integers and
start selecting frou_another by executing a new IPERM comgnd.

’

UNIT -~ BEGIN
WRITE .. PRESS NEXT TO
% L. THE DRILL, .
ERM 30 ...

. !P

RANDP . I8 @' -~
JUMP .-, 18,DONE,

§ RONE ©inc
- ’Ql) HAVE FINISHED
. CHS DRILL 77~

L TY R




 RANDU

Either AA - Sh TN e oy .
-1 "“‘ A \sin'gle’ TUTOR floating poin; variable tor
2. A TUTOR iuteger vaviable followed by a comma and
.~::7 another integer variable or constant.

Indirect referencing (C__hapter 8) is permitted.

| OCCURRENCE:

| UNIT-C, ARROW-C, ANS-C .

¥

- 1. In the floating point option, a pseudorandonly generated
. floating point number between zero and one is returned in the

veriable mentioned ip the tag.

- e e 0 AT B s B

2, In:tha’ Jint‘eger oﬁgloﬁ.-, aiséﬁdéﬁndohly gé1ierated irceger
nusber between 1 and the value of the second variable Or con-
st ‘t‘is‘,rvetpge_d‘ in _t:he first yg_riat_n_le. o ‘

R Th Yy

‘ A cblleﬁctio;lﬂof” thé~p§'a‘uddi;ﬁdomly‘- gehéiéted nunbers produces
.+ » 8 uniform distribution of points within the limits of the
- number range. .o B

. HERE IS A RANDOMLY GENERATED ~ . - ' -
- NUMBER- BETWEEN ZERO AND ONE, .° - =

" A COLLECTION OF THESE NUMBERS " '
- WILL YIELD A UNIFORM DENSITY .. ' = . .

I BETWEEN O AND 1, . =0 oo

LS SR TN A,
- 810 .
F31

-+ RANDOMI R -
. HERE IS A RANDOMLY GNERATED
~. INTEGER. A COLLECTION OP -- -
. THESE INTEGERS WILL PRODUCE A - - oL
., UNIFORM DENSITY BETWEEN 1 AND 100. - .:;
S I3,000 Ceoonioonedn e L0t
- 810 =%
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" COMMAND:
‘*TAG' o
| occuansnce-

EFFECT‘
(I)M?EN'IS :

~ RESET

e v m

PESET

 None
SLJUDGE ¢

o Restarts Judgmg.

At the start of a JUDGE-C, & copy of the student's response

. is obtained, During the JUDGE-C, many changes may occur
~in this copy. A BUMP command will eliminate letters from

the copy, & PUT command will replace letters, and sentence

;. judging will cause a complete restructuring of the copy.
.- An author may want to try ceveral types of judging suc-

" cessively on a simple answe. . A "fresh” copy of the

i, student's respense must be obtained before each type of
-; judging is tried.” The RESET command does just this. If
;- a student's response is not matched by any of the answer

type commands before a RESET command occurs, a rew copy

"'t of the student's response is obtained and judging starts

‘,afresh in accordance with romands that follow the RESET

L comand

EXAMPLE:

‘ In the exnlple below, the RECET comand allows judging
. of many different possible sentence answers.

oL UNIT . SOUTH

5. -% NAME A SOUTHERN STATE ALONG '

© " WITH THE CAPITAL OF THAT STATE--
oMt .

. GEORGIA -

. ATLANTA -

i EXTRAS

B

‘-i”sLonlnA EEEE
o TALAussER
CENTRAS

o

ALABAMA
" MONTGOMERY
EXTRAS -

LU BXTRAS . o
STA‘m,c_AP;‘rA.L,IAN.mE..».qu.‘ o



"Tag:

' *1: {f'xam¢mm:}¥T«
L E T INIT-

COMMAND:

L contains the numb

<How

SHOW

A singl'e‘ 'ﬂfl‘OR élphabétié. integér, or floating point variable,
' Ir)dirgct__ referencing (_Chapte; 8) is permitted,

C: The contents of th?.vériable named appear on the Student's
screen whenever the student is working on the UNIT,

. ARROW-C: The contents of the variable named appear on ilie screen
" when the student is working on the given arrow, :

-

Lo ANS-C: , The é:c;nt(eﬁtys of the variablé‘némed appear when in judging
:; the compute. matches the answ
AR SR RS S Al e L i: '_‘,.1 S

r-type command starting the ANS-C,

" Generally, 8 SHOW command should be preceded by a WHERE command

.. stating the lacation on the screen for the SHOW display. The
<~ display formats for the SHOW command are A8, 18, or Fl6.7,

See STCIE command comments, ST R .

Inv‘thisﬁn ;efible si'x"b-lank spaces brecede the inteéer and

floating varisble and two blank spaces follow the alphabetic

. varisble. Other printing (by WRITE, SHOW or PLOT copmands)
' could be placed where these blanks now appear. Note that
.. seven digits always follow the decimal point of a floating

point variable,  Variable A2 contdins the word “"TWENTY", 14
er "?9"‘ and _F?lcpm;ains the numbar "20,0",

 2 TNENTY)y
*20.0000000



v vy . e e + e o

© SLIDE .

SLIDE
A nunber or a TUTOR mtezer vanable which ranges from 0 to
122 to specify a sl1de Indirect referencing (Chapter 8)
is p:rmtted ’ Ao e (Che

VOCCURRENCE g lNIT-C ARROW C ANS (o

OO'MENTS- Slides can be presented on the screen much more rapidly than

: .-, plotting from WRITE or PLOT commands can. Thus, where presen-
" tations involve rapid sequences of different dxsplays or dis-

. plays with extensive amounts of material on them, slides will

" produce better results than WRITE commands, Diagrams are most
- elegantly dcne by use of slides. . WRITE, PLOT and SLIDE commands
i can be used together to provide -=uparmposed mages for Special
~ effects. i . - _

. In this exéx(q')kl’é‘ -slvide‘ number 4 iswsha‘wh with ‘the quest.ioh
-~ "Which slide :ls this?" stlperimosed on it by use of a WRITE
comnd : S T S '

" UNIT .": SP1- 3 I ‘
- sx.ms Y BN

< WRITE ° mm sx.mz Is mm
mow 0201 °
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© COMMAND:

<577 OCCURRENCE: " JUDGE-C : = ' ° S
[ - X i ‘,nf‘_";;_f“‘:;“;f“.: AN A T 2 ) ’
" EFFECT: - - The computer checks the student's response for possible
misspellings of the author's ANS or MUST command tag.
. SP is placed after the student's answer if it is-a mis-
. - spelling of the author's ANS tag. In sentence judging,
"o 7TE Af one of the author's MUST words is misspelled by the
oo 7tio student, that word in the student's answer is underlined,
"~ %": The student cannot continue until his misspellings are
i corrected. . R L

. Ay

. .
e AT yn .

. COMENTS: - Deletions and insertions are handled in ‘addition to in-
N < - Com t.’;d'lﬂyrlacters“-. - A . o s ';‘L, S ) i .

* WHAT IS THE NAME OF A e
:, TRIANGLE HAVING TWO EQUAL ~ °
WOSIDES? T TS
410 o

- 180SCE

Les

LR

Any of the following student answers will be interpreted
as misspellings of the Answer by tho computer: . -

IR g
& X
BRI Y N

isocales . e jsasales -
* isosales " ... - .. esasceles
. icoseles . -1 .7, asoseles

Y

45‘; isocles
isoscles ...
" ;;ns;glgs

7R

o Wiy e



Co EFFEC‘I'

" STORA

cowwD: | STORA -

L TAG A singla TUTOR 1n1eger or floatmg pomt variable.

7‘:-”occmﬂnca. “"’_JUDGE c

An arithmetic student response is evaluated and stored in
‘" the varisble designated in the tag. . The peruitted operations
- gre addition (+), subtraction (-), multiplication (*), division
- (#), square root {(R), sine (S), cosine (C), natural logarithm
. (L), and raising e to a power (E) Any error returns a :ero .
'inthevanable : . o . '. IR

e :_?{.S'IORA nllows .11student terminal to be used as a simple desk
.- calculator, The comments for the CALC command also apply for
STORA. ST AR e T L e R :

THIS LNIT IS A CALCUMTION lNIT. .

‘ ﬂRITE TH.E ARITHMETIC EXPRESSI(N Ce
- You I’ISH EVALU‘TED. THEN PIBH -NEXT-

e ‘BB i,z ‘,‘w:A N ;
<+ FOR ADDITION c
‘" POR SUBTRACTION %" "+ §
~+* OR x FOR mLTIPLICATION L
B

KJR OOSINE
FOR SINE  ©. . -
TOR NATURAL LOG
FOR

‘. / OR ¢ FOR DIVISION '
'"R FOR SQUARE ROOT .

E TO A POWER

:'»[1301 .
P35
121 L

, '1501

it URITE C THE VALUE OF ‘THE Exmassmn YOU HAVE

. A WRITTEN IS... P

e T OR As AN Im@ﬂ..-""
~ WHERE 1613

- SHOW .- F35 .

. 1726 .
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S'l‘ORE

Lt

'A single TUI‘OR alphabetic, '1nteger, or floating point
-‘;‘:’_variable. Indirect referencxng (Chapter 8] is permitted

A P Kriw W

o ocoURRENCE: LA RO
FFECT: f':f‘:“vmen t‘\e couputer judges a given arrow, the student'-. answer
3 is storeri in the varieble naned in the tag._»,‘ ‘
The scudent's ansver is stored in the formt given by the
“. . author: A for elphabetic string, I for integer, and F for
. floating point. ~ Any non-numeric characters are ignored
while storing under integer and floating point formts. 7
Tt e
¥ o Since only 8 cheracters ‘can be stored under A format in a
.- . varisble, consecutive A forwat STORE commands are designed
E to store consecutive blocks of 8 characters of the student'
e men.s. ‘ i g
O ~ WIT NG
7041 WRITE . TRANSLATE THE SENTENCB ;
el i YHIB GEHT ES xmam' PICES
sl . ARROW TO301 s D -
kit o0 STORE AL ottt
- STORE A2 ~
' ', wnm HERE :s YOUR LAST TRANSLATION ' :
. OF 'NIE GEHT ES IHNEN?' .YOU =
" MAY GIVE A DIFFERENT TRANSLATION,
MRt - OR TYPE -N-FORNOGMN(B.
mnz 601 i - o
Ve . SHOM Alf
Sm ’ G




_ Varxable IS 1s used heve to keep track of the total nurber
of correct answers minus total wrong answers for a lesson,
A correct answer increases I5 by one, an incorrect answer -
decreases IS by one.
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An):where withm the .

lf the studem anywhere in the lesson presses the TERM key
a1d writes out a word icentical to the tag of a TERM command,
he will immediately branch to the UNIT containing this TERM
command, When the student presses the NEXT or BACK key in
;- this rew UNIT he will retum to the prevmus UNIT he was -
s working on. AR ; -

Many TFRM comands may occur in a single lNIT The only

change adding a& TERM command to a UNIT produces is that the
student has access to this INIT from anywhere. - This command
is ideally suited for word definitmns, reference tables, ‘

hore exactly, only the first eight characters of the student'
and author‘s ,terms are examined for matchng. :

" HISTS4

PR RN IN N

REME ot

" ROMULUS A.ND REM'LS WERB
" LEGENDARY TWIN BROTHERS .~ - . .
WHO WERE RAISED BY A
SHE-WLF. ree ; o

WNIT HIS'I‘54 is' now av;ilable to the student anywhere in the
’ Iesson_when he asks for the term Romulus or Remus, “-
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A‘number or a TU’IUR 1nteger variable w‘mse value represents

“. a time duration expressed in units of 1/60 second - Indirect
3 referencing (Chapter 8) is pemitted} TR

: " WIT-C, ARRON-C, ANS-C

.;‘Presses the "NEX’!‘" key-for the student after the g1ven time
' _has elnpsed fmn beginning of the contingencies.‘ L ‘

o 'Ihe TIME connand should be the lsst of the contmgencms.

R In t.hxs exanple the student has 5 seconds (300 60ths of a
‘' second) to give an answer to the problem, . If he gives the
.. correct answer he is immediately shifted to UNIT TEST6. If
“he gives the wrong answer he is shifted to UNIT WRONG (The
- contingency of the ''universal WRONG'). ' If he mskes no :
. response (a "blank input') he is shifted to UNIT BLANK (the
- contingency of the first WRONG command with a blank tag).
- Note that only the last WRONG with a blank tag acts as a

'f"universal H‘RONG" {T more than one is present. ‘




 T6PTHS

s In fxrst I.NIT of a 1esson '

. This comand is used to alter the usual time on the student

; data kept on magnetic tspe. Normally the time of occurrence
.. of each data record is indicaied in minutes and seconds (where
- zero minutes and zero seconds represents the time that the
student started the lesson), In cases whore more precise

“ timing information is desired the T6|ﬂ‘H.~. comand gives time

in 69ths of a second ' « i ‘

Elch of the lines belou (except the heading} represents the
. same student vecord for a student answer ("ILLINOIS"] given
‘. 3 minutes and 4 seconds after the lesson began. ' [he first -
record is the usuial form of student record while the second
shows how 3 minutes and 4 seconds (11,14¢ 6Pths of a second)
would be shown ir a Iessrm havmg the command T69THS m its
'first INIT. b .

. STUDENT ANSKER

" JUDGE
NO . ILLINOIS
“CUUNe T ILLINOIS

I




A 'name (the “‘l‘N‘iTname") to 7 characters in length.
NO spaces or‘comas should appear in name.

Begins the basic addressable un1t 1n the lesson (e g., a
screenful- of informstion or a disvinct computatxonal -
- routine). Ends previous lNIT (if any} . Initiates UNIT ..
contingency. i SR e

The "I.NIT name" is used to aid the computer in the 1nter-

, counection of UINITS,in the selection of a UNIT for on-line
‘editing and to indicate the location of the student in the
‘lesson on the student data. These names must be unique and
should be chosen for ease in use SRS

_The first three mITs in the first lesson in a Sample Pro-

gram night be'nms as follows.

BTN



This command makes the standard upper case, lower case
and Cyrillic character sets available for the lesson,
It must be present if th‘e ANSRJ and WRUSS commands are




:ﬂ Twé iypéswof fﬁgghéré'aééepted; (1) a singie'number (or TUIGR
s ... integer variable) or, (2) two numbers (or TUTOR integer vari-
ables) separated by a comma. Indirect refarencing (Chapter 8)

. is peruitted.

(1) To position writing on the screen, a single 4-digit number

- is usually used.” The first two digits specify one of the
.+ 18 lines (01 is the top line). The second two digits - -
. specify a character pesition on that line and can range

" from 01 (the first character position) to 48 (the last
character position). If the first digit of the tag is
zero it mey be omittgﬂ»(i.e.,'lo; is the same as 0101),
" (2) When finer control of location is desired, a tag -
.. consisting of two numbers (separated by a comma) can be

-+ used,” The first number specifies one of 170 vertical
. positions (0 is the top position). The second number
specifies one of 240 horizontal positions (0 is the left
. of the Sereen). oo o oo DU
* Just before a WRITE, SHOW, or PLOT command.
Specifies the scri.en position where display of the tag of
» the following WRITE, SHOW, or PIOT command is to begin,

. In terms of the second type of tag the standard characters

: used in TUTOR are written within a rectangle 10 units ‘

7 high and 5 units wide. * The "double number" tag refers to
the upper-left corner of this rectangle. - . . | '

- A

&ﬁe iettfr“i 15\6i§pla§ed on 1ineA9,Lspi§éA4 (uppér case
chg;tgtgy set), by all of the fpllougng Units. .7

el ‘4 UNIT - : E - UNIT R \";“" N
- CALC . I1s80 * CALC 7. I2a15 '

" CALC . I2e15 . WHERE 80,12 .

© WHERE “I1,I2 " WRITE X ;

COWRITE X oo UG




” UNIT-C" tag appears on the student's screen whenever the
. student is in the UNIT. e ..

ARROW C. tag appears on screen when the student is working
on the particular arrow. Disappears when the student works .
‘na diffe.ent arTow. - - PR I

’ 1( ANSWFR-C' tag aypears on screen when student‘s response .
‘matches an Answer-type comnd. P _ :

-' Unless overridden by I HHERB comand, the writmg of the first
WRITE command begins in the first space of the first line
during a UNIT contingency and in the first space of the 17th ,
line during an ANSWER contingency. Arrow contingency . :
writing should always be preceded by a WHERE command. :
Avoid writing on the 18th line since it is used for
opsrational messages by the computer (e.g., "PUSH : .~ =
NEXT TO CONTINUE''), - See comments for SLIDE also. .The .. -
command WRUES is used to produce Cyrillic characters when
the UPLOW character set is available, If several display -
statements (WRITE, SHOW, etc.) appear as an ARROW-C or

. ANS-C, only the last such statement will be erased when

a new ARROVI c is activated or the answer. is erased.

.“-:? P
5% W

B EXAMPLB ' T-'I‘he nessage in the tag of ths \'IRITE comsnd is displayed on
) ‘the student's screen. The second line has been indented
by using "space" characters - just as ona typewriter. ‘




SN T e . WRONG
v.-"COMIAND wRONG S

e TAG' An expected wrong ANSWET .

E

O occumnce. Junce c o "5' §«'-‘A‘ |

B EFFECT' If the student's respcnse matches the tag of a WRONG command a
’ . YNO" is placed on the screen after his response. Any Answer- -
type contingencies follomng the WROHG command are then initiated.

U+ . COMMENTS: . Any nunber of WRONG comands can be used after the same ARROW.
Wt A WRONG command with a blank tag would be matched only when the
¢ student's response is blank unless this WRONG command is the last
" ANS-type command for ARROW. When the later case exists, the
command is known as a "UNIVERSAL WRONG' and will cause any answer
*.that does not match the tag of another WRUNG command or an ANS
.. command to be scored "NO". Even if no WRCNG command follows an
 ARROW command, the computer will act as if a WRONG with a blank
. tag was the last Answer-type command before the next ARROW, UNIT
. or END command. A WRGRU command should be used when the student
is ming Cynlhc characters. St .

EXAH’!,’E; In this lNIT the first K'RONG thh a blank tag is matched only if

: - ~_ the student's response was blank (i.e. he asked PLATO to '"judge"
"y ... 70 his answer before he gave one). The second WRONG wi*h a blank
-+ .77 o tagis a "UNIVERSAL WRONG." ' R

CNITC Lsple7 T
7 WHAT COLOR IS A suxcxsomz

226 -

1 wouw HAVE suo "GREENBOARD" THEN
| you om NOT ms"nna YET

ARB YOU TRYING TO ae FUNNY? "

N .
- [ ] B
,‘ B L ’
EEN H : 'y
IS B W .
L 3 i
. “ : E
U :
Y
T
-




A single TUTOR integer variable. E
(Chapter 8) is pemtted '
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Chapter 6

- VARIABLES

Chapter 5 brlefly touched on the use of TUTOR variables. It
was mentloned there that TUTOR prov1des for 63 information ''storage
spaces" for each student. These spaces, or "TUTGR variables'" may
be used to store information with three different types of format:
A) g}phabetic - words, letters, symbols, etc.; (1) integers -
1,73,0, etc.; and (F) fractional numbers - i.0, 27,428, etc.
Unlike the lesson structure, TUTOR variables can be altered during
a 1esson; hence the use of the term ''variable'', For example, ~UTOR
variable "15" in "I" format (more simply referred to as ‘‘variable 115')
might be used to‘individualize the lesson by giving certain portions
of the leéson material only to students whose I15 had a value
greater than 25. . Variable 115 might contain a count of the number
of correct orvincorfECt responses made by the student during a
short test givén by PLATO earlier in the same lesson. Another use
of TUTOR variables would be to serve as a place to put numbers or
words temporérily during a lesson. PLATO could then, for example,
show the student the answer to a previous problem needed for the
solution of another problem. The same TUTOR‘variable might be used
again and again during a single lesson for several different pur-
poses. The format of any TUTOR vgrinble can be altered within the
lesson and the author may set the vnriable to any desired value or
allow PLATO or the student to def1ne or alter the value.

Format "‘ T ‘ ' -

New authors may wonder why it is necessary to specify the format
of a TUTOR variahle. A humaﬁ wan tell that "cat" 1s a word, "25" is
an integer, and n1s, 32 tontains a decimal fraction simply by
looking at the expression itself.’ However, PLATD stores its infor-
mation completely in the form of numbers and the "format" code

115
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letter tells PLATO how to decode the numbers to return them to
their original form when needed.
A simple example may help. Imagine that you have a dial which
can be set to any number from 0000 to 9999. Obviously you could
use this dial to remember any number you might want to keep track of
(like your wife's age) simply by setting it to that number. This
use of the dial is analogous to a TUTNR variable in I (interger)
format. Whenever your wife had a birthday you could reset the dial
. to the next higher number. This operation is just like the use of
the TUTOR command "ADD1" which adds the number 'l" to a TUTOR integer
variable. By a simple code you can extend your dial to a memory
device for symbols. You could define Ol=A, 02=B, and so forth
up to 26=Z., By adding various numerals, punctuation marks,
arithmetic symbols, etc. you could easily use up 99 numbers in such
a code. Since your dial goes up to 9999 you could use it to remem-
ber 2 symbols by letting the first 2 digits on your dial be the code
for the first symbol and the second 2 digits be the code for the
second symbol. Thus 0102 would be divided into 0l=A and 02=B
or "AB", If "30" was the code fof the numeral '4" and "'32" was
the code for the numeral "6" you could even store the number '46"
coded as ''3032" but this would be an inefficient way to store numbers
(as well as confusing). As you might have guessedythis representa-
tion of symhols by a number code is analogous to the A" format in
TUTOR variables. There are two things to note>here.

(1) You must specify what ""format" is being used before it is
possible to know if a dial setting of 0102 represents the
integer '102" (I format) or is a code for the letters 'AB"

(A format).

(2) Numerals in A" format will not necessarily have the same

dial setting that the identical digits in "I" format would.

Even if we altered the "A" format code so that 00=0, 0l=1,

02=2,..., 11=A, 12=B,..., etc. the "A" format for the numerals

"11" would be 0101 rather than 0011.

There is a third type of information we might also want to
store on our dial memory dgvice. While we can store any integer

from 1 to 9999 there is a problem in storing fractional values or

ERIC 118
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(t}. values larger than 9995, We might get around the problem of stox-
ing fractional values by simply defining a new ""format™ in which a
decimal point is assumed to be present ﬁetween Say} the second and
third digits. However, there is an even better way if we are willing
to give up a little precision--that is, if we are willing to specify
numbers to only 3 digits rather then 4. If we let the first digit
on our dial indicate the position of the decimal point and only the
remaining 3 digits indicate the number, we can store numbers ranging
from 0.0001 to 99,900,000, The code for the decimal point position

in this case works as follows:

If the first digit is: Plate the decimal point:
0 4 places to the left of the least significant digit
l 3 " 1" " " " " "
2 2 n L1 11} 12 T " "
3 1 L1 11 T (1] " " "
(:) 4 - . after the least significant digit
5 1 place to the right of the least significant digit
6 2 1" L1] " " " " n
7 3 " 11 " " L1 " w
8 4 [1] [1] 1] " 1 " n
9 5 1" " n " " " "

Thus a dial setting of "0001" would be interpreted as the decimal
fraction ".0001," the setting "7253" would be interpreted as

1253,000," and & setting of ''9999" would be interpreted as ''99,900,000.%
You can see now why this form of coding numbers is sumetimes known

as "floating point." By giving up one digit to specifv where the
decimal point is positioned we enormously increased the range of

numbers that could be specified. This last coding format-is analogous
to the "F' format of TUTOR variables. Again we should note that:

(1) You must specify what '"format" is being used before it is
possible to know if for example, a dial setting of 0102 repre-
sents the intager V102" (1 format), the code for the letters
“"AB' (A format) or the floatifg point number ".0102" (F format).

El{fC‘ ' 1174 ‘[
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{2) Numbers in one format will not necessarily have the same f:)
dial setting as the same number in another format. Thus

"36'" might be coded as "2932" in A format, "0036" in I format,

and "4036" in F format.

While it is possible to sforé information in one forma: and inter-
pret it in another fovmat yéu can see that this is not geneally a
very useful procedure,

The technique PLATO uses to store information in TUTOR variables
is similar to that outlined in our dial analogy. PLATO uses "dials"
that allow integers with up to 14 decimal digits. Actually, numbers
as large as positive or negative 140,737,488,355,327 may be stoied
in certain ceses with TUTOR variables in the I format. Iin the A
fo:mat you may store up to 8 characters (letters, numerals, punctua-
tioﬂ marks, etc.) and in the F format you mav store numbers with

slightly better than 10 decimal digit accuracy that range from 107308

to 10+308 (the numb&r v ﬁreceded by a decimal point and 307 zeroes
in the first case or followed by 308 zeroes in tﬁe second case), In
practice, the possible size of stored integer or fleating point
numbers far exceeds the usual requirements for computations associated
with instruction. Thus, restrictions have been made in certain
situations to simplify presentations or com utations. For example,
the numbers handled‘by the CALC command ﬁre limited to values of

- 10, decimal digits or less. Another example is the SHOW command
which shows a maximue of 8 decimal dtgits of an integer TUTOR
variable or 8 digits followed b} a decimal point and 7 fractional

digits for a TUTOR flosting point variable. Thus, 99,999,999 is

the largest integer TUTOR variable which could be presented by the

.l:lE; :
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SHOW command and 96,999,999.9900000 is the largest fractional or
'floating point" wvariable which could bgypresented by the SHOW command
(;ote that only the fifst 10 digits of the floating pdint variable
will be accurate). As you can see, numbers of this size or larger
would probably be undesirable in a teaching situation because of the
possbility of the student making reading errovs.

If }ou reallyfneed the full storagé and number-handling capa-
bilities of the computer, there are generally techniques available
in TUTOR to give you this ability at a slight cost in suthoring
convenience. For example, the iCALC and FCALC commands do not have
the 10 digit limitation of the CALC command and are nerformed at a
much higher speed than the CALC command. Thg drawhack to using
ICALC or FCALC is that thece éommands do not have several of the
options'(such as square root, logarithm, sine or cosine functions)
available to the user of the CALC command. Also, CALC permits a
complex, multiple-variable equation to be written as a single equa-
tion while it would generally be necessary to break this same equa-
tion into several parts before ICALC or FCALC could be used.

To review, you have now seen the reason why it is necessary to
specify the format of TUTOR variables as they are used. You may alter
this format at aﬁ} time--either when storing information or when
retrieving it--but you have seen that it is generally best to inter-
pret information in the same format in which it was stored. You may
use TUTOR variables to store infomat-ion over the entirc period of
the lesson (as, fqr example, for keeping a record of the students'

first names in order to give an “individualized" response to his
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ANSWERS) or you may want to use variables as a sort of scratch pad
by students for keeping track of intermediate steps in lengthy

problems.

Alteration of TUTOR Variables

l Chapter 9 will explain more about where and how TUTOR vari-
ables for a particular student are stored. For the moment it will
be enough to know that these storage spaces are available to the
author even when a student is not working on a lesson. In general,
there are three ways be which TUTOR variables are usually altered:

(1) By the author prior to the lesson (e.g. to preset certain
lesson options for particular students),

(2) During the lesson as a result of encountering calculation
type statements (e.g. a variable is increased by one when a
student response matches the tag of an ANS command)

(3) During the lesson as a direct result of a student response
(e.g. a student response is placed in a variable by use of a
STORE statement). ’

Alteration of variables by the author will be explained in
Chapter 9 as a part of the description of author operations. The
balance of this chapter will outline the last two methods of vari-
able alteration. ‘ " )

Calculation commands may be positioned in a lesson so that
they will function as UNIT, ARROW and ANS Contingencies. Such
commands then generally produce an alteration of TUTOR variables
when activated. If the contingency which they are part of never
occurs, then the alteration which they direct will also not occur.
In a sense then, TUTOR variables can be made to act as flags or
signals which indicate that a particular student has passed through
a particular part of a lesson.

The CALC command may be considered as the prototype of calcu-
lation commands. The statement,

CALC I9=3
alters variable "9 by placing the integer "'3' (interpreted in "I"
format) in it. The use of & variable as a counter leads to freauent
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use of statements such as,

CALC 19=19+1
which alters variable '9" by replacing the numver formeriy stored
there with the next higher integer. The frequent use of variables

as counters has prompted several ''short-cut' commands

"Short-cut’ Statement Equivalent CALC Statement
ADD1 18 CALC 18=18+1
SuBl 112 CALC I12=112-1
ZERO - I3 CALC 13=p

It should be clear that commands such as ADDi are only con-

veniences which could be replaced by the more general CALC command.
At another level, it is sometimes desirable to perform large

numbers of calculations as a part of a single contingencv. For
example, the computer could be used to solve a fixed type of problem
for the student. In such a situation it is convenient to have a
command which performs operations in the most ravid manner possible,
Even though a single calculation might be done very rapidly, large
numbers of calculations could cause undesirable delays for the -
student. The ICALC and FCALC commands perform a restricted number
of the CALC operations, However they perform these operations much
more rapidly than CALC (there are certain other advantapes to use

of ICALC and FCALC as well). Ag-in it should be ¢lear that an
understanding of the uses of the CALC command is basic to the use

of m&st calculation commands. The individual descriptions of calcula-
tion commands in the yellow section of this manual detail limitations
and advantages of each command as well as give simple examples of
their use. Chapter 11 has several more advanced ekamples of the

- use of variables in lessons.

The last typical way by which variables are altered is by
direct action of the student. Two commands, STORE and STORA, are
used as ARROW contingencies. STORE places the student's response
directly in a specified variable under a specified format. STORA

121
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allows the student to type a mathematical expression which is
evaluated by PLATO. The value of this expressioh‘is stored in a
specified TUTOR variable. If the contents of the variable are then
displayed on the sﬁudent's screen by a SHOW statement, the student
is able to use PLATO as a desk calculator. The reader is again
directed to the yellow section of this manual for a more complete
des=ription of the STORE and STORA commands.

PEEK, A Diagnostic Routine

Authors often find helpful, especially in testing lessons
which contain involved calculation, the gbility to examine and
alter TUTOR variables while acting as a student. The Units shown
below may be temporarily inserted at the end of any lesson for this
purpose. They also serve as a practical example of several of the
options which will be explained in Chapters 7 and 8.

The éutho; may reach the diagnostic routine from any point in
his lesson by pressing the TERM key, typing the word "PEEX," and
pressing the NEXT key. Once in the routine the author specifies
any legal £orﬁ$tb(dA", nyn, or “E'") and variable number (1-63).

The routine shows the value of the contents of the specified vari-
able as interpreted by the desired format. The author can then
alter the value of the variabie, look at another variable, or return

to the lesson.

122
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UNIT
WHERE
JOIN
WHERE
WRITE

WHERE
SHOW

WHERE
WRITE

64

PEEK

PEEK

DIAGNOSTIC UNIT USES ISZ 153, AND 154
301 '

WHICH VARIABLES? (INCLUDE FORMAT LETTER)
1007

PRESS -NEXT- WHEN FINISHED

519

OKNO

1

A

153=0-1

I

153

F .

153=1

601

_YOU MUST INCLUDE A LEGAL FORMAT CODE

(EITHER -A-, -I-, OR -F-)
ERASE AND TRY AGAIN
521 '

" ARROW

152

152,ILL,ILL,X

- 154=263-152

I154,ILL,X

PEEK2

PEEK?2

4190

153, FORMA, FORMI , FORMF
401

VARTABLE

_ NOW HAS THE VALUE

405

152

801

PRESS -A- TO CHOObE ANOTHER VARIABLE
-BACK- TO RETURN TO THE LESSON
-C- TO ALTER THIS VARIABLE
1120 ‘

1

A

PEEK

C

1420

153 STA,STI,STF

1401

. WHAT IS NEW VALUE?

(ENTER AND PRESS -NEXT-)
PEEK2



" 519

P W P

FORMA
A

A(52)

FORMI
I
519

1(52)
FORMF

F
519

. F(52)

STA
A(52)

U STI

1(52)

STF
F(52)

ILL
NO

.- 601 a e v mes = R - ‘-,._»V...A .
YOU CHOSE A NON-EXISTANT VARIABLE

ERASE AND TRY AGAIN

128
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Chapter 7

ASSIGNED OPERATIONS

Certain TUTOR commands allow a very flexible type of operation
which is termed an "éssigned operation.'" Normally each command speci-
fies a single operation which is determined at the time the lesson is
written. For example,

JUMP  BD7
indicates that the student will be immediately moved (''JUMPed") to the
UNIT whose title is "BD7'" when he comes to the point in the lesson
where the JUMP command is encountered.

Now suppose we wanted the student to go to a different UNIT for
each of three possible answers to a question. It would be possible to
do this with three separate JUMP commands properly placed in the lesson.
However, an assigned operation would permit the same thing to be done
with a single JUMP command,

UNIT TRAFFIC ‘ UNIT TRAF

WRITE A YELLOW LIGHT MEANS  WRITE A YELLOW LIGHT MEANS
1) SFEED UP ' 1} SPEED UP
2) STOP ' 2) STOP
3) SLOW DOWN 3) SLOW DOWN
ARROW ~ 501 ARROW 501
ANS 1 - STORE 15
JwP . BD7 - ANS
ANS 2 Jump 15,X,X,BD7,BD11,BD9,X
Jump BD11 . JUDGE IGNORE
ANS 3
Jump BD9
ANS

JUDGE IGNORE

UNITs TRAFFIC and TRAF do exactly the same thing but UNIT TRAF uses 4
fewer commands by using JUMP with the assigned operation option. Look
closely at the tag of the JUMP comsand in UNIT TRAF. Notice that it

consists of a TUTOR integer variable followed by a list of "titles' which

are separated £ron'each other by commas.
' . JUMP 1S,X,X,BD7,BD11,BD9,X
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TUTOR variable 15 contains the answer of the student (this was done by ;
the STORE command}. PLATO looks at the tag of the JUMP command and sees l:)
that it must be an assigned operation, since it contains a TUTOR 1nte-

ger variable and a list of titles separated by commas PLATO then

finds the value of IS and JUMPs to one of the UNITs mentioned 1a the

following list of titles. The titles '"BD7'", '"BDil™ and 'BD9' are names

of UNITs in the same lesson. The title "X" is a dummy tatie which

tells FLATO to forget about the JUMP command and simply go on to the

next TUTOR command. The dummy title "X'" should be used only as a

substitute for a UNIT title. 1f IS5 is any n2gative number the JUMP

is made to the first title in the list. Since the first title 1s "X",

the JUMP command is ignored if the student enters a negative answer.

If 15 is zero, the JUMP is made to the second title i1n the list (again _

an "X'" in this example). If IS is I, the JUMP is made to the third

title; if I5 1s 2, the fourth title; etc. The sixth title 1n cur

example is an X and this title wbuld be chosen if 15 was 4 or greater

The list could have been made longer ¢r shorter as desired. Notice

that a JUMP will be made in our example only if IS5 contains a 1, 2 or { )
3. 1If IS has any other value the JUMP 1s ignored and the next com-

mand 1n the UNIT is used by TUTOR. In our example the next command 1s

JUDGE with an IGNORE tag which would cause the student's answer to be

erased and ignored by PLATO. Incidentally, 1t should be obvious that

1t would be unwise to ever name one of your UNITs as "UNIT X."

The complete description of a particular TUTOR comuand tag will
indicate if assigned operations are permitted with that command  The
Iist of titles in the tag of an assigned operation 1s not always a list
of UNITs. In the case of the JUDGE command, for example, the last con-
s1sts of judging options. Each of these options could ve selected
from the list if the TUTOR integer variaﬁle ﬁas'a certain value. For
example in

JUDGE 13,NO, IGNORE,OK,NO,OK

if 13 is } . the student's answer is

negative , judged NO

zero i erased and ignored .
1 - judged 0K , (u)
2 L judged NO

3 or greater 4 judged OK
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68

The dummy Unit title "X" vwould not, of oourse, be used in

" the JUDGE conmand since the tags of a JUDGE comnand are not Unit
"titles. o : '

If au assigned operation command contains titles of Units
which are not available, e.g. where the Unit has not yet been
written, PLATO will act as if the dummy Unit title "X" was present
inst:ad of the title of the unavailable Unit, '

‘All commands which use the assigned operation option can
also u;o the jndirect'referencing option explained in Chapter 8.
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INDIRECT REFERENCING BY TUTOR VARIABLES

TUTOR commands which use a variable in their tag.have a very
useful option known as "indirect reférencing.” An eiample will
clarify its use.

EXAMPLE: 1In the command

CALC I20=I1 + 12

suppose that 11=4 and 12=5. Then I1 and I2 could be said to

""directly refer" to the numbers 4 and 5 respectively. This

would be an instance of "direct referencing” bv TUTOR variables.

Now, in the command
CALC 120=I(1) + I(2)

the parentheses around the 1 and the 2 indicate that Il and I2

refer indirectly to specific values. The numbers within the

parentheses refer to TUIOR integer varizbles which have as
their value a number from 1 to 63. Since in this example

I11=4 and 12«5, this second CALC command tells PLATO to put

the sum of the values of TUTOR variablies I4 and I5 in variable

120. That is, variables Il and 12 "indirectly refer' to the

numbers contained in variables 14 and 15. This is an instance

of "indirect referencing' by TUTOR varijables.
In other woxds, if
11=4, 1225, I4=22, and 15=23,
then © CALC 120=I(1) + I(2)
is interpreved by PLATO as
CALC 120=14 + 15
or CALC 120=22 + 23
An analogy may Le helpful in understanding indirect referencing.

‘Direct referencing 1s similar to looking up the word "feline" in a

dictionary and finding the word's definition undes the entry

V"feline.," Indirect referencing would be similar to looking up the

word '"feline' under the entry '"feline" and finding a note telling

you that the definition will be found instead under the entry for

'eat," In indirect TUTOR referencing the ''note" (telling you where

the desired valus 1s located) is the value of a TUTOR integer variable.
The analogy breaks down when we come to the formats of the vari-

ables concerned. However, it should bs apparent that for most cases

we will want the formats of the referencing and referenced variables
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to match. Thus,
for A(20), if 120=5, variable 5 should be defined as AS;
for F{32), 1f 132=7, variable 7 should be defined as F7; and
for 1(22), if [22=9, variable 9 shouid be defined as 3.

In other words, the variable whose number is enclosed within the

indirect referencing parentheses must always be defined as an integer
LU X

variable (120, 132, 122, in the example above). The variable refer-
enced by this integer variable shouid in turn be defined as a vari-
able with the same format as the original referencing variable
{A5 for A(20), F7 for Fi32), and 19 for 1(22) in the above example}.

Inditrect referencing 1s very useful when a formula or UNIT
using TUTOR variables 1s used many times in the same lesson. In-
direct referencing allows a single UNIT to be used 1n all applica-
tions withoat forcing the author to redefine the variables used
each time.

As an example of the use or indirect referencing, suppose that
an author wishes that the value of TUTOR variables 111 through 125
be set to zero before he uses them dur:ng a portion of a lesson.
Perhaps the zuthor will be using these 15 variables to kesp a count
of 15 different types ot errors a student might make. Obviously,
erroneous results might occur unless any ¢ld information stcred in
these variables was first ''erased.-" Both units ZERO and 2RO produce
the destred zeroing of I11 through 125. In Unit ZRO, assume that
TUTOR variable 19 is preset to the value [i.

UNIT ZERO UNIT 2RN
25RO 111 2ERO 1.9)

ZERD 1z ADD1 19

2ERO 113 1CALL 110=18-26
ZERO 114 GOTO0 110, 2RO, X
ZERO 11§ .

ZERO 116

ZERO 17

ZERO 118

ZERO 119

ZERO 120

ZERO 121

2ERO 122

ZERO 123

ZEXO 124

2ER) 125

1
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The effect of Unit ZERO should be obvious but that of.Unit ZRO may
not be so readily apparent., Let us go through Unit ZRQ step by
step to see how PLATO would act when it encountered.these commands.
In a previous UNIT, the author has placed tht numbar.il in variabile
19. Upon entering Unit ZRO, PLATO thus interprets.ZERO 1{8) as
MZERO I111." As 3 result, any prior information that might have
been stored in TUTOR variable I11 is replaced by the numter zerxo.
The ADDL command then increases the value of I9 by one, giving I9
the value 12. Since we are really only interested in the point at
vhich 19 exceeds 25, the temporary varigble I10 is used. 110 is
defined by the operation IlC=19-26. Thus, I10 is negative unless
19 exceeds 25. .

Now, when PLATO goes through Unit ZRO a second time ZERD I(9)
is interpreted as '"ZERO 112", the value of I9 is increased to 13
end a new GOTO to the beginning of Unit ZRO is made. This "loop-
ing" through Unit ZRO continues until, on the 15th time, TUTOR
variable I25 is set to zero, 19 is increa.:d to 26, 110 becomes zero
and tiie GOTO command is not performed. Commands following the GOTO
statement are now executed.

180
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Chapter 9
OPERATING AS AN AUTHOR

A PLATO student station is the main means of communicating with
PLATO. The student, of course, uses a student station to receive
lessons. When a station is buing used for lesson presentation,
it is said to be operating in STUDENT MODE. Any PLATG student
station can also be used by a teacher to produce or alter lessons
or to give special instructions to guide lesson presentation, When
a station is used in this latter manner it is said to be operating
in AUTHOR MODE. A station can be quickly shifted from either of
these modes of operation to the other. Each station operates
independently and sny mixture of "authors' or ‘students' may
simultaneously use PLATO with each acting almost as if he were the
only person using the system. .

The user of a student station in AUTHOR MODE has a great deal
of power. He can alter virtually any lesson available as well as
control student access to lessons. It is therefore necessary to
limit use of AUTHOR MODE to respcnsible individuals. This puint
cannot be emphasized too strongly. Never let z.ay student or other
unauthorized individual see how you shift a station to AUTHOR MODE.
Likewise, you should never leave a station unattended while it is
in AUTHOR MODE, It should go without saying that careless actions
of an authorized person can also cause a great deal of damage.

Entry to AUTHOR MODE

The general method of entry to AUTHOR MODE at any keyset is by
pressing the TERM key end then typing & ''cide word." This code
word will Le changed from time to time to insure the security of
lessons and student informaiior. You will be told the current
code word if and when you have a valid need to use AUTHOR MODE. 1If
you must write this word down to remembar it, please do so in a
place or a fashion that will not identify its uso to an un-
authorized person.
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ETo enter AUTHOR MODE from an unused student station
; 1. Press TERM key E

2, Type code word (main AUTHOR MODZ display
will appear) -

:To enter AUTHOR MODE from a station in use by a ;
:student :

. 1. Press TERM key ("WHAT TERM?'" will appear
: on bottom line of screen)

2. Type "FINISBED" and press NEXT key
(WELCOME TO PLATO message will appear)

. 3, Type code word (main AUTHOR MODE display
: will appear) :

—

The first two Steps in the procedure for entry from a statio. in use
by a student cause the student's current location in the lesson to
be stored away. When you have finished using AUTHOR MODE and
return the station to STUDENT MODE, he can ''sign in' again and he
will be returned immediately to his last location in the lesson.
He could alsc "sign in" at any other ztation or at some later time
and immediately take up where he lef! off. Thus, the TERM-
YFINISHED"-NEXT procedure is generally useful in cases where the
student must leave before he has completacd an entire lesson. You
should, of course, not allow the Student to observe you as the
code word is typed.

(J
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Exit trom AUTHOR MODE

The main AUTHOR MODE display serves as both the exit and
entrance point to AUTHOR MODE. An author will always be able to
return to the main AUTHOR MODE display from the various AUTHOR MODE
options by pressing key BACK one or more times. Once on t'2 main

" AUTHOR MODE display, pressing key BACK once will shift the station
into STUDENT MODE. Authors should always return a station to
STUDENT MODE before lecaving.

B O I I R L R AR

: To enter STUDENT MODE from AUTHOR MODE :
: 1. Get to main AUTHOR MODE display by pressing
: key BACK one or more times, '

s se o

2. Press key BACK (station shifts to
STUDENT MODE. WELCOME TO PLATO
message appears if student operation
is permitted. SESSION FINISHED
message appears if student operation
is not permitted).

Ces et s s s en
sscrecetaasn

Main AUTHOR MODE Display

Figure 9,1 shows the main AUTHOR MODE display. This display
is the access point to all major AUTHOk MODE options. Opticns are
selected by typing the code word of a desired option and pressing
the NEXT key to activate that option. As the code word i: typec,
it appears on the screen after the small arrow. The available
options will be discussed in the next section of this chapter.
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{
AUTHOR MQDE
-
LESSON LENGTH SPACE AVAILABLE
(TCEMO) 2618 5220
(REINF) 1962
Figure 9.1
Main AUTHOR MODE display. Two lessons, (TDE!MO) and (REINY),
are indicated as being available for student use. In
addition, 5220 "words" of storage space are gvailahle for
use by other lessons. D
b

The AUTHOR MODE display shows what lessons are curvently
available to students during a particular class period and how
much space is available for additional lessons. In order for a
lesson to be available for use by students, a copy of the lesson
must be placed in (or "read into") a section of the computer. The
total number of lessons that are available to students at any one
time is limited by the amount of space available in the computer.
Computer space is measured in 'word" units. Figure 9.1 shows an
example in which .two leéssons have been placed in the computer.
Lesson (TDEMO) fakes up 2618 words and lesson {REINF} takes up
1062 words. There are 5220 words 5till available to other in-
structors. The lesson author need never worry abcut how lesson
length i{s measured since the main AUTHOR MOLE display tells him
all he will ever need to know. The first time a new lesson is
placed in the computer, the author should make a note of its
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length (as indicated on the AUTHOR MODE display}. Thereafter, the
author need 6n1y verify that the space available in the computer
equals or exceeds the length of desired additional lessons. For
example, during:a ciass'period in which lessons (TDEMO) and (REINF)
were alreudy available to students, an author might decide that les-
son (INTRO} shorvld also be made available. Having used lesson
(INTRO) before, the author would know that (INTRO) takes up 1214
words of space. Since 5220 words are available (see Figure 9.1),
there is ample room for lesson (INTRO). After ''reading in" les-
son (INTRO), the main AUTHOR MODE display would appear as in
Figure 9.2. The space available for additional lessons has been
reduced to 4006 words.

AUTHOR MODE

&>
LESSON LENGTH SPACE AVAILABLE
(TDEMO) 2618 4006
(REINF) 1§62
(INTRO) 1214

Figure 9,2

Main AUTHOR MODE display after addition of lesson INTRO).

Lussons msy be added to ur removed from the computer at sny time
by use of various AUTHOR MODE options which will be described
shortly.
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One caution should be observed in using the information on the
AUTHOR MODE display. The information is current only at the time
it 1s first displayed upon entry from STUDENT MODE or return from
an AUTHOR MODE option. Thus, your AUTHOR MIDE display will not
reflect additions or deletions made by another author a few seconds
after your current copy of the message was first displayed,

‘ AUTHOR MODE Options

As indicated previously, an AUTHOR MODE option is selected by
typing its code word while on the main AUTHOR MODE display. It is
activated by pressing key NEXT. If an error is made during typing,
the ERASE key may be used at any time before the option is acti-
vated. If an author attempts to activate a misspelled or uonexist-
ant option, his station will be immediately shifted to STUDENT MODE
(it is assumed that STUDENT MODE is the best place to put people
who make mistakes while in AUTHOR MODE). However, the author
should not rely on this feature to catch his careless mistakes.
Several special AUTHOR MODE options (not described her:) are
reserved for use by TUTOR and PLATO system personnel. Activation
of some of these special options at certain times could be catas-
trophic. Therefore, the author should use particular care while
selecting AUTHOR MODE options and should certainly never attempt
to vse options which are not described here. Eight AUTHOR MODE
options are available to the general TUTOR author: EDIT, READIN,
DATA, START, STOP, DELETE, PRINT, and RECORDS. Each of these will
be discussed in detail in the following sections.

- (1) The EDIT Option: The EDIT option permits the author to
write a lesson in a form which is immediately usable. As you have
seen in prior chapters, a TUIOR lesscn consists of a collection of
Units, which in tum are made up of a sequecnce of TUTOR statements,
In the EDIT option,‘the author can enter or alter the list of TUTOR
statements vhich make "p his lesson. The author dues this by typing
each TUTOR command and its tag on the keyboerd at a PLATQ station.
As the suthor types, the commands are sent to the computer which
later places them on & magnetic disk starage device. Each iesson
is assigned a specific area on one of t“ese disk storage devices.
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Lessons are identified by abbreviated titles which consist of up to

six letters or numbers enclosed in parentheses. (TDEMD} and (REINF)
are two such titles. Let us observe how an autior might start a new
lesson entitled (BOSH).

The first steps in beginning a4 new lesson consist of (a) writ-
ing a draft of the lesson and (b) getting permission from PLATO
personnel to place the lesson on a magnetic disk storage pack. If
permission is granted, an area of a pack will be set aside for the
author under the title which he requests. After the area has been
set aside the author is notified. He may then begin writing his
lesson using the EDIT option of AUTHOR MODE.

. Tc EDIT a lessen

1. Get to the main AUTHOR MODE display .
2. Type EDIT and press key NEXT .
(the AUTHOR MODE display will disappear and .

a new mossage will request the name of ths .
lesson to be EDITed)

key NEXT (EDIT index display will appear)

¢

. 3. Type title of lesson to be EDITed and press °
. enclosed in parentheses.

NOTE: Remember that lesson titles are always '

Figure 9.3 shows the EDIT index display for lesson (BOSH) before
the author has written anything in the area reserved for (BOSH). The
top line indicates that EDITing is being done in the area veserved
for lesson (BOSH).
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LESS: N-- (ROSI) UNIT--»

PUSH -NEXT TO EDIT NAMED UNIT
-TERM: TO ADD UNIT AFTER NAMED ONE
-HELP1- TO DESTROY UNIT

GNE

[
_J

Figure 9,3

EDIT index display for lesson (BOSH) before the author has
written any lUnits,

%
The next three lines give dj;*':ections for either (1) editing a Unit
already present, (2} adding a new Unit, or (3) destroying a Unit.
Since (BOSH) is & brand new lesson, the only Unit present is one
placed there terporarily by PLATO personnel when they reserved the
lesson space for him. This temporary Unit is titled "ONE". If
the author wishes to inspect Unit One he types "ONE'" on his key-
board. The word "ONE" will appear on the first line of the EDIT
index !isplay after the word '"WNIT', Pressing key NEXT allows the
author to edit this Unit, Figure 9.4 shows the contents of Unit
ONE which tie autho: yfn " see on his screen. The Unit presently
consists ¢ [ five statsiﬁ}vas, an AREA statement indicating the gen-
eral topic of the leywﬁxﬂhd four "C'" statements giving information
about the author and the date the space was reserved, The "C'" com-
mand {s a "dummy" command which is ignored during a TUTOR lesson but
can be used in AUTHOR MODE to store useful information for the

author or PLATO personncl,
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LESSON-- (BOSH) UNIT--ONE >
AREA RESERVED FOR PATTERN LLESSONS

C 24 DECEMBER 1968

c DEPT. OF BASKETWEAVING

C PHONE 333-6500

c GEORGE P, BURDELL

Figure 9.4

Unit Conteats - 2s seen by author after typing "'ONE" and
pressing key NEXT. The author returns to EDIT index dis-
play by pressing key BACK.

In this situation, the "C" statements ave uscd te © ! Pl ™) person-
nel about the lesson and the author. Now, suppose the author wished
to alter this information and also wished to call his first Unit
"B-1'" rather than "ONE®. By pressing key BACK he could return to
the EDIT index display. He could then add a Unit after Unit ONE

by typing "ONE'? and pressing key TERM as per the instructions on

the EDIT index display. (Note--if TERM is pressed when no Unit
name has been entered, the new Unit will be inserted in front of
all other Units at the beginning of the lesson.) A new message
would then request the name 2f this new Unit (see Fig. 9.5).

- After typing "B-1", the author presses key NEXT to indicate that

he has finishei typing the name of the ne' Unit.
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UNIT--cna

Figure 9.5
Request for name of new Unit

The display shown in Figure 9.6 would then appear. The X's in.the
line displayed at the top indicate that material is being inserted

F
at the start of a Unit, At thiu point the author begins producing (.I
the contznts of his lesson.

COMMAND -XXXXX 1AG-

COMMAND - + -

Figure 9.6

)
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If the first statement in Unit B-1 was:

AREA  PATTERNS IN NEOLITHIC BASKETWEAVING
the author would type "AREA" and press key NEXI to indicate that he
was finished with the command portion of the statement. The display
would shift 1o that shown in Figure 9.7, After typing the tag of
the AREA statement and pressing NEXT the screen would shift to

Figure 9.8,
COMMAND -XXXX TAG-
COMMANL -AREA TAG-~
Flgure 9.7
COMMAND -AREA : TAG-

PATTERNS IN NEOLITHIC BASKITWEAVING

COMMAND -+

. Figure 9.8
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Suppose the next statement was:

C 5.r. BURDELL, 333-6500
After the command '"C" had been entered, and the author had..tarted
writing the tag, the screen would appear as in Figure 9.9. Note
tast the immediately preceding statement is retained on the screen.
Mistakes in typing may be corrected by use of the ERASE key if
detected before key NEXT is pressed.

COMMAND -AREA ‘ TAG-~
PATTERNS IN NEOLITHIC BASKETWEA.ING

COMMAND -C TAG-+
G.P. BURDELL, 333-

-

Figure 9.9

Once NEXT has been pressed, however, the entire command containing
the error must be deleted. Such deletions are performed by use of
one of several sub-options to be explained next.

Afterqentering several statements the author might wish to
chack o&ér all of the statements he has entered in the Unit. By
pressing key BACK he will be able to see the contents »f his Unit
as shown in Figure 6,10,
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LESSON-- {BOSH) ~ UNIT--B-1 +
" AREA PATTERNS IN NEOLITHIC BASKETWEAVING
- G.P. BURDELL, 333-5500
C BASKETWEAVING DEPT,
C 27 DEC, 68
WHERE 415
WRITE INTRODUCTION
[ ' —

Figure 9,10
Unit Contents for Unit 3-1

While on a Unit content display the author has six sub-

options available. He may:

1.
2,

3.

Return to the lesson index display (by pressing key BACK),
Move the display forward (up) by a specified number of
statements,

Move the display backward (down) by a specified numbex of
statments,

Delete a specified number of statements,

Insert additional statements, or

Save a specified number of statments.

Note that 4 small .arrov_l. appears in the upper right corner of the Unit
content displa); .shown in Figure 9.10. 1f the author presses letter
or number keys while the Unit content display is present, the car-
responding characters will appear on the screen following the small

arTrow.

Sub-options 2 through 6 are activated as follows:
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* Sub-options ivailable on Unit Content Display

* 1. To move the display FORWARDG (up), type "F'" and
a. numbec. Activate by pressing NEXT (display
movés up by the specified number of lines).

" 2. To move the display BACKWARD (down), type 'B"
) and a number. Activate by pressing NEXT (display
moves down by the number of lines specified.

% To DELEVE lines, type "D and a n. wer. Activate
by pressing NEXT (beginning with the top statement,
the specified number of statements will be deleted).

‘4. To INSERT new statements, type "I'. Activate by
pressing NEXT (insertion will begin following the
top statcment on the display),

" 5. To SAVE a number of statement lines, type *'S'" and a

' number. Activate by pressing NEXT (beginqaing with
the top statement, the specified aumber cf state-
ments will be saved).

' Examples: F3, B2, D6, I, S2, NOTE--Any letter activated °
* without a following number is interpreted as jf the )
" rumber '"1" were present. Thus F and Fl will Loth pove the®
' display up one line. )

.
LR R R I I I R I R R R I R A I I R I R A A R R A R AR I I B B I I A ]

Following use of the Delete sub-option, any preceding statement which
was formerly not on the display will drop into view (and the deleted
statement will of course disappear). The Insert sub-option also may
be used with a number to indicate that the insertion is to occur fol-
lowing a specified statement counting from thu top statement on the
display. Howsver, it is generally safer for inexperienced autho.s to
chift the display so that insertions are always mide after the top
statement. The Insert suvb-option moves the author to a type of dis-
play like that seen in Figurs 9.8. Actually upon beginning a new
tUnit the author is automatically placed in the Insert sub-option.
Writing 8 new Unit or adding to the end of an unfinished Unit are
simply special cases of "insertiny' new statements.
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The total number of lines that can be saved with the Save sub-
option varies depending upon hos much information the lines contain.
""Saved" informaticn can be inserted anyshere in a lesson by suffixing
an I directive with the letter S. For example, if the author types
in the directive IS, the previously "saved" lines are inserted after
the first linc of the unit content display. Informatior saved via an
S directive remains available until destroyed by znother S dirsctive
or until the author leaves the EDIT option. Since the storage space
for saving information is limited, authors attempting to save moce
than a few lines should zlways be careful to check that all the in-
formation they requested has actually been saved.

To correct errors in Units which have already been written, the
Delete and Insert sub-options are used in conjunction. To avoid ¢~
pounding errors, authors are urged to adont a systematic appuroach to
correcting lesson errors. One such approach is outlined here. Many
authors di;cover {the hard way)} that little is gained and much can be
lost when an erroneous statement, or possibly what the author thought
was an erroneous statement, is deleted hefore, rather than after, its
replacement has been inserted.

To correct erroneous statcments

. 1. Get to Unit Conteat Display .
* 2. Move incorrect statement to top of display :
: 3.  Insert corvection .
* 4. Return to Unit Content Display by pressing )

BACK {incorrect statement will be on top
lins, correction will appear below).

. S, Verify that correction is actually correct .
* 6. Delete incorrect statement (type 'D",
‘ press NEXT) )

O

ERIC | 145 ,.0:

: s
Aruitoxt provided by Eic: P



87

Only about 17 statements will be visibi: . a time on a Unic ‘)
content display, Thus, on lengthy Units it will not be possible to
see the entire Unit without using the '"F" sub-option. There is a
maximum perm’ssible size for single Units; however, this limit will
rarely be encountered by most authors. An author who is approach-
ing this limit will see a row of X's appear on the Unit content
display as shown in Figure 9.11. Figure 9.11 of course shows oniy
the last few statements of a verv lung Unit.

LESSON -~ {BOSH) INIT--B-1 -»
ANS HTAWATHA
JUMP B-32

)

XXXXXX
XXXXXX

- Figure 9,11
Unit content display for Unit which is nearly ‘'full’.

The limitation i maximum lgngth of a Unit need not be of practi-
cal concern to an éutho; since ﬁortions of the draft version of
the Unit may themselves be defined &s Units.an'i JOINed into the
overly lengthy Unit at the appropriate point (see Chapter S).
To return to our example, suppose thit the author has satis-
factorily completed his Unit B-1 through appropriate use of the
"F*, "8", "D" and "I" sub-options of the EDIT option. After re-
vieuinﬁ his typing by inspection of the Unit content display,
the author returns to the lesson index display by pressing key
BACK. In genen_l. throughout AUTHOR MODE, an author may always s

» -
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"back out nf" the various levels of the options by use of the BACK
key. Upon return to the lesson index display, the author observes

that the display now appears as Figure 9.12. Since Unit B-1 replaces

Unit ONE, the author will now wish to eliminate Unit ONE.

LESSON- - (BOSH) UNIT-- +
PUSH -NEXT- TO EDIT NAMED UNIT
-TERM- TO ADD UNIT AFTER NAMED UNIT
-HELP1- TO DESTROY UNIT

—

Figure 3.12
Lesson index display after addition of Unit B-1

This is done by following the third instruction on the display.
"ONE" is typed Ly the author and the SHIFT and HELP kcys are
presced simultaneously ("HELP1" being interpreted as SHIFT+
HELP)., The lesson index display is immedistely altered and the
""ONE" listing disappears, The procedure and the instructions for
destroying a Unit are purposely complex. The intention is to
avoid a.cidental destruction of lesson material by an author or
"malicious mischief' by a student who might get into AUTHOR MODE
acciﬁentally or ;hrppﬁh the carelessness of an author. For the
same reason you will nois that h_o instructions are given in

AU 0K mdg itself for use of the "lb", uptt, ngH, “p' angd "B
sub-op.fons, '

147,
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As the author adds additional Units, the names of these Units
will appear on the lesson index display. Depending on the length of
the individual Units, between 32 and 64 Units may be listed on the
index display before the lesson space is filled to capacity. Exper-
ience has shown that lessons of this size are generally more than
long enough to take up a typical class "hour." When Unit:s are very
short it is possible to have more than 64 Units in a lesson, If
this situation arises, the author should consult PLATO personnel for
special instructiors.

Only one author can EDIT a lesson at a time. If an ad:hor at-
tempts to EDIT a lesscn already being EDITed by another author, he
will receive a2 message informing him of the conflict, Pressing key
NEXT will then return him to the main AUTHOR MODE display.

This completes the discussion of the EDIT option. However,
before continuing on to the remaining seven options, we will try to
clear up a point which may be puzzling some readers. e have re-
ferred to the fact that an author using EDIT stores his lessons on
the magnetic disk. lowever, the distinction betveen disk storage
and computer storage has not yet been made clear.

Associated with the computer is a hign-speed "memory" or
storage device. Informaticn such as a TUTOR lesson stored in this
high-speed memory is rapidly accessable. in fact, the speed with
which particular items of information can be retrieved from this
high-speed memory is measured in terms of millionths of a second.
Such . eeds are a necessity when large numbers of students muist be
served without noticeable delays. If lessons could be permanently
stored in this high-speed memory, all lessons could be immediately
¢ ailable for student use. Unfortunately such storage devices are
relatively expensive. Thus lessons are stor»d on a somewhat lower-
speed {and less expensive)memory device except when they are actually
being used by students. The magnetic disk pack is one such device.
A disk pack would be far too slow on the present PLATO system for
practical use during an actual lesson. However, a copy of a lesson
can be ''read” from a disk pack into the computer's high-speed memory
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) in a matter of seconds. Thus the limitation in the amo:nt of avail-
able high-speed memory space does not significantly reduce the range
of lessons available to students. In other words, a group of 20
students might have quick access to any o. several hundred lessons
stored on disk packs but only 6-10 of these lessons would be avail-
able simultaneously beceuse of limited high-speed storage space.

Authors may edit lessons at the same iime the lessons are being
used by a student. Note that what the stulent is using is only a
copy of the lesson which was read into tiie corputer from disk storage
at the bqginning of the class period. The author performs his edits
on the original lesson which is always stored on the disk. Thus,
changes made by the author during a clas. will not be apparent to the
student until a new copy of the revised lesscn is read from the
disk storage into the computer.

O
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The READIN Option. This AUTHOR MODE option allows the

author to read a copy of a lesson stored on a disk pack into the high-

speed memory of the comuter,

student use,

N R R N I R RN A I R R A B I I R A AR N A AP A R

. To make a leséan available for student use:

Several corglications may occur during READIN,
these is that someone else might have already begun a READIN or
certain other optioas.

will appear. Pressing key NEXT allows a return to the main AUTHOR

o

Get to the main AUTHOR MODE display

Verify that space is available for the lesson(s)
desired.

Type "'READIN' and press key NEXT (READIN message
will appear - ser Figure 9.13).

Type the name of each lesson desired. Use the
ARROW key to move to a new line for each ad -
itional lesson.,

Press key NEXT to begin READIN (main AUTHOR MODE
display will reappear after READIN is complete --
READIN may take up to 15 seconds if several les-
sons are adde?}.

MODE display. A second a‘tempt to READIN may then be made.

The simplest ot

In this case, a message to that effect

thus making the lesson availa'/le for
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~ | LESSON NAMES
1. (ALPH-7)
2. (ALPH-6)
3.~ (ALPH-5)
4.
5.
6.
7.
8.

Figure 9.13

‘READIN message. Key ARROW shifts to new line.
Press NEXT to begin READIN.

If a lesson is newly written it might well contain typing or
logical errors. Certain of these errors will be detected when the
lesson is read-in for student use, Most errors consist of '"illegal"
commands (generally misspellings of the intended commands) and les-
son connections which could not be made. An example of a missing
lesson connection would be a lesson coataining the statement

. © NEXT - SUB3 T when
there was no Unit named ''SUB3" among the lessons read in. Errors
are indicated in a message which appears, when needed, immediately
after READIN. The message will list the errors which were detected
and the Units in which each error was found. If the author mis-
calculates nnd tries to READIN a lesson which is too large for the
available space in the computer, the error message will indicate
how much of the lesson did get into the computer. The author should
make & note of all errors listed and then press key NEXT to nturn
to the ﬁqin AUTHOR MODB ressage. If unexpected erior¢ mossages occur
on READIN of & lesson, remove the lesson from the computer (se2 the
DELETE option), make sppropriate EDITS, and then READIN the revised
. B 4 .
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lesson. Similarly, if a lesson will only partially fit into the space
available, it should be removed from the computer. No harm will re-
sult from testing lessons with krown or wunknown errors (the lesson
will operate normally up to a faulty Unit) but good authoring practice
suggests that grief is minimized when known errors are corrected as
they are encountered.

When several lessons are placed in the computer by the same

READIN, a special feature becomes zvailable. Connections between all

- lessons entered at the same tim: are permitted. For example, the last

Unit of one lesson might contain a NEXT command allowing a connection
to the first Unit of a related lesson. As long as both lessons were
placed in the computer by the same READIN, this connection would be
made. 1f the lessons were placed in the éomputer by two separate
READINs, the connection would not be made. Under certain circum-
stances an anthor might want to READIN a single lesson even though
it contained connections to other lessons. Upon READIN, &n error
message would inform the author of the connections which could not
be made. Students could still use the lesson but the lesson would
behave as if the statement (or portion of the statement) calling

for the nonexistant connrection was not present. If the lesson has
been written so that it can function properly even without sich
statemems, al as well. This is generally the only situation in
which an author would operate a lesson for students after getting

an exror message on READIN,

Another advantage of using connected lessons is that ¢.)plicate
Units used by several lessons need be produced only once. Examples
of such duplicate Units include help, review, and other supplementary
material as well as Units (known as "drivers') which allox economical
presentation of large numbers of screen displays which differ only
slightly from one another. As an ideal, authors should limit the
total size of an individual lesson or group of lessons which must
be read-in togather to about 3000 words. There are several ad-
vantages to keeping s lesson or group of dependent lessons as
short as possible. Among these advantages is the greater flex-
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ﬁ: ibility that short programs give to the instructor of a class con-
taining sf.udents .with a wide range of interests or ability levels.
Equaily important is the fact that during early testing of lessons
it is .ar easier to find small amounts of "free" éomputer spece
than it is to find, say, 5000 words of unused space.

o
W
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3. The DATA Option. One of the basic advantages of computer-
based education is the ability to collect data as each student
works his way through a lesson. By means of the DATA option, a
standard data record can be saved on magnetic tape each time a
student's answer is judged, each time the student presses certain
control keys, or whenever an INFO command is encountered, Follow-
ing the class session, these records can be sorted and printed.

The DATA option applies to all users of the PLATO system. That is,
if any instructor begins data collzction, data is stored for all

students working on the system.

@0 0 0 0 4 5 8 8 0 8 04N E T8 0000 EEEEEEENBESTITIRESETNSE

“To collact student data )
*1, Check with cémputer operator to verify !
that magnetic tape is resdy for data :

‘ collection ‘
*2, Get to main AUTHOR MODE display )
. *3. Typc "DATA" and press key NEXT (when )
* “DATA" disappears from screen, data :
) collection has” begun) :

LR I R R R R R I A R e A R R N R I I I I A I A AU I RN A

Conversely, no'data will be collected for any student unless some
instructor asks for it. Figure 9.14 shows part of a printed copy

of data from one class session,

0
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Name Time Unit Arrov Event Supplementary information
TENCZAR  5*42 ADD 1 WRONG 25
AVNER 4729 XEYS 2 DuP ALFALFA
BOHN  23*51 Q23 1 INFO 256 74
TENCZAR  5*53 ADD 1 35
BLOMME 3*14 HP 1 TERM PLATG
CRANDEY 44-42 STAT-24 1 NC - THE MEAN AND KURTOQSIS.
BITZER 12*36 PROB4 1 ANS 1492
MAST §*15 INTR 3 BACK
STEINBER 7%15 HI 1 HELP
Figure 9.14

Portion of a data record from a class session

Each line of data is produced at the time the event occurs. Thus,
records of different students taking di fferent lessons are all inter-
_mixed, An author would of course rarely use student data in this
"raw" form. The first item in a standard data record is the student
name. The second item is the time at which the event occurred. Time
is measured in either minutes and seconds (e.g., 5*42 = five minutes
and 42 seconids after sign-in) or in sixtieths of a second (e.g., 4729
sixtieths after sign-in) at the option of the author of each lesson.
By starting each student's clock at zero when he signs-in for a class,
a record of cumulative class-time can automatically be kept. The
third item in a data record is the name of the Unit in which the
student was working. The fourth item further specifies the student's
position in the lesson by indicatinﬁ which "ARROW' the student was
respdnding to. The fifth item spacifies the type of event which
caused the data line to ‘be produced. Table 9.1 lists the 16 differ-
ent types of events which can produce a data record. The sixth
and final item in a line of student data is supplementary informa-
“tion which usuelly consists of a record of what (if anything) the
student typed.
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EVENT LABEL EVENT

none (blank) A student response was judged QK"

WRONG A student response matching the tag of a WRONG or
CANT statement was judged "N

NO A student responsé which did not match any ANS-
type statement tag was judged ''NOV

NC A sentence was judged incomplete

sp A student response was judged to be misspelled

pup The s;udent attempted to use the seme response
twic2 on a list

ANS The student requested the answer

TERM Student requested a term

INFO An INFO command Qas enccuntared in the lesson

HELP Student branched by pressing the HELP key

HELP) " nooom no v ELp) o

DATA " " " " " DATA "

DATAL " noow » " DATAL ™

LAB " Bt u " "* LAB "

LABL | " " " " " lABL ¢

- HELPNO A help-type key was pressed, but no branch was

- availagble

Table 9.1

.. Events which can produce a data record and the labels

- indicating these events

oL
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The only exceptions to this generalization occur for the ANS and
INFO events. Supplementary information for the ANS event is the
correct answer (if any) given the student upon his request. The
supplementary information for INFO events consists of a line of
information specified by the author in an INFO statement con-
tained in a lesson.

Student data is generally sorted in the evening following
classes. Authors can specify that selected data are to be kept
(e.g. data for specific students or particular types of events)
and how the data are to be arranged (by students, by Units, etc.)
The major use of data as extensive as that shown is in revision
of early forms 6f lessons. Two ways of using the data which give
good results gre (1) checking Units on which students seem to
spend a great deal of time (expansion or rewriting may be needed)
and (2) checking all "NO" events (responses which were not anti-

- cipated) to insure that correct responses are not being rejected
and that "popular' incorrect responses recéive speé¢ial attention
if necessary. Complete data collection is generally not-warranted
for final forms of lessons. If records of student performance are
desired, summary data can be provided more efficiently by use
of TUTOR variables and the RECORDS option discussed later.

1p4;
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4. The START Option. For purposes of class control, it is {:)
sometimes hélpful to prevent student access to lessons which have
been placed in the‘conputer. For this reason, students will not
be able to “'sign-in"' for ény lesson until an author activatss the
START option. Once any author activates the START option, all
students will be able to sign-in. At this point w. can list the
complete procedure for starting a TUTOR class session.

To start a TUTOR class session:

‘1, Get to the rain AUTHOR MODE display

2, READIN all desired lessons (use separate
READINs for independent lessons).

3. If data are to be collected, verify that a
magnetic tape is ready and activate DATA

P

4. Type YSTART" and press key NEXT. WELCOLE
TC PLATO messages will appear on all un- ’
used stations in CTUDENT MODE, Stations {;)
in AUTHOR MODE are unaffected,

* §. Return your station to STUDENT MODE be-
‘ fore leaving it (press key BACK)

L e T T e R R L R O N N T 2 T}

1f student data are‘not desired, step 3 should be eliminated.
Other instructors can READIN additional lessons after one set of
studgnts has begun without affecting the students already at work.
However, since the START option has already been activated, students
belonging to the latter instructors will be able to sign-in once
their lesﬁons are read-in. If the START option is activated more than
once dur;ng‘a cla.s sessirn the only effect will be to place a fresh
ELCOME TO PLATO -essige on the screens of unused stations. Thus the
procedure for 3tart1ng class sessions which is outlined above may be '
used by instructors even if they READIN lessons after another class
has begun, ' ‘ :

e we ou
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The STOP Option. The procedure tor ending a class session
is qui.e simple, merely write STOP on the AUTHOR MODE display page
and press NEXT. When ti:@ STOP option is activated data coilection
is halted and an "end" marker automatically is placed on the magnetic
tape. Records of all students are also updated so that the next time
they sign in they will begin where they last left off. Remember that
all students are halted as soon as any instructor activates STOP.
Thus, when several classes share the same time some coordination is
advisable. The "press key TERM, type 'FINISHED', press key NEXT"
procedure described at the first of this chapter iz useful for up-
dating records of individual students who leave before the end of
the class session. This procedure also releases the student station
for use by another student or by an author.

€00 00 00000000 0080080000808080080000s0s0000g080080r100s000

* To stop a TUTOR class session:
1. Get to the main AUTHOR MCDE display

‘2. Type “'STOP" and press key NEXT. The

' SESSION FINIGHED hessiage will appear

: on all stations in STUDENT MODE. *
‘ Stations in AUTHOR MODE are un- '
: affected,

LR N N R A I I AR I I RO IR R S A A SR U BN RN B LR BL N S BB B ]
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6. The DELETE Option. Lessons should be removed from the com-
puter as soon as a class session is completed,whenever all students
have finished using a particular lesson during a class session, or
whetever testing of the lesson is completed. The procedure for re-
movil.g a lesson from the computer's high-speed storage is outlined
below.

G4 s s es e edias e N g treesno T sV e Brerteriees

" To remove a lesson from the computer:
1. Get to the main AUTHOR MODE message

* 2. Type "DELETE" and press key NEXT (a
: message will request the name of the
lesson)

* 3. Type the name of the lesson to be de-
leted and press key NEXT. Deletion 1s
‘ complete when the AUTHOR MODE display
appears. Deletion may be verified by
examination of the AUTHOR MODE display.

If a lesson is deleted while students are still working on it, the

students records are automatically updated and the WELCOME TO PLATO

message appears at the stations in use by those students. Thus,
DELETE provides an alternate method of halting a class session if
student data are not being collected. Use of the DELETE option
has no effect on authors or students working on lessons other than
those deleted. Only one instructor may DELETE at 3 time. If an
instructor attempts to use DELETE while another instructor is
using DELETE (or certain other options such as READIN) 3 message
to that effect occurs. The author may retuﬁ to the main AUTHOR
MODE message by pressing key NEXT and attempt to DELETE again

‘after a short wait.
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0 3

the entire lesson may be produced for avthors by means of the PRINT

The PRINT Option. Printed copies of portions of a lesson or

option.

To obtain a printed copy of a lesson

2, T YPRINT' and press key NEXT. (The PRINT °
ype

‘1. Get to the main AUTHOR MODE display
‘ option message will appear).

* 3. Type the name of the lesson desired

4, If selected sections of the lesson are de-
sired use the ARROW key to move the arrow to
+hat portion of the message and onter the
beginning and ending Units of each segment :
desired. ’

printing is being done).

6. The main AUTHOR MODE display will reappear
when the printing has been completed.

R R I A I I A B A R R I A N N I A RN A A B B R AR I S A SR I PR I PR ]

* 5., Press key NEXT (a message will indicate that

Only one author may PRINT, READIN, or DELETE at a timz. Thus
one author may not DELETE a lesson during the time anothe: author
is using PRINT. If someono else is using any of these options the
author will receive a message telling him of the conflict. The
author thus thwarted should press key -NEXT- to return to the main-
AUTHOR MODE message and repeat his attempted PRINT, READIN, or
DELETE after a short wait. Do not use PRINT near the first of a
class session since this may delay the start of classes needing to
READIN lessons, 7

- Since printed copies of lessons are produced only at the com-
putef site,authors at remote sites will not have immediate access
to their requested prirt-out, Such authors will recognize the use-
fulness of hdving colplete author identification contained in the
first Unit of each lesson. ' ’ ‘

1611
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8. The RECORDS Option. The final option to be described in
this chapter permits the author to specify who will be allowed to
use a lessor. Earlier chapters show how a student "signs-in" for
a class period. When a student types his name, the disk storage
‘s searched for a "STUDENT RECORD" with the same name. If the
proper name is found and the lesson is available, the student wmay
proceed. Otherwise he is stopped. The procedure is analogous to
a teacher checking ¢ roll book on the first day of & new scmester,
Students who show up in the wrong class are directed :lsewhere,

The analogy of STUDENT RECORDs to a teacher's roll book may
be extended further. Just as a roll book contains space for addel
information such as grades and attendance, each STUDEN[ RECORD
contains 63 spaces known as STUDENT VARIABLES for recording tem-
porary or permanent information concerning a particular student.

When a student signs in for a lesson his STUIENT RECORD is
brought from disk storage and placed in the computer. VWhen a
student finishes a class session and signs out (by the TERM -
WFINISHED'" -NEYT procedure) or is signed o:* hy the instructor
(by use of STOP or DELETE), the up-to-da’. STUDENT RECORD re-
places the old reco:'d in disk storage. If the student does not
get signed out, his old record is not altered. The RECORDS
option allov -~ the author to begin new student records or destroy
old ones and 12> mve a copy of a student record from disk to
computer in order to alte., print, or observe entries in the
recurd.

One of the most useful parts of a STUDENT RECORD is the posi-
tion of the student in the lesson that he is working in. As the
student proceeds through the lesson, a record of his curren: base
Unit is mointaired, Thus a student may sign out in the midst of a
lesson and return to complete that lesson at a later time. Figure
9.15 shows the RECORDS display which is seen when the RECURDS
option is activ.ted, As you can see, there are spaces for the
name of & student, the title of a Leston, and the name of a 'NIT
within cwat lesson, These may be typed, erased, or altered by
appropriate use of the ARROW, ERASE, and regular keys of the

163!
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keyboard. Five sub-options are listzd on the RECORDS display. A
basic sub-option involves gatting a copy of a student record from
disk storage to the computer. Cnce the copy is present in the com-
puter, it may be oxamined and altered Ly the author at his PLATO
station,

TO SEE STUDFNT VRECORDS, PUSH KEY..

NEXT--TO GET MAMED RECORDS
BACK--TO RETURN RECORDS
TERM: -TO PRINT RECORDS
HELP1. 70 DESTROY RECORDS
DATA--TO SEE VARIABLES

HAME - - -
LESSON-
UNIT---

Figure 9,15
RECORD: Display

P R R R N R N R R R R R N N A I N N RN N BN RN N NN R R R

* To Get a Student Record: - - - » )
1, Ge. to the main Aln‘HOR M:)DE display. .

2. Type “RECORDS" and press NEXT {RECORDS .
. .. display will appear).

. than 8 letters) and press NEXT (Student re- .
corde for the named student will be sent from
disk storage to the computer),

: 3 l‘ype the name o1 the Jesired student (no more

EULEN
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The author can request that a printed copy of the student record be
provided. If a student record is altered, the revised copy can be
returned to disk storage where it will replare the old version of
that particular studen record. When a course is completed, old
student records may be destroyed so as to give space on the disk
pack for other students. The sub-options will now be explained in
more detail,

1. To get RECORDS from the disk pack: Type the name of the
student (limited to 8 letters, spaces, punctuation marks or numbers)
and press key NEXT. If the student has records assigned, his cur-
rent Lesson and Unit will appear in those spaces. If the student
does not have records assigned, a series of small wedge symbols
will appear on the Lesson and Unit lines of the display.

2, To send RECORDS from the computer to the disk park: When
key BACK is pressed, the Name line is checked. If a name is pre-
sent the copy of RECORDS then in the computer is sent to the disk
pack. The RECORDS being placed on the disk pack will replace any
already present which are assigned to the same name. If no records
having the same name are present, a new RECORD is s.arted. NOTE--
if BACK is pressed when ro name is present on the Name line, the
station is retumed to the main AUTHOR MODE display.

3. To print a copy of RECORDS: Press key TERM to get pr11ted
copy of the RECORDS which are currently in the computer.

4. To destroy RECORDS: Type the name of the student whose
RECORDS are to be destroyed. Press the SHIFT anc HELP keys simul-
taneously and the RECORDS will be deleted from disk storage.

5. To examine or alter TUTOR variables for a student: Get the
student's RECORMS from disk and press key DATA. A new display will
appear. This new display allows the author to specify what format
the 63 variables are to be viewad in. After the format or formats
(see Chapter 6} have been specified the variables appear sequentially
as key NEXT is pressed,

~ The process of sending RECGRDS to the disk storage should be
done with caution. For example, a careless author might send RECORDS
for a new student to disk storage without first verifying that no
RECORDS for another student with the same name are present. If du-
plication of names occurred, the older RECORDS would be lcst when the
new RECORDS replaced th:m. The following procedure should always be

followed ir setting up KECORDS fc: & new class,

16477
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* To set up RECORDS for a class:

. 1. Verify that no RECORDS are already present on the
disk pack with names identical to those which your .

. students will use. (Ch2ck each nare on your roll
. by attempting to get RECORDS from the disk under
. that name. If the wedge symbols appear, it is

safe to use tha*t name; if RECORDS are present, try .
variations of the pame until an acceptable form is .
fouhd) .

. 2. Set up a standard RECORD for thLe class. (Indicate .
the Lesson and Unit names and set any TUTOR vari-

. dbles which the lesson assumes to be preset. If

. dtudents are to begin at the first Unit of the
lesscn, the Unit line may be left blank}.

. 3. Send class RECORDS to disk (Fill in each student

. name and press BACK. When the student name dis-
appears, the RETORDS will have been placed on .

. disk. Other names may be typed in and sent to .

. disk. Note that once a standard RECORD has .een

set up, it need not be altered unless subsequent

students are to have different initial RECORDS).

. 4. Verify that RECORDS are present. (Try to get .
. RECORDS for each student on ycur list}, .

Figure 9.16 shows the display which is seen when an author
pressés Key DATA inygrder to view TUTOR variables for a particular
student. The author mus¢ specify the format (see Chapter 6) in
which the variables are to be interpreted. If all variables are
integers the author may simp]y type 43" opposite the INTEGER entry.
He could then press NEKT 63 times and see each o the 63 variables
as interpreted in "I'" format. If variables use several different
formats, the author might arrange them so that all "A" format var-
iables precede all "I'' variables which in turn precede all "F'"
variables (e.g. variables '-12 use A" format, 13-24 use "1'' for-
mat, and 25-63 use "F' format). This would allow him to specify
all formats for viewing or printing variables at once. Figure 9.16



THERE ARE 63 VARIABLES
SPECIFY HOW YOU wouw LIKE THLEM
DIVIDED UP, THEY WILL APPEA
SEQUENTIALLY WHEN YOU PRESS -NEXT -.
VARIABLES  NUMBER
WORD »12
" INTEGER 12

* FLOATING 39 -
. POI_NT , ' .

R o Elgure‘g.le -
- TFormat Specification Display

‘T shows how the Format Speeification Display would be set up fer the
above example, Authors ieed not feel constrained to arrange their
‘ variables An the order indicatrd fbr the Format Specification Dis-
play. 'It is poasible to enter the Format Specification Display

- three-timhs and 1nterpret all variables successively under each

' fbrnat.! Only the variables which had actually been stored under
a specific fornat would appear to be "correct™ when nteEEreted
under that same format.
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G | » Summary

CAUTION: Always return a station to STUDENT MODL after using AUTHOR
MODE.

TO ENTER AUTHOR MODE: (from a station not in use by a student) Press
key TERM, type entry code word )

TO RETURN TO STUDENT MODE: Press key BACK one or more times

AUTHux MODE OPTIONS: Type code word of options and press key NEXT

EDIT - To produce or edit a TUTOR lesson
Sub-options F ("forwvard")
R ("back")
D ("delete')
I ("insert")
S ("save')
: READTN 10 plaée a lesson in the computer
O - START To make lessons in computer available
. to students
DATA ; To collect student data
STOP To stop data collection and halt all
) students'’ }
DELETE ' To remove lessons from, computer
‘_PRiNT : . To produce a printed copy of a lesson

RECORDS - . To examine or alter student records

4
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FINDING LESSON ERRORS
or

"How to Avoid Locking Grim as You Reap What You Have Sown'

From time to time you will find that there is 3z sharp difference
between the way PLATO presents a portion of your nenly written material
and the way ;'ou intended PLATO to present it. On these occasions it is
customary to blame .

(1) PLATO (the system),

(2) TUTQR {the language), or

(3) the author (you),
in that order. 1In practice, however, most errors in lesson presenta-
tion are due to‘mistakes on the part of the author. This 1is not to
say that either FLATO or TUTOR is infallible bnt on y that the least
thoroughly tested element in the_system {your lesson) is the most
tikely location of an error. Also, malfunctions of either PLATO or
TUTOR tend to be cat~ strophic and thus immed1ate1y apparent to all.
For these reasons we will assume here that your problem lies 1n your
own metenial. Fortunately, most mistakes will be obvious a-.d you will

" have no trouble correcting them, Some. however, will not be so obvious

{at least the first time they are encountered) and some of the sug-
gestions given here may be of help.

Where to Look .

One of the best sources of clues to erroxs is provided by error
neesages from PLATO. An error listing is given on the screen by PLATO
wheneve.* a lesson which contains certain faulty commands is read into
the computer forvstudent use. If such a listing appears after you
have read in your lesson,it means that PLATO found somethin - vrong
with the way you wtote the lesson. You ray, for example. have mis-
spelled a connand or specif&ed 8 connection { g. by aJwp comaand)

.. to 8 UNIT which was not evailable. Hhenever such errors occur, PLATO

ignores the entire line containing the error and adds the error to

the error listing. If you then use the lesson as a student, the les-
son will !ehave ee thouzh the line conteining the error was not presont.
Xt :hould be apparent that erxor listings should not be ighored.i

;

188"
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Another error message which may be displayed on a student’s screen
is the “FATAL LOOP' message. This indicates that TUTOR found mcre than
1000 commands during one of your lesson's contingencies (e.g. during a
UNIT-C, ARROW-C, etc.). Generally this results from cycling through
the same set of commands over and over again, If this "lcoping" was
unintended you can prevent this message from recurring by rewriting
the portion of your lesson which caused it. Otherwise, you may want

" to use the LOOP commsand (which see) to allow a larger number of com-
mands to be encountered by PLATO during a contingency.

More subtle errors result when a proper command is used in the
wrong place or left out cbmpletely. No error listing will occur
(PLATO can't read your mind) but the effects on your less¢: will sti}l
be evident, Sometimes the only way to find such errcrs is to locate
the UNIT in your lesson in which things last seemed to be working
normally end proéeed from there line by line, Some of the more com-
mon mistakes to look for are;

(1) Are commands legal in the position you used them? (e.g. are
you trying to use a command as an ARROW contingency when it
was deéigned Only for use as a UNIT‘contingency?)

(2) Are commands positioned properly for the desired effect?
(e.g; if a command is to be an ARROW contingency is it
rplaced between the ARROW command and the first ANS-type
cotmand?) ‘

(3) Do &ll comzands that should have iags actually have them?
Leaving the tag off of certain commands can produce bizarre

N effects.
‘ (4) Afd fhereiany 9xtraneous blank lines? A blank line after an
" ANS command will result in rejection of a "correct" answer
by PLATO even though what énear to be the same correct
answer is p.oduced by vressing the ANS key (actually it is
the “correcr" ~answer followed by a blank line).
- As you look through the troublesome UNIT you should glso think about
hou euch of the commanus and tags will affect what PLATO will do.

With a litt.e experience you will find that an undesired effect
wlll ofte1 suggest M poss(ble cnuse. Even without such experx snce
, you. can frequently nar'aw down the possiailities. For exnmple. if a
lesson "worked" until scne additions or corrections were made it is

]:lz\v(:obvious that the new comnands and the commands next to them are good

Aruitoxt provided by Eic:

169 ;..
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beginning points for your search. Remember that the insertion of
certain commands (e.g. the ARROW or ANS command) can change the
effect of following commandé from a UNIT or ARROW contingency to
an ARROW or ANS contingency

TUTOR Variable Problems

Lessons which use TUTOR variables should be given special
attention. If possible, before attempting to use such lessons on
PLATO, you should work through them 'by hand" with extréme values
to insure that the lesson is prepared for anything a student might
‘do, You will find that such "hand simulation" will eliminate al-
most all problems before they happen. When problems are found in
lessons you should use the disk student records to examine the value
of variables at specific points in the program. Remember to update
student records, if you are using them, by pressing key TERM and
typing "FINISHED" each time before examining them. O0On errors which
require extensive amounts of student operation time you may want to
“mporarily insexrt SHOW commands in the lesso or use the PEEK rou-
tine described 11 Chapter 6 to avoid having to shift into and
out of Aﬁthor Mode at many points in the lesson. In some cases,
it may be necessary to change JUM" and GOTO rommands temporarily
into NEXT commsnds to allow you to go through complex computa-
tional routines a step at a time.

In Conclusion

Above all remesber that most errors in TUTOR lessons are not of
the sort that require a great deal of wurk to locate. Also, error
location is one ability that shuws very rapid effects from experience.
Once you have tracked down one or two moderately elusive errors your
efficiency at this sort of game'ilxl noticeably increase.

17011



Chapter 11
APPLICATIGONS

Complex lesson segments are seldom written by neophytes. Once
b written, however, uceful complex lesson segments can often be modified
: to fit other applications by authors who possess only a scant knowl-
edge of TUTOR. This chapter is intended to propagate knowledge about
useful lesson segments written by authors skilled in TUTCR and PLATO
¥k_ operations. Aithough the segments concern specific applications for
the sake of a clear presentation, mention is made of how the segments
can be generalized for use in other applications. In adapting a lesson
segment to other uses, the novice author should list the paits of hiy
application that he wants to differ from those of the given example.
Then, it is usually an.easy task to find the TUTOR statements which
need to be changed. The statement to be altered will ofter suggest
how the new statement should be written,

Each of the following examples begins with an italicized statement
describing a desired lesson situation. Then follows a discussion of the
j*i‘ problems involved and the method of sclution. Finally, a complete TUTOR
B lesson segment is given which satisfies the desired lesson situation,

One should not be confused by the combined use of 1CALC, FCALC,
. and CALC commands in the examples. In most cases, the CALC command
can replace the ICALC and FCALC commands and give the same results.
However, the ICALC and FCALC commands are executed about 10 times fast-
er than the CALC command. Authors can use only the CALC command when
first writing a lesson segment. Only if noticeable time delays occur
A should the author consider "speeding up" the operation by substituting
%ﬁ ’ ICALC and FCALC commands. Noticeable time delays usually occur when
operations require extensive looping.
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0 GRAPHING A FUNCTION
Students are to explore the contributions from the diffbreﬁt parts of the
quadradic funotion, v=ax® + BX + C, through graphing the function many times

while changing the valuea of A, B, and C.

A first Unit, Unit SETUP, is used to explain the situation to
the student and to obtain values for A, B, and C from the student.
Thece values are put into the floating pointkvariables 1, 2, and
3 by the use of STORE>sta£ements. If desired, the judge contin-
gencies for Unit SETUP could»cﬁeck that the student values for vari-
ables 1, 2, and 3 fall within a range of values meaningfil to the
prdblem and to the coordinate system used in the graph.

Another Unit, Unit GRAPH, displays a coordinate system along
with the quadratic‘equation and the student's values for A, B, and
C. Variable 5 is initialized at this time and will contain the
value of X from O to 10 for the calculation of the quadratic func-
tion. For each X unit, 15 points on the graph will be generated
giving a total of 150 points. Units GRAPHL and_GRAPHZ plot the

k graph; The first statement in Unit Graphl calculates the value of
Y. Authors desiring to graph other functions mérely need to sub-
stitute an alternate statement at this point. The next four state-
ments invert the value of Y for graphing and check that Y is within
éroper screan bbunda. The following WHERE statement prepares the
PLATO equipment for plotting a dot at the current Y and X coordinate
screen‘position. ﬁnit GRAPH2 1n¢remgnts the screen position of X,
the value of X fpr_ca;culﬁtion of the next Y value, and decrements

() '~c6unte;v9.i Fihilly a check is made for the completion of the graph

using counter 9,

‘ e v
172!.\ {
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The Y and X screen position values contained in variables 4
and 6 need furthér explanation. While a full understanding :equires
an explanatign of the operation of the storage tube device, an ex-
planation sufficient for mést purposes séarts with the information

that there are 180 addressable points on the Y-axis of the screen

and 256 X-axis points. The toﬁ left corner of the scrceen is addres-

E

RE 173 .

sed by 0,0. Each character of a TUTOR WRITE statement consumes 5
X-axis points while each line consumes ]0 Y-axis points. Thus, the
X-axis of Unit GRAPH is centered at about 105 on the Y-axis, The‘
calculated Y-value from the qﬁédfatic>formula must se suﬁtracted
from the ﬂumber 105 to center and invert the graph‘on the screen.
Since the desired zero of the X-axis is four characters in from the
left of ﬁﬁe écreen, the starting screen X-value is 15 (not 20 since

the first character position is at 0).

O

»
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SETUP

GRAPH -

ONE CAN OBTAIN AN INTUITIVE UNDERSTANDING OF
THE CONTRTBUTIONS FROM THE DIFFERENT PARTS OF
THE QUADRADIO FUNCT ION

Y-Ax2+ax+c

THROUGH GRAPHING THE FUNCTION MANY TIMES WHILE
CHANGING THE VALUES OF A, B, AND C IN AN
ORDERLY MANNER. .

CHOOSE THE VALUES OF A, B, AND C...(THEY CAN
BE POSITIVE OR MNEGATIVE)

A
B
C

THE VALUE OF X WILL RANGE FROM 0 TO 10.
1400
Fl

1509
F2

1609
F3

. GRAPH

SETUP .
GRAPH OF..,.
Y= Axi+nx+c
80 o
70
- 60
50
- 40
- 30
29
10
01234567 8 9 10

oy
nuu

- -20

-30
-40
-50
-6
-70
125
F1

: :a~f.3» R j}?Q}J!}'f



GRAPHL -

225

F2
J2s

. F3

F520
I16=15

“ F7=1/15

19=149
GRAPHL

I4= Fl*FS*F5+F2*F5+F3

" I4= 105-I4

I4, GRAPH2, X
I8 = 180-I4
I8, GRAPH2,X
I4, I6

- DOT
- GRAPH2

DoT, 4040 4041 4140, 4141'

'GRAPHZ

16
F5=F5+F7
I9

I9,X, GRAPH1
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~ MUMERICAL ANSWER JUDGING

A gtudent's numerical response (l)must be within a stated range of ralues

and (2)must be associated with a ocrrespondiag unit of measurement.

When judgihg”complex nhmérical answers, the author should
attempt to give the student as much help as possible for incorrect
answeis. This lesson segment. gives the student four types of error
messages: (1) fai;uré to attach a unit label; {(2) improper unit
labeli; (3) numerical answer too big; (4)‘numerica1 answer too small.

Unit PHYﬁQ gives the'stuaent two problems correctly answered
“14.9 grams" and “802.3 grams”. ' The numerical §art of the student's
response is put into variable 40.- variable 41 holds the correct
answer while variahle 42 holds the range of ﬁllowable error (thus
the student can respond with ;4.919.02 grams and 802.340.5 grams.

~When judging, Unit GRAMCK kumps out the-numerical part of the
response. A check is then made for the failure of the student to
include a unit label. Sentence judging is then resorted to in
orier to separate‘legal unit.labels from unrecognizable labels., If
the student's label is "gram" or one of its synonyms, a switch is
‘ﬁade to uUnit NUMJUbG wheie the evaluation of the numerical part of
the student's answer occurs. If the student's unit label is
I"decig';ran\'vn," the numerical pa;t of the student's regponse must be
kdividéd bQ 10 to correspond éé the author's answer befoxe going tu
Unif NUMJUDG. Irdeed, uslng:sentenca judging separated by RESET
commands, a student response in centigrama, milligrams, etc., can

be handied.

198°
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Unlf NUMJUDG checks that the numer1ca1 part of the student's
answer falls w1th1n aCteptable bounds. Of lmportance here is ‘the
fact that the FCALC commarc converts a floatlng p01nt number into
~a truncated integer numbeu. Tnus, "1.8" becomes the integer "1¢
(one). Since Slrght rounding-off errors might occur, the allowable
range should slighttf erceed the desired range by.about .000001%
for crltlcal usage.

Once Unlt GRAMCK and NUMJUDG are written, they can be used as
many tlmes as deSLred through the ‘use of JOIN commands. In fact,
Unlt NUMJUDG can be used alone for _responses not requiring a unit
-»Iabel Un1t NUMJUDG can also be altered so that varlable 42 con-

tains a percentage error rather than absolute range of error.




" UNIT

-~ WRITE

" ARROW

STORE
FCALC

FCALC
* ANB

JOIN

ARROW
STORE
FCALC
FCALC

JOIN

UNIT

WRONG

- WHERE
WRITE

MUST
RESET

BUMP
MusT

FCALC -

RESET
BUMP
MUsT
- FCALC

RESET
* BUMP -
. MUST
- * FCALC
- BOTO

RESET
WRONG
WHERE

- WRITE

© UNIT
FCALC

"~ FCALC

FCALC

PHYEQ -

FILL IN THE MISSING PARTS OF THIS PHYSICS

PROBLEM...
823 L e e s
F40

F41=14.9
F47=0.02

14.9 GRAMS
GRAMCK

1323

F40 -
F41=802.3
F42=0.5 ,
802.3 GRAMS
GRAMCK

GRAMCK
1234567890. +-

1601

YOU MUST LABEL YOUR ANSWER WITH A UNIT OF

MEASUREMENT .

G,GM,GS,GM3,( RAM.GRAMS_

NUMJUD&
1234567a§o +-

DG,DGM,DGS, DECIGRAM DECIGRAMS

F40 F40/10
NUMJUDG

1234567890 +-

CG,CaM,CGSs, CENTIGRM CENTIGRAMS

: F40 FM‘/lOO

NUHJUDG

‘1234567990 4

KG, KCM,KaS, KIDOGRAM KIIDGRAM

F40 F4b*1000

Nouupc IR

1601

I Do Nor unbsnswaun YOUR unrms

' NUMJUDG :
F50=F41-F40
I51=F50+F42
I51,HIGHAN, X
I51=F42~-750
I5), LOWAN, ¥

17850
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L uNiT

ERIC

Aruitoxt provided by Eic:
. [

WHERE
WRITE

LOWAN

1601 %
YOUR NUME
TNO

HIGHAN
1601

" YOUR NUMERICAL
NO co

RICAL ANSWER IS TOU SMALL.

ANSWER IE TOO BIG.
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REPETITIOUS EXCERCISES

An English to French translation drill consisting of 27 problems is to be

presented to the etudent. 7The problems are to appear in @ random cvdev.

The solution to this pronamming problem consists in separating
the variable parts of the lessun sequence from the constant parts,
A Unit can then be construéted which contains the constant parts and
which joins in the "préper“ variable parts. Such a Unit is called a
DRIVE Unit.

ﬁhit INIT explains the situation to the student. The BASE
commandkis present to make Unit INIT 2 base Unit recgardless of how
the student reached it. TheiiPERM statement initializes the prob-
lem set to 27 problems. Later use of a RANDP statement will with-
draw numbers from these 27>withoutireplacement.

Unit DRIVE consists of séveral parts: (1) a part setting

variable 1 which is used to join in a particular problem, (2) the

constant a;splay. and (3) the paft joining in the particular prob-

lem and answer. Tha RANDP statement places the next number from the
6:igiﬁal 27kinto variable 1. Thé following JUMP statement checks
whether all the numbers have‘been Qithdrawn——a condition indicated
when’yariable 1l is set éb zero by the RANDP command. Then follow
statemenﬁs which set up the constant pﬁrt of the display. Fiually,
a JOIN étatemént using var;abie 1 5oiﬁs in the parficular problem
and answer. The WRITE statement in Unit Tl occurs as an ARROW-
contingency. While only one ANS statement is given in Unit T1,

many can occur along with WRONG statements and comments. Units T2
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thzouch T27 are constructed in a similar manner.

- By using drive Units, much time and effort can be saved by

: authors since the "tonstant" parts of a lesson exercise need be

written only once.

tne drive Unit.

the ARROW command to add timing to the drill.

such .as:

CJOIN .7

For example. a TIME statement can be added before

ICALC

'WHERE )

. JoIN

. WRONG

[

. SuBl -

Many additional features can be easily added to

Ty

12=0
. 1101

801

. IlX,X,Tl,...

I2,X,0K

12 .
. OK >:'A:a'4;;- -
154

S

»‘:: will automatically tally in variable 54 the number of times the

:'student answered a problem correctly on his first try. « {Remember

‘ to initialize variable 54 to zero in unit INIT).

Later in Unit

DONE, variable 54 can be shown to the student or used to make a

docision as to whether tha atudent should be automatlcally forced

to rapaat tha drill.

A command structure



123

w’ ‘ ~~ The student may be moved through the problem sel in many ways
other than by use of the RANDP command. The simplest is to use an
ADDL statement along with a proper endmg check A more compli-
cated method is to cont.mue in the problem set choosing problems
randomly by use of the RANDU command until some criterion is met,
In any case, let the lesson material dxctate the progressxon
through the pro.alem set and the terminator. |
uNIT  INIT -
BASE . :

WRITE FOLI.DWING IS AN ENGLISH TO FRENCH SENTENCE

P TRANSI.ATION DRILL.

~ IPERM ° 27 ;

UNIT DRIVE
NEXT ' DRIVE

RANDP Tl - .
JuMP  Il,DONE, DONE x
 WHERE 501 . ..+ ' .
() 'WRITE TRANSLATE THE FOLLOWING SENTENCE INTO FRENCH.
ARROW 1101 . e .
WHERE 801 .- .
JOIN . Il,X,X,T1,T2, T3,...,
c
c - .
UNIT T1

WRITE WHAT 1S THE CAPITAL OF FRANCE?
ANS - QURLLE EGT LA CAPITALE DE IA FRANCE?

UNIT T2 _»
- UNIT DONE
" BACK INIT

" WRITE IF YOU WOULD LIIE 'IO TRY THE DRILL AGAIN, PRESS

182
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'ANIMATION USING SLIDES |

A gequence of 1§ ptoturee ure to show how atoms may eollide and form

a molecule.

Anlmatlon usxng slzdes on the PLATO system is limited by three
factors. The Lrst coucerns the dlfficu1+Les of mountlng consecu~
tive slldes so that they are reglstered with one another. The

"second limitation is the maximum number of slides available--122.
The tﬁird factor:concéfnﬁ éhé'bossibié ﬂne-tenth sécond delay time
resulting ffom the computér's handling of requeéts other than the
animation sequenqe.‘ Thesé limiéations dictate that the animation
be of a course naﬁure {(i.e., the “movement" is done in large steps
by a few slides) ' The anxmatlon can possess a psychologlcal reallty
if the author lncludes dlrectlonal clues such as air sweeps, dotted
past positions, etc. The following Units illustrate a solution to
the pioblem of showing slides 15 thfouéh 29 consecutiiely at a rate

of 2 per second.

o
»

UNIT INIT

CALC Il=l4

JUMP  MOVIE

UNIT MOVIE

NEXT MOVIE

ADD1 I1 : »

CALC * T2=I1-3Q0 [ ... T i
JUMP  I2,X,DONE

~  SLIDE Il
~ TIME 3}
o
c

UNIT DONE
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ANIMATION USING PLOTTING

A mouse 18 to run randomly through a maze until it finds the food reward.

Unit SETUP is‘used to explain the situation to ehe student.
In addition, all specific inforﬁatien concerning the‘appearance
of the maze, the etafting position of the mouse, etc., is ini-

‘tialized'at this time, If desired, the author can allow the
student to set these parameters. “

' Since thevexample lessen segment is well commented, only the
"tricke# will be fuithet discussed. The movement of(the mouse oc-
curs Sy bqunc;pg back and forth between two ARROW-Contingencies
usiﬁg a Tiﬁs eommand. At the first ARROW-C, the mouse is plotted.
When the time.is up, tﬁe second ARROW-C occurs. This erases the
previoﬁs.mouse ahd plots another. This process continues until the
mouee f;nds the food.

RANDU commands are used to generate mouse moves to fit a
predetermined foryard-tq-;urnvratio end‘type-of-turn ratio. The
auehe; e;n_a}tef‘;hese commands to allow the student to set the
ret}o }n Unit‘ggTUP; >In addition, the author could program in
additional ﬁouse strategies‘tha; the student could choose such as
“folldw ;heiright wall,"k“thrﬁ into epenings," and "remember

. crdciel turning points."
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“ UNIT

~ WHERE
WRITE

'SETUP ..“i e e e e e

501 - ‘
WHEN YOU PRESS THE NEXT KEY, YOU WILL SEE A

. MOUSE RANDOMLY RUN A MAZE. .

- PRESS KEY D WHEN YOU ARE DONE WITH MCOUSE

- CALC

CALC
CALC

- CALC
CALC

CALC

WATCHING.,,;HQ

,;,~._. IO SO I

3 SET UP HORIZONTAL LINES USING TWO VARIABLES PER LINE

110=510
I11=530

- 112=1510
113-1530

THE LAST HORIZONTAL LINE IS IN VARIABLE...
I8=13

‘JSET UP VERTICAL LINES USING TWO VARIABLES PER LINE

I30 510

* I31=1510

132=516 -
133=1216

134=824
135=1524

136=530
' 137=1530

‘ THE LAST VERTICAL LINE IS IN VARIABLE.,.’
_I9 37 ‘

‘i-

SET STARTING POSITION OF MOUSE

| I=612°

~ SET DIRECTION THE MOUSE IS HEADING

-1=NORTH, O=EAST. 1=SOUTH, 2=WEST

S I3=1"
| SET LOCATION OF FOOD REWARD

5=1429

MOUSE

DRAW THE HORIZONTAL LINES .
I60=10

I163=18

_ LINES



c
CALC
CALC
JOIN
c

c
WHERE
WRITE
c
ARROW
JOIN
ARRCY
JOIN
c

¢
UNIT
c

C
INBIB

ICALC
ADD1
ICALC
ADD1
LINE
ICALC
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DRAW THE VERTICAL LINES
760=30
163=I9
LINES

SHOW THE LOCATION OF THE FOOD REWARD
15
F

1830
MOVE
1830
MOVE

MOVE

THE FIRST PART OF THIS UNIT IS AN ARROW CONTINGENCY AND
MOVES THE MOUSE. '
ARROW

GENERATE A 3 TO 1 RATIO OF

FORWARD TO TURN MOVES FOR THE MUJSE

160,4
160,X,X,TURN,FORWARD

SHOW THE CURRENT LOCATION OF THE MOUSE
Il .
I3(N,E,S,W

TEST IF MOUSE FOUND THE FOOD
I60=I1-I5
160, X, THANKS, X

SET TIMING TO 4 MOVES PER SECOND
15

HANDLE ANY KEYS THE STUDENRT PUSHES
D
SETUP

IGNORE
13

LINES

THIS UNIT PLOTS ALL THE LINES
T61=1(60)

160

162=I(60)

160

I61, 162

161=160-163

I161,LINES,X

»186
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UNIT
WHERE
WRITE

CALC
GOTO

UNIT
CALC
GOTO

UNIT
CALC
GOTO

UNIT
CALC
GOTO
UNIT
CALC
GOTO

UNIT

THANKS
I5 \
THANK YOU

TURN
THESE UNITS TURN THE MOUSE TO THE

RIGHT, TURN THE MOUSE TO THE LEFT, OR

LEAVE THE MOUSE ALONE WITH A

‘l 70 1 TO 1 RATIO

16C,3
I160=160-2

"I3=I3+160

I160=1I3+1 .
160, TURN],X
160=13-3

160,X,TURN2

TURNL
I3=2

TURN2
I3=-1

FORWARD

THESE UNITS MOVE THE MOUSE

FORWARD IN THE DIRECTION HE IS HEADING

I160=10 ) :
I3,FN,FE,FS,FW

EN
12=11-100
HORCK

FE
I2=Il+l
HORCK

FS
12=11+100
HORCK

FwW
12=11-1
HORCK

HORCK

THESE ROUTINES WILL NOT ALLOW THE
MOUSE TO CROSS HORIZON''AL LINES
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CHAR

UNIT
PIOT
CHAR

I61=12-1(60)
160

161, HORCK1, X
I161=12-1(60) -
I61,X,X,HORCKl

HORCK1

I60
I61=160-18
I61,HORCK,X
160=30
VERCK

VERCK

THESE ROUTINES WIWL NOT ALLOW THE

MOUSE TO CROSS VERTICAL LINES

I61=12-I(60)
I60
161=161/100

. I61,VERCK1, X

761=12-1 (60)
162=161,/100

' 162,X,X,VERCKL

162=162*100

. I61=161-162

I161,VERCK1,X, VERCK]

VERCKL

160
I61=160-19
I61,VERCK,X

THE MOUSE HAS PASSED ALL CHECKS

Il=I2

N
NMOUSE
NMOUSE

3443, 3446, 3447,3450, 3451, 3542, 3544, 3545
3546,3547, 3550, 2551, 3552, 3641, 3642, 3643
3644, 3645, 3646, 3647, 3650, 3651,3652, 3653
3654,3655,3742,3744,3745,3746,3747,3750
3751,3752,3756,4043,4046,4047,4050,4051

E
EMOUSE
EMOUSE

188
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3%46,3646,3746,4046,4346, 3447, 3647
3747,4047,4147,4247,4447,3050, 3150
3250,3350,3450, 3550, 3650, 3750, 4050
4150,4250,4350,4450,4550 3051, 3451
3551,3651,3751,4051,4151,4251,4451
3552,3652,3752,4052,4352

UNIT ]

TLOT SMOUSE

CHAR SIMQUSE
3446,3447, 3450, 3451, 3454, 3545
3546,3547,3559,3%51,3552,3553, 3555

© 3642,3643,3644,2645, 3646, 3647, 3650

3651,3652,3653, 3654, 3655, 3656, 3745
3746,3747,3750,3751,3752,3753, 3755
4046, 4047,4050,4051,4054 ,

UNIT W S

PLOT WMOUSE

CHAR  WMOUSE
3246, 3546,3646, 3746,4046, 3147, 3347, 3447
3547,3647,3747,4047,4147,3050,3150
3250, 3350, 3450, 3650, 3750,4050,4150, 4250
4350,4450,3151,3351,3451,355%,3651,3751, 3550
4051,4151,3252,3552,3652,3752,4052
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