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i INTRODUCTION

In this manusal, we attempt to help VOCAL authors to see what
factors will affect their overall presentation: and give some general
guidelinegs for edffective use of VOCAL. It is written by & group of
people who have used VOCAL over the past year to write courses in Jogic,
proof theory, set theory, probability, and social decision theecry. Our
guthoring has improved gradually as we have gained experience in using
the stanguage. We hope %o provide new VOCAL asuthors with some vicarious
experience so bthat their progress may be a little moTe vapid.

I Course Design

VOCAL. is & new language, and as of this writing has only been used
to present mathematical or meta-mathematical subject matter, in
congunction with & sophisticvated auvtomatic proof checker. This *%ype of
course benefits greatly From an interachtive, computer assisted teaching

environment. However:; the Tecent Ttise in popularity of “programmed
instruction”  workbooks for coallege-~level introductory caurses in
psuchalogy., bioclogy, and other subjects suggests that VOCAL could also
be an effective tool for non—mathematical courses. SBhort of ezperience

with other computer—assisted courses: familiearitu with the warkbook type
of programmed instructien is perhaps the best background for designing
courses te bhe implemented in VOCaAL.

Frequent solicitation of student responsss, and 8 gradual increase

in +%the complezity of skills required in those rTesponses, are the
hallmarks of all programmed instruction. But VCaL provides much more
Plexibility. even when restricted toe TTY {teletype’? mode. than is

possible either in a workbook or with alder CAl author languages. This
is especially true in the analysis of wrong vTesponsses, a&as is made
apparent in Section % on Questions. While most programmed instruction
has ignored +the entire area of diagnosing errors, and traditional
persan-to—person teaching can put off dealing with specific problems
vntil +they arise. VOCAL authoring lets one taks the midroad of
predicting the %ypes of errvors which will be made, and writing separate
responses for each anticipated errov. Iin addition, the combination of
VOCAL ‘s zudio and display facilities enabkle one to go step by step
through examples of complicated procedyres in & wvery natural way.
“#lthough it is poesible Lo design a course, in the sense of autlining
the topics to be covered, without taking into account these features of
VOCAL, your course will have @ +tighter structure and a more unified
style if you make some decizions about how much error diagnosis will be
done: and what kind of examples will be given, while still in the eariy
stafes of course design.

#an obvious but important point is that VOCAL is only a tool, 2 very
sophisticated teaching aid. Mo amount of proficiency in *the language
can bring direction and sfructure into a poorly designed course or make
sense of & muddlied explanation. A& prespeciive VOCAL author should have
(1} a very clear idesa of how the course he is writing is organized, (2)
a skill (er talent? Ffor explaining potentially confusing material in a



Section 1. 1 GCourse Design

way which students will understand. and (3) a knowledge of how to make
the best use of the interactive capabilities which are provided by
VOCAL . This manual can only provide help in the latter category.

1.2 Beviewing gour HWovk

It is difficult encugh. in many cases, to be able to effectively
and abjectively review the faults in one’s puwn writings. With the added
dimensions that one 1is given in wusing the VOCAL language, this is
usuatiy even more difficultl. The beginning WOCAL author is often
oblivious to wvarious problems in his organizatien and use of VOCAL which
make the presentation of his work irritating. inefficient, or
wnaesthetic. Cevtain approaches he may teke will turn out o be time-—
consuming and wasteful foar him as well. fne partial solution for the
author is to always have his work reviewed by & second party. A further
answer 1is supplied by the present manuval, which is based wupon
observation of the many sorts of errors made by beginning authors,

= GENERAL OREGAMIZATION

2.1 Lessons

The suthor should £ry to make his lessons roughly similar with
respect to  the amount of time the . student will spend on  them.
Otherwise, on the longer ones, +fthe student will hecome Frustrated with
his seeming lack of progress. With too many, or too few, gxercises per
lesson, the use of Browse Mode is also nat gquite as speedy. The feuwer
egxercises there are per lesson, the more frequently & new lessaon file
must be read in (often a slow process? and indexsd to access the desired
gXxETCisg, and the more exercises there are per lesson, the more headers
must be processed to build the directory and so forth (when perhaps aonly
one is of inbterest to the student. ) Since only eighteen exercise headers
fit on the screen when & lesson divectory is given, this proavides a nice
ypper bound on exercises per lesson for the optimal use of Browse Mode.
Mine or ten is proebably a reasonable lower bound,

wometimes this goal of uniform lesson length conflicts with a
desire fg hawve gach lesson cover & basic subdivision of the subject
matter. Some of the major subtopics may simply be much  longer than
others, The best way around this is to use the lesson numbers and
headers to impose & highev level of structure than the lesson. Although
gxercise numbers must count up from 1 for each lesson, theve is no such
constraint en lesson numbers. By starting in the hundreds or thousands.
ane can create the impression of MUnits" or "Chapters", &as in the
following example:
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Lan, Ex Meader
i.1 Introduction to Using the Terminal
1. & Addministrative Information
i000. 1 UNIT 1000: USING THE PROGF CHECKER
1100. 1 CHAP 1100: The Formulas Accepted by the Proof Checker
1161, 0 Stomic formulas
1161, 1 The letters which can be used as variables
1101. 2 Suffixing variables with numbers
1101, 3 Joining variables with "=" and "in"
1102, 0 Sentential connectives
1103, 0 Quantifiers

1200, 1 CHaP 1200; Editing and other Mon—~Inferential Commands
1366, 1 CHap 1300: Inference Rules
2000, 1 UNIT 2000 THE BASIC AXIOMS QF SET THMEORY

efc.

Thus, the problem of wvariable lengfths of svb—topics is handied by
having same Chapters conta2in many more legssons than others: rather than
having some lessons contain exirsordinarily many exercises. ({In the
example above:, the Three exercises in Lesson 1101 are probably too few
to warrant an entire lesson, especially if most lessons are longer. but
a more realistic example would have taken up too much space for an
illugtration. }

2.2 Exercises
2. 2.1 Length -

Exercises should be as short as possible, subject to the constraint
that very clasesly related material should not be separated. Although
when the auvthor tests his lessons. the exercises appear to separate it
into very discrefe chunks, the student does not see them that way. Far
the student, the basic differences between the break in sexercises and
gimply & new template are: (1) the header changes: and (2! the exercise

is the ‘basic entry unit’, That is, if the student logs sut at some
paint, he will log back in at the beginning of the exercise conkaining
that point; and if the student wants to Browse over some material in

that exercise, he can oenly begin at the beginning of an exercise.

Thus whenever you change templates, uynless you specifically do not
want the student to ever enter (either logging in or browsing) without
reviewlng some material, you should start a new exercise at that point.
Frobably the most frequent bad authering practice we found was a
tendency to lump Ffive or szix templates together in one exercise simply
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by virtue of their covering some common subjeckt matter. an  exercise is
nat a chapter. If one is making analogies with textbooks, the VOCAL
e¥ercise could be compared to & single exercise in a ‘“homework’ section
following & chapter. It will sometimes tontain more than ane question:
jJust as conventional homewerk exercises sometimes contain parts &, b,
and c. These parts are usually bound +together by more than common
subject matter. They may possess exacktly the same directions: ovr build
upon the answer +o the previous part, or in other ways refer to esach
other. One of the parts could not bhe isclated withou® causing someone
reading it to wonder, "What’s this talking about?®" Thus, i$ you are
wondering whether $o have a sequence of fwoe TEM's asz one or two
exercises, your decision should depend wupon whether the student would
feel confused at being “dumped intoe the middle’ if he were to start at
the second TEM. I¥f the answer is “no'. then separate them. If a
student has been away From the course long enough to need to review a
group of exercises, there is always Browse mode for that purpose.

2.2 2 Exercigse Headers

The main purpnse of the exercise headers is to provide a ‘table of
contents’ for a2 lesson when & student is in Browse Mode. They should be

written with this in mind. That is, if a student remembers roughly the
content of an exercise he wants to review, he should be able tn identify
the proper exercise number from fhe list of headers. For example; a

description such as "A Useful dNew Inference Rule” would be fine if it
were only to be used in the Description Line {(see [231}) at %he top of
the screen: but for & Browse Mode list it contains wvery little

Jinformation. Inm some cases, one may want to include information in the
header which is only dncidental to the exercise, but is easily
remampered. For example. & header like "A Prectice Translation about

Walter the Sguirrel” would be more likely to point out the tight
exercise if one wented te check something about it in Browse Mode than
the header "& Practice Translation using Quantifiers and Megation'.

Also Temember that the exercise header will always appear on the
screen during the srxercisze, S0 you shouldn't repeat it {(or nearly repeat

ity in the body of the display. For example, an exercise which began
with the code:

CEXERCISE I "Summary of the Axioms For Commutative Groups”
LAUDIO

{TEM ¢

The axioms for Commutative Groups: %1
(1) Associativity: (& X.¥I{ X 2 Y =Y % X ) %2
would create a Tdouble vision® sffect when displayed. This is

especially important to keep in mind when an exercise contains more than
one template, since in the source Ffileg the exercise header may be far

removed from a line of text which will actually be displayed right below
it.
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2.3 Templates

As  with exercises, the important point is %o keep templates as
short as possible. subject to efficient use of +the display. In this
case, 1% i8 not that the student may re-enter at this point:, as with
exercises, but rather because it is easier for the author to write in
VOCAL using many separate templates, rather that one large one. More is

said on this topic in Sechion 4. &

¥

2.4 Displauying vs. Sauing

& common model which auwthors hawve uvsed for their work in VOCAL is
that of a lecturer at work. Most of the information is conveyed orally.
Just as in a lecture. In this mode the author must be careful not to
use the more formal English that is commonly vused in writing. but ta
rather use the sort of informal, or even colloquial, language that would
generaily be wused by & person giving & lecture. Too great a8 use of
slang should perhaps be avoided. however, as that may detract from the

setiousness of the subject, and run the Tvisk of being anachronistic
after some time.

The uvse of the display will gorrespond to the use of a blackboard:
to make the structure of the discussion clear, to write down key points
for emphasis, and %o write out the more complex statements for closer
and more thorough eamination. The screen should nat be too crowded by

text. Thus the display will not correspond word for word with the
spoken material; somatimes material will be displayed and not spoken.
someftimes the rTeverse. The author should be wary of speaking and

writing almost the same thing, since +this can be confusing to theg
etudent when after 2 operiod in which they are identical, there is
suddenly a deviation.

Generally., it is also a bhad idea %o either types a screen  +full of
text hefore speaking anything, or to speak at some length before typing.
If you are going to btype & screen full of material, it is better to type
& portion, then talk about it (or talk while tuping’):. then type the next
portion: etc. On the other hand, when you speak for some time without
typing, the student has nothing to focus upon besides the empty screen,
and may even think that something has gone wWrong with the display.

2.5 Interasction

The auvthor shaeuld go out of his way te have the course be
interactive weing the facilities of VOaCAL. This has a dual purpose: to
keep the student on his toes. and to &llow him Pfreguent opportunities to
give system commands, such as changing the speak rate, logging out, or
browsing other material.

£Rn
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28,1 HOLD ‘s

There are two ways to vuse the HILD command; te have a wrap-around
HOLD, e .g., (WMOLD (T 3¥E 4}}; and te have a singleton HOLD, ¢.g.
(HOLD ). Generally, all of the material in the AUDID wversion of an
exercise will be contained in & series of wrap—around HOLD‘s, since this
allows the student toc repeat any material he has net wunderstood (an
important condition Ffor VOCAL ikesching).

The length of the wrap—around HILD's is dependent upon many
factors:, the most important of which is the repgat feature. They should
allow +that material which is conceptually more closely bound can be
seen, and repeated, as one unit. And material that is not s0 closely
bound can be seen, and Tepeated:, in more manageable pieces. In other
words, & good guideline is to make wrap—around HOLD‘s the shortest unit
of material which & student wowrld want to hear repeated. Howawver, they
should not be consistently so short that they rvesult in frequent waiting
when the load average on the system is high.

Occasionally, an author may decide that a section of material
shouid all be rTepeated together, yet that it is tos long to be presented
without a pause for student input. For example, an exercise may present
two different examples which are meant to be compared or contrasted with
each other. DOften, after seeing the second example, a student will want
te go back and see the first one again. But if both examples were
presented without a held between them, +the exercise would probably
appear bto move too guickly.  The solution is to include a singleton HOLD
{or several) as an action within the wrap—sround HOD. Such a HOLD
cannot occur inside @ 8 opcode, though: $o0 one must take care to end the
Speak befors the singleton HOLD and start & new ome after it.

HBesides repeatability, fthe other important factors te tonsider in
including HOLD'g are (1) difficulty or complexity of material, and (2}
timing. They should occur at any points where the student may be
gxpected to have difficulty, to allew him to digest +the information.
Similarly, one should include = HOLD whenever a mathematical formula or
other complex material iz displayed on the screen, s0 that the student
can examine it at his own leisure. Nothing which is displayed should be
erased before some sort of hold occurs. Even when the material is easy
and flows smoothly, HOLD's should be included rather regulariy to allow
for system tcommands: to give & pavse to the #flow, and to give the
student more contrel aver the pace that is being sest.

It is especially importent to allow the student - to log out soon
after the end of sach exgrcise, that is:, at the beginning of each next
exercise, for oftherwise he may be forced to sit and wait for the HOLD

when he is not interested in continuing the gxercise, but only in
logging out. Therefore, one should dinclude a HOLD within one or twao
sgntences of the beginning of an exevcise. even if the material would

not otherwise warrant a pavse st that point.
A HOLD-~like effect is avtomatically puyt around INIT sctions. DONE

actions: and answer analysis actions, so the suthor should not incliude
HOLD ‘s around {(ar as the last action in? these parts of +the lesson.

&
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Doing so resulds in & prompt being presented fwice in & row, which is
confusing to students.

2. 5.2 Questions and Derivations

The great advantage of computer assisted instruction over merely
reading a textbook is that the student can get some feedback on how well
he understands the presentation, and apply the information and skills
that he has learned. The gquestions {and derivations? need not always
test the ability and memory of the student to the limits, however, It
also is vuseful to have freguent miner guestions, either short answer op
yes—no questions, tao let the student think over the discussion he has
Just heard. Fregquent guestions break the student out of *the passive
role which he sometimes falls into, as well as substituting for some of
the features of HOLD's mentioned above.

Anpther possible advantage of computer—assisted instruction is that
it can be a low-pressure way of teaching a subject. MWith neoe iteacher
around to observe & student’e performance. and wikth the grading (if
there is any’ based on distance traveled through the course rather than
a scare on the quesitions, the student is Freed from a lot of the anxiety
which often gets in the way of real learning. I+ such an atmosphere is
intended, the avthor should not put pressure back dinto the course by
including & lot of difficult guestions with high repetitions,

Btudies have shown that for many students. gspecially +those
accustomed to failure. the +Hraditional structure of CAT courges -—
blocks of text andfor questiong presented in a proagram—controlled
sequence, where the questions are easy to solve given experience with
the preceding material —- has the desired effect of creating & feeling
of competente and successful progress through the course, and leads to
higher scores on standard achievement tests over control groups without
computer sesisted instruction. in the other hand. many educators have
recentliy gipressed the opinien +thait this traditional CAl design is too
rigid and condescending to bright students. and ¥freguentliy leads to
boredom or a feeling of being Tailroaded {(ses E£131}. Even courses which
branch on the basis of student performance vsually gppear linear to the
student: and i% has been argued that students want to do maore than just
grogress quickly through & linear sequence of queries, that they
generally want to control some of the dirvection as well as the pace.

With this controversy in mind, VOCAL, while primarily designed for
traditionally structured courses, also makes 1t easy to include
valuntary branching, so that a8 student can gsk to be presented _with more
complex information or wmore challenging exercises {(see Bection 5 3.
With the answer analysis oncodes available, these optiocnal questions can
be made guite complex, and direct the student based upon the manner in

which his answers were in error. S that auch excursions don’t penalize
tha adventurous student in terms of the +time it takes to complete the
course; gugstions can also be included which allow branching argund

parts of the course which may be trivial for students with some prior
knowledgs of the subjyect. With the Browse Mode feature, a student can
always go back and look at the skipped exercises if he later decides

7



Section 2. 5.2 Questions and Derivations

they would be useful. (If you’'re veally big on Fflexibility and student
cantrol., it is even conceivable that an entire course ctould be written
in the HMELP suystem. but we haven’'t done any work in this regard so we
won 't presume to give any advice on how fto proceed. )

Haowever, one must also take into account the amount of time which
it takes %o incliude @ Iot of complex answer analysis and branching in a
COUTSE. On & small budget or with tight deadlines, it may not be
practical to put this much work into making the cuurse flexible. I+ you
are short on time, but don‘t want to vely solely upon the linegar, easy~
grestions style of curriculum:, you should take care to aveid the type of
gxercises which invelve a8 great deal suthor time to set up without a
significant “pay off’ in lesson guality. The time thus saved can be put
te use writing better curTiculum. & commen wmistake Ffor beginning
authors is to get carrvied away with wusing VOCAL to +the limit of its
capabilities. &4s a resuld, these authors often overemphasize the more
‘proceduralily complex’ guestions with, say, & lot of display shuffling
0T a combinatorial explosion of multiple choice responses which must be
anaiysed, at the sxpense of the more straighitforward guestions. it is
possible to include exercises which rteguire 2 lot af thought o solve,
uat are stated and analysed wvery succinctly. An important example is
provided by the derive—class opcodes, which involve little effort on the
part of the auvihor TrTegardless of their complexity, but are quite
effective in teaching the student.

= & Source File Farmat

There is no standard format +For VOCAL writing; in fact, among the
garliest writers in VOCAL. each person developed a format very different
from any other author’s, It is important. however, that you develop
some sort of format to help uou keep straight the various group markers
~=~ the quotation marks. parentheses. and brackets ~— as you write, *For
otherwise the lesson will be gquite difficult to debug and compile. For
cemputer programmers: usad to standard formats for various languages, it
may be guite zasy to adopt an effective format. For others, we may only
observe that consisbtent application of group markers, aided perhaps by
some form of indentation fo mark sub-groupings, may help form the coTe
af gour individual +format. Here iz one example of such a formatk:

LEAERCISBE 5 "Ceyercise headers®
EAURIO
ETEM ©
“display content AL

CHOLD
(8 "SBince the compiler makes a distinction”
"between brackets and parenthesss, ™
"hrackets may be used around the opcodes”
‘which form the basic divisions of the source file. "
“"The compiler will then detect when one of these opcodes”
is net closed. ™
}
(G "Keeping track af the guotation marks"

E]
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“ig uvsually done by maintaining one string per line in speaks. ™
3
(HOLD
(S "Netice how indentation may be used to help the author®
“to remember the opcode he is working within
“and remember how many parentheses are nesded at any point. "
}
(5 "Right parentheses may follow immediately at the end”
"af a multiline action. )
(8 "Or., they may be used on the following line, "
"for wvisibility when debugging. ”
]
{8 "The author should be coansistent.”
"for one af the more common bugs in VOCAL programs is to leave off"
"either & right paren or a finishing guotation mark, "
)
(8 (WI{E 3) "Bpeak strings may either be indented, 3g with opcodes;
"or, they may occur flush with the Tight margin. "} )
(5 "Within speaks, actions should come either at the far"
"right, or on & separate line; " {U 3y "that is, "
"rather then have the action be within a line,”
(B W) "the line should be broken at that point. ") 1]
CHOLD
(8 (U Ay "If you do indent your strings, your indentation format®
"should not result in the spoken strings starting”
"“more than 195 spaces $2 in from the left margin. ©
{4 2000)
(8 (T 2) "Btarting spoken strings too far fto the right"
"may result in short speech segments®
"which are inefficient to record., store and retrieve”
Ywith “long sounds’ "
{COMMENT "ses 31"}
}
(2 (t 3) “The compiler does not distinguish between®
Yupper and lowsr case in opcode names, M
(OE 3 53 "but it iz common practice to use capital letters”
"for opcodes, tags., and subarea markers, Teserving lower case"
“"lfetters for strings. This may help the author"®
"to visually distinguish the ‘program’ from the ‘text’. *
3
3 (COMMENT "This bracket closes the last HOLD. "}
11313 (COMMENT "These three hrackets close the TEM, the AUDIO. and
Exercise 5. ")

3 SROREN STRINGS

It is & hazsrdous authoring practice te assume that the prosody
program or the person recerding speech segments for Long Sounds mode
will be able to guess how you want abbreviations: acronyms, or special
symbols %0 be pronounced. Consequently, &ll such ‘words’ should be
written out explicitly in the Fform you intend them to be spoken. In

@



Section 3 SPOKEN STRINGS

particular, anything which is te be spellied aloud should be written with

spaces between the letters. Single quotes should be put around the
resulting phrases to indicate %o the prosody program that they should be
parssd &s nouns. {(Quotes will also warn & human Teader +that something

unusual ig rcoming up.) Here are some examples:

BAD FDRM GROD FORM
.7 ‘paint 77
Rule A& *Rule A &/
X ‘A ostar”
#z2 ‘number 27 or ‘sharp 2°
Dr. Jones Doctor Jones

One should also aveoid including in speech segments abbreviations
such as "i.e. ™ or "e.g. " which are meant for written text. Use “that
is" and "for example" instead.

Mumbers which are lenger than one digit should also generally be
written out as words {(or as combinaticons of words and sinagle digits).
Mo matter what digits—to—words convention is wsed by the program, it is
bound to be inappropriate in sSome contexts. For example, the number
"2046" should probably be read as "two hundred and six" if it occurred in
the context: "Last year, 2046 students enrolled in this course®, and as
“two oh six" inm the context: "In Lesson 2046 we introduced the Definition
of Subset. ™ The task of making suvch distinctions properly belongs to the

lessaon auvthor, rather than the program or the person recording for Long
Sounds. (1)

If Loeng Sounds wmode is to be used, speech segments should be broken
whenever possible at natural pavses or constituent boundaries. BSince
each string is rvecorded separately, this practice will make the
recording easier for & human reader, and the speech will sound more
natural whan the resulting Long Bounds are output. HBee the sample code
in Section 2.6 for examples of properly broken speech segments,

4 RISPLAY FEATURES

4.1 The Screen

The Datamedia screen holds 224 lines. When a student iz in a
lesson, the firet line will  contain the lesson header. In addition, a
"Mark Line” is automatically placed between the scroll Tegion and the
blackboard {(i.e., template controlled) region. The Mark line is blank

until a @ or M opcode fills it with a row of widely spaced dots. This

(1Y The way in which multiple—digit numbhers are pronounced in
Prosody and Spell Mode has been changed several times. Currently, "20&"
would be tead as “two zero sixh.

10
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leaves 22 lines to be allocated to fthe scroll and blackboard regions;
three of these should always be reserved for the scroll region since
prompts such as the one below take a minimum of three lines:

FType ESC to continue, A& to repeat. ]

#

8o the maximum number of lines which should go in & template is 19,
"This limit gan be @xceeded, but the prompts will disappear behind the
divider 1line before +the student can see them (if all 22 lines are
included in the templste. sven the % will not appear). A& verbal prompt
would therefore have to be included at the end of each hold. This
practice would probably be very confusing to the student. and should be
avoided if at all possible.

Although the source $ile may be written with the maximum number of
characters per line permissible on your syshem the coding Ffor VOCAL
display manipulation limits the width of the students’ screen to 72
characters. Positioning the TEMCHAR ‘s (Y’) used in the display region
on the seventy—~third space in the line will help to remind +the avthor
that his display space is limited to that.

4, 2 Tuping in £he Scroll Region

In T and TEM opcodes. the space immediately following The FiTst
guotation mark corresponds to the first column of the screen. Since it
is impoessible to put this space on the first column of the source $file,
care must be taken to avoid a "shifted over® effect. For example, the

avthor af the following segment may have wanted the #first linme to be
longer:

CODE:

(E 43 {7 "This is a multiline typed string which will appesar on the
scTeen as having & gap at the end of the first line. since that line
will start at the left margin. ™)

QUTPUT:

This is & multiline typed string which will appear on the
s&Teen as having a gap at the end of the first lime:, since that line
will start a2t the left margin.

One way te avoid this problem is to leave & blank line when you

want to type a multi—-line message in the scroll region. Thus:

(£ 4) (T ¢
This is a multi~-line typad string which will line up proaperly since
the first line is left blank. It looks neater in the source file

than making the first line extend #farther than the ones below it "2
In facht, you may want to make a practice of putiting a blank line even

~
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Section 4.2 Typing in the Scroll Region

above s$ingle line dcroll messages, to better separate them from lines

the student has typed. In some situations, such as typed hints in a
derivation, you will want to avoid including these extra lines, since
they would make the student’s work scroll away soconer. In these cases.

we recommend the following format:

HINT (T
"First derive the formula: <formula uwsing an indirect preoaf. ™)
If more +than one line is to be typed with this formabt, rvemember to

mentally shift the first line one space to the left.

4.3 The Formalt of Template Strings

The TEM opcode is also sensitive to the way in which the guotation
marks are placed. We recommend using the following format:
{TEM "

< 1 to 18 lines of text > %

" X
This format will give a Bblank line between the header and the actual
text on the screen. I# the text is to be doublespaced, then two blank
lines should be uvsed to separate header and %ext. Situations where no
blank line is wanted will be rare. &4 pussible esxception might be where

a template will ke used %o contain & line or two of avxiliary Text
inside a derive-class opcede, since in derivations it is important to

ileave as much scroll space as possible for the student to work in. in
these tases, the same fFormat which was recommended +for the T opcode
should be used. Agalin, it is important +o Temember that the ftop line
should be shifted over to the wmargin. This is especially %true when

using subarea markers, since they must be lined up with the shove line.
Far example, if we have the following format:

COLhE:

(TEF “This line, 17, is to correspond %o the one below %,

£

This lime, i1’ is %to corvespond to the one above w1

&
H
B

€T 1y (B & Bl
then tha template bthat will be printed out is:

OUTRUT:

This line, *17, is %0 ecorrvespond %0 the one below

t

Thig line, *17, is %o coerrespond to the one above

Notice that the gquetation mark at the end of the template string
should be flush with the left margin, I any spaces occcur hefore the
mark on & new line, they will cause a blank line to be printed. I+ the
last line of the template string is a line of area markers, it i3 alse

iz



VOCAL Author Manual Covaber 19, 1977

possible to put the second guotation mark at the very end of this last
line. It cannot be placed at the end of a line of text which is to be

displayed. since any character which occurs after the temchar marker on
the same line is ignorved.

These factorsz are not really any problem for the second string of a
‘TEMZ2, since that material will not bhe appearing on the screen as it is.
One note though:; two guotation marks printed together ("") is VOCAL's

way of putting a quote mark within a3 string, so the following format
will not work:

(TEMR ¢
“template string textl

“overtype string textl

4. 4 Muemonit Ares MNames

Generalily, when you are writing the display actions for a template.
the template string itself will no longer be visible on the screen, and
it can be annoying to have to jump back and forth %o check the names of
areas yoau want ke brighten or overtype. & careful selection of your
a#rea names can help alleviate these difficulties by making the area
names easier to remember when it comes time to use them.

The best way to name Ffull-line or multi-line areas is to number
them from 1 ftowards ¥ on the first template string, and try o reserve

2~digit numbers for areas in the second (overtype) string. The numersal
G cen also be used a5 an area marker, if you need 10 names For the first
sbring. Lines which will never be called by number, but only by their

subgsrea names, can be given very large numbers so thet the small numbers
will remain Ffor naming areas which will be called by line.

The reason for reserving 2-digit numbers For %the evertype sbring is
that they can be used sustematically to indicate which lines will
overtype which other lines, and in which prder. One good way to do this
is to overtype area n first with area nl . then with area n2 . and so
oY This method feels the most natural, since sach overtype sequence is
in grdinary counting order. However, for templates with 10 or more
areas in the first string to be typed by line number, it has several
sharp disadvantages as comparsd to the alternate method of overtyping
ares n first with area 2n, then with area 3n. and so on. The *$first is
that iIf you use O &% an arsa name, it is impossible to overtype it with
an area named. say. "02%, since that name will be counted the same as
"2'; while it is quite possible to ovevrtype 0 with 20 The second
disadvantage {for many—area templates) of the first method is that it
veually uses some numbers in the BO's and 90°s for avertype areas, thus
making it hard to choose a set of "very large numbers® to be used for
lines which will not be called by number. tUnder the $first mebhod.
rumbers like 19, 29 and 3% can probably be used #for this purpose. but
that’s not as convenient or as visible as just wusing bthe 90's.) And

13



Section 4, 4 Mremanic Area MNames

finally, %he second method enables you +o use 16, 11, 12, and so forth

in the first template string: while the First method necessitates
Jumping from 9 te the 19-29-3% sequence. since the early ‘teens are
reserved for overtyping area 1. Which method you choose will probably

depend on how common it is for your templates to involve a lot of areas,
but you should desfinitely choose one and stick to it consistently

For templates with a lot of subareas, the best method is to name

them from & towards Z in the order they will be referenced. One good
mnemonic for overtyping subareas is to use lower case letters a5 area
markers in the second string, and, for example, (OB D dr. I+ +there are

just a few subareas in the templake, an altarnate way of naming them is
with some letter suggested by the text in the area. For example. if at
some points in  the exercise you will be brightening the words "valid"

and "invalid", naming the area containing “valid" "V*, and the area
containing “invalid" "I", will make the names wvery easy to remember.
4.5 Positioning the Text

Generally, even if the displayed %text is fairly small, the author
will want to use most of the screen in the blackboard region rather than
the scroll region, by double spacing the text and surrounding it with
extra blank lines. This will usually give a less clutsered appearance
to the screen, as well as clarify what is expected aof the student by
covering up the old prompts and student responses. I+ blank lines ars
to be sdded to increase the size of the blackboard region, most of them
should be put below rather than above the text. since the top of the
sereen is closer to eye level. In TEMs which contain only one student
input opcode {this ingsludes HOLDs 3, these additional bottom lines are
unnecessary since there will be no "eld® scroll messages to  cover up.
The best size Ffor the scroll region is  that which will allow only %the
current "interacticn" messages Yo appear. OF course, in a derive-class
oprode, the interaction will be quite lengthy, so the author should make

every effort to have templates within such opcodes be as  short as
possible.

4. & Erasures and TEMZ ‘s

e ]

Mate that at this point. overtyping a multiline ares will be done
line by line. That is, the +$irst old line will be repiaced by a new
one, then the second oid ling.by the second nsw one, and so on. This
resuits in  a rather messy "flashing” edfect. It is better to either
erase the ald area, then overtype the old with the new or to overerase
the old with the new, then type the new area.

Whenever the entire screen is to be blanked within an exercise, it
is better %o use @ new template than to srase and overtype with new
material. It is far easier to work with a3 new template than to try to
deal with the growing complexities of a double template, a TEMZ.
Moreover, when & student Tepegats a section of the exercise (with ™4&),

14
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the display actions from the beginning of the TEM uvp to the time of the

HOLLD are repeated 30 as tp have the same initial display. Starting with
& new TEM reswlts in less of this sort of screen retyping. There ars
only two times where it seems warranted to do & complete erasure. Onie

is when the author wishes to keep the material in the scroll region an
the scresen (say, in a derive—-class opcode), and the second is when the
erasure is desired inside a HOLD, for then it is impossible to get
exactliy the same effect with two distinet TEM'sg. These conditions,
however, are fairly rare. and can wsually he dealt with in another way
almost as easily.

Even when a complete erasure is not wanted, it may still be better
to start 2 new template and retype the unchanged lines vather than use a

double template. The factors that would tend to  keep an  author from
beaginning & new template ars the number of lines that must stay on the
screen, and the amount of discontinuity introduced into the flow of

information by having these lines erased and then retyped

For siample; suyppose an exercise contains a guestion which is
displayed with one ling divrecting the student to select all the
expressions satisfying some property. followed by a long 1list of

choices. If this is to be followed by a secaond guestion which asks the
student e select Ffrom +the same list +the expressions satisfying &
differvent property:. then it would probably work better to use a TEMZ,
and simply opvertuype the first direction with fthe secaond dirvection,
leaving the list on the screen. This will move quicker, and since it
will be obviosus that the list was not retyped, it will also free the
student from having to read the *new’ list to discover that it is the
same as the *old’ lish, Howewver, if instead, the second gquestion were
Yo use the same girectionsg. but a different list of choices, then the
number of lines which change would be sufficient to warrant a new TEM.
and probably & new exercise as well.

3 GUESTIONS

Questions in VOCAL exercises will generally €£all under one of four
categories: multiple-choice, true~false, tranmslation, or short—answer,
Effective use of each of these tuypes of guestions: as well as the CQ
gpcode, i¢ discussed below. '

5.1 Multiple—Choice Quesiions

This will probabkly be the tupe of guestion you will use most often.
since the answer analysis available in VOCAL is most svuited to
situations where all the possible student responses can be easily
itemized, A guestion should be typed on the display followed by a list

of lgttered or numbered choices. Some guestions will contain only one
correct choice; in others, the correct answer will be a list of several
choices. Here is & list of the tadgs and answer analysis opcodes most

useful for a multiple—choice question with several correct choices.
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Section 5.1 Multiple—Choice Questions

IMIT £(8 (T 13

"Which of these ......... )
(T "Type the letter(s) indicating your Tesponse. ¥})
R <number of reasonable wrong answers by single studentl
& (ALLANS <all correct choicesk?
Ca Lactians ) '
WAS (CALLAME <Tsubset of correct choicesk) <actionk

(ANYANS Jincorrect choices>) <action
(MATCHANY ) Cactionl)
Fali: “caction>

SBevaral things should b2 noted about this list. First, decide upan
& *standard’ string te use as the <promptactionl in all multiple choice
aquestions, and always tuype it in the scroil region. The student will
get used to seeing this prompt and know that whenever it appears, the
computer is waiting Ffor 2 response to the question on  the screen.
Widely wvarying or spoken prompts may occasionzlly be confused by a
student with part of the <againactionr, with the result that he will sit
waiting for further explanation or prompting.

5.1.1 Mumber of Repetitions Allowed

The repetitions ("R"} should wusually be chosen as +the maximum
number of wrong responses which might reasonably be given in seguence by
# student trying *to Figure out the correct answer. This way most

students will eventually get the tight answer without being told: which
is of course hetter for morale.

It should be clarified what we mean here by a "reasonable" sequénce
of wrong rTesponses, For example, if there yere Pive leatters to choose
from: and the answer analysis only informed the student whether a
response contained @ wreng choice:, or whether it was incomplete:, then
ore could always {figure out the correct answer in five Eries regardless
aof the guestion content by simply starting out giving a single letter,
and thereaffer giving all previocus letters which were Jjudged partially
carrect, none of those which were judged wrong., and one of those which
was untried,. But this does not mean that R should be 3, because it isg
demoralizing for a student to be veduced to finding the answer by means
of such a “process of elimination’. & "reasgnable" sequencea of answers
is one which takes into account the content of the choices, and involves
at gach step the uwse of another major concept of the lesson. Far from
being demovalizing, this kind of sequence involves a generally
gratifying process of wusing the knowledge one has acquired, of
determining which of the concepits presentsd are relevant to the
guestiaon.

For example, if one had just presented the rtules for omitting
parentheses from formulas, 2 multiple choice guestion might be given in
which each choice consisted of & pair of formulas — the left one fully
parenthized and +the vight one with some parentheses omitted. The
student could then be assked %o indicate which of the pairs omitted all
the unecessary parentheses and no others. There are probably 3 major
ctancepts which can be  identified in this situation: (1) rTetain all
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parentheses which cannot be replaced by connzgctive precedence
conventions, (2) Tetain all parentheses which cannot be replaced by
right-to~-left conventians, and (3) eliminate all parentheses which can
be teplated by either of these conventions, {(The specific precedences
are generally esasy *o remember or make a note ofi it‘s the mental
elimination and replacement which takes a2 little getting used to. And a
student typically starts out either overcautious or reckless: and thus
learns hoth +types of conventions separately in one direction, then
applies this learning in one step in the other direction. }? One can
assume that 8 student starts out with &% least one of these concepts.
and showld set R = 3 +o0 give him & chance %o acquire the others.
{Assuming that the thoices permit each type of mistake to be made. )

There are situabtions when R should even be smaller thanm &the number
of impertant concepits involwved. {levasionally. you will want to point
out something abeoubd the particular choices which the student pmitted,
and in this case repetitions would be useless since the correct answer
wauld have been revealed in the first response analysis anyuway. and
when gquestions are included before all the information necessary to
answer them with certainty has been presented (in a3 "what do you think
if will turn out to be?® context): repetitions are uncalled for. HMost
questiong, anyway, will probably be simple enocugh that they only involwve
oneg important concept (seme will involve no major concepts, and be
included just to allow some interaction during & ‘dry spell’), so for

the majority ef multiple-choice guestions, R should simply be left at
its default value of 1.

On  the other hand, some authors have suggested +that on major
guestions, R should be somewhat grgater than the number of "reasonable”
wrong Tesponses, to discourage random guessing by those students who
don‘t want to take time to think about a question. HMast of us prefer to
stress conperation rather than coercion, thouwgh, presenting questions to
enable students %o geit feedhack on their understanding of the text,
rather than to force them te think about it In ghoart, the number of
repetitions you specify may be more a matter of your educational
philosophy than it is of effective VOCAL usage.

5 1.2 HWrong énswer Analuysis

The wrong answer analyses will generally include two types: a
sequence of ALLANB's to cover responses which omit one gr more correct
choice but contain ne incerrect <choices, and a sequence of ANYANS‘s to
cover Tesponses which contain an incorrect choice. NMote that when only
gne string argument appears: ANS has the same effect as ALLANE.  Since
the former involves slightly less compubation, i% is preferable in these
cases. fOne 1liktle *trick’ .should be mentioned in this context - a
sequente of AMNS ‘s which each contain one argument, and cause the same
action, can be combined into one multi-argument ANS as below:

(COMMENT “The following list of analyses is inefficient. "?

{ANS "aY)
{8 "Yau got one of the correct answers, but there are more. ")
(AMZ "C")

{8 "You got one of the correct answers., but there are more. ")
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Section 5. 1.2 Wrong Ansuwer Analuysis

(ANS "D
(5 "You got one of the correct answers. but there are more. M)

A(COMMENT "This anaelysis is equivalent but shorter. M}
(ﬁhls HA!! HC 1] IIBH }

(5 "You got one of the correct answers., but there are more. ")

Remember that whenever the WAS tag is used, the last response
analysis opcode should alwauys be MATCHANY. The random defavlt reply to
a incomrect answer is generated only when no WA, WaB, or WAL tag is
present. and in Ffact. if the student types something which matches
neither the coerrect answer nor one of the listed wrong answers, this is
treated as if he had typed only an ESC. A new *#° line appears, but the
<promptaction® is not repeated and it is mnot counted as an atbempt at
the question. Bo using & Wrong Answer Select withouvt a MATCHANY may
cause & student who is wunfamiliar with the proper format for responses
to get stuck inside a Question. Thus:, whengver the preceding sequence
of optodes is sufficient %0 cover every possible subset of choices on
the list, it will be helpful to the student to make the MATCHANY action
be a8 reminder to separste his choices by commas or spaces.

KReep in mind that the FAIL action will be executed instead of.
rather than in additiown %o, the appropriate wrong answer analysis on the
Final attempt. So it should notify the student that his response is
wroang: 8% well as inform him of the correct answer.

A%t the end of Section 3.4 is & lengthy example of the use of CQ
which includes two multiple choice questions.

5. 2 True-False Questions

irde—false and yes-no questions are so straightforward that there
is very little to say asbout *them. Use +the & tag, with either (AFFIRM)
or (NEGATE). Often on Lrue—false gquestions this tag will be sufficient
for the answer analysis; you can let the suystem generate o defauli
reply. n yes—-no questions, however, such a8 practice might cause
confusion. &t one time the 1ist of strings from which & default reply
was vandomly chosen included "yes" for correct answers and “no’ for
incorrect answers. If, for example. & student correctly typed 'no" and
was told “yes", he might think he was being corrected, and that the
answar was teally "yes", We had already written gquite a few lessons by
the time this problem was noticed. and vather than rewrite them, the
offending strings were removed from the list. It may be the case at
your institution, though:, that they have been re—included. Afber all.
for any other type of questions, “No" is 3 good way of telling someone
that an answer is wrong. There is a trade off between having %o avoid
the default feature on yes-—no gquestions. and being 2ble to expand the
variability available in these default replies.

Notice that no matter what the 1list of default replies contains,
conceivably there may be cases where you will want to aveid uvsing it.
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For sxample, confusion ¢ould alse result from wsing this feature in a
guestion where the student had to choose bebtween tuping "LEFT" or
"RIGHT". This is Jjust one aspect of a more general praperty of computer
assisted instruction, namely. that & let is going to be happening when
the student sits down at a terminal which you as a VIOCAL author do not
explicitly control. MWhen writing lessons, it is important to keep in
mind the actions which will he gccurring ‘automaticalluy’, since they

will have ramifications for the material which you specify in the source
#ile.

3.3 Bhort—answer Questions

CUnder  this rategory we includse all guestions, pther than
translations, in which the rTesponse is not known to be limited to a
subset of some small set of possible choices. Perhaps ‘free—answer’
wouwld bea & better description. Many questions which seem at first to be

short—answer gquestions are in fact just multiple—choice questions in
disguise, and should be treated ac such in the answer analysis. Some
gxamples of this type of guestion are:

INIT ({8 (T 1) "Which line in this invalid derivation"
"vioclates a restriction on the quantifier rules?™}
(T "Type the number of the line which introduces an errvor. "3}

or.

INIT (8 "Which of the axioms for commutative groups™
"implies that nine plus zero is equal to nins?™")
{T "Tupe the {(shovrt? name of one of the five axioms. "})

Anaother tupe ef ‘*pseudo’ shorf~ansuer question which is
occasionally found is +the ‘copy me’ rTequest, gysed to give the student
his First esperience with typing some new symbol. Several attempts
should usually be allowed. An sxample follows.

La
INIT ((8 “"Type the symbolic version of the quantifier:®
. II\I‘_"‘:'-P all A,.")
{T "Typse: (& AX"Y¥)
A (EXACTANS "(a AYM)
R =2
CHAS ((ANS "la a83")
CACOMMENT "This will also match (A al}’ or *(a &Y. ") |
(8 "The $2 & for the guantifier and the $2 A for the variable®
"must both be %2 capital letters. "
(W 5000
“Try again. "))
(MATCHANY )
{8 "No.©
(W 5000
"Try again, )
FATL {8 "That’'s still wrong. *
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Section 5 3 Short-answer Guestions

"Try using the HELP systsm to figure out your preblem. ")

Except in sharply limited contexts sueh as mathematical courses
where one asks for the solution to an eguation, we discourage including
genuvine short—answer questions (such as, "What part of the brain governs
invaluntary motor functions®") in VOCAL lessons. The capability is
there for writing @ good short-answer guestion, using CAS to catch the
exact desired answer and any common mispellings, WAS to cover any
anticipated mistaken Tesponses, and HMINTL to provide a list of hints.
But generally. the amount of care which would have to be taken %o
provide for all reasonable contingencies would just not be worih your
while, and <teaching assistants might #Ffind themselves swamped with
students insisting that their answers should have been counted vight by

the computer. (Often a decision which would be accepted gracefully if
coming from & human grader will be contested when it comes From a
computer program ~— perhaps Jjustifiably, since the program cannot react

to an unanticipated student Tesponse by looking at the guestion Ffrom a
new angle. } These problems can be easily avoided with little loss of
pedagogical value by rewriting the gquestion it 2 multiple—choice format
{for example. "“Which of the following parts of the brain governs
invoiuntary moter Functions™}.

9.4 Translation GQuestions

This tuype of question, which uses the TRANS opcode in answer
analysis, is velevant only to courses which wuse the logic machinery.
Usually, the guastion will be & request fo translate an English sentence
into one of the formal langusges accepted by Ethe proof checker. Some of
these will use the Q opcodes and will either appear alene or be followed
by &8 derive~clase opcode using the symbolized sentence. fithers will use
the SYME opcode {(see [31, Section 2. 14: Derive-class Opcodes).

The number of repetitions allowed should be between 23 and 5
depending on the complexity of the translation. Bymbolic santences are
often rather long: there is a lot of rvoom for making siaple non-
conceptual errars like typing a wrong latéer or omitting some pilece of
the Fformuwla which one meant to include. The student should be given a
decent chance %o correct all these careless errors before Ffailing the
guestion. {The program helps out in %this regard ~— when a mistype
results in & string which i3 not & legal formula, the student is
informed of this and the mistyped response is not counted as an attempt
at the guestion.}! But if & student cannct get the solution idin 5
attempts, he probably has & conceptual problem or is failing to take
into account some basic¢ feature of the sentence. Additional repetitions
of the same guestion may only lead to Frustration with the program
while revealing the correct soclution, perhaps along with some comments
on the important ideas in it: will esnable the student to mowve guickly on
tio the next question with an incrsased understanding.

In translation gqusstions, perhapgs more than any other type of VOCAL
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exercise, care should be taken to inform the student why an incorrect
vesponse of his is not accepted. In particular. try %o provide separate
analyses for {1) Fformulas which are logically eguivalent to the given
English sentence but represent poor paraphrases, and (2} Fformulas which

involve an error in  logic. Translation of a student’s intorrvect
response back into English: and presentation of a counterexample may
both be helpful in this context. In addition, you may often want to use

CAS to distinguish between the best translation, or the one which will
be used in the rest of the exercise, and aother acceptable responses.
The following ftwo examples illustrate these points

LTEM ¢

Transliate the sentence: Some non-whites are disadvantaged. %

Let W(X) = X is & whits

i

DOX3 X is disadvantaged ‘ %1

Suymbolization: (E X} { MNOT W{X) & D(X) ) a2
FFFEFFFFFFFFFFFFFFFFFFFFFE '
The sentence NOT (& X3 ( DOX) =2 W{XY ) would be read as: %3
GLEEGRGEREEEEEEREEEEHEERRE

*Mot averyone who is disadvantaged is white’, which is logically A
I MENNIN R R NN NN B NN N MR N NN MMM R N S RN NN RN N RN MBI MM

equivalent to the original sentence. but is noet a good paraphrase. %5

(G
INIY (8 (T 13
"Mow tTanslate this sentence into predicate lagic. ™)

("r 113
Tupe & formula of predicate legic. "))
R .3
& (TR&ANE " (E Xy ( NOT WX & D{X> » *
LR XY O DOX) & ONOT WIX)Y ¥ ")
CA (8 (T 2} (B F)

. "That’s right. ™}
WaS ({TRANS » {E X)) MOT DY)y - W) ) "
TR XY NOT ¢ NOT DOX) OR WIX) ¥ "3
{8 "That’'s logically eguivalent to the sentence”
"you were supposed te translate.”
"but it’s not the answer we want.
"Try expressing it in & simpler way. "}
{TRANS " NOT (& X3 ( DOX)Y -2 WX} ¥ ')
(5 "Wrong. "
LT 3) (B g3
"Vour Tesponse would be read as:®
(T 43 (B MY (T 51
"Moot everyone who is disadvantaged is white. ™
(W 300}
"Tt'ys logically equivalsnt %o the sentence"
"you ware supposed to translate.”

21



Section 5.4 Translation Questions

"but it isn‘t 2 good paraphrase.”
"The two sententes would probably”
"appear in wvery different arguments. M)
{W 2000 (E 3 4 5))
{MATCHANY )
(5 “Wrong. Try again. "3}
Falio (5 (T 23 (B F¥)
"Nope:, that’'s still not it. ")

33
LTEM
Let J = Jae | =  Mary
B(X} = K is & boy g{X) = X pwns a car
0
DX, ¥y =. X dates Y
Translate: The only boys whom Mary dates are those who

Translation: (A X3C DM, Xy & BOX) —~2 O(X)

(Q
INIT (€8 (T 1)

"Use these symbole to translate the sentencs:

{F 23
"The only boys whom Mary dates are those who
(W 300 (B O)
"Be sure you type the letter Hz2 O
"and not the number zerTo!")
(T "aAnswer by typing in & formula. ")}

R 4
Cas (CTRANS "{& X3( D(M. X3 & B{X) -3 00X ¥™)
(5 (T 3

"Wery gooad. M
(TRANGS "{(& Xr{ B(X? & DM, X ~> DC¥Y ¢
& X3 DM, XY ~3 BLX) - g{X) ™
T Y ETRY T S OUM R T TRy yT T
{8 "¥Yes, that‘s a correct translation.
(T 3}

oun <ars.

G

canrs.

"But we will be using & slightly different one in the

derivatian. “J}
WaS COTRANS (8 X)X { DM, X3 -2 BOXY & DLX) »¢
A XX DML XY = DX & BLX) »™)
(S "Mo, your symbolic sentence means:”
"Mary only dates %2 boys who ocwn cars:”
"which i% not guite the same thing. "
(W 3007
"For example, the sentence on the screen”

"leaves ovpen the possibility that Mary dates $1 men”
"regardless of whether or not they ocwn cars. ")

{MATCHANY )

{8 "Sorry, that’'s net & correct translation. "))

Farl 1S "Wrong. "

"Several franslations are equally acceptable, ¥

=&

%
A

%1

A

%3

n



VOCAL, duthor Manual October 19, 1977

(8 3) .
"hut this is the one we will use in the derivation. "}
3 i

2.5 Controlling Branching

The @ apcode can also be used %o let the student directly control
part of his path through the course., as in this VOCAL segment:

LG
IMIT (S “"The next exercise contains some additional material"
Yon nen-commutative groups.
"It’s not used in the Test of the course."
"ot you may Find it interesting. "
(W 500)
"Would you like to see this material?")
{T "Type ¥ to see the extra material, or N to skip it "))
HINT (T v
The extra material consists primarily of common examples
of systems which behave as non-commutative groups. ")
CAD C{AFFIRM) '
(5 (COMMENT "fall through %0 next exercise") “"Good. ™
"It’s nice to see a little intellectual curicusity. ™)
{NEGATE)
({8 {COMMENT "sgkip around next exercise")
"Fine. We‘ll go on %o the next tapic. ™}
_ (GOT0 11 4%
{MATCHANY )
({5 "You must have accidently mistyped.”
"We're skipping the extra material, ™
"and going ahead to the next topic. "
"I# you really meant to type a $2 Y. "
*you can still hesr more about commutative graoupst
"by looking at Exercise 3 of this lesson in Browse Mode, ")
(@¢D7TO 11 43312

I[f you are going to use guestions in this way, it should be made
clear %o %the students at the beginning of the course that typing ~H far
a hint in this context will give a further description of the optional
material. Motice fthat any reply is counted correct, soe  that the
etudent ‘s decision ctannot adversely affect his cumulative correct-~answer
score, which is uvsed to control non—-voluntary branching. Motice also
that the GOTO opcode occurs pulside the accompanying Speak. Waits and
compiler—~specific opcodes like COMMENT are the only non—display—-type
opcodes which can oceur within Speaks. '

=3



Section 5. & Cascading Guestions

9.4 Cascading Questions

Although any type of question can form part of & £Q, there sre some
things which deserve to be said about effective use of this opcode. You
may want to cceasionally include a seguence of review exercises in your
course; cascading guestiens are very useful in this context. The first
*tier’ of & review cascade should be & question which, though not
necessarily difficuldt:, calls upon a broad spectrum of past material and

cantains enocugh choices to discourage Tandom guessing. This will serve
to weed out the students who need more review £rom those whoe can be
alliowed to move on to new material, The succeeding tiers should be

simpler questions, written more to Teomind the student of material he may
have forgotten than to test him on his retention. Twe or three CG7s,
each containing &sbout 3 tiers, can thus form a review session which
ad Jjusts to the needs of different students.

Another good way %o use CQ is in pairing @ difficult exercise with
an easier one, oT an exercise which brings ouft an impoartant new concept
with a segcond one which uses the same concept in a similar way. This
will (1) enable students who misg the first guestion to Traise their
morale by getting the next one right, and (2} promote retention of the
relevant concep® by allowing +the student to use it immediately. Don’t
neglect this use of CQ! QOften authors avoid using CG very ofbten because
the increased number of questions makes & lesson seem Htoo long, but
actually very few of the ‘“back—-up’ gquestions will be sesn by any one
student, so the length of the course in student—hours does not increase
very much when CG's are wvsed. Like detailed WaAS analyses, any given
segment of extra material will be sSeen by & small percentage of
students, yet every student will see enough of them to dimprove his
understanding of the subject. It’s a case of quantity in the source
file caoming oul as quality in the actual course.

Haere is an exzample of €CQ used in a review exercise:

[EXERCISE 10 ‘“"Review of Terms®

LaUnIO

(TEM2 ©

Which of the following expressions are terms 7 _ %1
1y Thomas Jefferson 7Y (A XY (X + Y = Z) Y
ABAALALABAAALAAAAAAA GEEREEREEEEGEEEEEEEEE
2) is preposterous 8y X 4+ (Y + I} .
BRERUBEDRBEBBDBRIBE HHHHHHAHHAHARHHN
3 A 2} every dog on the block H
LCCecg TITITETITIISTITITIEIEITININ
4y X+ 32 = b 10y the current President of the USAXL
DLDDBLLRDLROR dAddahIddJJ GG BB R R RR BRI
5 PY) 11}y X hates Y, and ¥ loves Z Y
EEEEEEEE ARKKKKAKEKKRKKIKAK MK KA AKKIKA R
&) Y 12y (E Xy (X + & ) iE

=24
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FFFFF N L 1

DEFINITION: & term-ia an expression which denotes a specific
individual, or does so when the variableg in the sxpression
areg teplaced by terms which do deneote specific individuals

Which of The following expressions are negither terms or formulas
1"

(Ca
EINIT ({5 (T 29
"In the last exercise,”
"you identified the formulas on this list. "
(T 11}
"Mow Find the %1 terms. ")
( ‘!“ H
Type the numbers which precede the terms on the list. ")}
HINT (8 (T 3 .
"MHere is the definition of “term’ again.
*in case you‘d like to refer to it. ")

R 3 : .
A (AL.Lﬁi\;S " 1 1t IPBH [$] hll IISII [}] 19" )
Ca {8 "Good. "

(B ACFH N
"You found all five terms. ")
HWasg {(ALLaNSg "3 "g&n "g" "10v:

(8 “"Almost, but not gquite. ™
(3 CF H .
"Wau only listed four of the five terms here. "
{COMMENT "omitted: George Washington®)
"Try to find the one you shkipped. and remember that”
"2 constants are a type of term. V)

{&LLaMS "1V gt vgn "i0n)

(85 "Almost:, but not guite. ™
(B & F H J)
“You anly listed four of the five terms here. "
(COMMENT "omitted: &"}
HUTry to find the one you skipped, and remember that"
82 constants are a type of term "}

(A'_L&NS 113 1 11 HBII 118 " 1n 101[ )

{8 "Almost, but not guite.”
(3 A CH N
“Wou anly listed four of the five terms here. ¥
{COMMENT “amitted: Y»).
*Try to find the one you skipped, and remember that®
"$2 variables are a type of term. M}

{ALL"&NS Illlt 'IISH !‘6“ Ili{)ll }

8 "Almest, but noet guite. "
(B ACF N _
"You only listed four of the five terms here.
(COMMENT "amitted: X + (Y + Z3%)
“Try %o find the one you skipped, and remember that"
“"terms can contain $2 operators. "}

(ALLANS "1t n3n tgv nghy

(2% “Almost, but noet quite.”
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]

CIMIT

FATL

Cascading Questions

(B A CF M

"You only listed four of the five terms here. "
{COMMENT "omitted: the current President of the USAY)
"Try to find the one you skipped, and remember that”

"anything which denotes a specific individual is a term. ™)

(#‘NYP‘E\IS ll4ll i 5!1 i 7 H £l 1 1 il )

=

"you listed at least one of the $1 formulas, "
“which were identified in the last exercise. ¥
"4n expression cannoct be $2 hoth a term and a Formula.

(ANYANE "9")

=

“No, line % cannot be a term”

"hecause it denotes a whole $1 group ef individuals, ™
"Te gsymbolize this expression you would need”

"a universal guantifier and a predicate,”

"as well as a variable. ™

(W 506G

"Try to find the five terms. ")

(ANYANES "2")

{5 "Moo, line 2 is a %2 predicate, not a term "
"Try to find the five terms. ")

(MATCHANY Y

(5 "Wrong. ©
“You must type the numbers of all five terms on the list "
"Try again to find them. “1})

{8 "Mo, you still haven’t listed the five terms.

({8

(T

(B & CFH D
"They are lines number: 1, 3, & 8 and 10. ")

(€07 1 11 (U 23}
"Finally, list the expressions"”
"uhich are neither terms nor formulas. "}

Tuype the numbers which indicate your answer. "))

)

1

R
A
Ch

W&

Fall

2

{ALLANG "2v ngv sigu)

{8

(5

=

(B B I L)

“Rightt")

"Wrong. "

"There are three expressicns on this lisg"

"which are neither terms nor formulas,”

"and if you were paying any attention to the last two
questions, ” :
"it shouldn’t be hard to find them. "

"Try again. *)

"Wrong again.

(8 B I L3
"The answer is lines 2, 9 and 12 ")

(COMMENT “end of cascading guestign®)
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