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COMPUTER- ASSTSTED INSTRUCTION IN PROGRAMMING :
* A CURRECULUM DESCRIPTION®

' Jamesine F;'iend
Stanford University

In 1967 the Institute for Mathematical Studies in the Social Sciences
began the development of a computer controlled course in computer program-
ming. ‘I'his ccurse is an introduction to computer programming for commumty

college students who have had high school algebra, and it is equivalent to

" a three unit, one quarter community collegé course. All instruction is

presented by computer, so that the course can be used where there are no
qualified instructors of prog:raming ; a supplementary st}zzdent xﬂanual used
as a reference book is provided. In the first stage of development about
one-thirdl of the course was implemented on the PDP:l computer and tésted
on a small group of vdiuhﬁei‘é , mostly Stanford University students.  The
course was then r_ev:i.seé, completed, and implemented sr; the larger-PDP-10
compu';.er. Since then several hundred students in several schools and
colleges have been enro],‘!.ed for +the course. In 1970 data collection rocu-
tines were added to t.he instructional system s¢ that the course could be
used for research.

Students taking the ceurge communicate with the PDP-10 computer at
Stanford University using KSR Model 33 teletypevwriters which are con-
nected to the computer by ordinary telephene lines., A teleeypewriter
may be located anywhere that electricity and telephone lines are available--
in an office, a chssm, or even a pz.'ivate home; in practice, these

student terminals are usually put into small classrooms in clusters of
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four to eight machines. Each terminal communicates independently with
the computer, and each student works independently of other students. A

_ student may work at any hour (provided the com;outer is in operation at
that' time) and at any terminal. The commnication between the computer
and the étuder_xt takes the fom of a "conversation" in which the computer
and student take tumrns typing on the terminal, the computer presenting
instruction and problems and the student replying by typmg his arzlswers; _t
" the coinputerrthen analyzes the student's answers, tells the student
whether he is right or wrong, and supplies fur*n_.r instruction.

A standa*d Model 33 KSR teletypewriter is ordinarily used although
several similar models could also be employed. These maehlnes have limi-
tatlons that affect both the style and content of 'the material be:.ng
taught. Fcr example , the Model 33 ‘teletypewriter is a slow ou'c,pu?: device,
de.’l.ivering‘only ten characters per seco;ld. Since a éollege ;tudent can
’xead mach fasier than ten charazters per second, large quant;ties of text
are printed by teletypewricer only at the risk of boring the student.
Partiy for this reason, instruction in the cqurse is given in small;
succinct paragraphs , never mcre thoi several hundred words, and usually
less than one hundred words. Another limitation of the Model 33 tele-
typewriter is its inability to produce graphic characters. Depending
upon the subject to be taﬁght this limitation is more or less severe;

- elementary geometry,r for exampie, is essentially impossible, but social
studies are less difficult. For a course in computer programming the 7
limitation is not severe, although flow charting, which’ ordinax;ilb.r forms
a part of an introductory course_in programming, is 'bést omitted. It'is

possible, using the limitéd set of characters available, to produce

2

Rl

, l

S sk
\

R

4
]

i
A

]
Wil

,
&mmm.‘..‘. .

¥

Wit

]

T

"
o ]

o A




fairly acceptable flow charts, but this is so timg-cdnsum;ng, both in the
original progrémming sf the-displayxand in the printiné.itself, that the
inclusion of flow charts is of éuestionabls value. ‘ ;
Other than the omission of flow charts, the content of the course
is quite similar to othervintroductori courses in p;ograﬁming. The course
teaches the concept of stored programs, the use of variables, and intro-
duction to 1nput and output, the syntax of algebraic expressions, defini-
tions of fuﬁctions,‘conditional clauses and the syntax .of logical
_ statements, conditional and unconditlonal branching, core and disk storage,;
and an introduction t9 subroutlnes. Some of theése subgects, such as disk
storage andisubrputines, are discussed only bfiefly, vhile others, such
as the syntax of aléebréic expressions and theeuss of conditional braﬁchés,
areAcsversd more extensively.
The language that is being%téuéﬁt in this course is AID (Algebraic
Interpretive Dialogue), an a;gesraic language in thé same class as the
progremning lenguages ALGOL, FORTRAN, and BASIC. AID is in some respects
xsupe;ior’to‘these.other:}anguages as a first programming language. Since
it is interpreted rather than compiled, students can use direct sommands
thatrwill be executed immediately, giving them an opportunity for early
hands-on experience; in a language that is’compiled the user cannot
éxecute a cpmmand until his progsam, written in-the proéer,foxmat, is
-stored, and coﬁpiled, and- the run command is given. Another advantage
of AID is that it is a.subset of English extended by the language of
elementary mathemati;s, making AID commands and programs easy to read..
For example, these. typical commands can be read and understood with no

instruction:2
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SET.X = 5
_SETY=1/x :

TYPEYIF'X+Y<X/2

- One 'disa&vanéage of AID is that it is less well-known ‘and mot as avail-

able as- BASIC, ALGOL, FORTRAN, and & number of other languages. This
means that a s‘tudent who learns AID is ELess likely to be able to put his
knowledge to immediate use. In partial ’comp.ensation for ti:xis , A‘l:.D is
sufficiently similar to the more widely used algebraic languages that

a student who }cnows_ AID well can readily learn one of these other lan-
guages with very little 1nstmc1;10n. "Also, several v*a;'ia‘nfs of AID
bearing diffjefgnt names are implem(-ghted on a variety of computers. One
of these, the original on ’whiéh ATD was modeled, is JOSS, & language
designeci at RAND Corporation f;ar use by engineers a;md‘ scientists. Another

nearly identical hnguége is FOCAL, which is implemented for several

_Digital Equipment Corporation computers.

When AID was chosen as :the language to teach, the choice had rapidly
narrowed down to AID and BASIC. BASIC, an algebraic language designed --—
at Dartmouth College as a beginner'As language, is widely known and used,
and has several very useful advanced ZWI' matrix manipulation.
that are ls.ck}.ng in AID. BASIC is an excellent beginner's language,
and perhaps would have been the .choice_for 't:his course except for two
factors: (1) AID as an interpreted language was felt to be more respon-
s!i.v‘e, and (2) (a more pragmatic consideration), BASIC was not at that
time implemented on the IMSSS system, Soon after development of the AID
céurse began, a BASIC compiler became available for the PDP-10, and a
BASIC course ﬁs' subsequently written a'1; Stanford. The BASIC course
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was patterned after the AID course gnd uses the same instructional
system. . ‘

This instructional éystem wasrdesigned,to give tutorial instruction
— e ) uﬁ&gr computer control-and implements several teaching strategies that J
might be used by a human égtor.- Tutorial instruction, as contrasted ;
4 with the lecture method of teaching, requires an a?ility‘to tailof the:

. B - . »
sequence and content of the instruction to the individual student. In

.order to do this the student's desireé and abilities must be taken into

account. The ;nalysis of an individual studént's ability depends dbon

[

“prior ;céumu%atioﬁ and aﬁélyses of his responses to exercises and prob- .
lems, and the bulk of the instructional system consists of routigeé for
analyzing such respo;seé. Some.of these routines, such as £he routine-
for analyzing a response to a true-false exercise, are quite simple;
-othérs.are relatively complex, alldﬁing for such poasibilities as "corréct
P tut incomplete" and “"partially correct,” and for a wide range of equivélent
. 7 énswers. All of the analysis routines used in the system depend upon the
student'é response being in an expected form. Thus,.a student confronted
vith an arithmetic problem like 502 is expected to reply with a numeral

like =200 or 2500.0 or 2.5 X 103; responses like "twenty-five hundred”

or "The answ. ~ is 2500" are not recognized as correct answers and the s
instructional program will reply "No. -Type a number." Because the

i : student's ieéponse must be phrased in a ¥estficted form, each exercise
is written so that the expected form of the response is clear to the

! student. Despite the limitation of restricted formidfor student re-

% . —

sponses, a great variety of problem types can be used, and thé correct-

ness of responses determined with precision, permitting considerable

o

individualization of instruction.

E.
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\'rarying both the amount of instruction given and the sequence of instruc-

Individualization of instmcj:ion. is also achieved in the course by - E
tion. Both of these are largely under student control. Students control N

‘the amount of instruction in each exercise by a device called the "nint" -

s
ek

option. A sfudent ;ay request additional information for any exercise

Ll b by <2

by asking for a "hint." For very difficult problems, several hints may
be provided while for simpler exercises, such as true-false .exercises, . . . -

no hints are provided.‘ If a student requests a hint for one of these

easier exercises, he is simply told that theré are no hints available.
For most exe)rcises% students dre allowed an unlimited ;mmber of 'oppor—. ;é;
tunities to respond. A student may attempt to answer, thén aﬂsk for a ‘ - —
hint, try again, ask for another hint, ;tc. If a studént tries one : .
p:;'oblem several times and feeis that he is meking no headway, he may
- ask for the answer and continue wit.h thé lesson; ;.n this way each student
- is allov‘ve;i to Judge fo’r himself how much time he should pwofitably spend ) -
on each problem., - 7 o
The sequence of instruction is also’ controlled by the. student.
There is an automatic sequence of exercises that each student takes, . -
‘unless he initiates a change of sequence. Tk:ié sequence may differ for
different students depending upor-x their ability. A student may interrupt
the instructional program at any time to request a different exercise. - 4
He will then proceed in the automatic sequence' from the exercise he 7 - i

requested until he again interrupts the program. Students use this

feature either to skip over lessons or portions of lessons, or to re-

view some topic they have previously studied.
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Although the students may override the automatic sequencing of
exercises provided by the program, most prefef to follow the prescribed
sequence more or less as given, Even if students choose to take exer-
clises and ;essons exactly as given, they will not all receive an identical
set of,exercises, since the program provides alternative branches based
on current assessments of student abili+v. Such automatic branching is
used in this course primarily to . & short remedial sequences of
additional instruction for students whose performance indicates an in-
adequate grasp of the principleé being presented. These remedial
sequences are7imbedded at ;ﬁrious places in the lessons yhere appropriate
and are frequently used to provide addit;onal ﬁxactice in algebraic skills
that have beeu inadequately learned. Because of this automatic remedia-
tion, different students may receive different exercises in a given lesson.

A student who makes an incorrect response to a single exercise-may
not need an entire sequence of remedial exercises. He may profit from
a single specific corrective message, pointing out the error in his
responge and allowing him another try at th; same problem. ' This kind
of specific correction is used for most exer&ises in the course., Mes-
sages are provided, not for all possible incorrect responses, but for
those incorrect responses most likely to occur and most indicative of
a student's misconception, ’

Besides the immediate remediation provided in the specific correc-
tion messages and in the imbedded sequences of remedial exercises,
opportunity is also provided for review and practice of previously

covered topics., This review is given in the foxm of lesson reviews and

block reviews, as described in the following section,
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Organization of the Course

The AID course contains a main strand of 50 lessons organized into
"lesson blocks." Each lesson block contains five teaching lessons, &
test, and a block review. The fiftieth, and last, lesson is a set of
programming exercises with no new instructicn and is not included in a
lesson block. The structure of the lesson strand is illustrated in
Figure 1. Lessons nnmbered 6, 13,‘20 27, 34 ~Ll, and 48 are tests; and
lessons numbered 7, 14, 21, 28, 35, 42, and 49 are block reviews. The
teaching lessons present concepts in‘'a tutorial style and Supply numerous
practice exercises; the exercises in the teaching lessons prov1de hints
and allow the student an unlimited number of trials per exercise. The
tests are intended to be optional self-tests. They provide no hints and
allow the student only one chance at each exercise, The block reviews
are-also optional and recommended only for those students who do poorly
in the preceding tests. These reviews are essentially no more than
quick reference sources, providing brief summaries of the topics covered
in the lesson block and supplying the student with lesson and exercise
numbers for the toples he wants to review. The block reviews for the
first two blocks are somewhat more complicated than later block reviews
in that appropriate review exercises are automatically selected for the
student who wants them, whereas in later blocks students are simply given
the reference and expected to use the available student controls to access
those exercises.

Each teaching lesson covers a set of related concepts and the length

of the lessons varies depending upon the complexity of the ideas covered.
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The lessons average about 30 exercises in length with a range from 1h
to 63 exercises. The lessons take about an hour apiece although there
isrconsiderable variance because of the differences in length and dif-
ficulty. Studenté need not complete a lesson each day; they may work
on the same lesson for several days, or they may take several lessons
in- one day. Ordinarily,;the students take the lessons in numeric order
but they are not required to do soj if they wish to skip around in the
course, they may.

Tn the first two lesson blocks each teaching lesson is followed by

-an opt{onal lesson review. These iessons are for students who are habing

difficulty getting started in the course and covef the same concepts
that were presented in the lessons. - The instruction in the lesson re-

views is given more slowly and carefully, and additional practice problems

are provided. A student need not review an eritire lesson since the lesson

" reviews are structured to allow the student to review only those topics

he éhooses. At the beginning of each review the topics covered-in £he
lesson are listed with essential topics starred and the student chooses
wﬁich he wants to review and in which order. Since students are allowed
to skip about in the course as they please, a student may skip a lesson
review and return to it at a later time.

After a student finishes a lesson, he is asked if he wants a summary.
Each summary is printed on an 8-1/2? by 11" form that can be torn off and
saved by the student as a peimanent record. VFor many lessons there are
also a few optional "extra-credit" problems. These problems are sub-
stantially more difficult than the exercises given in the lessons and

are intended for more cepable students. Wherever the AID course is used
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as a graded course, we recommend that correct solutions to these problems

entitle the student to extra credit. Not every lesson has such extra-
credit problems since they are not always appropriate to the subject
matter. N

The relationship and sequence of lessoné,'lesson reviews, summaries,
and extra-credit problems are illustrated in Figure 2. The number ;f
exercises in each les;on and-review, and the number. of extra-credit prob-
lems for each lesson are shown in T;ble 1.

The teaching lessons comprise the. first five lessons in eaéh lesson
block and for& the substanti;e part of the course. As can be seen in
Table 1, there are a total of 1943 exercises in the course; of thesé
1180 are in the teaching lessons. All lessons except the teaching lés-
sons are optional 'and may be bypassed by a student who wlshes to complete
the course as quickly as possible. A student who could work at the rate
of one problem every twé minutes, a reasonable expe;tation for a good
student, could complete the ‘course in 40 hours. Severai of the teaching
lessons could also be omitted,‘namely, those ;n rechrsive functions,,
trigonometric functions, and Exponehtial functions, If a student skipped
these-lessons, he might well finish in 50 hours or less. A slower stu-
dent, on the other hand, might tage all of the optional lessons and
problems, and put over 100 hours into the course, In colleges where the
AID course is given for credit, it is the usual practice to assign a
fixed number of hours of computer time to students regardless of their
abllity., An assignment of five hours per week for 10 weeks is enough
to allow the better students to complete the course while slower students

finish only the first 20 or so lessons. The course content is organized

il
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so that the most essential ﬁmgramning concepts are presented in the

first half of the course, leaving more advanced concepts sﬁch as the

- conditional definition of functions and the use of matrices to the later

lessons. In this way the slower students are given a good introduction

to the basic principles of computer science. A brief outline of the

Jessons is given in Table 2; notice that the first 25 lessons cover

algebraic éxpréssioﬁs , some standard functions , stored programs, con-

" ditional clauses, branching, and loops.

Types of Exercises Used in the AID Course

~ Although the aim of the AID course is to teach si;udent.s how 120
program, and in particular how to progi-aarusing the AID language, not
all of the exercises in the cMe are programming problems%. Most ex-
ercises are simpler, ranging in difficulty from trivial true-false
exercises to exercises that require the student :to construct a complete
syntactically and semantically correct AID command that could be used

as part of an AID program. The exercises used in ihe AID course fall

‘into five major groups:

Multiple-choice, and similar, exercises
Short constructed-response exercises
Prog;'éming problems

Questions that ask the student to express an opinion or
preference

Ungraded exercises
Each of these problem classes is described below, and the first two
classes are rurtvher subdivided. The exact number of exercises in each

of these classes is shown in Table 3 for each teaching lesson and test.
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Teble 2

Outline of Course

Using the Instructional Program
" Using AID for Arithmetic
Order of Arithmetie Operations

Exponents and Scientific Notation
The £ZT and DELETE Commands

" Test of Lessons 1 to 5

Block Review.

The LET Command

Some” Standard AID Func'l';ions

Indirect Steps, the DO Command, the FOR Clause
Parts

The DEMAND Command

Test of Lessons 8 to 12

Block Review :

- Relations and the Use of the IF Clause

The TO Command

Debugging Techniques

The Indirect Use of the DO Command
Debugging, Permanent Stbrage

Test of Lessons 15 to 19 =
Block Review

The FORM Statement

Loops

Loops with Variables in the Exit Condition
Loops and the FOR Clause

Loops with a DEMAND Command

Test of Lessons 22 to 26

Block Review

Absolute Value

17
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Iesson 30
Iesson 31
Lesson 32
Iesson 33
lesson 34
Iesson 35
Lesson 36
Iesson 37
Tesson 38
Iesson 39
Iesson 40
Lesson 41
Iesson 42

Lesson 43

Iesson 44
lesson 45
Lesson 46
Iesson 47
Lesson 48
Iesson 49
Iesson 50

Table 2 (cont'd)

SIN and COS

Exponential and-Logarithmic Functions
Lists

Using Loops with Lists of Numbers
Test. of Lessons 29 to 33

‘Block{Review

Nested Loops and Decrementing Counters
SUM, PROD, MAX and MIN

. Arrays

More about Arrays anu Lists
Conditional Definition of Functions
Test of Lessons 36 to L0

Block Review

Recursive Functions

AND, OR and NOT; Truth Tables
TV(X) and the FIRST Function

LET and Eoolean Expressions; Debigging Tools
ﬁoreistandard ATD Functions

Test of Lessons 43 to, U7

Block Review .

Programming Problems

]
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Classvlg Multiple-choice, and similar, exercises. These exercisgs
pose a set of alternate possibilities that are listed or clearly implied

by the text of the exercise. There are four distinct subclasses within
this class.

(a) Multiple-choice exercises. This subclass includes only those

exercises that are in the traditional multiple-choice format,
with.the choices expllciﬁly listed and each choice labeled

with a letter identifier. A number of multiple-choice exer-

cisés in the course have more than one correct choice,.and the -

-student is expected to find all of the correct choices.

Multiple-choice exercises can be further subdivided according

to how many correct choices there are. Also, in some exercises

none of the choices listed is correct, and the list of choices

includes the entry
N. NONE OF THE ABOVE.
Exercises for which there is no correct true choice é;uld also
be' put into a separaie subclass, The following, finer, divi-
sion of the class of multiple-choice exercises will not be
found in Table é, which shows only the broader clessification,
(1) Multiple-choice exercises with one correct answer
(other than exercises in which the correct answer
is "None of the above."). Of the 174 multiple-choice
exercises in the teaching lessons and tests, 107 are
in this class.

(11) Multiple-choice exercises with two correct choices.

There are 39 exercises of this kind.
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(iii) Multiple-choice exercises with three or more correct -
choices. There are 21 exercises in this class.

(iv) Multiple-choice exercises to which the correct re- ]
sponse is "None of the above." There are seven
exercises like this (although there are many exer-
cises that 1ist "None of the above" as a possibility).

(b) Yes-no questions. The exercises in this class are those in
which the two possibilities, yes and no, are implied by the
grammatical form of the question rather than being explicitly
listed as are the choices for multiple-choice exercises. All

of the exercises in this class deal with matters of fact,

rather than opinion. A large number of yes-no questions are
also found in the class of exercises that ask for students!
opinions (Class 4, described below), but those exercises are
also not included here.

(¢) True-false exercises.

(a) Other "implied-choice" exercises. There are a number of exer-
cises in the course that appear to be constructed-response
exercises in that the text does not list the possible answers
from which to choose. These exercises are revealed by closer
inspection to be more related to multiple-choice exercises
than to constructed-response exercises since a limited number

of choices are clearly implied in the statement of the problem.

[ ——

As an example, the following question gives two alternatives,

one of which is the correct answer:
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|
j IF YOU USED THIS COMMAND
:

[err—

TYPE 1/100 \
WOULD AID GIVE THE ANSWER IN DECIMAL FORM OR IN

L T—
-

| B SCIENTIFIC NOTATION?

T T
T attoy

Class 2: Short-constructed-response exercizes. These exercises

require short-constructed responses that will be checked for correctness
by the instructional program. Class 3 exercises and Class 5 eXercises,

described below, could also be considered constructed-response exercises

[SyUS——

and are distinguished from exercises in this class in that they are not
checked for correctness by the instructional program, for rsasons given

i below. The short-constructed-response exercises, like the multiple-

g

choice exercises, can be further divided into several subclasses, which

f, are described below and are tallied in Table 3.

(a) Exercises that ask the student to predict the result of using

! a given set of AID commands. In these exercises the students
are shown an AID command or sequence of commands and are asked
to predict what result would be given if such commands were

used.

[ —

(b) Exercises that require the student to construct an AID command.

? In these exercises the student's response is analyzed by the

=

instructional program, as are all exercises in Class 2; studenfs

are also expected to construct AID commands as they work the
programming problems in Class 3, but those commands are not
analyzed by the instructional program, and are not included

in this class. On occasion students are asked to construct a

a3
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part of an AID command or to complete a given partial command;
those exercises are in Class 24, below.

Exercises that ask the student to report results obtained from
student-constructed AID programs. These exerc&ses always fol-
low an exercisze from Class 3; They are used by the instructional
program to judge the correctness of the program written by the
students for the preceding Class 3 exercise. A more complete
explanation of the sequence of problems will be given below

in the descripfion of the Class 3 exercises.
Other:constructed;response exercises. This class incorporates

the miscellaneous constructed-response exercises. Exercises

similar to those in Class 2b but requiring the student to con-

struct only a part ofran ATD command, rather than an entire
ccrmand, are included here. Also included are exercises similar
to those in Class 2¢ but requiring non-numeric responses. The
class 1s large and heterogenous; the only common characteristics
of the exercises in this class are that they all require con-
structed responses less than one line long that are checked

for correctness by the indtructional progream.

Class 3: Programming problems. Characterization of the exercises

in this class as "programming problems" is imprecise; many of these exer-
cises require the student to construct only a single AID command that is
not part of a program and may simply be copied from the text given by

the instructional program. However, the class is well-defined in that

all its exercises require the student to use the computer as a programmer,

HT—
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not as a student. To clarify this issue a few remarks about the instruc-
tional system are called for.
The various types of commands that can be written in the AID lan-

guage and used in AID programs are introduced to the student one at a

time, using a sequence of instruction like the one described below.

First, an example of an AID command or program is shown and its

use explained.

Seconid, the student is shown several examples and asked to predict

the result of using such a command or program.

Third, the student is required to construct part or all of a

similar command or program.

Fourth, one or more programming problems 1llustrating the use of

the new principle are given.

Tn the first three steps of the sequence described above the in-
struction is given to the students by means of an instructional program
named INST; in the fourth step the students use the ATD interpreter which
interprets and executes AID commands. After using the AID interpreter
to solve the problem, students return to the instructicnal program for
further instruction. Programming problems are posed by the instructional

program, but once a student starts using the ATD interpreter he is given

no further instruction until he branches back to INST. This branching

is completely under student control; the details of accessing both pro-
grams are taught in the course. Thus, while the student is using AID
he is completely on his own, communicating with the computer by means

of the AID interpreter, just as & working programmer would do. These

two programs, INST and AID, together control all of the student's

9§ il
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interaction with the computer as he takes the AID course, and together
form the interactive part of the instructional system. In essence, the
difference between these two programs is that INST talks about the lan-
guage AID, while the AID interpreter uses the language ATD. The AID
interpreter is a commercial program that was written for the use of
programmers, not students, and contains no routines for comparing a
student's program to a correct solution for the same problem. For in-
structional purposes, however, it is desirable to know if a student

solved the given problem, and this is accomplished in the course by the

‘instructional program which keeps track of which programming problem the

student is working on and asks him about the results obtained by his
program after he returns to the instructional program. The problems
that the student is working on-while he is using the AID interpreter are
exactly the problems in Class 3, and the exercises that ask the students
the results of his work are largely in Class 2c, although a few are in
Class 24d.

As mentioned before, not all of the exercises in Class 3 should be
labeled programming problems since some require no more than a single
direct command. Thus, the difficulty of exercises in this class varies
from the easiest to hardest to be found in the course. Some exercises,
in fact, are no more than trivial copying tasks (with the added compli-
cation of starting and stcpping the AID interpreter), while others are
programming problems of a complexity that might challenge experienced
programmers. The exercises in Class 3 could be further subdivided into
at least three subclasses on the basis of difficulty. The easlest sub-

class, which asks the student to start the AID interpreter, copy a given

26

Tom—

Jap——

L

]
p—— b S ——

[ —

e um ey weew e e




set of commands, and observe the result, contains 37 of thLe 117 program-
ming problems in the teaching lessons. Another seven programming problems
are almost as simple, requiring only minor modifications of programs

glven as examples in the lessons. There are 73 problems that are dif-
ficult enough to require some original thinking or problem-solving skills
on the part of the student; these 73 problems themselves vary considerably
in difficulty. Note that we are talking here about the 117 programming
problems in the teaching lessons and tests. There are also numerous
prégramming problems in the review lessons, and all of the ertra-credit
problems are programming problems.

Class 4: Opinion questions. These exercises ask the students to

express an opinion or preference. Typical exercises of this class are
"Would you like to review any of the topics from Lesson 82", “Do you
vent the summary for this lesson?", and "Did your program give the re=
sults you expected?" The response to these exercises are analyzed, and
acted upon, by the instructional program; but are not classified as right
or wrong. Most of these exercises are in the form of yes-no gquestions.

Class 5: Ungraded exercises. This class of exercises is very small

and contains only those exercises that require responses that cannot for
one reason or another be graded by the instructional program. These
exercises are separate from the programming problems in Class 3 which
cannot be graded for an entirely ulfferent reason. Some of the ungraded

exercises are ungraded, not because of any theoretical difficulty, but

simply because the requisite mechanism does not exist in the instructional

program at this time. Other are ungraded because they ask for freely

constructed responses that cannot be analyzed because of the complexity

27




of the English language; in these cases, students are given a sample

coyrect answer and asked to judge for themselves whethej or not they

responded correctly (no record of the student response is kept by the
system).

The above scheme for classifying the exercises in the course is
necessarily a hybrid scheme, using both response format and exercise
content as bases for classification. Thic scheme was chosen because it
gives a good picture of the curriculim. Other schemes could also have
been used. One possible scheme of classification would be to divide-the
exercises strictly according to the form of the expected response. This
classification would yield classes such as

multiple-choice exercises .
yes~-no gquestions
true~-false exercises
constructed-response exercises: numeric
constructed-response exercises: single letter or character
constructéd-response exercises: word or phrase
constructed-response exercises: ALD command
constructed-response exercises: AID program
This classification has certain virtues, one of which is that there 1is
no ambiguity, but distinctions such as the one between "opinion" ques~
tions and other yes-no questions are lost.

Another method of classification that would yleld a different pro-
file of the course would depend strictly upon content and not upon the
form of the response. Since the division of the course into lessons is
a division based upon content, & closer look at the content of each

lesson 1s warranted.
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Description of Content of Ilessons

A complete table of contents for ihe teaching lessons is given in
the appendix which lists all the topics discussed ir each lesson to-
gether with a list of the exercises on that topic (and the number of
exercises for each topic). Below is a more informal discussion of the
teaching lessons, tests, and block reviews, with numerous examples.

Lesson 1: Using the instructional program. Iesson 1 is a set of

18 exercises explaining how to use the instructional program. The
mechanics of typing and erasing responses are explained, and instructions
are given for starting and stopping the program. The student is also
taught how to get additional inétruction (hints), how to get the answer
for any exercise from the program, and how to control the sequence of
instruection.
The style of instruction in Lesson 1, as in succeeding lessons, is
informal.
lesson 1, Exercise 3:
IF MULTIPLE CHOICE PROBLEMS HAVE MORE THAN ONE CORRECT
ANSWER YOU CAN LIST THE CORRECT CHOICES IN ANY ORIDER.
SUPPOSE B, C, AND D ARE THE CORRECT CHOICES FOR A PROELEM.
WHICH OF THESE WOULD BE CORRECT WAYS TO ANSWER?
A. D, B, C, A
B. B,D, C
c. B,C, D

D. D, B, C




-

g

Lesson 1, Exercise 1h:

‘
L]

FROM LESSON 1, YOU SHOULD HAVE LEARNED HOW TO SIGN ON AND
OFF, HOW T0 START AND STOF THE TEACHING PROGRAM, HOW TO -%

GET A HINT, AND HOW TO USE CTRL-G. D0 YOU WANT TO REVIEW

[ —

ANY OF THESE TOPICS?

In Lesson 1, five of the 18 exercises are multiple choice, similar
in form to Exercise 3 shown above. This proportion of multiple-choice
exercises is fairly typical of the course.

=

Exercise 1k illustrates an instructional strategy that is used in

the lessons in the first two lesson btlocks. At the end of each lesson,

its content is briefly summarized and the student is asked if he wants ‘t
L4 €
to take the lesson review. In this way the student is forced to Jjudge -
whether he %s competent to proceed with the course or whether he needs %

additional instruction and practice.

M,

A number of exercises are desigred more to elicit opinion than

information, and have nc "correct” amnswer. Exercise 14 abcve exemplifies

S

these; other examples are questions like Do you want to go on to Lesson
2 now?" and "Do you want to practice signing on and of£?" 1In Lesson 1
there are five exercises of this type (Class L).

The exact number of eaén type of exercise in Lesson 1 (and other
teaching lessons and tests) is shown in Table 3.

lesson 2: Using AID for arithmetic. In Iesson 2 the student gets

his first experience with the AID interpreter. The 28 exercises in this

lesson teach the student how to start and stop the AID interpreter and

%\Mm

how to use the AID interpreter for doing simple arithmetic by giving

direct "TYPE" commands. The AID symbols for the four simple arithmetic

Q 30




operations (+, -, *, and/) are taught, and the use of optional parentheses

in arithmetic expressions is introduced. By the end of the lesson the
student is abie to start the AID interpreter and give simple, direct com-
mands like
TYPE 5/25
TYPE 3.25 + 17.4 + 3.12
TYPE 15%17 + 25%19
One of the most persistent errors made by students learning an
algebraic programming language is the omission of the multiplication
operator in certain kinds of algebraic expressions. The root of this
difficulty is the convention used -in ordinary algebra of implying multi-
plication by Jjuxtaposition. For example, we ordinarily write
ohx + 56(y - 2z)
without explicit multiplication operators. AID, like other algebraic
programming languages, requires the use of operation symbols:
2h*X + 56%(Y - Z)
In Lessons 2 through 5 there are a number of exercises aimed specif‘ically
at preventing the error of omitted operation symbols.
lLesson 2, Exercise 1l:
WHICH ARE VALID AID CCMMANDS?
A. TYPE (17.01)/32.765
B. TYPE 1/2 + .1785 - (12/16)
C. TYPE 2(10) + 3(10) + 4(10)
D. TYPE 1/2 + (7% 3/2)

N. NONE OF THE ABOVE




-

Lesson 2, Exercise 19:
USE AID TO DO THESE PROBLEMS:
1. FIND THE AREA OF A RECTANGLE WITH WIDTH 1.72375 AND
LENGTH 12.001325.
o, SUPPOSE A SQUARE OF WIDPH .63725 IS CUT FROM THE ABOVE
RECTANGLE, FIND THE AREA OF THE SQUARE.
3. FIND THE AREA OF THE REMAINING PART OF THE RECTANGLE.

Of the 28 exarcises in lesson 2, 12 are ccnstructed-response exer-
cises. These exercises vary in difficulty with the most difficult being
Exercise 19, shown above. None of thése exercises approaches in dif-
ficulty the programming problems given later in the course.

Lesson 3: Order of arithmetic operations. The arithmetic used in

Lesson 2 wes relatively simple, but in ILesson 3 the complexity increases
with thé addition oé'the conceﬁt of hierarchy of operations and the use
of parentheses. Because of the necessarily linear nature of computer
input, an algebraic formula cannot be written on more than one line.

The following expression, for example, is typically written on two lines.

Xty
X -y

Tn ATD this expression would be transformed into

(X +7)/(X-Y) . | <
The horizontal bar is replaced with a slash and one of the functions of
the bar, that of implied grouping, is lost, so that parentheses must be
added. The latter expression 13 not onl& more difficult tc read, but
also more difficult to construct correctly since it requires the student

to make a conscious decision about the desired order of evaluation. A
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large part of Lesson 3 is devoted to teaching the student now to force
the order of evaluation by the use of parentheses, and how to determine
the order of evaluation if parentheses are not used, by using an explicit
set of rules for the hierarchy of the four basic arithmetic operations.
Ek lesson 3, Exercise :0:
LOOK AT THESE THREE COMMANDS. AID WILL GIVE THE SAME
ANSWER TO TWO OF THEM. WHLICH TWO?
TYPE 3 + (2%h)
TYPE (342) * &4
TYPE 34 2 % L
« START AID AND TRY THE THREE COMMANDS.
Lesson 3, Exercise 22:
TYPE 100/10/10/2
CCULD EE WRITTEN AS
A. TYPE (100/10)}/(10/2)

B. TYPE (100/(10/10})/2

:. N e T (100/(10/10/2))

D. NONE OF THE ABOVE

Since a large part of lesson 3 reviews algebraic notions that nay
be better understood by some students thar by others, several remedial
sequences are imbedded in the lessons. Since these remedial sequences
are bypassed by students who are responding correctly, a good student
can complete Lesson 3 in 27 exercises whereas a student who performs
poorly may receive up to 49 exercises.

Lesson 4: Exponents and scientific notation. Lesson 4 is much

longer than average (61 exercises), and extends the work on arithmetic
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expressions tO include expressions with exponentiation. First, the con-

cept or exponentiation is reviewed, and the AID symbol (%) is introduced.

The rules for the hierarchy of operations are extended to include expo-

nentiation, and the AID form of scientific notation is introduced.
Negative exponents, fractional exponents, and the zero exporent are also
covered. Iesson 4, like iesson 3, is largely review of algebraic prin-
ciples that may have been forgotten. The exercises also provide practice
in reading and constructing zxpressions in the linear form required by
the AID interpreter.

As noted above the horizontal division bar so frequently used in
algebra has two functions, that of signifying division ard that of
implying grouping. The usual notation for exponentiation also has two
functions: signifying exponentiation and implying grouping. As an
example, the following expression raises number 5 to the power 1/2

5%/2

However, when this expression is translated into an AID expression with
the symbol + used to denote exponentiation, the grouping function is
lost and parentheses must‘be added:

5t(1/2)
Since students are accustomed to this grouping function of ordinary
notation, they may erroneously translate the expression above into

5t1/2
which is equivalent to

5%/

Several exercises in Lesson 4 are derigned to prevent errors of

this kind
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Lesson L4, Exercise 2:
WHAT WOULD AID ANSWER TO THIS COMMAND? i
TYPE 213

Lesson L4, Exercise 12:

USE AID TO EVALUATE EACH CF THE FOLLOWING.

1. U4 SQUARED TIMES 3.1416

Prem——

2. THE SUM OF 4 CUBED AND 6
| 3. THE SUM OF THE SQUARES OF 1, 2, 3, 4, 5, 6, 7, AND 8
In Lesson 4, 47 of the 61 exercises require constructed respor.ses.
: Most of these are umeric results of arithmetic calculations to answer
i questions like that in Exercise 2. Three exercises, with several parts,
require the student to use the AID interpreter, and he is encouraged to
use AID throughout the lesson whenever he wishes.

Tesson 5: The SET and DELETE commands. Aftei’ the sizeable dose of

; arithmetic given in Lessons 3 and 4, Lesson 5 returns to the mainstream
of instruction with the introduction of two new AID commands: the SET
command and the DELETE command. SET is used in AID to assign numeric

i values to variables, and DELETE is used to delete & previous assignment

or definition. In AID, variables are single letters, and the forms of

the SET anC DELETE commands are straightforward and easily learned

(SET X = 5 + 2, DELETE X). A few word problems are given to illustrate

the use of the new commandes.

Lesson 5 also introduces the multiple-argument fu_m of the TYPE
command, in which several TYPE commands can be combined by separating

the arguments with commas (TYPE X, Y, X + Y).
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lesson 5, Exercise 3:
WHAT WILL AID ANSWER AFTER THESE COMMANDS?
SET B = 1.5
TYPE 3*%B
lesson 5, Exercise 1l1:

WHAT COMMAND WILL CAUSE AID TO SET M EQUAL TO S PLUS 9?

Lesson 6: Test of Lessons 1 to 5. Lesson 5 is the last teaching

lesson in the first lesson block, and is followed by a test in Lesson 6.

ot s oy

Like other tests, Les. mn 6 supplies no hints, and students are allowed
only one try on each exercise. However, correct answers are programmed E

for each exercise, and the student may request these at any time. When~

L)

ever a student misses an exercise, he is given a review reference and
1

advised to review that topic before proceeding with the course.

Wi e

The exercises in Lesson 6 are classified by type in Table 3. Of

the 43 exercises in Lesson 6, three ask for students' opinions and two

me—

are programming problems that require the use of AID and are not directly

pem——

checked by the instructicnal program. The remaining 38 exercises are
test exercises that are checked by the instructional program; these 38

exercises are classified in Table b4 according to which of the teaching

Jessons in the lesson block are being tested. Many of the exercises

test more than one lesson since the material being taught builds pro-

S e

gressively from one lesson to the next; such exercises are listed only

once in Table 4 however.

[ ———

Lesson 7: Block review (general review of Lessons 1 to 5). At the

A

beginning of Lesson 7 the student is informed that the block review 1is

optional, but recommended for students who missed more than five problems

36
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{ . Table U4

List of Exercises that Test Each Teaching Lesson

SRR = g P——

Test Exercises

% Number of teaching

lesson Test number Exercise numbers
4 ,
‘ § 1 6 2, 3, L, 2, 6) 7, 9, 10, 12,
13, 14, 15, 16
) 2 6 8, 11, 17, 18, 19, 20, 38.1,
3 : 39.1
3 6 21, 22, 23
L 6 ok, 25, 26, 27
6 28, 29, 30, 31, 32, 33, 3%,
35, 36, 37
13 1.1, 2, 3, 4, 5, 6, 7, 8
13 9, 10, 11, 12, 13, 14, 16
10 13 17, 18, 19, 20, 21, 22, 23,
24
i 11 13 25, 26, 27
o 12 13 28, 29.1
g 15 20 1.1, 2, 3, 4, 5, 6
t 16 20 7, 16
17 20 8, 9, 10
18 20 11, 12, 13, 14, 15
19 20 17, 18, 19, 20, 21, 22, 23,
24, 25
22 27 1, 2, 2.1, 2.2, 2.3, 3, 4
23 27 5, 5.1, 5.2, 5.3, 5.4, 10
ol 27 6, 6.1, 6.2, 6.3, T, T.1, 8
25 27 5.5, 9, 11, 11,1, 12, 13, 1
26 27 15, 15.1
27 3k 1, 2,3, 45,6, 7
30 34 8, 9, 10, 11




Number of teaching

Table 4 (cont'd)

Test Exercises

lesson Test number Exercise numbers

31 34 12, 13, 14, 15, 15.1, 16, 17

32 34 18, 18.1, 18.2, 19, 20, 21,
22, 23

33 34 None

36 41 1, 2, 3, 4, 5, 6

37 L1 7, 8, 9, 10

38 41 11, 12, 13, 14, 15, 16

39 41 17, 18, 19, 20, 21, 22, 23

Lo 41 24, 25, 26, 27, 28, 29, 30

43 48 1, 2, 2, 4,5

Ly 48 6,7, 8, 9, 10, 11, 12

45 48 13, 14, 15,7165"17, 18

L6 48 19, 20, 21, 22, 23, 24, 25,
26

L7 48 27, 28, 29, 30

38
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in the preceding test (lLesson 6). In order to allow students to review
only selected portions of the lessons in the lesson block, the branching
structure used in Lesson 7 is more complex than that used in the teachinrg
lessons and tests. The individual lesson reviews for Lessons 1 to 5 are
called as subroutines by Lesson 7, and students may select not only the
lesson they want to review but a particular part of the lesson. The
following example from Lesson 7, Exercise 5 illustrates how this selec-
tion procedure operates.

LESSON 4 WAS ABOUT EXPONENTS AND SCIENTIFIC.NOTATION.

FRACTIONAL EXPONENTS AND NEGATIVE EXPONENTS WERE DISCUSSED,

AND ALSO THE USE OF O AND 1 AS EXPONENTS. THE ORDER OF

ARITHMETIC OPERATIONS + - * / AND +~WAS COVERED.

DO YOU WANT TO REVIEW ANY OF THESE THINGS?

If a student answers "yes" to the above question, he is sent to the
review lesson for Iesson 4, where he is allowed to review any of the
topics in lesson 4 in any order he wants.

This first block review alsc reminds ctudents that they can control
the sequence of instruction by using the CTRL-G key and that they can use
the student manual as a reference book for the course.

Lesson 8: The LET command. Lesson 8, the first lesson of the second

lesson block, introduces the LET coﬁmand, used in AID to define functions.
The syntax of the LET command for functions of one, twc, and three vari-
ables is téught, as is the syntax of function calls. The difference
between IET and SET commands is explained and the use of the DELETE

command for deleting function definitions is described. A substantial
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part of Lesson 8 is on substitution of arithmetic expressions for vari-

ables in function calls and other arithmetic expressions.

Lesson 8, Exercise 1h:
WHAT WILL AID ANSWER?
LET Q(A, B, C) = C*(A + B)/2
TYPE Q(3, 5, T)
Lesson 8, Exercise 28:
USE AID TO DO THIS PROBLEM. DEFINE A FUNCTION TO CONVERT
DEGREES FAHRENHEIT TO DEGREES CENTIGRADE. THEN CONVERT
THESE TEM%ERATURES TO CENTIGRAIE: ‘ .
0, 10, 32, 72,212 I

lesson 9: Some standard AID functions. In Lesson 9, the student is

introduced to four of the standard AID functions. These are: .

SQRT(X) - the square root function;

IP(X) -~ the "integer part".function; 4t
FP(X) - the "fraction part" function;

SGN(X) -~ the sign function. N

These functions, together with functions defined by the student, |
are used in several programming problems.
Lesson 9, Exercise 1k4: B

YOU CAN USE THE AID FUNCTION FP(X) TO FIND OUT IF ONE

NUMEER CAN EE DIVIDED BY ANOTHER WITHOUT A REMAINIER...

IS 2976 EVENLY DIVISIBLE BY 3?

Birmeem

Lesson 9, Exercise 16:
THE SIGN FUNCTION -

SGN(X)
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GIVES 1 IF X IS A POSITIVE NUMBER

ANDOIFXISO

AND -1 IF X IS A NEGATIVE NUMEER

WHAT WILL AID ANSWER?
TYPE SGN(25)

Lesson 10: Indirect steps, the DO command, the FOR clause. In

Lessoh 10 the concept of a stored program is introduced. Up to this

point, students have been using AID as a desk calculator, doing all ex-
ercises with direct commands, i.e., commands that are executed immediately.
In this lesson students are taught that TYPE commands can be stored for

' as in the

later execution by prefacing the command with a "step number,’
following examples:
2.1 TYPE F(16)
4,7 TYPE Xt2, X13
They are also taught how to execute these stored commands by using
a DO command.
Two variants of the FOR clause are used to modify DC commands. In
the first variant, values for the iteration variable are given by a
simple listing:
DO STEP 17.3 FORY = 1, 2, 7, 1k.3
In the second variant of the FOR clause the values for the variable are
given in a range specification, which gives an initial value for the
variable, a step size, and & final value:
DO STEP 5.6 FOR X = 3(2)9

This command specifies that X will assume the value 3, then be incremented

L1




by 2 after each iteration of step 5.6 until X > 9. This is equivalent
to the FORTRAN form:
DO 56 X =3, 9, 2
56 < statement >
and the ALGO. form:
_ FOR X = L4 STEP 2 UNTIL 9 DO < statement >
Lesson 10, Exercise 6:
START AID AND GIVE THESE COMMANDS:
k7.3 TYPE X, Xt2, Xt3, Xth, Xt5
SET X =3
DO STEP 47.3
SET X = 4
DO STEP 47.3
SET X =5
DO STEP U47.3
WHAT IS THE VALUE OF Xt5 IF X = L?
Lesson 10, Exércise 17:
WHAT VALUES OF A WILL BE USED&IF THIS COMMAND IS GIVEN?
DO STEP 73.7 FOR A = 5(10)35
A. 5, 10, 15, 20, 25, 30, 35
B. 10, 15, 20, 25, 30, 35

Co 5, 15, 25, 35

Lesson 1l: Parts. ' Lesson 11 explains how indirect (stored) steps

are grouped into parts, Steps 12.1, 12.7, and 12.8, for example, are
grouped as "Part 12," and can be executed by a single command:

DO PART 12

Yoy m M'm




The sequence of execution depends onvly upon the nun;erical order of the
step numbers, and not upon the sequence in which they were written. Thus,
stel;s 3.7, 3.2, and 3.8 will be executed in the order 3.2, 3.7, 3.8.
Students have little difficulty with this concept except when step num-
bers end in zeros; some students cannot readily sort into numgrical
order a sequence like 3.5, 3.8, 3.10 (the correct order is 3.10, 3.5,
3.8).
Iesson 11, Exercise 5:

YOU CAN TYPE THE STEPS IN ANY ORDER, BUT AID WILL ALWAYS

DO THEM IN NUMERICAL ORDER., WHICH STEP WILL EE DONE FIRST?

17.4 TYPE X*Y

17.5 SETN =5

n

17.2 SET X = 10

17.3 SETY =2

n

lesson 11, Exercise 1l:
A PART {SET OF INDIRECT STEPS) IS ALSO CALLED A PROGRAM.
USE ATD TO WRITE A PROGRAM THAT WILL LIST THE RADIUS,
'DIAMETER, CIRCUMFERENCE, AND AREA OF A CLRCLE OF RADIUS R.

THEN USE THE PROGRAM FOR R = 10, 20, 30, 40, AND 50.

Lesson 12: The DEMAND command. In Lesson 12 the DEMAND command is

introduced. The DEMAND command is used in AID programs for keyboard
input. The DEMAND command can be used only indirectly, unlike previously
introduced commands which can be used both directly and indirectly.
DEMAND is used for numerical input only and the form is simple:

DEMAND X
where X is the variable name to which the input number is assigned.
43
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Lesson 12 also introduces the TIMES clause which can be used to
modify a DO command, in this way:

DO PART 7, 5 TIMES

Lesson 12, Exercise 4:
START AID AND WRITE A PROGRAM THAT WILL ASK YOU FOR 3
NUMEERS, A, B, AND C, AND THEN GIVE YOU THE AVERAGE OF
THE 3 NUMEERS. AFTER YOU HAVE TESTED YOUR PROGRAM, USE

IT TO FIND THE AVERAGE OF

A = 179.053
B = 23.7
C = 271.0015

lesson 12, Exercise 5:
WHAT CCMMAND WOULD YOU USE IF YOU WANTED PAﬁT 2 DONE
7 TIMES?

Lesson 13: Test of lessons 8 to 12. This lesson is the test for

the second lesson block and is structured like other tests: the stucent
is given only one téy for each exercise, and no hints are provided al-
though a student who cannct do an exercise can request the correct
answer.

As for the first test (Lesson 6), the exercises are classified by
type in Table 3, and are classified according to which of Lessons 8
through 12 are being tested in Table L, An exercise that might be con-
sidered a test of more than one lesson is listed only once in Table k4.

Of the 33 exercises in Lesson 13, only 28 are properly test exer-

cises, since three ask for opinions (Class k4 exercises) and two ask the

4l
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student to use the AID interpreter but do not check the woik done by the

student while he is using AID.

Lesson 1lk4; Block review. Iesson 14, like other block reviews, is

optional; the review is recommended for students who missed more than

three problems in the preceding test.

lesson 14, Exercise 3:
LESSON 8 WAS ABOUT THE "LET" COMMAND AND HOW TO USE IT TO
DEFINE A FUNCTION, FUNCTIONS OF 2 AND 3 VARIAELES WERE
DISCUSSED, INSTRUCTIONS FOR PRINTING AND DELETING A

FUNCTION WERE GIVEN,

DO YOU WANT TO REVIEW ANY OF LESSON 8?
The student who answers "yes" will be branched to the lesson review
for Lesson 8 and then given his choice of which topies to review in vhat

order.

Tesson 15: Relations and the use of the IF clause. Lesson 15 begins

a new lesson block with the introduction of the most powerful of program-
ming tools, the conditional clause. The conditional (IF) clause consists
of the word "if" followed by a Boolean statement, and may be appended %o
any of the commands so far introduced.

SET 2 =21IF X<10:

TYPE X IF X >0

DO PART 5 IF M =

Most of Lesson 15 concerns the syntax and meaning of logical staze-

ments. The following AID symbols for arithmetic relations are 1ntrcduced*
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less than;

greater than;

less than or egual;

greater than or equal;
# not equal

" and "non-negative" are reviewed. The

The temms "positive," "negative,
Boolean connectives "and" and "or" are also introduced although their
meanings and the hierarchy for the comnectives are not discussed exten-
sively at this point. The students are required to write several prOgréms
using conditional clauses. -
Lesson 15, Exercise 1h4:
STUDY THIS PROGRAM.

49.5 TYPE X IF X > Y

49,6 TYPE YIF X <= Y

DO PART 49

IF X = 12,1 AND Y = 6, WHAT WILL AID ANSWER?

Lesson 15, Exercise 15:
USING AID, WRITE A PROGRAM THAT WILL FIND THE SMALLER OF
TWO NUMEERS X AND Y, TRY SEVERAL DIFFERENT VALUES OF S
AND Y,

Lesson 16: The TO command. Iesson 16 introduces the idea of con-

ditional branching and provides additional practice in the use of

conditional clauses. slthough lesson 16 is quite short (27 exercises),
some of the programming problems are very difficult. Several sample
programs are analyzed in detaill with special emphasis on the order of

execution.

46
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lesson 16, Exercise 3:

HERE IS A PROGRAM THAT CALCULATES THE AREA OF A RECTANGIE
b OF LENGTH L AND WIDTH W. IF EITHER L OR W IS NEGATIVE,
PART 15 IS USED TO GIVE AN "ERROR" MESSAGE.
! 14.1 DEMAND L
- 14.2 TO PART 15 IF L < G
14,3 DEMAND W
14,4 TO PART 15 IF W< 0
14.5 TYPE I*W
15.1 TYPE "DO NOT USE NEGATIVE NUMBERS."
wHrcH STEPS MILL BE DONE IF L = 5 AND W = -37
Lesson 16, Exercise 6:
WRITE A PROGRAM THAT WILL TYPE 3 NUMBERS A, B, AND C IN

NUMERIC ORDER (THAT IS, THE SMALLEST FIRST, ETC.)

Lesson 17: Debugging techniques. Lesson 17 concentrates on the

debugging technique of tracing the step-by-step execution of a program

o m——

listing the changes in values of the variables used in the program.

i lesson 17, Exercise 3:
FOR PRACTICE, LET'S MAKE A TRACE OF THIS PROGRAM,
T ASSUMING A = 3.
31.3 DEMAND A

3l.2 SET B

At2 - 10

? 31,3 SET C=AIF A>B

31.4 SET C

BIF A< B
31.5 TYPE B

31.6 TYPE C

¥




FILL IN THE VALUES CF C IN THIS TRACE (STARTING AT STEP 31.3).

-

STEP B C

A ——

3101 had -

31.2 -1

[r—

31.3 -1

310’4 "’l

Wi

3105 “l

Tikmomrd

31.6 -1

Lesson 18: The indirect use of the DO command. In Iesson 18 the

[ Yooy

indirect use of the DO command is introduced. Up to this point the
student has used DO commands directly to execute programs or single
steps. The DO command can also be used indirectly, as part of a stored
program, or to execute subroutines. Frequently, a conditional clause

is appended to indirect DO commands.

Several exercises in Lesson 18 provide the student with practice

in determining the order of execution of steps in a program with con-

ditional subroutine calls.
Lesson 18, Exercise 2:
WHEN AID COMES TO AN INDIRECT "DO" COMMAND, IT WILL DO

Wmmm W’ﬂ m m m m

THE STEP OR PART INDICATED AND THEN RETURN TO THE STEP

MHATL

AFTER THE "DO" COMMAND.

I

+

16.1 DO STEP 2.1 TF @ <0

16.2 TYPE Q

2.1 SET Q = -Q

DO PART 16

IF Q = 3, THE STEPS WILL BE DONE IN WHICH ORDER?
418
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16.1 16,1 16.1 16.1
2,1 16.2 2,1 6.2

16.2 2.1

e

Lesson 19: Debugging, permanent storage. The first part of Lesson

19 is an optional section of tips for writing and debugging programs.
This section is primarily for students who have difficulty with the
programming problems in the preceding lessons and covers such topics
as planning and editing a program, distinguishing between and correcting
several kinds of syntactic and semantic errors, and single-stepping
<hrough a program with commands like
DO STEP 34.2.
The second half of the lesson describes the difference between core
memory and disk storage, and teaches students how to stcre their programs
on disk by using the AID file cummands: USE, FILE, RECALL, and DISCARD.
Lessor 19, Exercise 5:
SUPPOSE YOU FORGOT TO TYPE ONE OF THE STEPS IN A PROGRAM.
IF THERE IS A STEP MISSING EETWEEN STEFS 2.5 AND 2.6, YOU
CAN INSERT THE Sv.JP BY USING WHAT STEP NUMBER?

Lesson 19, Exercises 13: |

WHAT COMMAND WOULD YOU USE TO FILE PART 29 AS ITEM 37

Lesson 20: Test of Lessons 15 to 19. Thi lesson is the test for

the third lesson block. ILesson 20 contains 27 exercises of which two
are requests for opinions. The other 25 are grouped in Table 4 according

to which of the preceding lessons they test.

k9
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Lesson 21: Block review. ILesson 21 is a review of the lessons

tested by Lesson 20. Like other block reviews it is optional, but is
recommended for students who miss more than three problems in the test.
Unlike preceding block reviews this one does not call on lesson reviews
as subroutines, since there were no lesson reviews for Lessons 16 to 19;
instead, the students are given references to pertinent exercises in the

‘ lessons themselves.

Lesson 21, Exercise 83
LESSON 19 EXPLAINED HOW TC PLAN, WRITE, AND EDIT A PROGRAM;

WHAT KINDS OF ERRORS THERE ARE AND HOW TO CORRECT THEM; AND

HOW TO USE PERMANENT STORAGE.

DC YOU WANT TO REVIEW ANY OF LESSON 197
A student who answers “yes™" will be given a list of the topies in

Lesson 19 and the exercises that treat each of those topies.

Lesson 22: The FORM statement. The FORM statement, used in AID to

specify the form of teletype output, is introduced in Lesson 22, Up to
this point students use the standard AID form for teletype output, but
in this case they learn how to define new forms for themselves. A TORM
see— statement allows the programmer fo determine the spacing used in the

output, to define positions for more than cne number per liné, and to
insert text into the output. The number cf diéits to be printed can be
specified in a FORM statement and any numbers printed..will be rounded

to fit the space specified. The FORM statement can also be used to type

text, although a TYPE command can equally well be used for this purpose,

as explained in the lesson.
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Lesson 22, Exercise 16:
WRITE A PROGRAM (PART 7) THAT WILL GET A VALUE OF X
FROM THE USER AND THEN TYPE X, X SQUARED, X CUEED, AND
X TO THE FOURTH POWER ON ONE LINE, LIXE THIS:

X = 3.0 Xt2 = 9.0 Xt3 = 27.0 Xth = 81.0

SAVE THIS PROGRAM BY TYPING "USE FILE 100° AND “FILE
PART 7 AS ITEM 1" BECAUSE YOU WILL NEED IT FOR ANOTHER
PRCELEM LATER.

Lesson 22, Exercise 19:

b

START AID AND CHANGE THE PROGRAM YOU WROTE FOR PROBLEM
16 SC THAT IT PRINTS THE TITLE "POWERS OF X". ALSO PUT
1 OR 2 BLANK LINES AFTER THE TITLE. TRY THE PROGRAM FOR

X = 1.2, .7, 6.25.

Lesson 23: Loops. Lesson 23 introduces the vital subject of loops.

Several later lessons will also deal with this topic, and the loops used
in this lesson are of the simplest sort. These loops uce an incremernted
variable to count the number of times the loop is used. The students
are taught to set the counter to an initial value befcre the loop, to
add a constant to the. counter inside the loop, and to end the loop wi@b
a conditional branch in which the velue of the counter is compared to
a constant,

The lesson starts with a detailed study of several sample programs
incorporating simple loops. Several exercises are intended to lllustirate

the most common errors made in writing loops, and how to detect and cor-

rect these errors.
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Lesson 23, Exercise b:

P |

54,1 SET A =1 o

54,2 TYPE “"CONVERSION C¥ FEET TC INCHES"

L

54.3 TYPE A, 12%A IN FORM 2

A e

Shy SET A=A+ 1

54.5 TO STEP Sk.3

Wtvemmpneted

FORM 2:

« +~ < FEET = + « + « INCHES C e

m;wnlvr

ow

WHICH STEP IS WRONG?

f
R

‘ Lesson 23,.Exercise 5:
56.1 LET F(X) = 3*Xt3 + 5 ;
£

56.2  TYPE X, F(X)

6.3 SET X = X + .5

LT —

56.4 TO STEP 56.2 IF X < 3.5
- IN PART 56 THERE IS A MISSING STEP. IT SHOULD GO BEFORE |

WHAT STEP?

Lesson 24: Loops with variables in the exit condition. In Lesson

24 the study of loops is continued and extended to include loops in
which the counter is compared not to a constant but to another variable.
The use of variables for initial values of the counter is also discussed.

Lesson 24, Exercise 12:

pr———

IN A LOOP BOTH THE INITIAL VALUE AND THE VALUE USED FOR

o Mt

COMPARISON IN THE EXIT CONDITION CAN EE VARIABLES. THE

VALUES OF THE VARIARLES WILL BE GIVEN BY THE USER EEFORE

THE LOOP IS USED.
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6.51
6.52
6.53
6.54
6.55

.
Ure

6-56

DEMAND L
DEMAND U

SET X = L
TYPE X*3/17
SET X = X + 1

) STEP 6.54 IF X < U

WHAT VARIABLE IS USED FOR THE INITIAL VALUE?

Lesson 2k, Exercise

L3

13:

HERE IS A MORE COMPLICATED PRCGRAM. TRY TO FIND OUT

WHAT THE PROGRAM DCES.

3.1
3.2
3.3
3.4
3.5
3.6
3.7

SETN=1
SET 8 = 0
TYPE N
SETS=5+N
SET N=N+ 1

7O STEP 3.3 IF N< &

TYPE S

Lesson 25: Loops and the FOR clause. In Lesson 25 loops are re-

viewed and practiczd. The students are taught that many programs with

loops ara equivalent

to simpler programs that are executed iteratively

by using a DO command with & FOR clause; in several exercises the

tudents are asked to rewrite looping programs so as to be able to use

the FOR clause, and

the greater ease in

are advised to use this simpler approach because of

writing and debugging such programs. Students are

cautioned that not every looping program can be rewritten in this way,

and examples are shown to illustrate the point.

23




R

N

it &

Lesson 25, Exercise T:

P ]

4,1 SET ¢ =1 |
4.2 TYPE 60/C

4.3 SET C=C+ 1

R

L.4h TO STEP 4.2 IF C < T

WHAT DOES THIS PROGRAM DO?

Avmannoinsd 4

Lesson 25, Exercise T.b:

HERE IS THE ABOVE PROGRAM REWRITTEN TO USE A "FOR" CLAUSE:

[ ]

4.1 TYPE 60/C

[

"DO STEP 4.1 FOR ...

COMPLETE THE "FOR" CLAUSE. 5

Lessén 26: Loops with a DEMAND command. In interactive programming

it is a frequent practice to allow for input from the user during the §
execution of a loop; in AID this is done with a DEMAND command. When a
DEMAND command is executed and the response from the user is empty, i.e.,

a carriage return only, AID terminates the execution of the program at

[E——

that point. Because of this feature, loops that incorporate DEMAND

commands need no conditional clause to determine when to cease iteration. ‘ ) 21
Lesson 26, Exercise 2: ;
IF THE USER TYPED THE RETURN KEY ONLY, INSTEAD OF TYPING

A VALUE FOR L, AID WOULD STCP THE PROGRAM (THIS IS LIKE

[———

AN EXIT CONDITION).

'
L

5.1 DEMAND R

5.2 SET A = 3.14159265%Rt2

Eli )

5.3 TYPE A

oy

Sk
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5.4 TO STEP 5.1

WHAT DOES PART 5 DO?
iesson 26, Exercise 5:
WRITE A PROGRAM TO CONVERT INCHES TO FEET AND INCHES.
USE A "DEMAND" COMMAND IN A LOOP. STAR? AID AND TEST
THESE VALUES:
159 INCHES
17 INCHES

4L INCHES

Lesson 27: Test of Lessons 22 to 26. This lessor, the block test

for ine fourth lesson block, contains 30 exercises, of which 29 are
test exercises. - The test exercises are classified by type in Table 3,

and are classified in Table L by the lesson being tested.

Lesson 28: Hlock review. ILesson 28 is the block review for the

H

fourth lesson block, and like the block review in Lesson 21 refers
students tc particular paris of the teaching lessons for review of
specific subjects. In addition, the contents of the three previous
iesson blocks are summarized and the students are referred to the ap-
prepriate tlock reviews {Lessons 7, 1k, and 21) for review and practice

on the topics coverad in preceding blocks.

Lesson 29: Absolute valuss. ILesson 29 reviews the concept of

absolute value of real numbers and introduces the AID notation for
absolute valve: !x! . The hierarchy of arithmetic operations is re-
viewed and the place of absolute value in the hierarchy is specified.

The use of absolute vaiues for finding Euclidean distances is discussed.
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Lesson 29, Exercise 17:
127.1 - 7.9! IS THE DIATANCE EETWEEN 7.1 AND WHAT?
Lesson 29, Exercise 19:
WRITE A PROGRAM TO FIND WHICH OF THE THREE NUMEERS A, B, AND
C I8 CLOSES;I‘ TO 13/17. HAVE YOUR PROGRAM PRINI ONE OF THESE
MESSAGES
A IS CLOSEST TO 13/17.
B IS CLOSEST TO 13/17.

C IS CLOSEST TO 13/17.

Lesson 30: SIN and COS. Lesson 30 is an opticnal lesson intro-

ducing the basic trigonometriec functions for students who are interested

and have some background-in the rubject. Séme basic trigonometric
notions are reviewed, the two standard AID functions are introduced,
and there are a few pract:ice problems involving the dgfinitions of the
tangent and secant functions. None of the ‘problems are of great dif-
ficulty and the lesson is very short (17 exercises).
Lesson 30, Exercise 9:
DEFINE A TANGENT FUNCTION, T(X), WHICH WILL FIND TLE
TANGENT WHEN X IS GIVEN IN PADIANS. START THE ALD
INTERPRETER AND USE YOUR FUNCTION TO FIND THE TANGENT

WHEN X = 0, 2.4, 3.1, -6.

Lesson 31: Exponential and logarithmic functions. ILesson 31 is

also optional and provides a brief introduction to the exponential and
logarithmic funetions that can be used in AID programmii:g; this lesson
is intended only for students with the appropriate background and in~

terest. The concepts of exponential and logarithmic functions are
56
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reviewed and the AID notation for e* and £n(x) is introduced. There
are a few problems on the conversion of bases, although the treatment
of this topic is adequate only for students who tave already studied it.

Lesson 31, Exercise 10:

USING ATD, FIND THE VALUES OF EXP(X) FOR X = .5, 1.0,

- 1.5,440,10.0

Lesson 31, Exercise 12:
DEFINE A FUNCTION T(X) WHICH Will COMPUTE THE LOGARITHM
TO THE BASE 2 OF X, TEST THE FUNCTION FOR THESE VALUES
OF X:

6, 5, 8.7, 100

lesscn 32: Lists. The first three lessons in this lesson block

were relatively short and easy, and were devoted more to mathematical
concepts than programming :oncepts. Lesson 32, in contrast, is quite
long and very difficult, introducing one of the most complex topics in
progremmirg: the storage and us;e of indexed arrays.

Iesson 32 begins with a discussion of indices and the AID notation
for them. A simple program for inputting a list of numbers is shown
and several difficult programming problems whose solution depends upon
the retrieval of data from stored lists follow.

_I;.egon 32, Exercise 8:
WRITE A PROGREAM TO FIND THE AVERAGE OF THE NUMEERS IN A
LIST OF TEN NUMEERS.

lesson 32, Exercise 19:
WRITE A PROGRAM TO FIND AND PRINT ALL THE NUMBERS LESS

THAN 30 IN A LIST OF 10 NUMEBERS.

o7




Lesson 33: Using loops with lists of numbers. Lesson 33 continues

the treatment of stored arrays introduced in Lesscn 32. The first topic
covered in Lesson 33 is a method for ccunting and simultaneously storing
the elements in a list so that later computations, such as finding the
average, can be done more easily. Students are shown several examples
of looping progran;s that use data stored in lists, and are asked to
write five programs of this kind.
lesson 33, Exercise 3:
WHAT IS THE PURPCSE OF THIS PROGRAM?
2.1 SET I=1
2.2 TYPE L(I) IF L(I) # 0 —
2,3 SET I=1+1
2.4 TO STEP 2.2 IF I <= N
Lesson 33, Exercise 6:
SUPPOSE L IS THE LIST 12, 0, -7, O, O, 8. (N IS THE

LENGTH OF L) HERE IS A PROGRAM THAT BUILDS A NEW LIST A.

WHAT IS THE VALUE OF A(l) AFTER THIS PROGRAM IS RUN?

7.1 SET I =1

7.2 SET A(I) = L IF L(I) # 0

7.3 SET A(I) = O IF L(I) = O

T.h SETI=ZI+1

7.5 TO STEP 7.2 IF I <= N

Lesson 33 is not very long (23 exercises) but there is a rather

high proportion of programming problems (5) of medium difficulty.

58

o rawerar §

Mttemmennte § e —

Bt

hmmmmm

Frmmemy g Hownt

Ll —

L3

Nop M g

]

M Mmm Tmmwmone




lesson 34: Test of Lessons 29 to 33. Lesson 34 is the test for the

£ifth lesson block. There are 26 test exercises and one request for
student opinions in the lessons. The 26 test exercises are classified
in Table 4 by the lesson they are testing.

Since Lessons 30 and 31 were optional, the corresponding exercises

in the test (Exercises 8 through 17) are also optional.

lesson 35: Block review. Iesson 35 is the block review for the

fifth lesson block. About half cf the lesson contains review exercises
and the other half gives students references to exercises that cover

specific topies.

Lesson 36: Nested lopps ;nd decrementing counters. This lesson
continues work on loops,rand starts by showing several examples of pro-
grams in which the conditional clause that determines the number of
iterations is formed by comparing the value of the counter to the value
of an algebraic expression (rather than to a simple variable or constant).
Nested loops are introduced, and decremented counters are used in several
problems.

Iesson 36, Exercise 10:
WRITE A PROGRAM USING NESTED IQCPS WHICH WILL MAKE ONE
TAELE OF INTEREST CORRESPONDING TO A RATE OF 6% AND THE
FOLLOWING GROUPS OF PRINCIFLES:

50, 100, 150, 200; 250, 500, 750, 1000; 1250, 2500,

3250, 5000.




lesson 37: SUM, PROD, MAX, and MIN. Four AID functions that are

very useful for finding the sum, product, maximum or minimum of a {

sequence of numbers are introduced in inis lesson. The sequence of

P

numbers may be expressed by simply listing them as the argument of the

o TR

functicn:

> stM(k .53, 3.72, 6.29, 7.81)

[ ]
i
1

|
§

or by a formula:

[ SIM(J = 1, 2, 3, b : J%3) é
e or by giving the variable name of a stored list: .
i
SM(J = 1, 2, 3, & : L(J)) i
When the sequence is defined by formula or is to be found in a stored §

list, the indices to be used must be -speci-fied-either by a simple list- -
ing of the indiges- or by a "range specification." é

The lesson starts with a brief review of numeric sequences and

&mmml

formulas for sequences before the syntax of the new AID functions is

introduced.

.
L ]

lesson 37, Exercise 18:

USE AID TO FIND THE PRODUCT OF {

1, 4, 9, +.., 100

Iesson 37, Exercise 26: .
WHAT WILL AID ANSWER?

2h

X/3 {

TYPE MIN(SUM(X,Y), PROD(X,Y))

v o &

SET X

SET Y

L

.
Ll
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Iesson 38: Arrays. In Lesson 38 two dimensional arrays are intro-

duced. After some discussion of ordered indices, the lesson gives a

simple program for storing data in twe-dimensional arrays and then gives
the student several programming problems using data stored in this form.
Lesson 38, Exercise 8:
STORE THIS TAELE AS A 5 BY 3 ARRAY A.
1 5 25
2 10 100
3 15 225
h 20 400
5 25 625
USE “TYPE A" TO GET A LISfING OF YOUR ARRAY.
Iesson 38, Exercise 9:

WRITE A PROGRAM THAT WILL ADD THE COLUMNS OF A 5 BY 3

ARRAY, THE PROGRAM SHOULD TYPE
THE SUM OF COLUMN 1 IS ...
THE SUM OF COLUMN 2 IS ...

THE SUM OF COLUMN 3 IS ...

lesson 39: More about arrays and lists. Lesson 39 discusses the

limitations on the dimension of ATD arrays and the permissible range of
the indices. The use of algebraic expressions as indices is also men-
tioned. Several quite difficult programming problems are given, as

illustrated in the example below.
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Lesson 39, Exercise 8:

STCRE THE FOLLOWING ARRAYS:

A: 3 BY 4 WHERE A(T,Jj) = 3%T - J

B: 3 BY 4 WHERE B(I,J) = -2¥I + J
THEN FORM A NEW 3 BY 4 ARRAY, E, WHOSE ELEMENT IN THE

ITH ROW AND JTH COLUMN IS THE MAXIMUM OF THE ELEMENTS

IN THE SAME POSITION IN THE ARRAYS A AND B.

Lesson 40: Conditional definition of functions. ©One important

feature of AID is the simplicity of its conditicnal definition of func-
tions. B8ince the conditional definition of functions depends upon the
use of Boolean expressions,'the lesson begins with a brief survey of
these expressions. The syn‘ax of conditional definitions is then given
and a number of examples are presented.

In mathematics, we often encounter functions that cannot be defined
by a single formula but may, instead, be defined by several formulas
each applying to a particular part of the domain of the function; the
derinitions of such functions usually are given in a fosm such as

If CONDITION 1 then f(x) = EXPRESSION 1

EXPRESSION 2

If CONDITION 2 then f£(x)

etc.
In AID this definition is expressed as follows:
LET F(X) = (CONDITION 1: EXPRESSION 1; CONDITION 2:
EXPRESSION 2; ...)
In some cases a function may be defined like this:
If CONDITION then f(x) = EXPRESSION 1

Otherwise f(x) = EXPRESSION 2.
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This kind of definition is written in AID by simply omitting the final

pem—

condition and using the final expression as the definition of the funec-
E tion for all cases where one of the preceding conditions does not hold:
LET F(X) = (CONDITION: EXPRESSION 1; EXPRESSION 2)
? Lesson 40, Exercise 13:
WRITE THE CONDITIONAL DEFINITION OF A FUNCTION F(X) SUCH THAT
IF X < O THEN F(X) = X#¢

IF X >= O THEN F(X) = Xt3

Lesson 40, Fxercise 21:
¢ LOCAL FIRST CLASS POSTAL RATES UP TO 32 OUNCES ARE DEFINED
i AS FOLLOWS, WHERE W IS IN OUNCES:
IF W <= 13, THE COST IS $.06 PER WHOLE OUNCE, PLUS

$.06 FOR ANY FRACTION OF AN OUNCE.

o wpairea

IF 13 < W <= 16, THE COST IS $.80
i IF 16 < W <= 2h, THE COST IS $.98
IF 24 < W <= 32, THE COST IS $1.16.

WRITE AND RUN A PROGRAM TO COMPUTE POSTAGE COSTS.

! Lesson 41: Test of lessons 36 to 40. Lesson 41, like other tests,

allows the students only one trial per exercise. 1If a student cannot

answer a question, he can request the correct answer and go to the next

{ exercise. There are no hints provided by the program. The number of
exercises of each kind are listed in Table 3, and are also classified

! in Table 4 according to which teaching lesson is being tested.

As before, test exercises may test more than one lesson but eagh

exercise is listed only once in Table k.
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Lesson 42: Block review. Iesson 42 is the block review for the

sixth lesson block, covering the same lessons as the test in the pre-
ceding Lesson 41. Here again students who want to review a particuler

topic are referred to appropriate exercises in the teaching lessons.

Iesson 43: Recursive functions. Recursive functions are defined

in the same form as other conditional functions and are presented only
for those students with appropri.te background and interests. The most
éommonly used examples of-recursive functions, such as the factorial
and the Fibonacei numbers, are used as examples. Since this lecson is
intended only for those students who are somewhat moré sophisticated
mathematically, the exercises are correspondingly more difficult than
other lessons in the course.
Lesson 43, Exercise 6:
WRITE A PROGRAM CONTAINING A RECURSIVE FUNCTION N(A,X,E)
THAT USES NEWTON'S ALGORITHM FOR OBTAINING THE APPROXTMATE
SQUARE ROOT CF THE NUMBER A.
A = POSITIVE NUMBER WHOSE SQUARE ROOT WILL BE APPROXIMATED
X = FIRST APPROXIMATION TO SQRT(A)

E == ALLOWARLE DIFFERENCE BETWEEN Xt2 AND A

Lesson 44: AND, OR, and NOT; truth tables. The Boolean connectives

AND, OR,and NOT are discussed in detail in this lesson and the hierarchy
is given explicitly. Truth tables are introduced and the truth tableé
for various compound statements are used ié the exercises. This lesson
is primarily an introduction to sentential logic for . .udents who have

not previously studied the subject, and the exercises also serve as

vehicles for further practice using AID.
64
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Lesson 4L, Exercise 10:

WHICE OF THE FOLLOWING STATEMENTS ARE TRUE? 1

A, ~1<20R3>h s

B, ~-1<2AND3>L
C. 6=TOR9<1
D. 5#0CRO0<.5

E. 9>: 11 OR{6 >1 AND 1< 2)

Lesson 45: TV(X) and the FIRS. function. TV and FIRST are two

advanced ATD furctions that are useful in special circumstances. IV is

used only for Boolean expressions and takes on the values O (false) and

1 (true). The function FIRST is used to find the first number in a

sequence that satisfies a given condition; for example,

FIRST(K = 6(2)14 : {K/2)t2 > 24) will give the first number K in the

sequence 6, 8, 10, 12, 1k such that (K/2)t2 is greater than 2k.

Lesson 45, Exercise S: i

|

HOW WOULD YOU DEFINE A FUNCTION F SUCH THAT i

F(X) = 1 IF X IS FALSE

F(X) = 0 IF ¥ IS TRUE
Lesson 45  Exercise .i6:
GIVEN THE SEQUFWCE
0, 42, ohy 46, vee, Z¥:2, +0s
WRITE A PROGRAM THAT WILL FIND THE FIRST MEMEER OF THIS
SEQUENCE SUCH THAT SIN(Z*.2) < O AND THE FIRST MEMEER

AFTER THIS ONE.
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Lesson 46: LFT and Boolean expressions; debugging torls. The first

topic covered in Lesson b6 is the use of LET tc 2ssigh a variable name
to a Bool:an expression. For example, to assign to the variable S the
sentence "P or not Q or not R", the following command is used:
_LET S = P OR NOT Q@ OR NOT R

P, Q, and R must, of course, be given Boolean values before S is called.

The remainder of Lesson 46 is devoted to‘several useful debugging
tools. The first of these is the GO command which requests AID to con-
tinue executing an interrupted program. The GO command is used when the
execution of a program is interrupted because of ‘an error; after cor-
recting the error, the programmer may type "GO" to continue. Another
command that helps to debug complex programs is DONE. DONE is used
indirectly, i.e., as part of the stored program, and its effect is t.
cause the execution of the program to stop at that point. DONE is most.
often used conditionally to stop execution under certain conditlons,
for example, when a variable assumes a value that is out of bounds:

6.58 DONE IF X > 1018

Lesson 46, Exercise 3:

WHAT VALUE WILL AID TYPE FOR A?

IET A= BAND C
SET B = TRUE
SET C = FALSE
TYPE A
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lesson 46, Exercise 1lk:

THE "DONE" COMMAND HAS A PARTICULAR APPLICATION FOR LOOPS,

SOMETIMES YOU MIGHT WANT TO TEST A LOOP FOR ONLY ONE OR

TWO LOOPINGS. THE CONDITIONAL DONE COMMAND CAN BE USED

FOR THIS.
5.1
5.2
5.3
5.k
245

WHICH OF

SET N = 1

SET K = 1/N

TYPE N K

SET N =N+ 1

70 STEP 5.2 IF N < = 100

THE FOLLOWING COULD EE USED TO STOP THE LOOPING

AFTER TWO LOOPS?

A,

B.

C‘

D.

N.

5.42 DONE IF X = 1/4

5,21 DONEIF N=5
5.36 DONE IF N = 2
5.6 DONE IF N = 2

NONE Of THE ABOVE

Lesson 47: More standard AID functions. The two AID functions that

are covered in this lesson are DP (digit part) and XP (exponent part).

The lesson starts with a review of sclentific notation, explaining that

two parts of a number in sclertific notation are the digit part and the

exponent part. The digit part of a number can be found by using the

digit part function, DP(X), and the exponent part by using the exponent

part function, XP(X).

lesson 47, Exercise k:

WHAT IS THE EXPONENT PART OF 8325.6%
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Lesson 47, Exercise 12:
WRITE A PROGRAM THAT WILL TAKE ANY NUMBEER X AND ROUND IT

TO THREE SIGNIFICANT DIGITS.

Lesson 48: Test of Lessons 43 to 47. Iesson 48 is the test for the

seventh, and last, lesson block in the course. Of the 32 exereises in
the lesson, two are requests for students! opinions. The other 30 exer-
cises test one of Lessons 43 to 47, as shown in Table i.

Lesson 48 has a rather high proportion of true-false exercises {7)

and no programming problems.

Iesson 49: Block review. Lesson 49 is the review of the seventh

lésson tlock and covers Lessons 43 to 47. The contents of each of the
teaching lessons in the tlock are summarized briefly, and students are
asked if they want to reviev any part of the lessons. If a student wants
to review a particular topic, he is given a reference to pertinent ex-

erzises.

Lesson 50: Programming problems. ILesson 50 is not part of a lesson

block, nor is it 2 teaching lesson, but rather a collection of lengthy
and d_fficult progr:.ming problems for students who want to practice

the programming skills they have acquired in the course. Some of the
exer:ises require considerable mathematical knowledge and sophistication;
these exercises are intended only for the student with an appropriate
background. Other problems, though difficult, are accessible to students

with less mathematical background.

68

Wi ——

‘
s o [p—— T —— N P——

N

N
M

T o

s

1
Ty

A Bl

.

T




[t

“d
¥

© gy

APPENDIX

Bt e §

Table of Contents: Teaching Lessons

*

A Y - g
.

Number of List of
Exercises Exercises

|
Hwbieint §
'

lesson 1: Using the Instructional Program

A How to answer L 1, 2,3, 4
} i How to erase 3 5, 6,7 -
: How to get hints and answers 2 8, 9
. How to use Ctrl-G L 10, 11, 11.3, 12
! How to sign on and off 3 13, 13.1, 13.2
1 : Prompted ~ cisions# 2 1, 15 3
] Iesson 2: Using AID for Arithmetic
: The AID interpreter L 1, 2, 17, 18
{ Symbols for arithmetic 9 s 9, 10, 11, 12, 13,
operations 4, 1h.1, 14.2
The TYPE command 12 3, 4, 5, 6,7, 15, 16,
16.1, 16.2, 19, 19.1,
: 19.2
Prompted decisions 3 20, 21, 21.1

Lesson 3: Order of Arithmetic Operations

Use of parentheses 22 1, 2, 2,1, 3, 4, k.1 to
4.6, 5, 5.1, 6, 7, 8,
8.1, 8.2, 9, 20, 20.1,
20.2

Hierarchy of operations 21 10, 10.1, 10.2, 11, 11.1,
12, 12.1, 12.2, 13,
13.1, 13.2, 14, 15,
16, 21, 22, 23, 2k,
24.1 to 2h.3

i Negative numbers 3 17, 18, 19

i Prompted decisions 3 25, 26, 27

on

Lesson 4: Exponents -and Scientific Notation

! Exponents 12 1, 1.1, 2, 2.1, 2.2,
2.3, 5, 5.1, 22,
22.1 to 22.3

} Using zero and one as exponents 2 3, b

o i

»MBreises that ask the student to state a preference for the sequence of
instruction.
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Order of operations

Using fractional exponents
Negative exmonents

Reading scientific notétion
Writing scientific notation
Prompted decisions

Tesson 5: The SET and DELETE Commands
The SET command

The DELETE command
The multiple TYPE command

Prompted decisions

Lesson 8: The LET Ccmmand

Functions of one variable

Functions of two or more
variables

Substituting algebraic
expressions for variables

Printing and deleting
definitions of functions
Prompied decisions

Nunmbker of
Exercises

List of
Exe rcises

-~ O\

30

15

11

6, 6.1 to 6.8, 7, 8,
9, 9.1, 10, 10.1,
11, 12, 12.1 t 2,3

13, 14, 15

6, 17, 17.1, 17.2,
18, 19, 20, 20.1, 21

23, 23.1, 23.2, 25,
25.1, 27, 27.1

24, 24,1, 26, 26.1,
26.2

28, 29, 30

1, 2: 3, h: 2y 2-1, 6:
7, 7.1, 7.2, 8, 9, 10,
11, 11.1, 11.2, 12,
12.1, 13, 13.1, 13.2,
14, 1k.1, 15, 15.1,
16, 16.1, 17, 17.1,
18, 18.1, 18.2, 19,
19.1, 19.2, 20, 20.1,
21, 21.1, 21.2, 30,
30.1, 30.2, 30.3, 31,
3L.1, 31.2

2, 23, 23.1, 24, 25, 26

27, 27.1, 28, 29, 29.1
to 29.3

32, 33, 34

1, 1.1 to 1.3, 2, 2.1,
2.2, 3, h: 25 6: T,
8, 8.1, 9, 9.1, 10,
10.1 to 10.3, 22, 23,
23.1, 28, 28.1, 29,
30, 30.1, 30.2, 31

11, 11.1 to 1l.5, 12,
13, 14, 15, 16, 17,
27, 27.1, 27.2

18, 19, 20, 20.1 to
20.4, 21, 24, 24,1,
2,2

25, 26

- 32, 33, 34, 35
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_ Number of List of
} ' Exercises Exercises
1 Lesson 9: Some Standard AID Functions !
§
i The SQRT function 5 1, 2, 3,.3.1, 3.2
The IP function 7 4, 5, 6, 7, 8, 8.1,
. 8.2
! ; The FP function 9 9, 10, 11, 12, 13, 14,
: 14.1, 14.2, 15
. . The SGN function 3 16, 17, 18, 19, 20, 21
Y 2 Prompted decisions Y 22, 23, 24, 25
. Lesson 10: Indirect Steps, the DO Command,
the FOR Clause
1 Step numbers and the DO command 12 1, 1.1, 2, 3, 4, 5,
5.1, 6, 6.1, 7, 12,
) 12.1
Deleting, replacing, and piinting 3 8, 9, 10
! indirect steps
" The FOR clause 2 11, 11.1
Range specifications 13 13, 13.1, 14, 15, 15.1,
- 15.2, 16, 16.1, 16.2,
17, 18, 19, 19.1
Prompted decisions 3 20, 21, 22 |
Lesson 1l: Parts i
; Parts 2 1, 2 |
' DO PART ... 3 3, 4, k.1
DO PART ... FOR ... 5 8, 9, 10, 11, 11.1
% Printing and deleting parts 6 12, 12.1, 13, 13.1, 14,
: lhal
: Sequence of execution 10 5, 5.1, 6, 7, 7.1, 15,
P 15.1 to_15.k
j Prompted decisions L 16, 17, 18, 19
\ Lesson 12; The DEMAND Command
; The DEMAND command 7 1, 1.1, 2, 3, 3.1, &,
4.1
Answering a DEMAND with 2 T, T-1
. a "return"
DO PART ..., ... TIMES 2 5, 6
Prompted decisions 3 8, 9, 10
Lesson 15: Relations and the Use of the IF
§ Clause
' Relation symbols 23 1, 1.1, 1.2, 3, 3.1 to
3.4, 4, 4,1 to 4.3,
5, 5.1 to 5.4, 6,
& 6.1 to 6.5 ‘




w

The number line
Positive and negative
The IF clause

Using AND and OR in IF clauses

Prompted decisions

Lesson 16: The TO Command

The TO command

Endless loops
Sequence of execution

Prompted decisions

Lesson 17: Debugging Techniques

Tracing values of variables

Sequence of execution
Tracing expected output
Writing a complete trace
Prompted decisions

Number of

List ~f

7, 8, 9, 9.1, 9.2, 10

Exercises Exercises
8 2, 2.1 to 2.7
6
14

K

w &~ P

Lesson 18: The Indirect Use of the DO Command

2

The indirect use of DO
Sequence of execution.

Prompted decisions

Lesson 19: Dcbugging, Permanent Storage ‘

Planning a program

Editing the program

Testing the program

Syntax and semantic errors

Executing the program
step-by~-step

Disk storage

Prompted decisions

T2

£ O Wi DV O

11, 12, 12.1, 13, 13.1,
14, 14.1, 14.2, 15,
15.1, 16, 17, 17.1,
18

19, i9.1, 20, 20.1, 21,
21.1, 21.2
22, 23, 24, 25

4, 4.1, 4.2, 5, 6,
6.1, 6.2

2, 2.1 to 2.6

1, 1.1 to 1.4, 3, 3.1
to 3.4

7, 8,

1, 1.1, 1.2, 2, 2.1 to
2.4, 3, 3.1 to 3.3

7

4, 5, 5.1 to 5.5

6, 7.1, 7.2, 7.3

8, 9, 10

" 1.1 to 1.20, b, L.1,

5, 6, 7

2, 2.1, 2.2, 3, 3.1,
3.2

8, 9, 10
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12, 13, 1k, 15, 15.1,
16, 17, 18, 19
1, 1.1, 20, 21
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Number of List of
Exercises Exercises

Lesson 22;: The FORM Statement

i The FORM statement 13 1, 2,3, 4,5, 6,1,
8, 10, 10.1, 10.2,
i 11, 12
! g Rounding 3 9, 9-1,. 12.1
: TYPE "..." 2 17, 17.2
- , TYPE <+ 3 18, 19, 19.1
) 3 Using a FORM statement for 5 13, 14, 15, 16, 16.1
’ more than one number
Prompted decisions 3 20, 21, 22
y i Lesson 23: Loops
Loops 33 1, 1.1, 1.2, 2, 2.1
2.14, 3, 3.1, 3.2,
b, 4.1, 4.2, 5, 5.1
6, 6.1, 6.2, 7, 7.1
8, 8.1
Prompted decisions 3 9, 10, 11
Lesson 2k4: Loops with Variables in the
Exit Condition
Using a variable in the exit 16 1, 1.1 to 1.3, 2, 2.1
condition to 2.4, 3, 4, k.1,
; . 4.2, 5, 10, 11
’ Using a variable for the 3 12, 12.1, 12.2
initial value
‘ Common errors in loops it 6,7, 8,9
: Other ways to use loops 9 13, 13.1 to 13.8
Prompted decisions 3 14, 15, 16

; Lesson 25: Loops and the FOR Clause

Replacing a loop with 17 1, 2, 3, 4,5, 6, 6.1
DO PART ... FOR ... to 6.4, 7, 7.1 to
7.4, 8, 8.1
Prompted decisions 3 9, 10, 11

Lesson 26: Loops with a DEMAND Command

Loops with a DEMAND command 16 1, 2, 3, 3.1, b4, k1
to 4.3, 5, 5.1, 6,
6.1, 6.2, 7, 8, 8.1
Prompted decisions 3 9, 10, 11
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Lesson 29: Absolute Value

Absclute value

Hierarchy of operations
Distance

Prompted decisions

Lesson 30: SIN and COS

. SIN and COS

Radians and degrees

Other trigonometric functions

Prompted decisions

Exponents and bases
Exponential functions
EXP(X)

LOG(X)
Prompted decisions

Lesson 32; Lists

Lists and indices

Programs that use lists

1ET S BE SPARSE
Printing a list
Prompted decisions

Using loops with lists

Using loops to make new lists

Prompted decisions

H

lesson 33: Using Loops with Lists of Numbers

7h

Lesscn 31: Exponential and Logarithmic Functions

o o

D ww

16

25

w "

14

w O\

Number of List of
Exercises Exer.ises
14 1, 1.1, 2, 2.1 to 2.3,
3, 3.1, &, 3, 6, 15,
15.1, 15.2
8 7, 8, 9, 10, 11, 12,
13, 1k
8 16, 17, 18, 18.1 to
18.3, 19, 19.1
3 20, 20.1, 21
10 l, 2, 3, L, 5, 5.1,
5.2, 6, 6.1, 10
2 T, T-1
3 8,9, 9:1
2 11, 12

1, 1.1, 2, 2.1, 3,
3.1, 4, k.2

5, 6, 6.1 to 6.3, 7,
8, 8.1

9, 10, 10.1

11, 12, 12.1

13, 13.1

19, 19.1 to 19.3
12, 13, 13.1, 13.2
14, 15
20, 21, 22
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Lesson 36: Nested Loops and Decrementing
Counters

Using algebraic expressions
in the exit condition
Nested loops

Decrementing counters

Prompied decisions

Lesson 37: SUM, PROD, MAX, and MIN

. Sequences and formulas
N SUM used with formulas

SUM used with lists

PROD

MAX

MIN

Using SUM, PROD, MAX and MIN
with listed arguments

Prompted decisions

Lesson 38: Arrays

Arrays

Storing arrays
Using arrays

LET A BE SPARSE
Prompted decisions

Lesson 39: More esbout Arrays and Lists

Subscripts for arrays

Nested DO commands used to
. store arrays

75

Number of
Exercises

LiS't of
Exercises

29

17

\O +

10

£\ &

n

13

1, 1.1, 2, 2.1, 3,
3.1, 3.2, 4, 4.1

5, 5.1 to 5.4, 6, 6.1
to 6.6, 7, 7.1 to
7.6, 8, 8.1 to 8.4,
9, 9.1, 9.2, 10, 10.1

11, 1.1, 11.2, 12,
12.1 to 12.3, 13,
13.1, 13.2, 14, 14.2
to 1%.3, 15.1, 16,
16.1

17, 18, 19

1, 2, 3, &4

%) 6: T, 8: 9, 10, 11,
12, 12.1

13, 14, 15, 20, 20.1
to 20.4, 27, 27.1

16, 17, 18, 18.1, 19

21, 23, 25, 25.1

22, 24, 25.2, 28, 28.1

26, 26.1 to 26.3

-
(RN
O
(=

10.2, 10.3
11, 11.1, 12, 12.1 to
12.3
13, 14, 15

1, 1.1, 2, 2.1, 2.2,
9, 10, 10.1 to 10.3,
11, 11.1

3, 3.1, 4, 5, 5.1, 5.2,
6, 6.1, 6.2, 7, 7.1,
8, 8.1




List of

Exercises

Number of

Exercises
Using arrays 9
Prompted decisions 3

Lesson L40: Conditional Definition of Fun.tions

Boolean expressions 6

- : Conditional expressions 6

: Conditional definition of 13
functions

; Terminating clause in conditional 2
) definition of functions .

Ordering of clauses 2
Prompted decisions 2

Lesson 43: Recursive Functions

Recursive functions 22

Prompted decisions 2

Lesson L44: AND, OR, and NOT; Trath Tables

AND, OR, and NOT

Truth value of Boolean
expressions

Con junctions

Dis junctions

Order of. evaluation

Truth tables
AND chains
Prompted decisions

oW O\ O IO

Lesson 45: TV(X) and tne FIRST Function
Tv(X)

\O

The function FIRST 11

Prompted decisions 3

12, 12.1 to 12.3, 13,
14, 14.1 to 14.3
15, 16, 17

l) 2’ 3) L"; 5)6

7, 8, 9, 10, 11, 11.1

12, 13, 13.1 to 13.3,
16, 17, 18, 18.1,
21, 22, 23, 24

14, 15

19, 20
25, 26

1,2, 2.1, 3, 3.1 to

3.h h 1, 5, 6,
6.1, 6.0, 7, 7.1 to
7.3, 8 1to813

9, 10

1, 2

3, 4,5,6,7

8, 8.1, 8.2, 9

10, 11

12, 13, 14, 15, 15.1,
15.2

16, 17, 18, 19

20, 21, 22

23, 2k

1, 1.1, 2, 3, 4, 4.2,
5) 6)7

8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 17.1

18, 19, 20
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. Number of List of
i Exercises Zxercises

Lesson 46: LET and Boolean Expressions;
Debugging Tools

i nend i

Using LET with Boolean 6 1, 2,3, 4, 5,6
\ expressions .
i GO > 7, 7-1, 8, 9, 9.1
¢ DONE 9 10, 11, 11.1, 12, 13,
1, 15, 16, 16.1
Prompted decisions 3 17, 18, 19

Lesson 47: More Standard AID Functions

i DP(X) 11 1, 2, 3, 4, 5, 5.1,

{ 7, 7.2, 10, 11, 12
XP(X) 7 h.g, 6, 6.1, 7.1, 7.3,

i

-

! Prompted decisions 3 13, 14, 15

N =

P
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Footnotes

lFunding support provided by ONR Grant NOOO1lk4-67-A-0112-005k.

2
All excerpts quoted from the AID course are given in upper case

characters, in imitation of the form in which they appear on student

teletypewriter terminals.
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