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Introduction
In 1967 the Institute for Mathematical Studies

~n

the Social Sciences

received a three-year grant* from the National Aerona1.\tics and Space Administration to do

e~ploratory

research in the optimization of instruction

and to develop a practical course of study using computer-assisted in_
struction (CAl).

The course that was developed was a

course in computer science (Friend & Atkinson, 1971).
testing of the course was
stUdents.

accompl~shed

Qne~quarter

college

Developmental

using NASA personnel and Stanford

The course was not the only product of this grant; an entire

computer-assisted instructional system (Friend, 1971) was developed, with
this course as the first application.
The following year, the National Science Foundation provided fundS**
for a second, and very similar, application of the instructional system
developed under the NASA funding.

The second course was an introduction

to computer programming for culturally-deprived high school students.
This course taught the programming language, BASIC, whereas the first
course taught AlD.

Both AID and BASIC are higher-order algebraic lan-

g1.\ages analogous to ALGOL and FORTRAN.

* NASA Grant NGR-05-020-244
**NSF Grant No. GJ-443X
1

The main difference between the

two courses is that the AID course was written for college students with
a good background in algebra, and the BASIC course was written for high
school students with low reading ability and little or no background in
algebra.

The BASIC course was adequately tested with a group of over

100 students in an inner-city high school in San Francisco.
In 1970, the Office of Naval Research awarded a research contract
to the Institute to continue its program of basic reseach in tnstructional
strategies using the already developed instructional system and courses
as research tools.

The main subject of study was to be the AID course,

but data collected in connection with the use of the BASIC course was
also to be used if appropriate.
This report is a preliminary discussion of the research conducted
under.the ONR contract and is concerned only with the AID course.
2,

The Instructional System
The. course "Computer-assisted Instruction in Programming: AID" is

an introductory course in computer science for community or junior
,college students with some background in high-school algebra.

The course

is completely self-contained and requires no supervision from a qualified
instructor of programming.

A brief student manual is supplied to supple-

ment the instruction given by computer.
The computer used is a Digital Equipment Corporation PDP-10 located
at Stanford University and owned and operated by the Institute for Mathmatical Studies in the Social Sciences.

Connected to this computer by

telephone lines are "Mode1- 33" teletypewriters located in the schools
and used for communicating with students.

Instructions are printed on

the teletypewriter terminal, and the student responds by typing his
2

replies on the same terminal.

Teletypewriter operation is simple and can

be learned from short instructions printed in the student manual.
Once the student has the teletypewriter in operation, all further
instruction is given by computer under the control of a program known as
lNST.

This program, which is the major component of the lNSTRUCT system,

interprets coded lessons providing individualized, tutorial instruction
to the student.

This instructional system and the method of programming

lessons for it are described adequately by Friend (1971), and a detailed
description will not be repeated here.
The AID course uses most of the features of the INSTRUCT system.
The course contains 50 lessons organized into seven "lesson blocks."
Each lesson block contains five tutorial lessons, followed b,y a

se~f-test

and a general review.

The 50th lesson is a concluding lesson independent

of the lesson blocks.

The structure of the main strand is shown in

Figure 1.

The lessons vary in length from 10 to 60 exercises depending

upon the content.
complete.

Lessons of average length require about one hour to

Lesson length is completely under student control, and a

student may take a few exercises or several lessons in one sitting.
One of the primary teaching strategies used in the course is the
provision for stUdent control of the sequence of instruction.

Students

may skip from any exerCise in the course to any other exercise at any
time, retracing their steps if they wish, or skipping lessons entirely.
This strategy is intended to enoourage the student to take responsibility
for learning the conoepts, not simply for progressing through a given
set of exercises.
ass~ing

Most college students are capable, and desirous, of

this responsibility, and the provision for student control of
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instruction is assumed to

prov~de

motivation.

Whether or not all

st~dents

are motivated by this treatment and whether or not i t is an effective
strategy in terms of the amount of learning taking place remains to be
tested.
Because of this allowance for student control, the 50 lessons may be
take.n in any sequence.

If the student does not exercise his p<recr.ggaticwe

for choosing the sequence, the lessons are automatically sequenced for
him; and it is assumed that most stUdents will, in fact, do the lessons
in the order indicated.
Besides the main strand of lessons, the course also contains review
lessons, one for each of the tutorial lessons in the seven lesson blocks.
These review lessons are also tutorial and cover the same concepts as do
the lessons they are associated with.

However, they present each concept

from a slightly different viewpoint providing additional practice in the
sl<ills to be learned.
concepts.

In general, each lesson covers five or six related

In review lessons ,the

st~dent

he wishes, in any order he chooses.

may review whicbever concepts

In fact, he must choose tbe order;

there is no automatic sequencing provided by tbe program.
of each

t~torial

lesson, tbe

st~dent

At the end

is asked if he wants to review any

of tbe ideas covered in the lesson he has

j~st

completed.

The student

need not wait for these reminders, of course, since he can call fOr any
review, or any exercise in any review, wbenever he wishes.
Also associated with each tutorial lesson is a summary of the lesson,
and the student is reminded at the end of each lesson that summaries are
available.

Each summary is printed in an 8-l/2" X 11" form that can be

torn off and saved by the

st~dent

as a permanent record.

5

In addition to the main strand of lessons, the reviews, and the
summaries, there is a strand of "extra-credit" problems containing more
difficult programming problems to be solved by the mare capable

st~dents.

It is recommended to instructors that the solutions of these problems be
submitted for extra-credit if the course is graded.

Not every lesson has

associated extra-credit problems because they are not always appropriate
to the subject matter.

If there are such problems, the student is asked

if he wants to try them at the end of the lesson.
The relationship and sequence of lessons, summaries, reviews and
extra-credit problems are illustrated in Figure 2.
As described above, the main strand of lessons is divided into sevenlesson blocks, five tutorial lessons followed by a self-test and
review.

a general

Lessons numbered 6, 13, 20, 27, 34, 41, and 48 are self-tests.

Lessons numbered 7, 14, 21, 28, 35, 42, and 49 are general reviews.

The

self-tests are optional and students are told at the beginning of each
test that the test is for their information only and may be skipped.
The tests cover the concepts taught in the preceding five lessons and
provide a good indication of weaknesses and areas requiring review.

The

general review which follows the self-test is also optional and is recommended for students who db poorly in the self-test.

The general review

is programmed to call the reviews for individual lessons as subroutines.
For example, the student may review parts of Lessons 1, 3, and
the review of Lessons 2 and 5.

4

and skip

If he wishes to review Lesson 2, he will

take the same review he would have taken if he had chosen to review the
lesson immediately after taking it, and he can decide which concepts from
that lesson to review and in which order:
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This review system is a gross method for providing individualized
remediation.

A more sensitive means of individualizing remediation is

used within the lessons themselves where remedial sequences of exercises
are given immediately to stUdents who demonstrate an inadequate understanding of the material being taught.
~mbedded

The remedial sequences that are

within the lessons are not optional and are automatically pro-

vided for students whose responses indicate a lack of understanding.
Because of this automatic remediation, different students may receive
different numbers of exercises in a given lesson.
A student who makes an incorrect response to an exercise may not
need an entire sequence of remedial exercises.

He may profit from a

single specific corrective message, pointing out the error and allowing
him another try at the same problem.

This kind of specific correction

is used for most exercises in the course.

Messages are provided, not

for all possible incorrect responses, but for those incorrect responses
judged to be most likely to occur.
In line with the provision for student control of the sequence of
instruction, there is also provision for student control of the amount
of instruction.

This is done by providing additional instruction for

almost every exercise in the form of "hints" and sample correct answers.
After the problem statement is typed, the student is free to request a
hint by typing a question mark.
or four hints is provided.

For many problems, a sequence of three

The student may request one hint, make an

attempt to answer the exercise, then ask for a second hint, and so on.
Also, the student may ask for the correct answer at any time, either
before or after he makes a try at the problem.

8

He does this by typing

two keys simultaneous4', the CTRL (control) key and the letter T.

The

answer will be printed, and he will proceed to the next exercise.
In the tutorial lessons, there is no limit on the number of attempts
that a student may make for an exercise.

A£,

soon as he makes a correct

response he will b!j given the next exercise in sequence, but if he fails
to respond correctly, he is given another chance.

If he cannot do the

problem at all, he can jUdge for himself whether to continue trying or
whether to goon with the lesson; whenever he decides to proceed without
giving a correct response he can do so by typing CTRL-T, thereby getting
the correct answer and the next exercise.
The CTRL key is also used in several other student controls.

CTm.-1;}

is used when the student wants tojMffiP to a different exercise; after
he types CTRL-G, the computer will ask. "Where to?" and he can type the
lesson and problem number that he desires.

CTRL-U is used to erase entire

lines, and CTRL-Z is used to stop the instructional

progr~

and end the

session.

3.

The AID Interpreter
The AID language was chosen as the sUbject of the course, not only

because it is a usefUl algebraic progfamming language, but also because
it is easi4' learned by a beginner.

AID was developed, under the name

of JOSS (Mark & Amerding, 1967; Shaw, 1965), by the Rand Corporation for
use by scientists and engineers at Rand who needed an easily learned
programming language that was capable of performing complex algebraic
tasks.

JOSS was later implemented for several other computers under a

variety of names.

9

One of the advantages of AID as a beginner's language is that it is
an interpreted, rather than compiled, language, which will actimmediately on direct commands given by the user.

:I?ecause of this feature the

syntax and use of many AID commands can be taught to the studeht before
he is taught about stored programs.

In the AID course, the use of AID

is introduced in Lesson 2 and the concept of stored programs is not introduced until Lesson 10.
A second advantage of AID, as compared to, say, FORrRAN or LISP, is
that the syntax is a subset of English; commands are easily read as
English imperative sentences.

As

As

an example, here is a simple AID program:

1.1

SET X = 1.3074.

1.2

SET Y = X/37.5.

1.3

TYPE Y IF Y <.029.

1.4

TYPE Y - .01 IF Y > .029·

1.5

TYPE llEUREKA It IF Y = .029·

with most programming languages, AID is easier to read than to

write, and considerable practice is needed by most students before they
can produce a complete simple program like the above without error.
However, they can begin to produce simple direct commands like
SET Y

= X/37.5

or
TYPE Y - .01
on their first day.
Though simple to learn, AID is nevertheless a powerful tool for
algebraic tasks.

Definitions of conditional functions and recursive

functions are relatively simple, and there are a variety of useful
10

standard functions, such as the basic trigonometric, exponential, and
logarithmic functions.

Lists and matrices can be easily defined, although

AID· does not provide the standard matrix manipulation func;tions found, in
some other programming languages.
Basic programming features, common to all programming languages,
available in AID.
commands.

~re

Variables and functions can be labeled, as can. stored,

There are branching commands, subroutine calls, and conditional

clauses, and there are input and output commands for poth disk and teletype.
AID commands and programs are interpreted by a program called, aptly,
the AID interpreter.

The. interpreter used by the students of this course

is a program written by Digital Equipment Corporat:Lon, the manufacturer
of the Institute's

PDP~lO

computer.

The use of the AID interpreter is taught in the course, and the
stud,ents are expected to use it frequently to solve problems g:Lven them
in the lessons.

Thus, the students taking th:Ls course w:Lll use two

grams: INST, the :Lnstruct:Lonal program wh:Lch talks about the AID
and AID, the interpreter which uses the AID language.

pro~

language~,

In a previous

version of the course, the two programs were completely :Lndependent and
the students were required to learn to start and stop both programs so
that they could switch back and forth to do the programming problems.
This method was feas:Lble but awkward and time consuming.

For the present

version of the course, both programs were modified to permit easy access
from the instruct:Lonal program to the AID interpreter.

St\1dents can c;all

the AID interpreter at any time simply by typ:Lng the word "AID, n and can
return to the instructional program by typing "INST. n

This interface

provides an additional advantage for research in that it supplies an.
11

easy way to cross-reference data collected by the two programs.

It is

now possible· to pass information, invisibly to the student, from one program to the other; every time the student calls the AID interpreter, the
student's identity and current position in the course are passed to the
AID interpreter so that data collected by. AID can be keyed to data collected by INST.

4.

Data
Both the instructional program and the AID interpreter contain data-

collection subroutines that enable them to store information about student
responses as the student is working.

These data are stored temporarily

on the disk and later transferred to permanent tape storage.
The instructional program records the following information with each
student response.:
1.

student number.

(Each student is assigned a unique number when

he first enrolls for any computer-assisted instruction offered
by the Institute.)
2.

Date.

3.

Time of day.

4. Lesson identifier:
5.

Problem number.

6.

SUbproblem number·

7.

Trial number.

8.

Student response.

(This is an exact character-by-character

reCOrd of the response made by the student, excluding erasures
made by the student.)

12

9.

Analysis of co.rectness.

(This is a reco.d of how the instruc-

tionalp.ogram scored the student's response to this exercise.)
10.

Lesson sco.e.

(This is a cumulative score of the stUdent's

fi.st responses to exe.cises within this lesson.)
11.

Numbe. of hints.

(This is a .eco.d of the numbe. of hints

requested by the student before he made this .eponse.)
12.

Answe. p.ovided by p.og.am?

(This switch .eco.ds whethe. o.

not the student response was a .eguest fo. the co••ect answer.)
It is estimated that about 3,000 such blocks of individual response
data are collected fo. each student taking the cou.se.
The AID interp.ete. also collects data but
it contains no routines to analyze

th~

thefo~

student input.

is

simpl~r

since

The AID interp.ete.

collects the following information:
1.

Student numbe ••

2.

Date.

3.

Lesson identifie..

(This is information sent to the AID inte.-

prete. by the instructional prog.am.)
4.

Problem number.

(This also is sent by the instructional program.)

5.

Subp.oblem numbe..

(Again, this is sent by the instructional

program. )

6.. Student input.
cate of

(This is an exact characte.-by-characte. dupli-

eve~thing

typed by the student, excluding erasures.)

It is estimated that about 300 such blocks of data are

col~ected

for

each student taking the course.
A va.iety of students have been enrolled in the AID course since the
data collection routines we.e added to the programs.
13

One of the largest

groups is comprised of students in the "High Potential" program at the
University of California at Los Angeles.

These students are entering

freshmen who do not meet the usual entrance requirements for UCLA but
who, for one reason or another, are suspected to have a higher potential
than revealed by their high school records or by entrance examinations.
These students may be described as "culturally deprived," and are products
of inner-city schools where average achievement is quite low.
A second large group of students are from DeAnza College in Cupertino,
California.
Stanford.

DeAnza is a community college located a short distance from
The DeAnza students who have enrolled in the course were all

unprovisionally a.dmitted to DeAnza. and most of them have a better high
school background than the UCLA students.
A number of NASA personnel, from the Ames Research Center at Moffett
Field, California, and from the Manned Spacecraft Center in Houston, Texas,
have also enrolled for the course.
The Institute is providing CAr for hearing impaired students in
several schools, and a half-dozen of these handicapped youngsters have
also enrolled for the course during the last year.

5.

The Curriculum; Lessons 1 to 21
The content of the course "Computer-assisted Instruction in Prog,am_

ming; AID" has been described elsewhere (Friend

&

Atkinson, 1971), so a

complete description of the entire course will not be repeated here.

The

research reported in this paper concerns only the main strand Lessons 1
to 21, and these lessons are described below in considerable detail.
Lessons 1 to 21 contain three "blocks" of lessons; each of the blocks
contains five tutorial lessons, one self-test and one general review;

14

1 to 5 - Tutorial
Lesson 6 - Self~test of Lessons 1 to 5
Lesson 7 - General Review of Lessons 1 to 5

L~ssons

L~ssons

- Tuto~ial
Lesson 13 • Self-test of Lessons 8 to l~
L~sson 14 - Gen~ral Review of Lessons 8 to 12

L~ssons

ing such

l~

8 to

15 to 19 - Tutorial
Lesson 20 ~ Se1f-t~st of Lessons 15 to 19
L~sson 21 . Gen~~al R~view of Lessons 15 to 19

conc~pts

as

store~

programs, use of variables, fundamentals of

input and output, the syntax of algebraic expressions and Boolean state.
ments, definitions of functions, conditional clauses and
and disk storage, use of subroutines,

an~

b~anGhing,

core

some debugging techniques.

Some of these concepts (input and output, care and disk storage, sub.
~outines)

are discussed

expression, syntax and
~xtensively.

Ve~ ~riefly,

l!l~aning

while

othe~s

(syntax of algebraic

of Boolelin statements) ar<;! covered mo:J;'e

One major Programming ess<;!ntial that is not introduced in

arrays/ trigonometric and <;!xponential functions, recursive functions and
the truth function

a~e

also introduced in lat<;!r lessons.

A brief outline

of Lessons 1 to 21 is giv<;!n in Table 1.
The 15

tuto~ial

lessons in the first 21 l<;!ssons

pending upon the concepts covered by the lesson.
covers two

ve~

va~

in length,

~e_

Lesson 12, for example,

simple commands and contains only 14 <;!xercises, wh<;!reas

;15

Table 1
Brief Outline: Lessons 1 to 21
Lesson 1

Using the lnstructional Program

Lesson 2

Using AlD for Arithmetic

Lesson 3
Lesson 4

Order of Arithmetic Operations

Lesson 5
Lesson 6
Lesson 7
Lesson 8

,Exponents and Scientific Notation
The SET and DELETE Commands
Test of Lessons lto 5
General Review of Lessons 1 to 5
The LET Command

Lesson 9
Lessori 10

Some Standard AlD Functions

Lesson 11

Parts

Lesson 12

The DEMAND Command

Lesson 13

Test of Lessons 8 to 12

Lesson 14

lndirect Steps, the DO Command, the FOR Clause

. General Review of Lessons 8 to' 12

Lesson 15

Relations and the Use of the IF Clause

Lesson 16

The TO Command

Lesson 17

Debugging Techniques

Lesson 18

The lndirect Use of the DO Command

Lesson 19

Debugging, Permanent Storage

Lesson 20

Test of Lessons 15 to 19

Lesson 21

General Review of Lessons 15 to 19

16

with the supject matter.

Lesson 15 has 24 true-false exercises, reflec"·

tiqg the content of the lesson (Boolean statements).

Lesson 8, in

contrast, has no true-false exercises, instead it has 32 exercises that
require the student to

p~'edict

the result of using given AJ;D commapds.

Taple 2 shows the numPer and type of exercises in LE:ssons 1 to 21, excluding the general review Lessons 7, 14 and 21.
The exercises are categorized into the 13 different proplem types
listed in Table 2.

The first four types are multiple-choice exercises.

In the AID course, mUltiple-choice exercises may have mOre than one
correct choice, and the student response is not correct unless all cor.
rect choices are listed.

The multiple-choice exercises in each lesson

are all classified according to the numper of correct choices except for
the few that include the choice,
N.

NONE OF THE ABOVE,

and are classified separately.

Of the 675 exercises in the first 21

lessons there are 80 mUltiple-choice exercises, 56 of which. have a
single correct choice.
There are a number of exercises that appear to be constructedresponse exercises in that the student is not presented with a list of
possible answers from which to choose.

However, closer inspection re-

veals that there are actually a limited numper of choices of a
clearly implied in the statement of the problem.

fo~

The following exercises,

for example, imply only two choices:
Lesson 19, Exercise 8.
SUPPOSE AtD FOUND A SYNTAX ERROIl IN STEP 17.2.
HAVE TO DELETE STEP 17.2 BEFORE YOU RETxPE. IT?
17

DO YOU

Table 2
Number of Exercises:, by Type" in Lessons 1 to 21,
(Excluding General Review.s:' Lessons 7, 14" 21)

,

I

Lesson, Number

1

Multiple-Choice
~ Correct Choice

3 4 7

Mu1tiple"'Choice
2 Correct Choices

4

1

2

2

Multiple-Choice
3 or Moi'@-"~orrect
Choices

2

2

3 4
6

5 6 8

9 10 11 12 13

5 2

1

1

1

2

2

2

1

1

15

16

17

5

5

:I-

18 19 20 Total
6

'1

1

1

5

56

1

12

8

:I~

MuJ.tip:l-e-Choice

1

1

,1

:I-

4

Corre ct Choice: NOllli
,

Total Mu1tip1e~Choice
Exercises

5 11 11 7

Yes-No Exercises

2
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Lesson 6, Exercise 8.
ANSWER TRUE OR FALSE:
CTRL-Z WILL STOP TIm AID IN'J'ERPRETER.
Lesson

4,

Exercise

27.

IF YOU USED THlS COMMl\ND
TYPE 1/100
WOULD AID GlVE TIm ANSWER IN DECIMAJ, ;FORM OR IN
SCIENTIFIC NOTATION?
Exercises of this type are J,abeled "impJ,ied choice" exercises and are
classified as yes-no exercises, true-false exercises, or "other impJ,iedchoice" exercises.

In the first 21 lessons there are 50 such exercises.

Three-hundred ninety_two of the exercises in the Table 2 lessons
fall into the third major group comprising true constructed-response
exercises.

This group is subdivided into four classes: predicted AID

responses, constructed AlD commands, reported resuJ,t of AID use, and
"other constructed-response" exercises.

The predicted AID responses

contain questions like "What would ADD answe:r ir you gave this command
•••• ?"

One-hundred and five of the constructed-response exercises a:re

of this type.
A smaller class of constructed response exercises includes the 63
exercises that :require the student to construct a complete AID command.
This class does not include all, o:r even most, of the AID commands that
the student must construct.

It includes exercises that pass the con-

structed AID commands to the instructionaJ, program; excluded are exe:rcises
that :require di:rect communication with the AID interp:rete:r.

The instruc-

tionaJ, p:rog:ram is mO:re capabJ,e than the AID interpreter of anaJ,yzing
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constructed AID commands in detail and of giving meaningful messages to
students who make errors when they first learn a new command.

The usual

sequence of instruction in introducing a new AID command is as follows:
First, an example of the command is shown, and its use is
explained.

In this step, students are usually required to determine

which of several forms of the command are syntactically correct.
Second, the student is shown several examples and asked to
determine what AID would respond .if such a command were given to
the AID interpreter.
Third, the student is asked to construct commands that would
result ina specified action.
Fourth, the student is asked to start the AID interpreter and
give commands of the new kind directly to AID.
Fifth, after using the AID interpreter as directed, the
student is requested to report on the re.sults given him by AID.
Exercises in this fifth step are classified in Table 2 "s "reported
result of AID use."

In these exercises, the instructional program can

infer the kind of errors a student is making and give him remedial instruction if needed.

The device of asking students to switch to the

interpreter for computation and to switch back to the teaching program
to report results is one of the weakest features of the course, and it
is used only from necessity.

Clearly, an efficient means of interfacing

the two programs is needed to pass information invisibly, and provide
meaningful instruction for the students who need it.

Only

47 of the

390 constructed-response exercises are of the type needed in the fifth
step, because an overall teaching strategy used in the course is to
20

en¢ourage stUdents to assume
errors and ;('or

dete:t'llJ,~p~ng

respons~b~l~ty

for

conta~ns

construoted-respollse exerc:ises,"
Th~s

class

w~ll

pe

exerc~ses,

pJ:'eter in

conta~n

called "other

145 exe:r:'cises of cons:i,de:r:'aple

~rther subd~v~ded

The m:iscellaneous exeroises
as "use A:r:D.

own

the~r

i f they have a cOJ:'rect ptogram,.

The fourth class oj" constructed. response

var~$~.

out

ferret~ng

~n

a later

analys~s.

a class des:ignated

~n

TaPle 2

These eiCeroises ;requ:i,re the stUdent to use trw AJ;P ipter.

I'

solv~ng

a prOblem.

The pJ:'oblems range in

comp;I.ex~ty

oopying commands in order to observe the:iJ:' consequences to
complex p:r:'oblems by

writ~ng

and

debUi>g~ng

from

solv~ng

compJ.ete prog:r:'ams,

Many of

these exercises contain three or four propJ.ems, and the student is asked
to solve all of the stated problems before he switches baCk to the

~n.

struct:io@l prpgram and repoJ:'ts the res\llts.
Also in the

m~scellaneous

opinion or preference,

group aJ:'e those exercises that elicit an

These exercises either aSk the st\ldent to express

a preferepce for the sE;lquenoe of
th~s

instruct~on

(Do yO\l want a summary of

lesson?) or to g:ive a self·eval\latiop of h:is competenoe (Do you

;('Smemper how to start the: AID

~nterpreter?).

The exercises are fa:i,rly

evenly distributed over lessons apd there are 90 of them

~n

the :J;;!.rst

21 le:ssons.
Ip the following paragraphs, each of the first 21 lessons is de.
scr~bed

and

Lesson 1:

character~stic

Us~ng

the

exercises from the lessop are given,

Ipstruct~onal

Program

Le:ssop 1 is a set of 18 short exercises
ipstruct~onal

are

program,

expla~ned,

and

The

mechan~cs

instruct~ons

of

expla~n~ng

typ~ng

and

how to use the

eras~ng

are given for starting and
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responses
stopp~ng

the

program.

The student is taught how to use optional control keys to get

additional instruction (HINT and TELL commands)or'to alter the sequence
or exercises (the GO command).
The'style of instruction in Lesson 1, as in succeeding lessons, is
inrormal, and it does not always give explicit directions, requiring the
student to attend the instructions carefully and learn by induction from
the examples given.
Two of the exercises in Lessbn 1 are given' here.
Lesson 1, Exercise 3:
XFMULTIPLE CHOICE PROBLEMS HAVE MORE THAN ONE CORRECT
'J\NSWER, YOU CAN LIST THE ,CORRECT CHOICES IN !\NY ORDER.
SUPPOSE B, C AND D ARE THE CORRECT CHOICES FOR A PROBLEM.
WHICH OF THESE WOULD BE CORRECT WAYS TO ANSWER?

A.

D, B, C, A

B.

B, D, C
B, C, D
D, B, C

C.
D.

Lesson 1, Exercise 14:
FROM LESSON 1, YOU SHOULD HAVE LEARNED HOW TO SIGN ON
AND OFF, HOW TO START AND STOP THE TEACHING PROGRAM,
HOW TO GET A HINT, AND HOW TO USE CTRL-G.

DO YOU WANT

TO REVIEW ANY OF THESE TOPICS?
Exercise 14 illustrates an instructional strategy that is used in
many lessons.

At the end of a lesson, its content is briefly summarized,

and the student is given the option' of reviewing topics he is unsure of.
If the student responds affirmatively, he is given the review associated
with that lesson.

In this way, the student, is made responsible for the
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material covered in each lesson and is forced to jUdge if he is competent
to proceed with the course or if he needs additional instruction and
practice.
In Lesson 1, five of the 18 exercises are multiple choice, similar
in form to Exercise 3 shown above.

This proportion of

exercises is fairly typical of the course,

The

mUltiple~choice

multiple~choice

format

is chosen over a constructed response format depending on the objective
of the exercise.

For example, if the purpose is to teach students to

discriminate between syntactically correct and incorrect AID commands,
a mUltiple-choice exercise is used; if the purpose is to teach the construction of an AID command, a constructed response will be requested.
Of the 13 exercises remaining in Lesson 1, seven could appropriately
be labeled "implied mUltiple choice" since the statement of the exercise
clearly implies only a small number of possible responses.

In order to

keep the terminology straight, however, exercises that are not in the
conventional multiple-choice format ,will be referred to as "implied
choice" exercises, and the term, "multiple choice," will be reserved for
exercises that list and label a set of choices and require that the
student respond by typing the label or labels.
One of the most frequently used implied-choice exercises' is the
yes-no exercise.

Many of these are designed to elicit opinion rather

than information and have no "correct" answer.

In Lesson 1, five of

the seven implied-choice exercises are of this type and in Table 2 are
classified as

lI

op inion 'exercises" rather than "implied-choice exercises. n

This proportion is greater than that of later lessons, but still, indicates the style of the lessons.
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Lesson 2: Using AID for Arithmetic
The 28 exercises in Lesson 2 teach the student how to start and
stop the AID interpreter and how to use it for simple arithmetic by
employing the "TYPE" command.
metic operations (+, -,

*,

The AID symbols for the four simple arith-

and /) are taught, and the use of parentheses

in arithmetic expressions is introduced.

B,y the end of the lesson, the

student should be able to start the AID interpreter and give simple,
direct commands such as:
TYPE

5/25

TYPE

3.25 + 17.4 - 3.12

TYPE

15

*

17 + 25

*
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One of the most persistent errors made by students learning any
algebraic programming language is the omission of the multiplication
operator in algebraic expressions.

The source of this difficulty is the

convention of using juxtaposition to indicate multiplication.

For example,

we ordinarily write
a(b+c)
without an explicit multiplication operator, but AID, like other algebraic
programming languages, demands that the multiplication be indicated explicitly.

AID has an asterisk as the symbol for multiplication, as in
A * (BtC) •

In Lesson 2, there are a number of exercises aimed specifically at overcoming this error.
The following are exercises from Lesson 2.
Lesson 2, Exercise 15:
WHAT WOULD AID ANSWER TO THIS COMMAND?
TYPE 72/12
24

Lesson 2, Exercise

~9;

USE AID TO DO THESE PROllLEMS:

1.

FJND THE AREA OF A HECTANGLE WITH WIDTH 1. 72375 AND
LENGT~

2.

12.001325.

SUPPOSE A SQUARE OF WIDTH .637825 IS CUT FROM THE

ABOVE RECTANGLE.

3.

FIND THE AREA OF THE SQUARE.

FIND THE AREA OF THE REMAINING PART OF THE RECTANGLE.

Of the 28 exercises in Lesson 2, 11 are multiple choice, five are
implied-multiple choice, and 12 are true constructed response exercises.
The constructed response exercises vary in difficulty, from the simple
prob~em

given in Exercise 15, above, to the problem given in Exercise 19.

Lesson 3; Order of Arithmetic Operations
The arithmetic used in Lesson 2 was relatively simple, but in Lesson

3 the complexity increases with the addition of the concept of hierarchy
of operations and the use of parentheses.

Because each AID command must

be typed entirely on a single line, horizontal division bars for grouping
cannot be used.

Thus, an expression like
xy
z+3

using more than one line of type, must be translated into the AID
expression

x*

Y / (Z+3)

with parentheses to show grouping.

The AID expression is mOre difficult

to construct, since it requires a conscious decision about the desired
. Qrder of evaluation.
Lesson

3 teaches the student how to force an order of evaluation by

using parentheses.

To do this, the
25

st~dent

must recognize the difference

between expressions like (16 - 4) - 3 and 16 - (4 - 3).

After a few

exercises on parentheses, rules are given for the hierarchy of the four
basic arithmetic operators

(+, -, *,

and

I),

and a number of exercises

are given in which the task is to determine the order of evaluation if
no parentheses are used.
The following are two examples from Lesson 3.
Lesson 3, Exercise 5:
WHAT WILL AID ANSWER TO THIS COMMAND?
TYPE 1/(100/10)
Lesson

~,

Exercise 10:
LOOK AT THESE THREE COMMANDS.
ANSWER TO TWO OF THEM.
A. TYPE

3 + (2*4)

B. TYPE

(3+2)

C. TYPE

3 +2

*
*

AID WILL. GIVE THE SAME

WHICH TWO?

4

4

Since Lesson 3 is primarily a review of algebraic notions that may
be better understood by some students than by others, it provides more
opportunity for individualized branching.

A good student can complete

Lesson 3 in 27 exercises, but a poor student will be given additional
practice and may do up to 49 exercises.
The exercises in Lesson 3 are of medium difficulty, and most can
be done quickly.

Eleven of the exercises are multiple choice, and an

additional five are implied-choice exercises.

Three of the exercises,

including one with three parts, require the student to use the AID interpreter.

Nineteen of the exercises are similar to Exercise 5 above.
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Lesson

4: Exponents and Scientific Notation
longe~

Lesson 4 is

fo~

the

ave~age

and extends the

to include exponentiation.

exp~ssions

ation is

t4an

~eviewed,
hie~a~chy

with the

of

ope~ations a~e

been forgotten.
st~cting

la~gely

The

~les

extended to inClude exponentiation,

review of

Negative exponents,

int~oduced.

exponents, and zero as an exponent are also

like Lesson 3, is

a~ithmetic

of the AID symbol (t).

and the AID form of scientific notation is
f~actional

on

the concept of exponenti-

Fi~st,

int~oduction

wo~k

qove~ed.

algeb~aic p~inciples

Lesson 4,

and may have

The exercises also provide practice in reading and con-

expressions in the form

Some examples

f~om

~e,!ui~ed

by t4e AID

interp~ete~.

Lesson 4 follOW.

Lesson 4, Exercise 6:
WHAT IS THE VALUE OF 5t2/2?
Lesson

4, Exercise 12:
USE AID TO EVALUATE EACH OF THE FOLLOw;I:NG.
1.

4 SQUARED TIMES 3.1416

2,

THE SUM OF 4 CUBED AND 6.

3.

THE SUM OF THE SQUARES OF 1, 2, 3, 4, 5, 6, 7 AND 8

Lesson 4 contains 61
~sponses.

Most of t4e

exe~cises,

const~cted

of which 48

responses

lations to answer questions like those
Three exercises

requi~e

~quire

~equi~e

illust~ated

the student to use the AID

in

constructed

arithmetic calcuExe~cise

interprete~,

6 above.
and he

is encouraged to use AID throughout the lesson.
Lesson 5: The SET and DELETE Commands
After the sizeable dose of arithmetic given in Lessons 3 and 4,
Lesson 5 provides relief by

~etu~ning
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to the

mainst~am

of

inst~ction

with the introduction of two new AID commands: the SET command and the
DELETE command.

SET is used in AID to assign values to real vaJ;'iables;

DELETE is used to delete a previous assignment or definition.

In AID,

variables are single letters, and the SET and DELETE commands are easily
learned by most students.

A number of word problems are given to illus-

trate the use of the new commands.

Lesson 5 also introduces the multiple-

argument form of the TYPE command in which several TYPE commands can be
combined into one by separating the arguments with commaI' (TYPE X,Y,X+Y).
The following exercises are from Lesson 5.
Lesson 5, Exercise 3:
WHAT WILL AID ANSVJER AFTER THESE COMMANDS?
SET B

=

1· 5

TYPE 3*B
Lesson 5, Exercise 31:
TO FIND TBENEW AMOUNT IN A SAVINGS ACCOUNT, CALCULATE THE
INTEREST AND ADD IT TO THE LAST BALANCE.

START AID AND

CALCULATE THE INTEREST AND THE NEW BALANCE AFTER ONE YEAR
FOR AN ACCOUNT WITH AN INTEREST RATE OF 4.5 PERCENT PER
YEAR AND A PREVIOUS BALANCE OF $3274.86.

(ASK FOR A HINT

IF YOU NEED ONE.)
. WHAT IS THE' INTEREST ON THE ABOVE ACCOUNT TO THE NEAREST
PENNY?
WHAT IS THE NEW BALANCE IN THE ACCOUNT?
Lesson 5, with its 63 exercises, is fairly long and has nine exercises that ask the student to use AID to solve problems,
difficult of these is shown in Exercise 31 above.
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The most

The tJ;'end toward a

higher proportion of constructed responses continues here, with Lesson 5
having only six mUltiple-choice problems.

There are four

implied~choice

exercises, but all of these are requests fOr opinions from the student.
Lesson 6: Test of Lessons 1 to 5
Lesson 5 concludes the first five-lesson tutorial

bloc~

and is fol-

lowed by a self-test in Lesson 6 and a general review in Lesson 7.
Lessons 6 and 7 are optional.

Both

Lesson 6 contains 40 test questions and

problems covering the material in Lessons 1 to 5.

Li~e

other self-tests,

Lesson 6·supplies no hints, and stUdents are allowed only One try on each
exercise.

However, the stUdent may request the correct answers at any

time by typing CTRL-T.

Whenever a student misses an exercise, he is

given a review reference and advised to review that topic before proceeding with the course,
The exercises in LeSSOn 6 are classified according to which lesson
they are testing:
Lesson Number

Exercises in Lesson 6 Testing Given Lesson

1

2, 3, 4, 5, 6, 7, 9, 10, l2, 13, ;1-4, l5, l6

2

8, H, 17, 18, 19, 20, 38-1, 39-1

3

21, 22, 23

4

24, 25, 26, 27

5

28, 29, 30, 31, 32, 33, 34, 35, 36, 37

Exercises ]., ).-1 and 40 are "opinion" exercises and are not listed.
Exercises 38 and 39 are "use AlD" exercises and are not listed.
38 exercises in the list, 23 are constructed-response exercises.
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Of the

Lesson

7: General Review of Lessons 1 to 5

The s.tudent is allowed to skip Lesson 7, but he is advised to take
it if he missed more than five problems in the Lesson 6 self-test.
son

7

Les~

uses a more complex branching scheme to allow students to review

only selected portions of the preceding lessons.
The following is an example £fom Lesson

7.

Lesson 7, Exercise 5:
LESSON 4 WAS ABOUT EXPONENTS AND SCIENTIFIC NOTATION.
FRACTIONAL EXPONENTS AND NEGATIVE EXPONENTS WEI\];
DISCUSSED, AND ALSO THE USE OF 0 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," he is sent to the review lesson for Lesson 4!
where he may review any of the lesson topics in any order he wants.
This first general review also reminds students that they can
trol the sequence of instruction by using the

CTRL~G

con~

key and that the

student manual provides an outline of the course.
Lesson 8: The LET Command
Lesson 8 is the beginning of a new lesson block, and introduces the
powerful LET command, used in AID to define functions.

The difference

between LET and SET commands is discussed, and a variety of algebra
problems is given.

A major emphasis in Lesson 8 is on substituting

arithmetic expressions for variables in algebraic expressions.
is the first lesson that has optional "extra-credit" problems.
The following are two exercises from Lesson 8.
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Lesson 8

Lesson

~,

Exercise 4:
WHAT WILL AID A1'!SWEB?
~T

P(M)

~

Mt2

TYPE :['(6/2)
Lesson 8, Exercise 28:
USE AID TO DO THIS PBOBLEM.

DEFINE A FUNCTI(JN TO CONVERT

DEGREES FAHRENHEIT TO DEGREES CENTIGAADE.

THEN CONVERT

THESE TEMl"ERATURES TO CENTIGAADE:
0, 10, 38, 72} 812
Of tne 62 exercises in Lesson 8, over half are similar to Exercise

4 above.

There are four multi"part problems that require the use of the

AID interpreter,

There is only one mUltiple-choice exercise in Lesson 8,

and none of the exercises are more difficult than Exercise 28 above.
Lesson 9: Some Standard AID Functions
In Lesson 9, the stUdent is introduced to four functions already
defined in AIp.

These are:

SQBT(X) - the square root function,
IP(X) - the "integer part" function,
FP(X) - the "fraction pan" function l
SGN(X) " the sign function,
These functions, together with those defined by the student, are
used in several problems reqUiring the use of the AID interpreter.
The following are two exercises from Lesson 9.
Lesson 91 Exercise 2:
WHAT WILL AID ANSWER?
TYPE 3

*

SQRT(lOO)
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Lesson 9, Exercise

l~:

rOU CAN USE THE AID FUNCTION FP(X)TO FIND OUT IF ONE
NUMBER CAN BE DIVIDED BY ANOTHER WITHOUT A REMAINDER .•••
IS 2'J?6 EVENLr DIVISIBLE BY 3?
Lesson 9 has 31 exercises of which 17 are similar to Exercise 2
above~

Lesson 10: Indirect Steps, the DO Command, the FOR Clause
In Lesson 10, the concept of a stored program is introduced.

Up to

this point, students have been using AID as a desk calculator, doing all
exercises with direct commands, i.e., commands that are executed immediately.

In this lesson, the students are taught that TYPE commands can

be stored for later execution by prefacing the command with a step number,
as in the following examples:
2.1

TYPE F(16)

4.7

TYPE Xt2,Xt3

They are also taught how to execute these stored commands by using
a DO command.
mands.

Two variants of the FOR clause are used to modify DO com-

In the first variant, values for the iteration variable are given

by a simple listing:

DO STEP 17,3 FOR Y ~. 1,2,7,14.3.
In the second variant, values for the iteration variable are given in a
range specification that specifies an initial value. for the variable, a
step size, and a final value:

DO STEP 5 FOR X

~

4(2)9.

This command specifies that X will assume the value 3, then be incremented
by 2 after each iteration of step 5 until X > 9.
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This is equivalent to

the FORTRAN form,

DO 5 X ~ 4,9,2
5 < statement 5 >,
and the ALGO:]:, fom
FOR x+-4 STEP 2 Ul'lTJ:L 9 DO
< statement 5 >.
The following are some examples from Lesson 10.
Lesson 10, Exercise 12:
USJ:NG

Am,

WRJ:TE AN J:NDJ:RECT STEP THAT WJ:LL CONVERT MJ:LES

PER HOUR TO FEET PER SECOND.

THEN CONVERT ALL OF THESE

TO FEET PER SECOND:
10 MILES PER HOUR
100 MJ:LES PER HOUR
65 MJ:LES PER HOUR
1023 MILES PER HOUR
Lesson 10, Exercise 17:
WHAT VALUES OF A WILL BE USED rF THJ:S COMMAND IS GIVEN?
DO STEP 73.7 FOR A ~ 5(10)35
A.
B.

5, 10, 15, 20, 25, 30, 35
10, 15, 20, 25, 30, 35

C.

5, 15, 25, 35

Of the 33 exercises in Lesson 10, four are multiple choice and another four are implied choice.

Most of the constructed-response exercises

are quite simple, and Exercise 12 above is the only one that requires any
problem-solving skills.
Lesson 11: Parts
Lesson 11 explains how indirect (stored) steps are grouped into
"parts, " Steps 12.1, 12.7, and 12.8, foJ;' example, are grouped as
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"Part 12," and can be executed by a single command:
DO PART 12.
The sequence of execution depends only upon the numerical order .of the
step numbers, and not upon the sequence in which they were written.

Thus,

steps 3.75, 3.2 and 3.8 will be executed in the order: 3.2, 3.75, 3.8.
This concept is clear to most students.

The only difficulty is caused

by step numbers with trailing zeros; some students fail to order correctly a sequence like 3.5, 3.8, 3.10 (the correct order is 3.10, 3.5,
3.8) •
Here are two examples from Lesson 11.
Lesson 11, Exercise 5:
YOU CAN TYPE THE STEPS IN ANY ORDER, BUT AID WILL ~WAYS
DO THEM IN NUMERICAL ORDER.
17.4

TYPE xtY

17.5

SET N=5

17.2

SET X=lO

17.3

SET Y=2

WHICH STEP WILL BE DONE FIRST?

Lesson 11, Exercise 11:
A PART (SET OF INDIRECT STEPS) IS ~SO CALLED A PROGRAM.
USE AID TO WRITE A PROGRAM THAT WILL LIST THE RADIUS,
DIAMETER, CIRCUMFERENCE, AND AREA OF A CIRCLE OF RADIUS
R.

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

Lesson 11 has 30 exercises, with an unusually high proportion of
"opinion" questions (8 out of 30).

Only one of the 30 exercises is

multiple choice, and six of the 30 require the student to use the AID
interpreter, a slightly higher proportion than was found in earlier
lessons.

Lesson 12: The DEMAND Command
In Lesson 12 the DEMAND command is introduced.
is used in AID programs for

te~etype

input.

previously introduced commands, can be used
command.

The DEMAND command

The DEMAND command, unlike
on~y

indirectly, as a stored

This lesson also introduces a variant of the DO command:
DO PART 7, 5 TIMES

The following are exercises from Lesson 12.
Lesson 12, Exercise

4:

START AID AND WRITE A PROGMM THAT WILL ASK YOU FOR 3
NUMBERS, A, B, AND C, AND THEN GIVE YOU THE AVERAGE OF
THE 3 JWl.1BERS.

AFTER YOU HAVE TESTED YOUR PROGMM, USE

IT TO FIND THE AVERAGE OF
A =

B

179.053

= 23.7

C =

Lesson 12, Exercise

271.0015

5;

WHAT COMMAND WOULD YOU USE IF YOU WANTED PART 2 DONE

7 TIMES?
Lesson 12 is very short, containing only 14 exercises.

None is

multiple choice, and five require the student to use the AID interpreter.
Lesson 13: Test of Lessons 8 to 12
Lessons 8 to 12 constitute the second five-lesson tutorial block of
instruction and are followed by an optional self-test (Lesson 13) and a
review (Lesson 14).

Lesson 13 is structured like other self-tests; the

student is given only one try for each exercise, and there are no hints
provided.

A student who cannot do an exercise can request the correct

answer by typing CTRL-T.
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The following classifies the exercises in Lesson 13 according to
which lesson is being tested.
Exercises in Lesson 13 Testing Given Lesson

Lesson Number

8

1-1,2,3,4, 5,6,7,8

9

9, 10, 11, 12, 13, 14, 16

10

17, 18, 19, 20, 21, 22, 23, 24

11

25, 26, 27

12

28, 29-1

Five of the 33 exercises in Lesson 13 are not included in the list.

Ex-

ercises 1, 15-1 arid 30 are "opinion" questions, and Exercises 15 and 29
are "use AID" exercises.

Of the 28 exercises in the list, 25 are con-

structed-response exercises.
Lesson 14: General Review of Lessons 8 to 12
Lesson 14, the general review of Lessons 8 to 12, is optional but
is recommended for students who missed more than three problems in the
preceding self-test.

Here is one example from Lesson 14.

Lesson 14, Exercise 3:
LESSON 8 WAS ABOUT THE "LET" COMMAND AND HOW TO USE IT
TO DEFINE A FUNCTION.
WERE DISCUSSED.

FUNCTIONS OF 2 AND 3 VARIABLES

INSTRUCTIONS FOR PRINTING AND DELETING

A FUNCTION WERE GIVEN.
DO YOU WANT TO REVIEW ANY OF LESSON 8?
The structure of Lesson 14, like that of other general reviews,
allows a stUdent who answers "yes" to branch to the review for the lesson and to review any of the lesson topics in any order.
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Lesson 15: Relations and the Use of the IF Clause
Lesson 15 begins anew lesson block and introduces the most powerful
programming tool: the conditional clause.

The conditional (IF) clause

may be appended to any of the commands so far introduced.

The following

AID symbols for arithmetic relations are introduced:

<
>

greater than,

<~

less than or equal,

~

greater than or equal,

#

not equal.

less than,

The tenus "positive," "negative, II and Hnon-negative" are

reviewed~

Boolean connectives "and" and "or" are also introduced.

Students are

The

reqUired to write several programs using conditional branching.
The following are examples from Lesson 15.
Lesson 15, Exercise 14:
STUDY TillS PROGRAM.

>Y
IF X < ~ Y

49.5

TYPE X IF X

49.6

TYPE Y

DO PART 49.
IF X

~

12. 1 AND Y

~

6, WHAT WILL AID ANSWER?

Lesson 15, Exercise 20:
WRITE A PROGRAM THAT WILL PRINT "SAME" IF ALL THREE
NUMBERS X, Y, AND Z HAVE THE SAME SIGN.

THE PROGRAM

SHOULD PRINT "DIFFERENT" IF THE NUMBERS DO NOT ALL
HAVE THE SAME SIGN.
Of the 62 exercises in Lesson 15, a large number (24) are true-false
exercises.

The students are required to use AID in six exercises similar

to Exercise 20 above.
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Lesson. 16: The TO Command
Lesson 16 reviews the use of conditionals and introduces conditional
branching.
The following are two examples from Lesson 16.
Lesson 16, Exercise 3:
HERE IS A PROGRAM THAT CALCULATES THE AREA OF A RECTANGLE
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

14.3

DEMAND W

14.4

TO PART 15 IF W < 0

14.5

TYPE L

15. 1

TYPE "DO NOT USE NEGATIVE NUMBERS."

*

<0

W

WHICH STEPS WILL BE DONE IF L

= 5 AND W =

~

3?

Lesson 16, Exercise 4:
WRITE A PROGRAM THAT WILL DEMAND A RADIUS R AND THEN
CALCULATE THE AREA OF A CIRCLE WITH THAT RADIUS.

USE

TWO PARTS, ONE FOR THE MAIN PROGRAM AND ONE FOR AN
"ERROR" ROUTINE TO BE USED IF R IS NEGATIVE.
There are 27 exercises in Lesson 16, with five multiple choice and
eight "opinion" questions.
Lesson 17: Debugging Techniques
Lesson 17 concentrates on debugging techniques, showing the student
hpw to trace a program by making a table ·listing the steps in order of
execution.
Here, is one example from Lesson 17, Exercise 3:
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FOR PRACTICE, LET'S MAKE A TRACE OF THIS PROGRAM, ASSUMING
A '" 3.

31. 3 DEMAND A
31.2
31.3

SET)3 '" At2 - 10
SET C '" A IF A > B

31.4

SET C '" B IF A < '" B

31.5

TYPE B

31.6

TYPE C

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

above.
with

exe~cises

31,1

3

31.2

3
3

-1
-1

?

3

-1

?

31.5

3

-1

?

31.6

3

-1

?

in Lesson 17, 18

Fou~ exe~cises ~equi~e

pape~

C

A

31.3
31.4

Of the 27

B

STEP

a~e simila~

the student to

w~ite

to the

exe~cise

a complete

t~ace

and pencil and checK his answer by typing CTRL-T.

Lesson 18: The Indirect Use of the DO Command
In Lesson 18, the indirect use of the DO command is
to this point, the student has been using DO commands
programs or single steps.
execute subroutines.
di~ect

int~oduced.

di~ectly

Up

to execute

The DO command can also be given indirectly to

A conditional clause is frequently used with in-

DO commands.

The fOllowing is an exercise from Lesson 18.
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Lesson 18, Exercise 2:
WHEN AID COMES TO AN INDIRECT "DC" COMMAND, IT WILL DO
THE STEP OR PART INDICATED AND THEN RETURN TO THE STEP
AFTER THE "DC" COMMAND.
16.1

DC STEP 2.1 IF Q < 0

16.2

TYPE Q

2.1

SET Q

~

- Q

DO PART 16
IF Q

~

3, THE STEPS WILL BE DCNE IN WHICH ORDER?
A

B

16.1

C

D

16.1

16.1

16.1

2.1

16.2

2.1

16.2

16.2

2.1

There are 35 exercises in Lesson 18, with only one programming
problem requiring the use of AID.
Lesson 19: Debugging, Permanent Storage
The first half of Lesson 19 is an optional section of tips for
writing and debugging programs.

This' section is primarily for students

who have been having difficulty with the programming problems in
ceding lessons.

p~~

The second half of the lesson describes the difference

be'tween core memory and disk storage and teaches' the students how to
store programs on the disk by using the AID file commands; USE, FILE,
RECALL, and DISCARD.
Here are two examples from
Lesson 19, Exercise 13:
WHAT COMMAND WOULD YOU USE TO FILE PART 29 AS ITEM 3?
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Lesson

Exercise 17:

~9,

J;F ANVMBER B WAS FILED AS :rTEM

6, YOU WOULD RECALL IT

BY TYPING
USE FILE

~OO

AND THEN WHAT?

Of the 32 exercises in Lesson 19, eight are requests for opinions,
and

fo~r as~

the student to use AID.

Lesson 20: Test of Lessons 15 to 19
Lesson 19
Lessons 15 to

comp~etes

~9,

and is

the third lesson
st~ct~red li~e

bloc~.

Lesson 20 is a test of

the tests in LeSSOnS 6 and 13.

Lesson 20 contains 27 exercises ,of which two are requests for opinions.
The other 25 can be grouped according til which liOssons they te.st:
Lesson

Exercises in Lesson 20 Testing Given Lesson

15

1~1,2,

16

7, 16

17

8, 9, 10

~8

II, 12, 13, 14, 15

~9

17, 18, 19,20, 21, 22, 23, 24, 25

3, 4, 5, 6

There are six multiple·o4oice exe:r;cises, two "implied-choice" exer·
ciees, and 17

oonst~oted

responses.

Lesson 21: General Review of Lessons 15 to 19
Lesson 21 is a general review of the lessons tested by Lesson 20.
Like other

giOnera~

reviews, it is optional and is recommended for students

who missed more than three problems in the test.
Here is one example from Lesson 21:
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Lesson 21, Exercise

8:

LESSON 19 EXPLAINED HOW TO PLAN, WRITE, AND ED;I:T A PROGRAM;
WHAT KINDS OF ERRORS THERE ARE AND HOW TO CQl1R;ECTTHEM; AND
HOW TO USE PERMANENT STORAGE.
DO YOU WANT TO REVIEW LESSON 19?

·A student who responds :'yes" wi;Ll be. given the review. lesson for
Lesson 19.

6.

The Daily Report
A daily report program was provided to inform teachers of the pro-

gress of individual students.

The report lists the students in given

'classes, shows their current position in the curriculum, and indicates
if they used the curriculum on the day· of the report.

The position of

each student is indicated .by printing .the. number .of the J,astproblem he
completed in the tutoria;L lessons, in the reviews, in the summaries, and
in the extra-credit problems.

By

comparison with previous daily reports,

the teacher (or researcher) can jUdge about how much an individual student
has progressed, and he can compare the positions of different students.
However, the daily rep·ort provides only a rough measure of progress
since the students themselves control the seguen.ce of instruction.

A

student may be on Lesson 5 one day and on Lesson 12 the next, either by
diligently working through all the intervening lessons or by simply
skipping directly to Lesson 12.

AlSO, a student may decide to go back

to review a previous lesson, and hiS daily report will show that he was
on Lesson 12 one day and had regressed to Lesson 5 the next.

Even if

one assumes that students are working their way straight through the
.course, it is hard to get a pre.cise measure of progress from the reports
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because of the varying lengths of lessons and the uneven dispersion of
time. consuming programming problems.

Nevertheless, the daily reports

can Provide an adequate indication of average rate of progress through
the course and of variation in the rates of progress among stUdents.
To illustrate use of the daily reports, one class of 39 students
was sele<;:ted as a sample.

All these stUdents were enrolled in the UCLA

"High Potential" program.

The daily report information for the class is

summari~ed

fov

each stUdent and presented in Table 3.

Number of days

worked, number of lessons completed, and rate of progress in number of
lessons per day are listed in Table 3.

This particular class was chosen

because of .its large enrollment, but it is atypical because attendance
for AID was voluntary.

Of 48 possi1:>le workdays, the average number of

days worked by the 39 students is 10.4 with a range from 1 to 36 days.
This average is high for strictly voluntary attendance.

Average number

of lessons oompleted is 14.1 with a range from 2 to 36 lessons, fuilidicating
that the students <;:ompleted slightly less than one-third of the course in
the time li-llotted.
To illustrate the individuality of the students, progress in number
of lessons completed for three students (Nos. 2,

7, and 11) from the

class tabulated in Table 3 is graphed in Figure 3.

Student 2 can be

characterized as slow and steady, Student 7 can be characterized as fast
and steady, and StUdent 11 can be characterized as persistent but erratic.

7.

Item Analysis of INST

~

In this preliminary report, only data from first responses for LessOnS 1 to 2+ li-re

analy~ed.

The data l.lsed were colle<;:ted by the I)'IST

Table 3
Daily Report Summary for One Class of 39 Participating Students

Number of· lessons
comp;Leted per day

Stu.dent

Number of
days worked

Number of lessons
comp;Leted

1

22

23

1.04

2

17

1l

.65

3
4

17
2

27

1.59

5
6

13

5
18

2·50
1.38
.62

7
8

9
10
1l

13
15
17
1
1

8
24

1.60·

26

1.53

9
2

9·00
2.00

36

1,00

4
2

.67
.67

4

2.00

12

36
6

13:.
14

3
2

15
16

6

5

.83

2

1.50

17
18

8.

3
20

13
16

13
22

9
4

9
8

19
20

22

1.16

18

31
22

1.55
1.22

19
20
21
22
23
24

2.50
1.00
1.38
1.00
2.00

25
26

8

20

1l

1l

2·50
1.00

27

5

8

1.60
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Ta,b1e 3 (cont'd)

Student
~8

29
30
33..
32
33
34

Number of
days worked

Number of lessons
completed

1
6
8
2

2

2.00

8

1.33
1.38
2.00
1.24

11

4
21

17
.10
18

Number of lessons
completed 2"r day;

23
17
15
8
20

2·30
.94
2,14

7·00
4.20

37
38

7
6
20
1

39

--L

7
21

Mea,n

10.38

14.3..0

1.86

S. D.

7,80

9.02

l..62

39

39

39

3:;;
36

N

45

1.33
1.00

40
Student No.11

35

30
(/)

z

0

Student No.7

25

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(/)
(/)

~

~ 20

a::
w

i

0

o·

a:l

:E

::>

z

:

0

15

.'

Student No.2
10
I

r-.1
0

5

•...

I

"

I
I

r-"/,

••• ,._.1

0' ,
0" ,
'l"J

00

15
25
20
NUMBER OF DAYS
Figure 3.

Student progress in number of lessons completed
after each day of work in AID for three students,

46

and CTRL-Z (student request for sign-off).

If any of these occur as a

first response, they are ignored.
Excluding the lessons and exercises not graded, 6,512 first responses
made by the 68 students who completed one or more AID lessons during the
first semester of the 1972-73 school year were analyzed for this report.
Of the 68 students, 39 were drawn from the UCLA "High Potential" program,
26 from Ames-NASA, and three from the network of schools for the deaf.
The other critical definition :,used is that of "correct response."
In general, the definition of "correct" is supplied by the programming
and is what one would expect.
11

If the correct answer to an exercise is

t rue , If the student response may be lItrue 11 or lit, 11 and any other response

such as flfalse- I ' or I1helpll or "yes" is classified- as incorrect.

Some exercises have no clearly defined correct answer, however.
First, requests for sequencing, "Do you want to try the extra-credit problems for this lesson?", cannot be said to have a right or wrong answer.
Second, the programming of a few exercises preclUded easy classification;
there were seven such exercises in the 675 exercises considered.

Third,

some exercises ask the student to use AID to solve a stated problem.

We

could consider the response to be correct if the student did indeed use
AID, 'but on a less superficial level we need some analysis of the student's
use of the AID interpreter.

This implies a routine that can judge the

correctness of a student-written program.
is not available.

Unfortunately, such a routine

The general solution to the problem of proving the

correctness of a computer program has been shown to be recursively unsolvable (Davis, 1958).

While many particular cases of this problem are

solvable, it remains a deep and non-trivial problem to construct an
algorithm that will prove correctness for a comprehensive set of student
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solutions.

Some data collected by the AID interpJ;"ete;r have been hand.

g;raded and will be desc;ribed later in this report.
P;roblem Types

~

A summa;ry ot correct first responses by problem type is shown in
~able

4.

Number correct, number of first responses, and percent cor;rect

are shown for each problem type.
This summa;ry reveals several inte;resting results from the item
analysis.

First, the proportion cor;rect for all exercises is only

65.7%,

a figure at least 10% lower than predicted after developmental testing
of the program.

This result is probably explained by the fact that most

of the data for this analysis was obtained from students in a "High
Potential" program comprising students who do not meet regular col:Lege
entrance requirements but who are suspected to have higher ability than
indicated by their achievement records.
In later analyses, the data used will be drawn from community college students who have been admitted unprovisionally,

The o;riginal goal

of the AID project was to prepare a curriculum for community college
students, and these new data will provide a better assessment of the
cUJ:riculum.
Second, an unexpected result is the Proportion correct for multiplechoice exercises as compared with constructed responses.
COrrect is markedly loweJ:,
with

The proportion

54.9%, for multiple-choice exe;rcises compared

66.6% for constructed responses.

In presenting a lesson-by-lesson

comparison of the proportion correct for multiple-choice and constructed
J:esponses Table 5 shows this result to be quite stable aCross the lessons,
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Table 1+
Number and Percent of Correct First Responses in Lessons 1 to 21
(Excluding Lessons 7, 14, 21)

Total correct
first responses

Total
first responses

Percent
correct

Multiple- Choice
1 Correct Choice

436

718

6007

Multiple- Choice
2 Correct Choices

60

160

3705

Multiple-Choice
3 or More Correct
Choices

59

120

4902

Multiple-Choice
Correct Choice: NONE

23

55

4108

Total Multi.ple-Choice
Exercises.

578

1053

54.9

99

133

7404

215

254

8406

Other Implied-Choice

47

59

7907

Total Implied-Choice

361

446

8009

Predicted AID Response

1282

1861

6809

Constructed AID Command

497

798

62.3

Reported Result of AID
Use

557

878

6304

Other ConstructedResponse Exercises

1003

1476

68.0

Total Constructed
Response

3339

5013

66.6

Totals

4278

6512

65.7

Yes-No Exercises
(except opinion
questions)
True-False
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Table 5.

Percent of Correct First Responses

f~r AlIMult~p1e~choice

Constructed-response Exercises in Lespons

+ to

and All

21

(Excluding Lessons 7, 14,21)

Lesson

~

1
2
3
4
5
6
8
9
10
11

Percent correct·
multiple ...choice

66·7
67·3
32.7
57.4
46.7
44·7
30.8
26.3
76·3
70.6

12

13
15
16
17
19
20

54·3
61.2
47.6
.66·7
48.1
25·0
61.1

Totals

54·9

18

Tota,l responses
mUltiple-cho;l.ce

81
153
101
61
75
76
13
19
76
17
0
35
85
84

Fe rcent corre at
constructed res~onse

Total responses
constructed response

50
146
373
368
601
298
862
472
357
208
99
25)6
237
178

72

68.0
58.2
65.1
71.5
70.2
'69.5
67.2
70.1
81.8
73.6
77. 8
58.1
55·3
65.2
0.0
50.6
67. 4
51·7

1053

66.6

5013

12

81
12

55
77
135
201

Third, the proportion correct for implied-choice exercises (80.9%)
is higher than either multiple-choice or constructed-response exercises.
This result might be expected since all of the implied-choice exercises
imply only two choices, and about?O% of the answers would be correct if
they were selected by random guessing.
Fourth, the order of percent correct among the different kinds of
mUltiple-choice exercises is not what would, b,';- predicted from the number
of correct choices available.

Exercises in which there are more than·

one correct choice are mOre difficult (119/280 ~ 42.?%) than are exercises
in which exactly one choice is correct (4?9/773:~ ?9.4%).

However,

exercises in which none of the listed choices is correct are mOre dif.
ficult (41.8%) than the other single choice exercises (60.7%), and
exercises in which there are three or more correct choices are easier
(49,1%) than those in which there are two correct choices (37. ?%).
A more detailed analysis of the data for mUltiple-choice exercises
will be discussed later in this report.
Student Control of Amount of Instruction
Two features of the course that allow the student to control the
amount of instruction he receives are "hints" and "tells.'"

Most of the

exercises have one or more optional hints which can be requested by the
student at any time, either before or after making a response.

Also, in

all exercises for which there is a correct answer the student may request
the correct answer, i.e., a tell, at any time.
How these two controls are used is as yet undetermined, and will be
the subject of future research.

The item analyses of first responses,

on which this report is based, does provide some evidence, however.
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The

number of
were

and the number of tells

h~nts

req~ested

before

responses

f~rst

tall~ed.

In some
t~onof

exerc~ses,

the problem.

the

provide

h~nts

Th~s ~nformat~on

informat~on v~tal

~nto h~nt

was pUt

to the solu.

messages rather

than into the pl;"9blem text itself whenever H could be assumed that a
fairly large proportion of the students
example, if the
cylinder of
that

g~ves

ex",rc~se

g~ven

volume

assumed to know
m",nt
h~nts

b~t

th~s

instead was

already know it.

For

is to use AID in calculating t):J.e volume of a

radius and height, it
~n

wo~ld

~s essent~al

terms of radius and height.
formula sO
inGl~ded

suggest a strategy to be

~t

was not

in

Many students can be

~nclud",d ~n

as the first hint.
~sed

to use the formula

solv~ng

the problem stat"'·

In other cases, the

the problem.

It was

assumed that hints would be used freely by as many asa quarter Of the
students.
Table 6 shows the number of
by problem type.

Only

for Lessons 1 to 21.

89

h~nts

requested before the first response

hints preceding first responses were requested

SinGe there were over 6,500 first responses for

these . lessons, this number of

req~ests

for hints

~s

surprisingly low.

Variation betw",en different lessons and different problem types should
be viewed with

skept~c~sm

because of the small numb",r of requests.

It may be that students do not request

h~nts

until they have made

at least one try, or they may beJ.ieve they would be

penal~zed

for re·

questing hints, or they may not understand how to ask for them.
the low number of
~n

h~nt

requests is

SO

unexp",cted

later research on use of Gontrol features.
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~t

is wort):J.

Because

pursu~ng

?'able !5
Number and Percent of Hints Requested in Lessons 1 to 21
(Excluding Lessons

71 14, 21)

Total hints
requested

Total
r.espcinses

Percent
hints

Multiple-Choice
1 Correct Choice

4

718

0.6

M1,llti-ple-Choice
2 Correct Choices

o

160

0.0

Multiple-Choice
3. or More Correct
Choices

o

120

0.0

Multiple- Choice
Correct Choice: NONE

o

55

0.0

Total Multiple..,Choice
Exercises

4

1053

0.4

Yes-No Exercises
(except opinion
questions)

7

133

5.3

?'rue-False

o

254

0.0

Other Implied-Choice

1

59

1.7

Total

446

ImDlied~Choice

Predicted AID Response

30

1861

1.6

Constructed AID Command

19:

798

2.4

Reported Result of AID
Use

17

878

1·9

Other ConstructedResponse Exercises

11

Total Constructed
Response

77

Totals

0.7
5013

1.5

6512

1.4

Requests for the correct answer weree;xpected to be rel-atively low
as a first response, about 5% as a first response and about 10% as a
second, or l-ater, response.

Table 7 shows the number of first responses

requesting the correct answer by probl-em type.

Two hundred forty-two of

the 6,512 first J:esponses, or 3,7%, were requests for the answer,

J:t is

interesting that theJ:e was a greater proportion of such requests for
mul-tipl-e,choice exercises (4.6%) than for constJ:Ucted-response exercises
(3.8%), indicating that mUltiple-choice exercises are more difficult.
~n

the analysis of stJ:Uctural variabl-es affecting probl-em difficulty,

pJ:oportion correct is taken as the measure of difficulty.

An

compaJ:ison could be made by using the number of requests for
a measure of difficulty.

interesting
answe~s

as

This was not done in the CUrrent analysis be-

cause the number of subjects was too small to permit meaningful application
of the stepwise multipl-e linear

~egressions

used below.

Lesson to Subtest Relationship
The percentages correct by l-esson l-isted in Tabl-e 8 show l-ittle
variation, with the exception of Lesson 17, and it can be inferred that
the c:>uJ:riculum isreasonabl-y consistent in difficul-ty.

Lessonsl-O and l-2

appear to be the easiest, and Lessons 17 and 18 seem·to be the most
difficult.
Two of the more difficul-t lessons are tests (Lessons 13 and 20),
and the average perc:>ent correct for the three tests (Lessons 6, 13, and
20) is 60.7%, which is slightly l-ower than the average for tutorial
l-essons, 63.3%.

To compare tutorial lessons and tests, eaCh test was

divided into five subtests each consisting of the

exe~cises

associated

with one of the five preceding tutorial lessons, and the percent correct
55

T.,ble :7
Number and ;E'ercent of Requests for the Correct AnsWel;' ('I?ellS)
in Lessons 1 to 21 (Excluding Les.sons 7, 14, 21)

Tot.,l te11s
requesteq

Tot.,l
responses

39

718

Multiple-Choice
2 Correct Choices

5

160

Multiple- Choice
3 or More Correct
Choices

3

120

Multiple-Choice
COl;'rect Choice: NONE

2

55

Total Multiple-Choice
Exercis.es

49

:1-053

Multiple- Choice
1 Correct Choice

133

Yes-No Exercises
(except opinion
questions)

Predicted

~D

Response

Percent
'lie;l.ls

3.6

0.8

a

0.0

a

0.0

82

446

0.2

1861

4.4

Constructed AID Command

34

4.3

Reported Result of AID
Use

14

1.6

Other ConstructedResponse Exercises

62

4.2

Total Constructed
Response

192

5013

Totals

242

6512

T"ble 8
Comparison of Scores in Lessons with Scores in
Related Exercises in Subtests

Lesson
h\.1lllber

:ProporUon co;r;rect
in ],esson (%)

:Propo;r;UoD correct
in test (%)

1
2
3
4
5

67.9
63,3
58.2
69·4
67.6

85.0
75,0
71.4
46,7
52·7

8
9
10
12

66.7
68,4
80.8
73.3
77 .8

56.0
56.2
54 •4
80.6
52.4

15
16
17
;L8
19

66.6
61.0
11.9
49.4
67.4

61.7
59.1
51.5
52.7
54.6

Me"n
S.D.

63.3
16.1
15

60.7
11.7
15

11

N

Correlation coefficient (R)
2
R

57

~

.165

~ .027

on eaoh subtest was oompared with the proportion oorreot on the lesson
tested by that subtest •. Peroentages oorreot on these. subtests are given
in the seoond oolumn in Table 8 and are assooiated with the apPropriate
lesson.

There is essentially no oOrrelation betWeen peroent oorreot on
2

lessons andperoent correct on the assooiated internal tests (R ~ ,027).
The prediotive power of lesson soores fOr individual students will be
explored in a later analysis of individual performanoe.
Multiple-ohoice Exercises
In the first 21 lessons of the AID oourse there are 80 ffiultipleohoioe exeroises.

In all of these exeroises the qhoices are listed and

labeled with letters, and if there is more than one correot ohoioe, the
students are expeoted to type the labels for all of the oorrect choioes.
Two formats are Used:
(Vertical)

A.

TYPE

B.
C.

DELETE
SET

D.

DO

N.

NONE OF TIlE ABOVE

( l:lori~ontal)
A

B

1.2 SET X~l
1.3 TYPE Xt2
1.4 TYPEXt3

1.2 DEMAND X
1.3 TypE Xf2
1.4 TYPE Xt3

Generally, the vertical form is used if eaoh choiCe oan be printed
on one line, and the vertioal form is used if several lines are required
to print single choioes.
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~he

data

acco+d~ng
~he

formult~ple-cho~ce exerc~ses

to the number·ofcorrect

number of correct

~n

one correct

a more
~nto

deta~led

the 10

The class of

cho~ce ~s sUff~c~ently
~nspect~on

of the data.

classes, and

fol1ow~ng

four classes,

(one, two, more than two, none).
f~rst

responses,

responses for each problem type are shown

f~rst

Table 11 pr<;sented earlier.

w~th

d~vided ~nto

responses, total number of

f~rst

and percent correqt on

cho~ces

are

mult~ple-cho~ce exerc~ses

numerous (56
These

proport~on

exerc~ses)

exerc~ses

were

to warrant

subd~v~ded

correct was calculated for

each of these classes.
(a)

Algebra~c Equ~valence
express~on

and

~s

I.

The student

asked to choose an

~s g~ven

an

algebra~c

equ~valent express~on.

Example:
TYPE 10/7 - 5 - 2
COULD BE WRIT';I'EN
A.

B.
C.
N.
(b)

TYPE 10/(7-5) - 2
TYPE (10/7)
(5- 2 )
TYPE (10/7)
5 - 2
NONE

-

Algebra~c Equ~valence

II.

The student must ohoose a

algebra~o express~on.

Example:
WHICH COMMAND WILL CAUSE A;I:D TO MULTIPL:{ 25
BY 5 AND DIVIDE BY 3?

A.

TYPE 25 x 5/3

B.

TYPE 25

C.

TYPE 25(5/3)

N.

NONE OF TIJE AOOVE

~

5/3
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descr~bed

(c)

Choice of AID Programs.· The student must choose which of two
routines will produce a specified result.
Example:
WHICH PAET TYPESTRE SMALLEST OF TWO :Nm4:BE:RS?
A.

3.1 TYPE RIF R> S

3.2
.B.
(d)

Mechanics.
the

TYPE S I:F R <= S

4.1 TYPE R rF R < S
4.2 TYPE S I:F R >= S
The student is asked about the mechanics of using

inst~ctional

program

Or the AID interpreter.

Example:
WHICH COMMAND WI):,L STOP TRE AIP INTERPRETER, AND
RETURN YOU TO YOUR LESSON?

A.
B.
C.
D.

(e)

CTRL-H
RETURN
INST
CTRL-T

Syntax of AID Commands.

The student must decide which of a

list of commands is syntactically correct.
Exam;ple:
WHICH OF TRESE COMMANDS WI;!,L CAUSE AID TO STOP
AND WAIT FOR YOU TO TYPE A VALUE FOR S?

3.7 AS)): S = ~
B. 3·7 DEMAND S
C. 3·7 REQUEST S =
D. 3·7 DEMANP S

.A.
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(f)

Semantics of AID Commands.

The student must chonse from among

syntacticaHy cor-red commands those that eff"ct a Hpct:if'ied
action.
Example:
WHICH COMMAND(S) WILL NEVER GIVE A NEGATIVE

NUMBER NO MATTER WHAT THE VALUE OF X IS?

(g)

A.

TYPE X/5

B.

TYPE SGN(X);.o(X/5)

C.

TYPE X/( -5)

D.

TYPE SGN(X)~(X/(

N.

NONE

.Boolean Equivalence

r.

-5»)

A Boolean statement :1.& given, and the

student must choose an equ1valent statement.
Example:
X<o=M

MEANS THE SAME AS WHICH OF THESE?

(h)

A.

M#X

110

M<=X

C.
N.

M>.=X

NONE

Boolean Equivalence II.

The student must choose a Boolean

statement, given a desqription of it in English.
Example.
WHICH MEANS "Q IS NON.NEGA'L'IVE?"
A.

Q>O

11.
C.
D.

Q>=O
Q<O

N,

NONE

Q<O=O

61

(i)

Sequenc", of Ex",.cution.

Th'" choi,c"'", ar'" l;l",t", of ",t",p numbeJ;'''''

and th", ",tud",nt mu",t choo",,,, th", li"'t that ",x",cute'" the command",
in a specified order,
Example:
16.1 DO STEP 2.1 IF Q < 0
1.6.2 TYPE Q
2.1 SET Q ; - Q
DO PART 16
IF

(j)

Q ;

3, TBE STEPS WIL;L BE DONE IN WFlICH ORDER?

A.

B.

C.

D.

16.1
2.1
1.6.2

16.1
16.2

16.1
2.1.

16.1
1.6,2

2.1

Miscellaneou",

The numbeJ;' of exerci",e""

number of fir",t re"'pon",e""

and percent

correct on fir",t re",pon",e", foJ;' each of th", abov", cla",,,,e,,, or multiplechoice exerci",e", are given in Table 9.
It i'" difficult to draw firm conclu",ions fJ;'om thi'" ",ubdiviJ;lionof
problem", but theJ;le data pre",,,,nt "'ome clue", to ",tudent b",havior.

The two

cla",,,,e,,, with the highe",t proportion COJ;'r",ct are (d) Mechanic"', and (g)
Boolean Equivalence I.

The two cla",,,,e,,, with th", lowe",t proportion cor-

rect are (c) Choice of AID Program'" and (h) Boolean Equivalence II.
proportion correct for cla",,,, (i) S",quence of Ex",cution i'" only
13 exerci",e",.

5l.6%, 'ov",r

It may be that the ",tudent", hav", difficulty underJ;ltanding

order of execution of COmmands and that th", curriculum ",hould
this area.

The

empha"'i~e

The data from later l<;!ssons on loop", will be ",tudi",d to s",e

if they also sugge",t ",ome revisiOn in thi,,,, a",pect Of the cours",.
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Table 9
Number of Exercises, Number and Percent of Correct First Responses in the

10 Classes of Single Choice Multiple~choice Exercises in
Lessons I to 21 (Excluding Lessons 7, 14, 21)

Number of
Exe rcise type

<J\

74

56

436

718

(e) Syntax of AID Commands

7

(f) Semantics of AID Commands

2

(c) Choice of AID Programs

(g) Boolean Equivalence I
(h) Boolean Equivalence II
(i) Sequence of Execution

(j) Miscellaneous
Total

Total :first
responses

3
2
13
12

(d) Mechanics

(b) Algebraic Equivalence II

'..-T6ti3.l;correct
i'irst responses

62
25
38
88
91
31
49
34
188
112

6
2
3
6

(a) Algebraic Equivalence I

w

Exercises

38
12
13
74
61
16
38
13
97

Percent
correct

61.3
48.0
34.2
84.1
67·0
51.6
77·6
38.2
51.6
66.1
60·7

In.multiple-choice exercises, several variables other than problem
type may contribute to difficulty.

One of these variables is the number

of choices given; presumably the larger the set of possible answers, the
more difficult the choice.
from two to five.

The range of choices in these exercises is

To estimate the effect of the number of choices, the

correlation between proportion correct and number of choices was calculated, using only those exercises (49 of the 56) for which there were 10
or more first responses.

This correlation was .000, indicating that the

number of. choices bears no linear relationship to problem difficulty.
This result is not conclusive since number of choices and whether an
exercise is in Class (c) or (d) are statistically dependent.

Further,

Class (c) is the most difficult class but has an average of only two
choices per exercises, whereas Class (d) is the least difficult class
but has an average of 4.3 choices per exercises.
A further analysis was made by using multiple step-wise linear
regression with observed proportion correct, xl' as the depepdent
able, and using the following independent variables:
x
x

2

number of choices

3

o

if not
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vari~

~

1 i f the exercise is in Class ( d) Mechanics
0 i f not

x

8

1 if the exercise is in Class (e) Syntax o:r AID Commands
0 :i,f not

x

9

1 if the exercise is in Class ( f) Semantics of AID Commands
0 i f not

x lO

1 if the exercise is in Class ( g) Boolean Equivalence I
0 i f not

x

11

1 i f the exercise is in Class ( h) Boolean

Equi~alence

II

0 if not
xJ2

1 if the exercise is in Class ( i) Sequence of Execution
0 i f not

x

13

1 if the exercise is in Class

(j)

Miscellaneous

0 if not.
This regression was computed for the 49 exe·'l'.cises :ror which there were
10 or more first responses.

In Table 10, the variables are listed in

the order in which they were lIstepped" into the regression equation, and
2
the values of R and R are given.

The variables in the regression ac-

counted for 38'10 of the variance of the observed PNPortion correct.

This

leaves 62'10 of the variance unaccounted for, indicating that theI'l' are
other variables, as yet unidentified, that affect problem difficulty in
this group of exercises.
The two variables that entered into the regression first, x and x 6 ,
7
are the variables :ror membership in Classes (d) and (c), the same two
classes that are statistically dependent on number o:r choices, and that
the third variables to enter into the regression is x , the number of
2
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Table 10
Order in Whioh Independent Variables Were Entered

~nto

Multiple, Stepwise Regression with the Assooiated
Correlation Coefficients (R)

Order

Variable

R

2
R

2
InOJ;'ease in R

1

"l

0.33

O.ll

O.ll

2

x6

0.40

0.16

O.O?

3

x
2
x
5

0.52

0.27

O.ll

0.54

0.29

0.02

XCI
x
3
x
lO
x
12
x
13
x
ll
x
4
x
9

0·55

0.31

0.02

0.56

0·32

0.02

0·59

0·35

0.03

0.60

0·36

0.01

0.61

0.37

0.01

0.61

0.38

0.01

0.61

0.38

0.00

0.61

0.38

0.00

4
5
6
7
8
9

10
II

12
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a

choices, ~ and ;X6together accounted ;('9:t' ;1.6% 9;(' the variance in the
observed proporti9n correct, wheJ;'eas the addition

x2 i.ncJ:'eased that
;(,igure by ;1.;1.%, indicating that the n~berof ch9i.ces is 9;(' significant
0;('

effect even afteJ;' Classes (c) and (d) are taken into aCC9Unt,

'rhe fllct

that x2 ePtered into the regression be:fQJ:'e \iny of the other vaJ;'i?b;I.es
(e;xcept

"7

and

X

6 ) supports the hyp9thesis that the

n~beJ;'

9:f' c1w:Lces

cOntr:Lbutes to problem difficulty.
Const~cted~response EXeJ;'cises

rel?tive di;('ficulty of each eXeJ;'cise,
wise line?r

~gression

For this J:'eason, multiple step-

was used to find which of theSe variables had the

greatestin;('luence on problem d:Lfficulty.

Only the 104 exercises with

10 or mOre responses were Used in this study.

The dependent variable,

Xl' to be predicted by the regression equation was observed proportion
correct,

Eleven independent va;J;'iab;I.es

to each e;xercise.

we~

identi;('i,ed and va;I.ues assigned

'rhe indePendent variab;I.es were the ;('ol;I.ow:Lng:

'. x

2

NUmber of arguments for TYPE Gommands.

The problem may

contain several TYPE Gommands, each of whiqh can have .one
01;'

.more arguments.

The number ofarg1.1ments fOr all TYPE

Gommands are summed to give the val1.\e of x .
2
Number of AID commands. A41 of the commands displayed in
the problem are c01.\nted for x .

If the' eXerqisl'l is acon-

3

tinuation of a preceding exercise Or exerGises, the c?mmands
displayed in the preceding exercise may also be c01.\nted
into this variable.

Variables x

3

to x

ll

ar~

COnGerned

with this extended set of commands.
x

4

:Proportion of· AID commands to be )lped.
be extraneo)ls.

x

Some Gommands may

4 is obtained by dividing the number of

commands needed by the total n1.1mber of qommands displayed.
x

5

N)lmber of runction calls.

x is tl\e total n)lmher of fUnc-

5

tion calls in the displayed commands, incl)lding both defined
fUnGtions and standard AID fUnctions,
x

6

Number of cla1.\ses.

The n)lmber of IF I FOR, and TIMES Gl<\1.\ses

are c01.\nted,

'7

Number of s1.\bstit1.\tions re\l1.\ired.

'7

is a C01.\nt of the

s1.\bstit1.\tions req1.\ired for the correct sol1.\tions, incl1.\ding
. s1.\bstit1.\tion of numbers fOr realvapi<\bles and s)lbstit1.\tion
of expressions for

~eal

variables.

definitions is not C01.\nted.
commands were given: .
LET :F(X)
SET A

~

~

X+2

5

TYF'E F(27/A)
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Supstit)ltion of fUnction

As an example ,S1.\Pl?ose thepe

The

of 5 for A is counted, and the

s~bstitution

tion of 27/A for X in the
the value of

"7

is

exp~ssion

substitu~

X+2 is counted,

~o

2~

Imbeddeilness of arithmetic expression,

The student may

be asked tO,evaluate some arithmetic expression, possibly
after performing one Or more substitutions.

To meaSUre

imbeddedness, we used a "completeil" expression, which is
obtained from the expression displayed by making all required substitutions and by inserting all implicit
theses.

paren~

This cOffipletedexpvession is the basis for

x . fo;r;' f<;S' imbeildedness is
9
measured by finding the maximum number of left parentheses
calculating variables

X

s anil

that can be counted before a right parenthesis is enCountered.
As an example, consider these commands:

SETX:=2
TYPE X + Xt3
The completed ef<;pression derived from this woulq be

and the imbeddedness variable x8 would have the value 1
since there is only one pai,r of parenthesl"s.
x

9

Number of ope;J;'ations.

The value of x

is found by counting
9
the number of operation symbols in the completed ari,thmetic

expvession.

xlO, Number of exponentiation operators.

The occurrences of

the symbol t in the extended set of ilisplayed commands
are counted for x

10

•

Xll.-

l'lumb"r' of implied parentheses.

Here the compJ-eted arith-

metic expression is not used for a basis for caJ-cuJ-ation.
What is counted is the number of

p~irs

of parentheses that

are used implicitly.;F'or e;x;ample,in this command,
.sET X = 2t3/4 ,

there is one pair' of implied parentheses, (2 t3)/4, and
the value of,Xllis one.
x

12

Number of prec."ding "predicted AID response" exercises in
the same lesson.

Table 11 shows the order in w4ich the

vari~bles

2

the regression equation and the va11,les for Rand R.

were "stepped" into
The variables used

aCc.o1,lnted f.oronly 21%, of the variance in proportion correct.
able with i;hegreat"st effect was x ,t4e :number of operE(tio:ns.

9

This

variable is related t.o, but not ide:ntieal wit4, .the. operations variable
llsed by Loftus (1970) and by Jerman (l971) in similar models of probJ-emsolving difficulty.

In both cases, the operations variable was f01,lnd to

be significantly related to difficulty.

The second most effective

variable was x6' the number of clauses, and the third was x ' the number
5
of f\lnction calls.
The variables xll.-' x ' ~, x ancl :ic all addedes·sentially nothing
2
8
3
2
to the value of R • In fact, the first six variables accounted for 20.r;
of the variance arid the next four together added only 1% more.

8.

Analysis of Selected Aid Data
Although this report is concerned primarily with data collected by

INST, a large body of data was also collected by the AID interpreter,
and a sample of this data was selected and analyzed by hand.

These datE(

Table

n

Order in Which Independent Variables Were Entered into a
Multiple Stepwise Regression with the Associated
Correlation Coefficients (R)

Variable
x

R

2
R

Increase

0·30

0.09

0.09

. 0.41

0·17

O.oS

0.43

O.lS

0.01

x lO

0.43

0.19

0.01

xJ.2

0.44

0.19

0.00

x

0.44

0.20

0.01

X

0.45

0.20

0.00

x

0.45

0.20

0.00

0.45

o.a

0.00

0.46

0.21

0.00

0.46

0.21

0.00

9

x

6

x

5

4

s
3

x
7
x
2
Xu

j.n

2
R

were collected by the AID interpreter as students used it to solve
lems given by the instructional program.

prob~

The data consists simply of the

characters typed by the student together with necessary bookkeeping
information such as student number, problem identifiers, and date.
The problem of analyzing these data from the AID interpreter is
basically unsolvable.

As was discussed earlier, no effective procedure

exists that can determine if a student-written program is equivalent to
a given, correct program.

An approximation of this procedure may be

possible, but for the moment data collected by the AID interpreter must
be analyzed 'by hand.

However, no evaluation of the course will be com-

plete without an examination of the programs written by the students.
In a later report, more sophisticated and extensive analyses of the AID
interpreter data will be made.
In the first 21 lessons of the course, there are 58 exercises that
require the student to use the AID interpreter.
greatly in difficulty.

These exercises vary

Some simply ask the student to call the AID

in~

terpreter and copy a single command; others ask the student to apply
recently learned principles to solve complex problems.

Of the 58 exer-

cises requiring the use of AID, 28 are essentially copying tasks.

Of

the remaining 30 exercises, there are approximately 20 that can serve as
genuine tests of the students' ability to use the AID interpreter.

Eight

of these exercises were chosen for analysis , the results of which are
summarized in Table 12.
All these exercises follow the same form.

The instructional

pro~

gram presents a problem and asks the student to use the AID interpreter
to solve it (the student may request hints at this point, but he cannot
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Table 12
Summary of StuGlent Perfonnance on Selected "Use AID" Exercises

--'l

w

No. correct solutions:
firs t use of AID

%correct:

first
use of AID

~o.

correct solutions:
all AID uses

%correct
al;L AID uses

. problem no.

No. students
who used AID

5

30

13

2

15.4

12

92·3

5

31

12

3

25.0

11

91·7

8

9

20

11

55·0

15

75.0

8

27

16

4

25·0

6

37.5

8

28

12

4

33.3

12

100.0

9

3

18

3

16·7

7

38.9

12

4

15

6

40.0

9

60.0

15

15

11

2

18.2

8

72·7

117

35

29·9

80

68.4

Les·son no.

Totals

8.

give an answer until he has called the AID interpreter).

Next, the

student calls the AID interpreter and attempts to solve the problem.
This step is called the "first use of AID" in Table 12.

The student may

at this time write a program, try it out, replace one or more
correct typographical errors, etc.

comm~nds,

Finally, when he is satisfied with

his solution, the student switches back to the instructional program and
is asked for a report on the results he obtained.

If his reported re-

sults are incorrect, the instructional program gives him additional
instruction and asks him to switch back to AID and try again.
Table 12 shows the number of students who correctly solved each
problem on the first try and the number of students who eventually arrived at a correct solution.
qUite low (29.9%).

The percent correct for first AID use is

Since these problems are among the most difficult in

the entire course, this percent is expected to be lower than the 66%
average for other exercises.

Because of the additional help given by

the instructional program after the first use of AID, the percent correct
is expected to rise when sUbsequent uses are considered, and, in fact, it
does rise to 68.4%.

The difference between proportion correct for first

try and for subsequent tries is most pronounced for Lesson

5, EXercise 30.

Only two out of 13 students solved the problem on the first try, but 12
of them solved it eventually.
During the hand-grading of these exercises, notes were made on the
most common errors for each problem.

Following are the problem state-

ments (including SUbproblems) for each of the eight exercises, including
comments on the errors observed while the exercises were being graded.

1 CENTIMETER", • 3937 INCllES, START A:r:J) AND CO:NVERT
THE FOLLOWING LENGTHS TO CENTIMETERS:
6.9 INCHES
7.445 INCHES
23.9753 INCHES
PJ;'oblem 5-30.1:
FROM.THE ABOVE .CALCULATIONS,

6.9 INOHES '"

???

CENTIMETERS

Problem 5-30.2:

7.445 INCHES",

???

CE!'ITlMETERS

PJ;'oblem 5-30.3:

23.9753 INCHES",

???

CENTIMETERS

The students must solve this p,oblem with diJ;'ect TYPE and SET
commands since indiJ;'ect (stoJ;'ed) commands have not yet been introduced,
One solution would be
SET X '" .3937
TYPE 6.9/X, 7.445/X, 23.9753/X
On this problem only two of 13 stUdents WeJ;'e correct on the first
try,

Seven of the stUdents made algebJ;'aic eJ;'J;'ors; six useq multiplication

instead of division, and one used -3937/6.9 instead of 6.9/.3937.

Two

students made algebraic eJ;'J;'OJ;'S on the second try, one J;'epeated the eJ;'J;'OJ;'
of using multiplication rather than division, and one came up with a
unique use for" (6,9/3.1416),
Although a number

0:('

syntax erroJ;'s weJ;'e made, they weJ;'e al,most all

tYpographical erJ;'ors and .wepe corrected by the stUdent without any
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intervening instruction.
errors in syntax.

Only one student was unable to cOrrect his

It is likely that had the students known the correct

algebraic formulation, all but one would have produced a correct solution
on the first try.
Problem 5-31:
TO FIND THE NEW AMOUNT IN A SAVINGS ACCOUNT,
INTEREST AND ADD IT TO THE LAST BALAJ:lCE.

CALC~ATE

THE

STAB.T AID AJ:lD

CALCULATE THE INTEREST AND THE NEW BALAJ:lCE AFTEE ONE YEAB.
FOE AN ACCOUNT WITHAJ:l INTEHEST RATE OF 4.5· PEECENT PER
YEAR AJ:lD A PREVIOUS BALANCE OF $3274.86.

(ASK FOE A HINT

IF YOU NEED ONE.)
Problem 5-31.1:
WHAT IS THE INTEREST ON THE ABOVE ACCOUNT TO THE NEAF.EST··
PENNY?
Problem

5~31.2:

WHAT IS THE NEW BALANCE IN THE ACCOUNT?
This problem can be done in several ways.

One solution, which was

not used by any of the students, would be
SET P

3274.86

SET I ~ .045 *P

TYPE I, P+I
Only three out of 12 students were correct on their first try, but
11 eventually succeeded.

Two stUdents m!'lde syntax errors of the si'lffie

kind; they both used the symbols $ and %in an aritrunetic expression.
Two students calculated the new balance directly, without calculating
the interest independently, which left them unable to answer the guestion
in the first subproblem.

Obviously, the problem should have been explicit

in its request. for two independent calcUlations.

Four students used 4.5

as the interest rate rather than .045, and two students used the wrong
arithmetic operation.

Of the 11 students who eventually gave COrrect

answers, only four used variables.

Here again.it would seem that the

major difficulty is with algebra, rather.than with the use of AIP.
Problem 8·9:
START AID AND USE A "LET" COMMAND TO DE:F:rl'JE. A FUl'ICT;J;O)'l
THAT GIVES THE RECIPROCAL OF X.
FIND THE RECIPBOCAL OF

USE: YOUR FUNCTION TO

119·4
67.3t3
6+4
Problem 8·9.1:
WHAT IS THE RECIPROCAL OF 119.4?
A correct solution of this exercise would be
LET F(X) " l!X
TYPE F(119.4), F(67.3t3), F(6+4)
Over half of the students solved this on the first try, .and threequarters of them were eventually correct.

The LET command was introduceq

in Lesson 8, and this was the second exercise in which the students used
AID in this lesson.

Five out of 20 students made syntax lerrors that

they could not correct, all in the LET command.

Tnree students made
2

algebraic errors, Using as the formula for reciprocal .1 x, x !2, and
2

;Vx.

Two students who defi.ned the function correctly redefined it

needlessly before eaCh function call.
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In this exercise, the syntax of the newly introdllced LET command wail
the source of most errors.
Problem 8-27:
USE AlD TO DO TIITS PROBLEM.

DElfINE A "VOLUME" FUNCTION

TEAT WILL GlVE TIlE VOLUME OF A OYJ,INDRICAL TANK OF RADIUS
R AND IIEIGHT H.
(VOLUME

=

3.1416 TIMES TIlE RADlUs SQUAllED TIMES 'rIlE IIE;tGHT. J

FIND TIlE VOLUMES OF 2 TANKS:
TANK A IS 57.5 FEET IITGH AND lIAS A RADIUs OF
18.6 FEET.
TANK B IS 65.4 FEET !UGH AND WE RADlUS IS
19.3 FEET.
problem 8-27.l-:
WHAT IS TIlE VOLUME OF TANK B?
Problem 8-27.2:
W!U OR TANK HOLDS MORE, 'rANK A Ojl 'r/INK B?
A correct solution for this exercise is

*

*

LET V(R,H) = 3.l-416
Rt2
R
TYPE V(l-8.6, 57.5), V(19.3, 65.4)
Only four of l-6 iltudents succeeded on this exercise on the first
try, and onl-y six eventually .succeeded.

Seven students did not define a

function at all- but solved the problem arithmetically.

Most of the stu-

dents who tried to use a function were oonfuseq about the syntax of the
LET command, the use of functions of more than one variable, or the use
of dummy variabl-es.
instead of

"ih)

Two students used the wrong algebraic formula

even though the prQplem gave the formul-a.
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.(~rh

Here it seems the course moved too fast in introducing functions of
more than one variable so soon aft",r simple functions were introduced.
Some of the preceding exercises which required substitution of expressions
containing real variables for the dummy variables used in function de fin"
itions may have exacerbated an existing confusion about variables.

The

next exercise which required a function of only One variable proved much
less difficult.
Problem 8-28:
USE AID TO DO TillS PEOBJ.,EM.

DEFINE A FUNCTION TO CONVERT

DEGREES FAHRENHEIT TO DEGREES CENTIGRADE.

THEN CONVERT

THESE TEMPERATURES TO CENTIGRADE:
0, 10, 32, 72, 212
Problem 8-28.1.:
72 DEGREES FAHRENHEIT IS EQUAL TO HOW

}!ANY

DEGREES

CENTIGRADE?
A correct solution is
LET C(F)

~

(F-32) "* 5/9

TYPE c(b), C(lO), C(32), C(72), C(21.2)
and one-third of the students gave this Solution, or an equivalent one,
on their first try.

All of the students arrived at a correct solution

on a later try.
Seven out of 12 stUdents made algebraic errors, five of them iden_
tical: x - 32"* 5/9 instead of (x-32)

'* 5/9.

Omission of necessary

parentheses in an algebraic expression with only two operations indicates
a basic confusion about the hierarchy of operations.
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Problem 9-3:
WRITE A FUNcrION, ll(A,B), THAT WI;LL FINDTllEllJ'POTEl'[USE
OF A JUGllT. TJUANGLE IF TIlE LENGTllS OF TIlE OTIlER TWO SIDES
ARE GIVEN BY A AND B.

START TIlE AID INTERPRETER AND TEST

YOUR FUNCTION ON TIlESE TRIANGLES 1

1.

A~3, ~4

2 •.

A~l2,

3.

A~l/2, ~3/4

4.

A~9, ~13.2

~12

Problem 9-3.1:
WHAT is TIlE HYPOTENUSE OF THE FIRST. TRIANGLE ABOVE?
(WHElm

A~3, ~4)

Problem 9-3.2:
WHAT IS THE HYPOTENUSE OF THE TRIANGLE WITll SIDES
A~1/2AND ~3/4?

This is the first exercise using AID after the standard AID function
SQRT is introduced, and the correct solution is
LET H(A,B)

~

SQRT(Af2 + Bt2)

TYPE H(3,4), H(12,12), H(l/2,3/4), 1l(9,13.2)
The students did very poorly on this problem.

Three of the 18 were

correct on their first try, but only seven ev<;ntually achieved a qorr<;ct
solution.

Most of the errors were syntax errors either in the LET com-

mand or in the function call.

Like Problem 8_27, there were a number of

errors in the use of parentheses:
l/2t2 + 3/4t2 was used for (l/2)t2 + (3/4)t2
SQRT(At2) + (Bt2) was used for SQRT(At2 + Bt2)
SQRT A was used for SQRT(A)
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SQ,RT(A)t2 + (B)t2 was used forSQ,RT(At2 + Bt2)
916.25tl/2 was used for 916.25t(~2)
Several students did not !mow the correct formula and used:

(.fA + /B)2
2

2

(A ).:+ (B )
Three students did not define a function but did produce correct
specific solutions for all four triangles.
Problem 12-4:
START AID AND WRITE A PEOGRAM (PART) TILAT WILL ASK YOU
FOR 3 NUMBERS A, B, AND C, AND THEN GIVE YOU THE AVERAGE
OF THE 3 NUMBERS.

AFTER YOU ILAVE TESTED YOUR PROGRAM,

USE IT TO FIND THE AvERAGE OF
A = 179.053
B

= 23.7

C

271.0015

Problem 12-4.1:
WRAT ANSWER DID YOU GET?
This is the first exercise in the eight hand-graded exercises that
requires the use of a stored program.
4.1

DEMAND A

4.2

DEMAND B

4.3

DEMAND C

4.4

TYPE (MB+C)/3

One correct solution is

This program would be executed by giving the command
DO

PART 4

Six of 15 students solved this problem on the first try, and another
three succeeded later.

The majority of errors were algebraic; seViOn stu_

dents used incorrect formulas:
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A + B + B/3

(used. by tour students)

ABC/3

.(use<'i by two students)

3/A+B+C

(one student)

Of the nine correct solutions, four were not debugged, and the
others were tested for only one set of poorly chosen values.

Here again,

as in Problem 9-3, some students produced specific but not general
solutions.
Problem 15-15:
USING AID, WRITE A PROGRAM THAT WILL FIND THE SMALLER
OF TWO NUMBERS X AND Y.

TRY SEVERAL DlFFEHENT VALUES

OF X AND Y.
Problem 15-15.1:
DID YOUR PROGRAM WOBK?
An

economical solution to this problem is
9.1

DEMAND X

9.2

DEMAND Y

9.3

TYPE X IF X < Y

9.4

TYPE Y IF Y ~ X

For this exercise, two out of 11 students were correct on their
first try, and only three did not solve the problem at all.
The greatest difficulty was in inputting values tor the two variables.

Eight students had trouble with this.

Several ot them tried

rather ingenious (but incorrect) variants of the FOR clause:

= 6, Y = -2.
(x,y) = (4,7),

DO PART 9 FOR X
DO PART 9 FOR

(8,4), (4321,6493).

FouX' of the eight correct solutions were well debugged, three were
tested for only One set of values, and one was not tl'stedat all.
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~he

above discussion of the

perfo~ance

of students on eight se-

lected exercises is not intended as a definitive surveyor as a final
evaluation of the curriculum but as an indication of the ways students
solve problems and of guidelines for future analyses of student inter,
action with the AID interpreter.

It is clear that some analysis of errors

is desirable and leads to mOre meaningful interpretation than COrrectincorrect grading alone.
In summary, the most common difficulties of the stUdents involved
algebra more than programming and centered around the following aspects:
(1)

Use of parentheses.
rectly

fo~ulated

Whether or not students would have cor-

the algebraic expressions if they were using

ordinary algebraic notation rather than AID notation is pot
known, but one suspects that in many cases they could not have
done so.
(2)

Us.e of standard algebraic fo~ulas.
in standard

fo~ulas

is a strong indication that the course was

delinquent in not providing these
(3)

9.

~he number of errors mad!;!

fo~ulas

wherever needed.

Use of functions of more than one variable.

Conclusions
In this preliminary report, we discussed the interaction between

students and a tutorial computer-assisted course in programming.

Rates

of progress as measured by the Daily Report program were discussed using
one class of students as an example.

A classification scheme for the

exercises was devised, and the first responses to exercises in the first
21 lessons were examined by problem type and by lesson.

Two classes of

exercises, one set of 49 multiple-choice exercises and one set of 104
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correct by more than 10%.

The very low 11.9% for Lesson 17 was uneAPected

and remains unexplained.
Third, examination of proportion correct for differentprqplem types
indicated that the multiple-choice exercises were more difficult than. the
constructed-response exerciSeS (54.9% correct compared to 66.6%).
Fourth, the multiple-choice exercises that were eAamined closely
were those with only or,te COrrec;t choice, excluding the exerc;ises for which
the correct answer is "none of the above."

The total proportion \,orrect

for these exercises was 60.7%, but the variation betweer,t differer,tt subcla.sses is striking.

The easiest multiple-choice exercises concerned

the mechanics of operating the instructional program and the AID interpreter; the most difficult were those in which the student had to choose
which of two giveriA;m programs would produce a specified result.
Fifth, we found no simple, unambiguous relationship between dif_
fiCUlty and the number of correct answers in multiple_choice exercises.
The category labeled "multiple-choice, 1 correct choice" was easiest in
terms of proportion of correct first responses (60.7%), but the other
single choice category, "multiple-choice, correct choiCe : none, "was the
most diffi\,ult (41.8%).

FU~her, the category with three correct choices

was easier (49.2%) than the category with two correct choices (37.5%).
Sixth, a more sophisticated approach was taken in the analysis of
performance on a selected class of constructed-response exercises.

The

exercises used were those in which the student predicts the result of
using given AID commands.

A dozen structural variables were defined and

a stepwise linear regression performed to determine the parameters that
could estimate the difficulty of these and similar exercises.

We

succeeded in obtaining a model that accounted for 21% of the obtained
variance in problem difficulty, a reasonable but. not spectacular fit for
a first model.

Three structural variables (the number of operations,

the number 9f clauses, and the number of. function calls) accounted for
18% of the vaJ:'iance.

All these variables correlatednegativelyYith

proportion correct.
The· investigation suggested a few general conclusions about student
behavior.. The mechanics of using the instructional system did not cause
undue difficulty, as shown by the peJ:'fOJ:'mance of the students on Lesson 1
and the subsequent test of that ;Lesson, as well as by their performance
on-the

Multiple~choice Exercise

Class.

It remains unclear whether .Or not

.thestudents learned to use the various control.features as effectively
as they could (the numbeJ:' of requests foJ:' hints was much 10weJ:' than expected),candfUrtheJ:' investigation is needed of this aspect of the
instructi9naL system.
The use of diJ:'ect commandS., and. tne concept of stored programs and
their execution were readily mastered.

The syntax of AID commands , except

for the LET command, caused little difficulty.' Although many students
made syntactical eJ:'rors in using the AID interpreter, most of these
errors we;re immediately corrected by the students.
·The three areas in which the students seemed least adept were:
(1)

Hierarchy of arithmetic operations.

(2)

Use of fUnctions, especially functions of more than one
variable.

(3)

Sequence of execution of AID commands.
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Thip last observation is substantiated by the study of
ables in

const~cted_responpe exercises,

st~ctural

and also by the

the student performance using the AID interpreter.

vari-

ex~ination

of

Eecaupe of the dif-

fiCUlty students had with the hierarchy of operations and the uSe of
functions, it is reasonable to assume that they lacked necessary algebraic
experience and that the course did not provide that experience for them.
It is harder to draw conclusions from the diffiCUlty stUdents had with
the sequence of execution.

If this result holds true for later lessons

and for other groups of students, it will pinpoint a major weakness in
the course, since an understanding of the sequence of execution is
essential in programming.

We hope that in later reports more conClusive

evidence can be supplied on these and other unanswered questions.
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