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STUDENT PERFORMANCE N COMPUTER—ASSISTED INSTRUCTTION IN PROGRAMMING -

J. E Frlend J. D. Fletcher, and R. C Atklnson
| Stanford University

Sfanford, California g4305

1. :nfrgductioh
| 'Iﬁ“1967 theilhstitute fbr Mathematical Studles in the Sdcial Sciences
réceived a'three-yéar grent* from the National Aeronautlcs and Space Admin-
-iStfétién to do ekploraidry research in'the optimization of instruetion
and to develop a.practical course of study using computer-assisted in-
struction (CAI). The course that was deveioPEd was a Qhehquarter college
coﬁfse in computer scieﬁce'(Friend & Atkiﬁson,_l971). Dévelopmental
 testing of the coﬁréé'was_accomplished using NASA personnel and Stanford
students. The course was not the only product of this grant; an entire
computer-assisted instructional system (Friend, 1971) was developed, with
this courseras the first applicatioh. |

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 scheol students;
This courée:taught the programming language, BASIC, whereas the first
cou?se-taught AID.V Both AID and BASIC are higher-order algebraic lan-

guages analogous to ALGOL and FORTRAN. The main difference between the

* NASA Grant NGR—05-020—2MM
*¥NSF Grant No. GJ-443X



two pourseslis that the ATD course was written for cq;lgge‘sﬁudents_with
a good background in algebra, and the BASIC qpursé waé ﬁriftén for=high
school students with low reading ability and litfie dr.nﬁ background in
algebra. The BASIC course was adequately téstgd with a group of over
100 students in an inner-city highlségool in San Francisco.

In 1970, the Office of Naval Research awarded & resea;ch cont;act
_:to_thﬁ_lnsﬁitute to continue its program of baSiC_IESE&Chlin ihsffuctional
_.;strategies using thg already developed instructionél sysfem‘and courses
aglresearch.toolgn The main subject of study was.to_be the AID course,
but_da?a_qollected‘ip connectiqn with tﬁg.use of‘the.BAéIC course was_:i
&lso to be used_if appropriate. | |

_Thig xgpqrﬁ is a preliminary Qiscussiqn_of the resgarcﬁ éonducteq
under the ONR qontraét and is_cogcerngd_only with thé:AiD ééﬁfse. o

2, The Instructional System

Thﬁicpurse_”Computer—assisted instruction_in Programming: AID"_i§ .
an introductory course in computer seience for community or.junior -
Tcgllege.studepts with some background in high-school algebra. .The course
1s compietely self-contained and requires no supervisiog from a gualified
‘instruciqr of progremming. A brief studeﬁt manual.i$ supplied to supple-
ment the instruction given by computer. :

. The pomputer used is a Digital Equipment Corporation PDP-10 1ocat¢d
at Stanford University and owned and_qperated by the Institute for Math-
maﬁical_Studieg_in the Social Sciences. Connected to this computer by
telephone lines are '"Model-33" teletypewriters located in.the schools
and used for communicating with students. Instrugtions are printed on

the teletypewriter terminal, and the student responds by typing his




replies on the same terminal. Teletypewriter operation is siﬁple and can.
be learned from short instructiocns printed in the student manual.

Once the student has the teletypewriter in operation, all further
instruction is given by computer qnder the contrel of a program known &as
INST. This program, which is the major component of the INSTRUCT system,
interprets coded lessens providing individualized, tutorial Instruction
to the student. This instructional system and the method of programming
lessons for it are described adequately by'Ffiend (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.”

Fach lesson block contains five tutbrial lessons, followed by a self-test
and a general review. The 50th lesson is & concluding lesson independent
cf the lesson blocks. The struéturé.of the main strand is shown in
Figure 1. The lessons vary in length from 10 to 60 exercises depending
upon the content. Lessons of average length require gbout one hour to
complete. Lesgson length is completély under student contrel, and a
student may take a few exercises or several lessons in one sitiing.

One of the primary teaching strategies used in the course is the
provision for student contfol of thé seqﬁence of instruction, BStudents
may skip from any exey¢ise in the course to any other exercise at any
time, retracing thelr steps if they wish, or skipping lessons entirely.
Tﬁis strategy is intended to encourage the student to take responsibility
for learning the concepts, not simply for progréssing through a given
get of exercises. Most college students are capable, and desirous, of

- agsuming this respongibility, and the provision for student control of .
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ingtruction is assumed to provide motivation._ Whether or:not all students
are motivated by this treatment and wheﬁher or not it 1s an effective
.strategy in terms of the amount of learniné taking place remains.tb be
tested. |

Because of this ellowance for student control, the 50 lessons may.be
taken in any sequence. If the student does not éxercisé his paerogative
for choosing the sequence, the lessons are automatigélly séquencedrfor
him; and it is assumed that most students will, in fact, do tﬁe lessons
‘in the order indiceated.

Besides the main strand of lessons, the course also coﬁtains :eview
- lessons, one for each of the tutorial lessons in the seven lesson blocks.
- These review lessons are also tutoria;-and cover the same concepts as do
the lessons they are associated.withu_ However, they presentleach concept
. from a slightly dlfferent v1ewp01nt prov1d1ng additional practlce in the
skills to be learned. In general each lesson covers five or six related
concepts, In review lessons, the student may_review whichever concepts
he wishes, in any Qrder he choeses. 1In fact,.he must_ﬁhoose the order;
. there Is no automatic sequencing provided by the program. At the end.'
of each tutorial lesscen, the student.is.asked if he wante to revieﬁ aﬁy
of the ideas covered in the lesson he has just completed. The student
need not wait for these reminders, of course, since he can call for any
‘review, or any exercige in any review, whenever he wighegs.

Also associated with each tutorial lesson is a summary of the lesson,
--and the student is remlnded at the end of each lesson that summaries are
available, Bach summary is printed in an 8-1/2" x 11" form that can be

torn off and saved by the student ag a permanent record,




In addition to the main strand of lessons, the reviews, and the =
summaries,‘there is.a strand of "extre—crédit"'probiemsfeontaining'more
gifficult preéremﬁiﬁg prebleme”to'be solved by the more capable students.
Tt is recommended to instructors that the solutions of these problems be
"submltted for extra-credit if the course is graded ot every'lesson has

associated extra-credit problems because they sre not always appropriate
£¢ the‘subject matter. If therve are such problems, the student is asked
‘if he %ants £§ try them at the end of the lesson.

The relationship and sequence of lesgcns, summaries, reviews and

.egffa;credif'ﬁrobleme are illustrated in Figure 2.
| 'As-deecribed aBbve, the main strend of lessons is divided ints seven-

lleeeoﬁ‘bioeke;-five'£ttofiai ieseone:followed by e ‘self-test and é'geﬁeral
r?geeiew;.-iessoﬁe humbered 6} 13; 20, 27, 34, b1, and 48 are self-tests.
iieseonslnuﬁberea 7;'lh 'Ei '28 355 L2, and 49 are generéi reviews. * ‘The
 self tests are optlonal and students ‘are told at the beglnnlng of each
.teet that the test is for thelr 1nformatlon only and may be eklpped

The tests cover the concepts taught in the precedlng five lessons and
proflde a good 1nd1cat10n of weaknesges and areas requiring review. The
general review whlch follows the self-test is alsc optlonal and is recom-
mended for students who dp poorly in the self-test. The general review
uis pfogrammea.to cali the reviews‘foruindividUal lessons as subroutines.
For example, tﬂe sfudeﬂt mey review parts of Lessons l,'3, and ¥ and skip
Mthe review of Lessons 2 and 5. Tf he wishes to review Lesson 2, he will
fake the same feview he would have taken if he had chosen to review the
.iesson-immediateiy after teking it,’énd he can decide which concepts from

that lesson to review and in which order.




LESSON
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LESSON
24
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Review
- 23

Tigure 2. Relationship and sequence of tutorial lessons,
- summaries, reviews and extra-credit problems.




Thié review system iz a gross method for providing individualized
remediation. A more sensitive means of individualizing remediation ig
used within the lessons fhemselves where remedial sequences of exercises
are given immediately to students who demonstrate an inadeguate under-
standing of the material being taught. The remedial sequences that are
tmbedded within the lessons afe not optional and are automatically pro-
vided for students whose responses indicate & lack of understanding.
Because of thié automa{iq remediation, different students may receive
different numbérs of exercises in a given lesson,

A student who makes an. incorrect re5ponsé to an exercise may not
need an entire sequence of remedial exercises. He may profit from a
"single specific corrective message, polinting 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, noet
for all posgible. incorrect responses, but for those incorreet responses
Judged to be ﬁost likel&ﬂto ogcur.

In line with the proviéion for student éon‘trol of the sequence of
instruction, there is also provision for student control of the amount
of instruction. This is done by providing additiconal instruction for
almost every exercise in fhe form of “hints" and gample correct answers.
After the prcblem statement is typed, the student is free to request a
hint by typing a guestion mark. TFor many‘problems, a seguence of three
or four hints is provided. The student méy request one hint, make an
attempt to snswer 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. He does this by typlng
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two keys simultanecusly, the CTRL {contrel) key end the letter T. The
answer will be printed, and he will proceed té‘the next exercise, -

In the tutorial lessons, there is no liﬁit on the mumber of attempts
that a student may- make for an exercise?l As soon as he makes & correct
response he will be given the next exercise in sequencé, but iﬁ he falls
to respond correctly, he i1s given anothexr chance. If he cannet do. the
problem at all; he can judge for himself whether to cohtinue trying or
whether te go on 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 angwer and the next exercise,

The CTRL key is also used in several other student controls. 'CTRL—G
- 1s used when the student Qaﬁté:ﬁ@fjpmp to a différent exercise; after

he types CTRL-G, the compﬁter wiil ask "Where to?" and he can type the
lesson and problem number that he desiresn CTRL«U-is ﬁsed_to erase entire
lines, and CTRL-Z is.used to_stbp the instructional program and end the

gegsion.

3. The AID Interpreter

The AID language was chogen-aé the subject of the course, not only
' becausé‘it is a.useful algebraic. progrsmming language, but also bécause
it is easily learned by a b_eginner° ATD was aeveloped, 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 eagily learned
-programming language that was capable of performing complex algébraié
taskso JOSS.WaSglater_implemented for several-other computers:undef a

variety of names.




One of the advantages of AID as & beginner‘s language 1s that it is
an interpretéd,'rather than compiled, language, which will act immedi-
“ately on direct commands given by the user. Because of this feature the
éyntax and use of many AID commands can be taught to the student 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 in-
troduced until Lesson 10,

A second advantage of ALD, as compared to, say, FORTRAN or LISP, is
that the syntax is a subset of English; commands are easily read as
English imperative sentences. As an example, here is a simple AID .program:

1.1 SET X = 1.307k.

1.2 SET Y = X/37.5.°

1

1.3 TYPE Y IF Y < .029.
1.4 TYPE Y - .01 IF Y > .029:
1.5 TYPE "EUREKA"™ IF Y = .029.

As with most programming languages, ATD is easler to read than to
write, and considerable practice is needed by most-students before they
can produce & complete simple program like the above without error.
However, they can begin to produce simple direct commsnds like

SET ¥ = X/37.5
LOT .

TYPE Y - .01
on.their first day.

Though simple to learn, AID is nevertheless a powerful tool for
algebralc tasks. Definitions of conditional functions and recursive

Tunctions are relatively simple, and there are a wvariety of useful
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standard functicns, such as the basic trigenometric, exponential,:and
lOgarithmic'functions. Listes and matricés,can be easily defined, although.
ATD does not provide the standard matrix manipulation. functions found .in
some other programming languages: -

- Basic progremming features,_common to all programming languages, ére
available in AID. Variables and functions can be labeled, as can stored
cormands. There are branching commands, subroutine calls, and conditional
clauses, and there are input and output commands for both disk ana téletypea

- AID commands and prqgramS'are inte;preted by & program éalieda_aptly,
th@ ATD interpreter, ‘The interpreter used by the studenté of this course
is a program written by Digital Eguipment Corpoxation,&the manufactﬁrer
:”gf_the_Institute's PDPalO_computer; |

The use of the AID interpreter is taught in the course, and the
.Students are expected to use it fregquently to solvenprpﬁlems given theﬁ.
in{thewlegsons._ Thus, the students taking this coursé will use two pro-
grams: INST, the instructlcnal program ﬁhich talks about the ATD languages,
and AILD, the interpreter which uses the AID languége. In a previogs
version of the course, the two programs were completely independent and
the students were required to learn to start and step both ﬁrograms 50
that they could switch back and forth to do the programmiﬁg probléms.
This method was feasible but awkward end time conSUming,_.For the present
version of the course, both programg were modiiled to_permif easgy acgess
from the instructional program to the ATD interpreter. Students can gall
the AID interpreter at any time simply by typing the word ”AID," and can -
return to the instructional program by typing "INST," This interface

provides anh additional advantage for research in that it supplies an
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easy way to cross-reference data-éollected by the two programs. It is .
*ﬁ;; égssible"to pass information, invisibly to the student, from one pro-
gram 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 col-

lected by THNST.

Y, Dat

Both the'iﬁstructionél progran and the AID interpreter contain data-
'éoilection'subroufines that enable them to store information about student
fesponses.aé the Student is working. ‘These‘data are stored temporarily
onn the disk ﬁnd‘later.transferred to pérmanent'ﬁape storage.
The instructional program records'the.folldwiﬁg:informatioﬁ with gach
studeﬁf résponse; | | | :
| 1. Student'numbér; (Each student is assigned'a unique number when
he'first enfdlls for any cdmputer—assisted instruction offered
:ﬁy the Institute.) |
2. Date.
3. .Time of day.
L, ZLesson identifier.
5. Problem number.
6. Subproblem number -
o, Trial number .
8. Student respohse. (This is an exact character-by-character
.I‘écoi'd of the res?bnse made By the student, excluding erasures

made by the student.)”

=




9. ‘Analysis of correctness. (This is a record of how the instruc-
tional program scored the student's response to this exercise.)

10. Lesson score. (This is a cumulative score of the student's

~first responses to exercises within this lesson,)

11l.: Number of hints. (This is a record of the number cf hints

- requested by the student before he made this reponse.)

12, Answer provided by program? (This switch records wheéher or

nbt the student response was a reguest for the correct answer,)
Tt is estimated that about 3,000 such blocks of individual response
data are collecfed.for each student taking the course.

. The ATD interpreter also collects data but the-form is simpler since
it centains no routines to analyze the student input. The AID interpreter
collects the following information:

1. Student number,
2. Date.
. 3. -Lesson identifier. (This is information sent to the AID inter-
preter by the instructional_programq)
4. Problem number. (This also is sent by the instructicnal program.)
S, Subprcbiem ﬁumber. (Again, this is sent by the instructional
program. )
6. . Student input. (This is an exact character-by-character dupli-
cate of everything typed by the student, excluding erasures. )
_It is:estimated that about 300 such blocks of data are c¢oldected for
each student taking the course.
A variety of students have been enrclled ig the AID course since the

data collection routines were added to the programs, One of the largest

13



groups 1s comprised of students in the "High Potential” program at the
Uﬁiversity of California at Los Angeles. These students. are entering
freshmen who do not meet the usual entrance reguirements for UCLA but
ﬁho, for one reason or another, are suspected to have a higher potential
then revealed by their high school recorxrds or by entrance examinations.
These students may be described as "culturally deprived," and are products
of imner-city schocls where average achievement is. guite low.

A second large group of students are from DeAnza College in Cupertino,
California. DeAnza is a community college located a short distance from
Stanford. The DeAnza students who have enrolled in the course were all
unprovisionally admitted tc DeAnze and most of them have a better high

~gchool ‘background than the UCLA students.

- A number of NASA persconnel, from the Ames Research Center at Moffett
Field, California, and from the Manned Spacecraft Center in Houston, Texas,
have also enrclled for the course.

The Institute is providing CAI for hearing impalred students in
several schools, and a half-dozen of these handieapped youngsters have

also enrolled for the course during the last year.

5,' The Curriculum: Lessong d to 21

The content of the course "Computer-assisted Instruction in Program-
ming: ATD" has been described elsewhere (Friend & Atkihson, 1971), so a
complete description of the entire course will not be repeated hefe. The
research reported in this paper concerns oniy the main etrand Lessons 1
to 21, and these léssons are described below in considerable detail.

Lesgsons 1 tc 21 contain three "blocks” of lessons; each of the blocks

containg five tutorial lessons, one self-test and one general review:

1h




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

Legsgon T - Genepal Review of lessons 1 to 5

Lessons § to 12
Lesgon 13
‘Lesson 1h

T#ssons 15 to 19
Lesgpn 20

Lesson'al

-

-

Tutoxial
Self-test of Lessons 8 to 12

General Review of Lessons 8 to 12

Tuterial
Self~test of Lessons 15 to 19
General Review of lessons 15 to 19

These lessons constitute a brief introdugtion to programming, cover-

‘ing such concepts as stored programs, use of variables, fundamentals of

input and output, the syntax of algebraic expressions and Boolean state~

ments, definitions of Tunetions, conditional clauses and branching, core

and disk stqrage, use of subroutines, and some debugging techniques.

Some of these concepts (input and output, core and disk storage, sub-

routines) are discussed very briefly, while others (syntax of algebraig

expression, syntax and meaping of Boolean statements) are covered more

extensively. One major programming essential that is npi intreduced in

the fipst 21 lessons is the lpop, which is introduced in Lesson 23. Lists,

arrays, trigonometric and exponential functions, recursive funetions and

the truth function are also introduced in later lessons, A brief outline

of Lesseons 1 to 21 is given in Table 1.

The 15 tutorial lessons in the first 21 lessons vary in length, de-

pending upon the congepts covered by the lesson. [esson 12, for exemple,

covers two very simple commands and contains only 14 exercises, whereas

Lesson 15 introduges Boolean statements and conditiconal clauses and

‘contains 62 exercises. Also, the kinds of exercises in the lessons vary

15




Lesson 1

Lesson 3
-Tesscn '3

Lesson &

Legsson 5

Lessbn'6

“Lesson 7.

Lesson 8

Lesson 9

Lesson

o Lesson
2

Lesson
lesson

Lesson

“. Lesscon

. Lesson
Legson
Lesson

Lesson

- Lesgson

Iesson

10

1l

13

-

15

16

L7

18

19

20

21

Table 1

Brief Outline: Lessons 1to 21

' Using the Imstructional Program

Using ATD for Arithmetic
Order of Arithmetic Operaticns. -

|EXponents and Scientific Notatlon

The SET and DELETE Commznds

.'Test of Lessons 1 to 5

General Review of Lessons 1 to 5

The LET Command

'Some Standard ATD Functlons

Indirect Steps, the DO Command), the FOR Clause
© Parts

, The DEMAND Command

Test of Lessons 8 to 12

“General Review of Lessons 8 to 12

Relatlons. and the Use of the IF Clause

. The TO Command

Debugglng Technlques

The Indireet Use of the DO Command
Debtugging, Permanent Storage.
Test of Lessons 15 to 19

General Review of Lessons 15 to 18
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with the subject matter. Lesson 15 has 24 true-false exercises, reflecw<-
tigg the content of the lesson (Boolean statements). Lesson'8, in
contrast, has no true-false exercises, instead it has 32 exerecises that
requlre the student to pxedlct the result of uslng glven ATD commands,
: Table 2 shows the number and type of exercises in Lessons 1 to 21, ex~.
‘¢luding the general review lLessons T, 1 and 231. .

The exercises are categorized into the 13 different problem types
listed in Table 2. The first four types are multiple-choicé exefciseé;
" 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 cholces are listed. The multiple-choice exerciges in eagh'lesson .
aré all classified according to the number of correct choices except fdrf
‘the few that include the cheice,

| N. NONE OF THE ABOVE,

and are'classified separately. Of the 675 exercises in the first 21
;1eésbns'thefe are 80'mulfiple~chpice exercises, 56 of which_have a
siﬁgle correét choice. o o

There are a number of exercises that appear to be constructed-
.response exercises in thgt the student is nof presented with a list of
possible answers from which to choose. However, closer inspection re- -
veals that there are actually a Limited number of choleces of a form
clearly implied in the statement of the problem. The féllowing exercises,
'for example, imply oniy two choices:
Lesscn 19, Exercise 8.

SUPPOSE AID FOUND A SYNTAX ERROR IN STEP 17.2, DO YOU
HAVE TO DELETE STEP 17.2 BEFORE YOU RETYPE IT?.

17




"Table 2

Numbef of E#ercises, by'Type; in Leésdhs 1 to'2l.
(Excluding General Reviews: Lessons 7, 1h, 21)

Lesson Number 123456 8 9 10 21 12 13 15 16 17.18 19 20 |Total
Multiple-Choice 3 L7 652 11 2 2 5 5 1 6 1 5| 56
1 Correct Choice . : ’ . '
‘Multiple~Choice h o1 12 1 1 1 1] 12
2 Correct Choices
" Multiple-Choice 2 2 2 1 1 8
3 or Mofeé-~Qorrect ~
Cholices -
Multiple-Choice 111 1 4
Correct Cholce: NONE
Total Multiple-Cholce | 51111 7 6 6 1 1 % 1 o 3 5 5 1 6 I 6| &0
~ Exereises T
" Yes-No Exercises 2 1 B A U I
(except opinign :
questions)
True-False 9 2l 1| 3
Other Tmplied-Choice 11 2 1 5
Total Tmplied Choice 2 1020900 0 0 0 032 1 0 0 8 2|50
Predicted AID Response L1925 5123217 3 13 6 1135
Coenstructed ALD Commend 2 7 1 95 8 2 6 1 8 1 7. 61 63
. Reported Result of AID 33313246 % 4 3 1 1 R
Use ‘ : i : . : 7 :
Other Constructed- 3 11517 4 8 13 5 2..3 10 10 18 22 L 10145
Response Exercises . '
Total Censtructed '3 930L4L LN 235223 20 15 6 25 37 11 18 22 11 17 3%
Response : . : i
"Use ATD" 3339243 5 6 5 2 6 2 1 L 58
Opinion (or preference) HB 5 5 6 K 35k 4 8 3 3 8 8 4 6 8 2| %
Unclassified Exercises 3 ' 4 7
Total 18 28 49 61 63 k3 62 31 33.30 14 33 62 27 27 35 32 27675
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Lesson 6, Exercise 8,

ANSWER TRUE OR FALGE:

CTRL-Z WILL STOP THE ATD INTERPRETER.
Lesson 4, Exercise 27,

‘TF YOU USED THIS COMMAND

" TYPE 1/100
WOULD ATD GIVE THE ANSWER IN DECIMAL FORM OR IN
SCIENTIFIC NOTATION?

Exercises of this type are labeled "implied choice" exercises and are
¢lassified as yes-no exercises, true-false exercises, or "other implied-
choice" exercises. Tn the first 21 lessone there are 50 such exercises.

Three-hundred ninety-two of the exercises in the Table 2 lessons:
fall into the third majeor group comprising true constructed-response
exercises. This group is subdivided inteo four classes: predicted AID
responsés, constructed AID commands, reported result of AID use, and
"other constructed-respbnse”-exercises. The predicted AID responses
contain questions like "What would ATD answer i1f you gave this command
cae3?™ One-hundred and five of the constructed-response exercises are
of this type.

A smaller class of constyucted response exercises includes the 63
eXercises that require the student to construet a complete AID command,
This class doees not incliude all, or even mest, of the AID commands that
the Student must gonstruct. Tt includes exercises that pass the cone
structed ATD commands to the instructional program; excluded are exercises
that require direct communicaticn with the AID interpreter, The instrué-

ticonal program'is_more capable than the ATD interpreter of analyzing
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congstructed AID commands in detail and of giving meaningful nmessages to
students who make errors when they first learn & new command. The usual
sequence of instruction in'iﬁt¥6du§ing-é new ATD éommand is as follows:
First, an example of the command is shown, and its use is .
explained. In this step, students are usually required o determine
which of severalrforms gf_the command are syntéctically correct,
Second; thé étudént.is shbwnlsévéralqexaipléé and aéked to
- Getermine what AID would respond if such a command were given to
.- the AID interpreter. .
Third, the student is asked <o construct commands that would
‘result in 2 specified action.
Fourth, the student is asked to start_the_A;D interpreter and
-~ give commands of the new kind directly to AID.
Fifth, after using the ATD interpreter as directed, theA
~student 1s requested to report on the results given him by AID.
Exercises in this fifth step are classified in Table 2 as "“reported
result of AID use." In these exercisesg, the instructional program can
infer the kind of errors a student is making and give him remediel in-
struetion if needed. The device of asking students. to switch to the
interpreter for computation and to switch back to the ﬁeaching program
to report results is one of the meakést features of the course, and it
is used only from nécessity. Clearly, an efficient means of interfacing
the two programs is needed to pass information invisibly_J and provide
Comeaningiul instruction for the students who needkiti Only W7 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
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encourage students to assume responsibility for ferreting out their own
errors and for determining if they have a corvect program.

The fourth class of constructed-response exercises, called "other

_ construeted«response exercises,”" contalns 45 exercises of cdnsidérable
variety. This class will be furthery Subdivided.in a later analysis.

The miscellaneous exexyoises contain é class designﬁted in Takle 2
as "use ATD," These exercises requipe the student to use the AID inter-
preter in soiving a problem. The pxdblems'range in éomplexity'from
éoPying cormands. in érdef to observe thelr consequences to solving
complex'pxoblems'by writing and debugging.cgmpleﬁe progyams,. Many of
these eXe#cises contain th;ée-or four problems, and the student is asked
to solve all of.the.étatéd'problems pefore he switches back to the in-
étructional program and reports the results. .

Also in the miscellaneous group are‘those:exércises that elicit an
opinion or preference, These exercises either-ask'the'student to express
a preference for the.sequence of instructioh (Do you want a summary of .
this lesson?) or teo give é self-evaluation of his competence (bq you
remember'hoﬁ to gtart the AID interpreter?). - The exercises are fairly
evenly distriﬁuted over lessons.and ‘there are 90 of theﬁ iﬁ the first
21 lessons; }

In ﬁhe following paragraphs, each of the first 21 lessons is de-

scribed and characteyistic exercises from the lesson are given,

Lesson 1: Using the Instructional Program
Lesson 1 is a set of 18 short exercises explaiping how to use the
ingtructional program, The mechaniecs of typing and erasing responses

are explained, and instructions aye given for starting and stopping the
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program. The student is %aught7how'to uge ophional control keys to get
additional instruction (HINT and TELL commands) or:to alter the sequence
of exercises (the GO command).

'The' style of instruction in Lesson 1, as in succeeding lessons, is
informel, and it does not always give explicit directiocns, requiring the
student to attend the instructions carefully and learn by inducticn from
“the examplés given,

" Two of the eéxercises in Lesson 1 are given here.
Lesson 1, Exercise 3:

TF MULTTPLE CHOTCE PROBLEMS HAVE MORE THAN ONE CORRECT - i
ANSWER, YOU. CAN TIST THE CORRECT CHCICES IN ANY 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
. Ce.B, C, D -
D D, EC |

Lesson 1, Exercise 14;

 FROM LESSCN 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?
Zxercize 14 illustrates an instructional stratégy that is used in

.many leééons. At the end of a 1essén, its cbnteht is bfiefly sﬁmmariied,
and the student is given the option of reviewing topics he is insure of.
Tf 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
éractice}

In Lesscn 1, five of the 18 exercises ére-multiple choice, similar
in form to Exercise 3 shown above. This proportion of multiple-choice
exercises 1s fairly typical of the course, The multiple~choice format
is chosen over'a constructed respcnse format depending on. the objective
of the exercise. For example, 1f the purpose is to teach students tor
discriminate between syntactically correct and incorrect AID commands,

a multiple-choice exercise is used; if the purpose is to teach the con-
-struction of an AID command,.a constructed response will bé reqﬁested.
| of tﬁe_l3-exercises remaininé in Leséon 1, sévén could apbropriately
be iabéléd_"implied multiple choice" since the staﬁemeﬁt of the exercise
cléarly impiies oﬁly a small rumber of possible respbnses. In order to
kéep the terminoclogy straight, however, exefcises that are not in the
conventional multiple-choice format, will be referred to as "impiied.'

choice" exercises, and the term, "multiple choice,"

will be reserved for
exefcises that list and label a set of choicés and require that the
student respond by typing the lébel or labéls.

| One of the most freguently used implied~choicé exercises is the
yes-no exercise. Many of these are designed to eliclt opinicn rather
:than information énd have no "correct" answer. In Lesson 1, five of
thelseven implied-choice exercises are of this type and in Table 2 are
clasegified as "opinion exercises” rather than "implied;chéice exercises.”

This proportion is greater than that of later lessons, but still, in-

dicates the style of the lessons.
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Lesson 2: Using ATD for Arithmetic

'The 28 exercises in Lesson 2 teach the student how to start and
stop the ATD interpreter and how to use it for simple arithmetie by
empioying the "TYPE" command. The AID symbols for the four simple‘ arith-
metic operations (+, -, ¥, and /) are taught, and the use of parentheses |
in érithmetic expressions is introduced. By the end of the lesson, the
student should be able to start the ATD interpreter and give simple,
direct commands such as:

" TYPE 5/25
TYPE 3.25 + 17.4 - 3.12
TYPE 15 % 17 + 25 # 19

One of the most peréisteﬂt errofs made by étudents iearning any'
algebraic programming léﬁguége is ﬁhe.omiésion of the multipiicafion
operator in algebraic.expreséions, The soﬁfce of tﬁis diffiéuitj'is the
‘convention of using 5uxtaposition to indicate multiplication.. For example,
we ordinarily write | | H | -

| R a(b+c)
without an expli¢it multiﬁlication bperator, but AID, like.other aigebraic
programming languages,-demands that the mﬁltiplication be indicated.ex—
plicitly. AID has an asterisk as the symbol for multiplication, as'in

: | Ax (B+C) . | -
In Lesspn 2, there are a number of exercises aimed specifically at over-
comipg this error. o
The following are exercises from.Leéson 2.
Lesson 2, Exercise 15:

WHAT WOULD AID ANSWER TO THIS COMMAND?
TYPE T72/12 '
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Lesson 2, Exercise 19:
USE ATD TO DO THESE PROBLEMS:

1. TFIND THE AREA OF A RECTANGLE WITH WIDTE 1,72375 AND
LENGTH 12.001325. _ : .
2. SUPPOSE A SQUARE OF WIDTH .637825 IS CUT FROM THE
AROVE RECTANGLE. FIND THE AREA OF THE SQUARE,
3. FIND THE AREA CF THE REMAINING PART OF THE RECTANGLE.
Of the 28 exercises in Lesson 2, 11 are multiple choice, five are
implied-muitiple choice, and 12 are true constructed r95pohse exerclses.

The constructed response exercises vary in difficuity, from the simple

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

lesson 3: Order of-Afithmetic.Operations

The arithmetic used in Lesson 2 was relatively simple#lbut in Lesson
3 the complexity increases with the addition of the concept of hierarchy
of cperations and the use of parentheses, Because each AiD'command must
pe.typed entirely-on a single line, horizontal division bars for grouping
carnot be used.  Thus, an expression like

Xy

r—

&+3
using more than one line of type, must be translated into the AID
expression -

X %Y/ (2+3)

with parénfheées.torshow grouping. The ATD expression ig more difficﬁlt
' te coﬁstfuct, since it requires a consgious decisioﬁ about the desired

- prder of evaiuation.

Lesson 3 téaches.the student how to force an ordexr of evaluaﬁion by

uging parentheses. To de this, the student must reccgnize the difference
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between expressions like (16 - &) - 3 and 16 - {4 = 3).  After a few .
exercises on parentheses, rules are given for the hierarchy of the four
basic arvithmetic operators (+, -, ¥, and /), and a number of exercises
are given in which the task is to determine the order of evaluation if
no parenfheses are used. | | o
The following are two examples from Lesson 3.
Lesson 3, Exercise 5 _
. WHAT WILL AID ANSWER TO THIS COMMAND?
TYPE 1/(100/10)
Lesqon 3,_Exercise lO:‘

LOOK AT THESE THREE COMMANDS, AID WILL GIVE THE SAME
ANSWER TO TWO OF THEM. WEICH Two?

lAﬂ TYPE 3 +"(2*i+)

B TYPE (3+2) % L

C. TYPE 3+ 2 % 4

~ Since Léséon'3;is primarily a review of algebraiclnotions'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 L9 exercises.

The exercises in Lesson 3 are of medium difficulty, and most can
_be deone quickly. ZEleven of the exercises are multiple cheoice, and an
additional five aré implied-éhoice exercises. Three of the exercisés,
including one with three parté, fequire the student to ﬁse the AID.in—

terpreter. Nineteen of the exercises are similar to Exercise 5 above.
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Lesson L: Exponents and Scientific Notation

Lesson 4 is longer-than average and extends the work on arithmetic
expressions to inélude exponentiaticn., TFilrst, the coﬁcept.of exponenti-
ation is reviewed, with the introduction of the AID symbol (1), The rules
for the hierarchy of operations are extended to inclu&e'exponentiationa
aﬁd the AID form of scientific notation is introduced. .NEgative exponents,
fractional exponents, and zero as an exponent are also covered.r_Lessop L,
like Lesson 3, is largely review of algebraic principles and may havé_
been forgotteh, The exerelses also provide practice in'feading and con-
structing expressions In the form required by the ATD interpreter.

Some examples from Lesson 4 f£ollow.

Lesson 4, Exercise 6:

WHAT IS THE VALUE OF 5t2/27

Lesson 4, Exercise 12:
‘USE ATD TO EVALUATE EACH OF THE FOLLOWLNG.
1. 4 SQUARED TIMES 3;1416 B
2, THE SUM OF 4 CUEED AND 6.
3. THE SUM OF THE SQUARES OF 1, 2, 3, 4, 5, 6, 7 AND 8
Lesson 4 contains 61 exercises, of which 48 require constructed
fesponses. Most of the constructed responses require arithmetic calcu-~
lations to answer guestions like those illustrated in Exercise & above.
Three exercises require the student to use the AID interpreter, and he

is encouraged to use ATD throughout the lesson,

Lesson 5: The SBT and DELETE Commangds
After the sizeable dose of arithmetic given in ILessons 3 and h,

Lesgon 5 provides relief by returning tc the mainstream of instfuction
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with the introduction of two new AID commands: the SET. command and the
 DEIETE command. SET is used in AID to assign values to real variables;

DELETE is used to delete a previous sssignment 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. Iesson 5 also introduces the multiple-
argument form of the TYPE command in which séveral TYPE commands can be
combined into oneé by separating the arguments with commag (TYPE X,Y,X+Y).
‘The following exercises are from Lesson 5.

Lesson 5,.ExerciSe 3:

WHAT WILL ATD ANSWER AFTER THESE COMMANDS?

| SET B = 1-5

TYPE 3%B

Lessen 5, Exercise 31:

TO FIND THE NEW 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
JFOR 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. )

CWHAT IS THE"INTEREST ON THE ABOVE ACCOUNT TO THE NEAREST
. PENNY?

‘WHAT IS THE NEW BALANCE IN THR ACCOUNT?

Lesgon 5, with its 63 exercises, is fairlyjlong and has nine exer-
cises that ask the student to use AID *o solve problems, The most..

difficult of these is shown in Exercige 31 above. The trend toward a
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‘higher propértion 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.

Lesgon 6: Test of Lesgons 1 to 5

Lesson 5 concludes the first five-lesson tutorial block and is fol-
lowed by a self-test in Lesson 6 and a general reviéw in Lesson 7, Both
lessons 6 and 7 are optional. Iessor 6 contains 40 test questions and
problems covering the material in Lessons 1 to 5. Like other self-tests,
Lesson 6 supplies no hints, and students are allowed only one try on each
exercise.“_ﬁowever, the student may regquesi the correct answers at any
time by typing CTRL-T. Whenever a stﬁdent misses an exercise, he is
given a review reference and advised to review that topic before pro-
_cgeding with the course.

o The exercises in Lesson 6 are classified agcording tb which lessbn

they are testing:

Tesson Number  Egercises in LeSson‘6 Testing Given Lésson
1 - 2, 3, 4, 5, 6, 7,'9,.10, 12,'13, 1, 15, 16
2 8, 11, 17, 18, 19, 20, 38-1, 39-1 '
3 21, 22, 23
L ' 24, 25, 26, 27
5 28, 29, 30, 31, 32, 33, 34, 35, 36, 37

Exercises 1, 1-1 and 40 are "opinlion" exercises and are not listed.
Exercises 38 and 39 are "use AID" exercises and are not listed. Of the

38 exercisges in the list, 23 are constructed-response exerclses.
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Lesson 7: General Review of Lessons 1 to 5

"The:student 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. Les~-
son T uses a more complex branching scheme to allowfstudents_toLreview
6hly selected poftioﬁs of the preceding lessons.

The félloﬁing is an example £fom Lesson 7.
Lesson 7, Exercise 5: |
| TESSON L WAS ABOUT EXPONENTS AND SCIENTTFIC NOTATION,
FRACTIONAL EXPONENTS AND NEGATIVE EXPONENTS WERE -
._DISQUSSED, AND ALSO THE USE OF O AND 1 A5 EXPQNENTS.

THE ORDER OF ARITHMETIC CPERATIONS + - % / and % WAS
~COVERED, S o

DO YOU WANT TO REVIEW ANY OF THESE THINGS?

If a student answers "yes," he is sent to the review lesson fbf Lessoﬁ b,
ﬁﬁere he.may review any of the iéésoﬁrtépics in any order he wants.

This first general review also reminds students that ﬁhey can con-
trdl'éhé séQuén¢e of instruction by ﬁsing-the CTRL-G Key and thet 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 commends 1s discuésed, and a variety of algebra
probléms is given, A majof emphasis in Lesson 8 is ¢n substitﬁting
arithmetic éxﬁressioné for vafiables inralgebfaic eXpresSioﬁs; Tesson 8
is the first iesson thet has éptioﬁal ”extra_credit“ problems;

The following are two exercises from Lesson 8.
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Lesson -§, Exercise L:
© WHAT WILL AID ANSWER?
LET P(M) = Mi2
TYPE P(6/2)
Lesson 8, Exercise 28:

USE ATD TO DO THIS PROBLEM, DEFINE A FUNCTION TO CONVERT
DEGREES FAHRENHEIT TO DEGREES CENTIGRADE, THEN CONVERT
THESE TEMPERATURES TG CEWTTGRADE:

0, 10, 32, 72, 212

of the‘62 exerclses in Lesson 8, over half are similar to Bxercise
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 exercilges are more dAifficult than Exercise 28 above.

Lesson 9: Some Standard AID Functions

In ILesson 9, the student is introduced to four functions already
defined in AID. These are:

SQRT{X) - the square root function,
TP(X) - the "integer part" function,
.FP(X) - the "fraction part” function,

SeN(X) ~ the sign function,

These functions, together with those defined by the student, are
used in several problems requiring the use of the ALD interpreter,
The following are two exercises from Lesson 9.
Lesson 9, Exercise 2:
WHAT WILL AID ANSWER?

TYPE 3 % SQRT(100)
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Lesson 9, Exercise 1l4:

YOU CAN USE THE AID FUNCTION FP(X) TO FIND OUT IF ONE
NUMBER CAN BE DIVIDED BY ANCTHER WITHOUT A REMAINDER....

I8 2976 EVENLY DIVISIELE BY 37

Lesson 9 has 31 exercises of which 17 are similar to Exercige 2

above,

Lesson lO:'Indifeét Sféfé, fhe o Cbmmand, the FOR_ClauéQ '

In Lesson 10, the concept éf g stored-prOgram ié introduced. Up to
this point, students have been using AID és a desk calculastor, doing all
exeféiseé‘with direét‘éomﬁaﬁds, i.e., commands that are executed immed-
iaéeiy, .Iﬁ this ieééﬁn,:the studénfs éretféught fhat TYPE C6ﬁmands'can
:bé éforéd for.latéf éxeéution by ﬁréfécing the'éommanﬁ with a é%ep'ﬁumber,
as iﬁ'¥h5<folloﬁiﬁg éxamﬁles: - |

2.1 TYPE F(16)

i 47 TYPE Xt2,X13 .

They are also taught how to execute these stored commands by using.
a DO command. Twe variants of the FOR clause.are used to modify DO com~
mands. In the first.variaﬁt,_falués for the iteratidnrfariable are given
by a simple listing: | | |

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

DO STEP 5 FOR X = k(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 > G. This is equivalent tc
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the FORTRAN form, : L j §

D05 X=4,9,2 - 2
5 < statement 5 >, - §

.and the ALGOL form

FOR X =& STEP 2 UNTIL 9 DO
< statement 5 >.

- The following are some examples from Lesson 10.
Lesson 10, Exercise 12:

USING AID, WRITE AN INDIRECT STEP THAT WILL CONVERT MILES
'PER HOUR TO FEET PER SECOND. THEN CONVERT ALL OF THESE
TO FEET PER SECOND: |

10 MIIES PER HOUR

100 MILES PER HOUR

65 MILES PER HOUR

1023 MIIES PER HOUR

Lesson 10, Exercise 17:
WHAT VALUES OF A WILL EE USED IT THIS COMMAND IS GIVEN?
DO STEP 73.7 FOR A = 5(10)35
5, 10, 15, 20, 25, 30, 35
lo, 15, 20, 25, 30, 35
¢, 5, 15, 25, 35
0f the 33 exercises in Lesson 10, four are multiple.choice and an-
other four are implied choice, Most of the constructed-response exercises
are guite simﬁle, and Exercise 12 above is the only one that requires any
problem-solving gkills. |

lesson 1l: Parts

Legson 11 explains how indirect (Stored) steps ére grouped into

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

DO PART i2.
The sequence of execution depends only upon the numerical order of the
sfep 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 onl& diffiéulty is caused
by step numbers with trailing zeros; some students fail to order cor-
rectly a sequence like 3.5, 3.8, 3.10 (the correct order -is 3.10, 3.5,
3°8j,:' . , L . .

HEfe are two examples from Lesson 1l.

Iesson 11, Exercise 5:

YOU CAN TYPE THE STEPS IN ANY ORDER, ‘BUT AID WILL ALWAYS
DO THEM IN NUMERICAL CRDER, WHICH STEP WILL BE DONE FIRST?

17.4  TYPE X1y
17.5 SET N=5
17.2 SET X=10
17.3 SET Y-2

Lesson 11, Exercise 11:
A PART (SET OF INDIRECT STEPS). IS ALSO CALLED A PRCGRAM.
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.
Legson 11 has 30 exercises, wiﬁh an uﬁusually high proportion.of
"opinion" guestions (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 eariier

lessons.




Lesson 12: The DEMAND Command

. In Iesson 12 the DEMAND command is introduced, The DEMAND command
“1s used in AID programs for'teletype input. The DEMAND command, unlike
- previocusly introduced commands, can berused only indirectly, as a stored
command. This lesson alsc introduces a variant of the DO command:

DO PART 7, 5 TIMES

The following are exercises from Lesson 12,
Lesson 12, Exercise L:

START AID AND WRITE A PROGRAM THAT WILL ASK YOU FOR 3

NUMEERS, A, B, AND C, AND THEN GIVE YOU THE AVERAGE OF .

THE 3 NUMBERS, AFTER YOU HAVE TESTED YOUR PROGRAM, USE
 TT TO FIND THE AVERAGE OF o

Il

179.033
23.7
271.0015

fus!
]

il

Lesson'lz, Exercise 53
WHAT COMMAND WOULD YOU USE TIF YOU WANTED PART 2 DONE
T TIMES?
Lesson 12 is very short, containing only 14 exerciges. None is
multiple choice, and five require the student to use the ATD 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). ILesson 13 is structured like other self-tests; the
student is given only one try for each exercise, and theie are no hints
provided. A student who cannot do an exercise can reguest the corréct '

answer by typing CTRL-T.
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The following classifies the exercises in Lesson 13 according to

waich lesson is being tested.

| Les§on'Number' ' Exercises in Lesson 13 Testing Given Lesson
8 0 1-1,2,3,4%,5,6,7,8
"9 9, 10, 11, 12, 13, ik, 16
10 17, 18, 19, 20, 21, 22, 23, 2k
11 25, 26, 27
12 28, 29-1

Five of the 33 exercises in Legson 13 are not ineluded in the list. Ex-
ercises‘l, 15-1 aﬂd 30 are "opinion" questions, and Exercises 15 and 29
are "uée Aibﬁ eiércises; Of the 28 exercises in the list, 25 ere con-
structed-response exercises.

Lesson 1Y4: General Review of Lessons 8 to 12

Lesson 1k, the general review of Lessons 8 to 12, is opticnal but
is recommended for students who missed more than three problems in the
preceding self-test. Here Ls one example from Legson ik,

Lesson ih, Exercise 3:

. LESSON 8 WAS ABOUT THE "LET" COMMAND AND HOW TO USE IT
70 DEFINE A FUNCTION, FUNCTIONS OF ‘2 AND 3 VARTABLES
WERE DISCUSSED, INSTRUCTIONS FOR PRINTING AND DELETING
A FUNCTION WERE GIVEN. '

DO YOU WANT TC REVIEW ANY CF LESSON 87

‘The structure of Lesson 14, like that of other general reviews,
allows a student who answers "yes" to branch to the review for the 1eS-

son and to review any of the lesson topics 1n any order.

36



Iesson 15: Relations and the Use of the IF Clsuse

Leséon 15 begins a. new lesson block and introduces the most powerful
programming tool: the conditiocnal clause. The conditional (IF) clause
mey be appended to any of the commands sco far introduced. The following

AID symbols for arithmetic relations are introduced:

< less than,
> greater thaﬁ,
<= less than or equal,
>= greater than or equal,
# not equal.
The terms "positive," "negative," and "non-negative" are reviewed. The

Boolean connectives "and" and "eor" are alsc introduced. Students are
required to write seyeral programs using conditionai branching.
The following are gxamples from Lesson 15, |
Lesson 15, Exercise 1h;
STUDY THIS_PROGRAM,

49.5 TYPE X IF X > ¥
49.6 TYPE Y IF X < =Y
DO PART 49.

IF X = 12.1 AND Y = 6, WHAT WILL ATD 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 DC NOT ALL
HAVE THE SAME SIGN.
Of the 62 exercises in Lesson 15, a large number {24) are true-false

exercises., The students are reguired to use ATD irn six exercises similary

to Exercise 20 above.
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Lesson. 16: The TO Command -

- Lesson 16 reviews the use of conditionals and introduces conditiocnal

branching.

Thé:following'are two examples from Lesson 16,

Lesgon 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 TF L < 0
14,3 TEMAND W
5.k TO PART 15 IF W <0
4.5 TYPE L % W
15,1 TYPE DO NOT USE NEGATTVE NUMEEES,"

WHICH STEPS WILL BE DONE TF L = 5 AND W = - 3?7

Lesson 16, Exercise L:

WRTTE A PROGRAM THAT WILL DEMAND A RADTUS R AND THEN
CALCULATE THE AREA OF A CIRCLE WITH THAT RADIUS. USE
THO PARTS, ONE FOR THE MAIIN PROGRAM AND ONE FOR AN
"ERROR" ROUTINE TO EE USED IF R IS NEGATIVE.

There are 27 exercises in Lessoﬁ'l6, with five multiple cholce and

eight "opinion" questions.

' Lesson 17: Debugging Technigues
Lesson 17 concentrates on debugging techniques, showing the student

how-to trace a program by msking 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 SET B = At2 - 10
31.3 SET C = AIF A>3
314 SET C= BIF A<= B
31.5 TYPE B
31.6 TYPE C

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

STEP

b
b

c

31.1 - -
31.2
31.3
31.h
31.5
31.6

W W W W w W
1

L T TR
-2

0f the 27 exercises in Lesson 17, 18 are similar to the exercise
above. Four exercises require the student fo write a complete trace
with paper and pencil and check his angwer by typing CTRL-T.

Legson l8: The Indirect Use of the DQ Command

In Lesson 18, the indirect use of the DO command is introduced. Up
to this point, the student has been using DO commands directly to execute
programs or single steps. The DO command can also be given indirectly to
execute subroutines. A conditional clause 1s frequently used with in-
direct DO commands.

The following is an exercise from Lesson 18.
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Lesson 18, Exercise'ew

WHEN AID COMES TO AN INDIRECT "DO" CQMMAND IT WILL Do
THE STEP OR PART INDICATED AND THEN RETURN TO THE STEP
AFTER THE "DO" COMMAND,

16.1 DO STEP 2.1 IFQ <O
16.2 TYPE Q o
2.1 SET Q= -Q

o PART 16

iF Q = 3, THE STEPS WILL EBE DONE IN WHICH ORDER?

A B o D
16.1 16.1 16.1 16.1
2.1 16.2 2.1 16.2
6.2 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 Iesson 19 is an optional section of tips for
writing and aebugging‘programs; This section is primarily for studénts
who have been having difficulty with the programming problems in pre-. -

“ceding léssons° The second half of the lesson describes the difference
" between core memcry and disk storsge and teaches the students how to

' store programs on the disk by using the ATD file commands: USE, FILE,
RECALT,, and DISCARD.

Here are two examples from Lesson 19.

Lesson 19, Exercise 13:

WHAT COMMAND WCULD YOU USE TC FILE PART 29 AS TTEM 37
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Lesson 19, Exercise 17:

IF A NUMEER B WAS FILED AS TTEM 6, YOU WOULD RECALL IT
-BY TYPING : L :
USE FILE 100

AND THEN WHAT?

0f the 32 exercises in Lesscon 19, eight are requests for opinions,
and four ask the student to use AID.

lesson 20; Test of Lessons 15 to 19

Lesson 19 completes the third lesson block. Lesgson 20 is a test of
Lessons 15 t0.19, and is structured like the tests in Lessons 6 and 13.
Legson 20 contains 27 exercises, of which two are requests for opinions.

The other 25 can be grouped according to which lessons they test:

éggggg. : _Ex?rciseszin‘Lesgon EO_Tgst;ng Given_Legsop
;15 co l“l:~24_3: h: 5: 6
16 7, 16
17 : 8, 9, 10 N
8. . 11, 12, 13, 14, 15
19 17, 18, 19, 20, 21, 22, 23, 2k, 25

There are six multiple-choice exercises, two "implied-choice" exer-
cises, and 17 constructed responses.

Lesson 21.: General Beview of Lessons 15 to %g

Lesson 21 1s a general review of the lessons tested by Lesson 20.
‘Like other géneral reviews, 1t is optional and is recommended for students.
who missed more than three problems in the test, -

‘Here is one example from Lesgson 21:
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Lesson 21, Exercise 8:

- LESSON 19 EXPLATNED HOW TO PLAN, WRITE, AND EDIT A PROGRAM;
WHAT KINDS OF ERRORS THERE ARE AND HOW TO CORRECT THEM; AND
HOW TC USE PERMANENT STORAGE, .

DO ¥YOU WANT TO REVIEW IESSON 197

‘A student who responds !'yes" will be glven the review lesson for

Lesson 19.

6. The Daily Report

A Gaily report program was provided to inform teachers of the pro-
gress of individual students. The report lists the students in given -
‘classes, shows theéir current position in the curriculum, end 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 last problem he
completed in the tutorial 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 report providés only & rough measure of progress
since the students themselves control -the sequenrce of instruction. A
student may be on Lesson 5 one day and on Lesson 12 the next, either by
diligently working through'al;.the_intg:yeniqg }§559ns 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 cne day and had regressed ifo Iesson 5 the next. Even 1f
one assumes that students are working their way straight through the

course, it is hard to get a precise measure cf progress from the reports
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because of the varying lengths of 1eésons and the uneven dispersion of
time-coﬁéuming_prbgrﬁmming problems. Neverthéléss; the daily reperts
can provide an adequate indication of average rafe of progress through
thé_course and_df variétidﬂlin fhe rates of'progress among students.

To illuétrate uge of the daily reports, Qné class of 39 students
wag selected as a sample. All these students were enrolled. in the UCLA
"High Pqtential" program. The daily report information for the class is
summarized for 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‘i£s large enrollment, but it is atypical because attendance
for AID was voluntary. Of 48 possible workdays, the average number of
days worked by the 39 students is 10.4 with a range from 1 to 36 days.
This average 1s high for strictly voiuntary attendance. Average number
of lessons completed is 1,1 with a range from 2 to 36 lessons, indicating
that the.stﬁdents completed slightly less than one-third of the course in
the time éllptted.

rTo illustrate the individuality of the students, progressin number
of lessons completed for three students (Nes. 2, 7, and 11) from the
clags tabulated in Table 3 is graphed in Figure 3. Student 2 can be
characterized as slow and ste&dy, Student 7 can be characterized as fast

and steady, and Student 11 can be characterized as persistent but erratic,

7. Item Analysis of INST Data

In this preliminary report, only data from first responses for Les~

sons 1 to 21 are analyzed. The data used were collected by the INST
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Table 3

Daily Report Summary for One Class of 39 Participating Students

e

Number'of

——

Nﬁmber of léssohs_ Number of'ieESOQS':
Student days worked completed - " completed per day
1 22 23 -1, 04
2 17 S .65
3 17 27 1.59
'l 2 T 5 2.50
5 13 18. . 1.38

6 13 8 .62

7 15 2l 1.60"
8 17 26 - 1.53
9 1 9. ©9.00
10 1 2 2.00
1 36 36 1,00
12 6 4 67
13 3 2 67,
1k 2 4 2.00

15 3 5 .83
16 2 3 1.50
17 8. .20 2,50
18 13 13 1.00

19 16 2 1.38

20 9 9 1.00

21 y 8 2.00

22 19 22 116

23 20 31 1,55

2l 18 22 . - 1,22

25 8 20 © 2.50

26 11 11 1,00

27 5 8 1.60 ¢
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Table 3 (cont?d)

Number of Mumber of lessons Number of leésons
Student daysl worked completed : c‘ompleted per’_ day
28 1 2 2.00
29 6 8 1.33
30 8 11 1.38
31 2 b 2.00
32 B 17 21 1.24
33 : 10 a3 2.30 -
34 : 118 17 . oL
35 - 7 15 2,14
36 3 6 .8 o 1.33 -
37 20 20. 1.00
38 1 T 7.00
39 S 21 k.20
Mean 10,38 ko 1.86 |
3.D. | 7.80 9,02 1.62
N 39 39 39
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instructional program, No data collected by the AID interpfgtér afe__
inclided in this section. | |

Bécause of the unlque branching structure used ip_the general review,
Lessons 7, 14 and 21 are not included in the analysis. The self-test
Lessons 6,.13-and 20 are included for comparison. .

To describe the statistics reported, it is_ﬁecessary tQ,?F?licﬁte_
the definiticns of "first response" and of "correct responsg" used by the
data collection and analysis routines. "First response” is defined to be
the first of a set of contiguous. responses made in any one session to a
single exercise, with tﬁe following two exceptioné. -First, a student may,
through his own volitlon or by automatic action of the program, repeat an
exercise, In such a cdse, the first response made by the student the
. second time he .encounters thé_exercise 1s counted again as a first re-
sponse to that exercise. Thus a total of 35 first.:esponses_to a given
-exercise may be the work of only 34 students. Second, if a student
termirates a session after responding incorrectly to-an exércise, he will
- .commence the next session with that same exercise; his first response in

-the subsequent gession will be talllied as another first response to the
-.exercise. in actual practice, the effect of these "extra" first regponses
is negligihle, _

Some responses are not considered at all in the tally of first re-
sponses. These are responses that camnot be classified as correct or
indorrect° The only responses that fall into this category are question
mark (student reguest for a hint), CTRL-G (student request for a change

of problem sequence), CTRL-A (student request for a repeat of the problem),
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and OTRL-Z (student request for sign-off). If any of these occur as a
first response, they are ignored. | |

Excluding the ieessons and exercises not g:aded, 6,512 first responses
made by the 68 students who completed one or more AID leséons during the
first seﬁestéf“bf the’l972573 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."

S In geheral, the definition of "qorrect" is supplied by'the'prograhming-
and is what one would expect. If the correct answer to an exercise is-

- "true," thé student response may be "true" or "t," and eny other response
“such-as "falge" or "help'Ir or "yes" 1s classified as incorrect.

Some exerciSES.have no clearly defined éérréct'answer,—hcwever.
First, requests for sequéncing; "Do you want to try the extra-credit prob-
léms for this lesson?", cannot be said to have a right or wrong answer.
Secoﬁ65 the programming of a few exercises precluded easy classification;
" there were séven 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 cn & less superficial level we need some analysis of the student?s
use of the AID interpreterp This implies a routine that can judge the
.carfecthess of a student-written program. Unfortunately, such a routine
is not available. The general solﬁtion to the problem of proving the
correctness of a computer program hes been shown to be recursively un-
solvable (Davis, 1958). While many particular cases. of this problem are
"solvablé, it remaing a deep and non-trivial probleﬁ te construct an

algorithm that will prove correctness for a comprehensive set of student
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goluticons. Some data collected by the AID interpreter have been hand-

graded and will be described later in this report.

P;ob;em Types

A summary of cqrrect.first responées by problem type is shown in
Table L. Number.correct, number of first responses, and percent correct
are shown for each problem type.

This summary reveals several interesting results frcm.the item
analysis. First, the proporticn correct for all exercises is only 65.?%,
a Tigure 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
.Poteﬁtial" program comprising students who do not meet.reguiar college
entrance requirements but who are suspected to have higher abiliﬁy than
indicated by thelr achievement records.

In later esnalyses, the data used will be drawn from ccmmunity col-~
Jlege students who have been admitted unprovisionally, The original 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
- gurriculum.

Second, an unexpected result is the proportion corrxect for multiple-
choice exercises as compared with constructed responses. The proportion
correct is markedly lower, 54.9%, for multiple-choice exercises compéred
with 66,6% for éonstructed responses. In presenting a lessoﬁ-by—lesson
cOmparison.of.thé‘proportion correct for mulitiple-cholce and constfucted

responses Table 5 shows this result to be quite stable across the lessons,
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Tahle 4

‘Number and Percent of Correct First Responses in Lessons 1 to 21
(Excluding Lessons T, 1h, 21) -

Total correct

e — i ———t ——

Total =~ Percent

first:-responses - first responses . correct
Multiple-Choice 436 718 60.7
1 Correct Cheoice
Multiple-Choice 60 160 37.5
2 Correct Cholces ‘ o e
Multiple-Choice 59 - 120 - Lo.2
3 or More Correct
Choices
Multiple-Choice 23 55.. .. .. ..h41.8
Correct Choice: NCONE
Total Multiple-Choice 578 1053 ' 54.9
Exercises. ' Co v e
Yes-No Exercises 99 2133, . .. oo Thob
(except opinion
guestions)
True-False 215 S2she o Bh.6
Other Implied-Choice i 59 - 79T
Total Implied-cChoice 361 N - 80.9
Predicted AID Response 1282 1861 - 68.9
Constructed ATD Command Loy 798 - . 62.3
Reported Result of AID | 557 878 - ,:-:;;63w4
Use : :
Other Constructed- 1003 1476 - 68.0
Response Exercises ' SEE : :
Total Constructed -3339 5013, - - 6646
Response
Totals k278 6512 65.7
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Teble 5

* Percent of Correct First Responses for All Multiple-cholce ang All °
' Constructed~response Exercises in lessons 1 to 21
(Excluding Lessons T, 1h, 21)

Percent correct

Totél-responses

Percent correct

" Total Tesponses

Iegson mu;l.tiple-choigg multiple-choicé ‘constructed response constructed response
1 66.7 81 68.0 ' © 50
2 67-3 153 - 58.2 ©au6
3 32,7 101 65.1 3r3
I 57.4 61 71,5 368

5 k6T 75 - 70,2 601 -
B by 76 69,5 298
8 30.8 -13 67.2 -

9 26.3 19 70.1 k2 -
10 76.3 6 81.8 357
11 .. 70.6 17 3.6 208
12 L-- 0 77.8 9
13 54,3 35 58.1 . 296
15 61.2 85 55.3 237
16 W76 8l - 65.2 178"
17 6.7 12" 0.0 55
18 48.1 81 . 50.6 7

19 2500 12 67.4 135
éo 6Ll 72 51,7 201
Totals . 54.9 66.6

..‘ _1053

' 5013h'
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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 50% of the answers would,be correct Lf
they were selected by réndom'guééSing;

Fourth, the order of percent correct among the different kinds of
ﬂﬁlﬁipie~choice éﬁéréiéeé;iéiﬁot ﬁha%'%ould béipredicfed'from the'numbéf
bf'ébrre¢t chOiCes availables. EkefciseS"iﬁ which;there aremﬁofe.than.
cne correct choice are moré aifficult (119/280 = h42.5%) thaﬁ ave exercises
in which exactly one choiég is correct (459/773 = 59.4%). However, |
exercises in which none of ﬁ?e ligted thoices is correct are more dif-
ficult (41.8%) than the ofher single choice;exeréises (60.7%), and
exerciﬁés in which there a}é three or more ébrrect choices are easier
(h911%):than those in which there are two correct choices (37.5%),

A more detailed analyéis of the data for multiple-choice exarciséé
will beidiscussed later in:this report.

‘Student Control of Amount of Instruction

Two features of the éourse that allow the student to_éontrol the
amount of instruction he receives are_"pint#“ and "tells." Most of the
gxgxciséé‘have one or'moré'optional hints which can be réquestéd by tﬁe‘
student at any time, either pefore or after makiﬁg.é response, ”Also; in
all exercises for which there ig a correct answer the student may reguest
the ccrrect 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, The
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number of hints and the number of telis requested before first responses
were tallied,

In some exercises, the hints provide information vital to the solu-
tion. of the problem. - This.informatiqn was‘put.into_hint messages rather
“than 1nto the problem text itself whenever 1t conld be assumed that a
falrly large proportlon of the students would already know it. Eer
example, if the exercise is to use AID in caleulating the volumerof a
. cylinder of given redius and height, it is essential to use the fOrmuia

that gives volume in terms of radius and height. Many students can be

assumed to know this formula so it was not.included'in the problem state-
ment but instead was ingluded as the first hint, 1In other_cases, the
hlnts suggest a strategy to be used in solv1ng the problem ' It'was
assumed that hlnts would be used freely by as many as & quarter of the
_students._k | | | . | Vh

. Table 6 shows the number of hints requested before the first response

by problem type. Only 89 hints preceding first responses were requested
_ for_Lesspns 1 to 21. Since there were over 6,500 first responses.fer
these lessons, thls number of requests for hints 1s. surprlslngly Llow.
Variation between dlfferent lessons and dlfferent problem types should
be viewed with skeptlclsm because of the small number of requests.

It may be that students do not request hints untll‘they have made
at least one try, or they may believe they would be penalized for re-

questing hints, ofr they may not understand -how to ask for them. Because

the ‘low number of hint requests is so unexpected it is worth pursuing

in later research on use of control features..
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Table &

Number and Percent of Hints Requested in Lessons 1 to 21
(Excluding Lessons 7, 14, 21) '

- Total hints : Total, Percent
Lear requested ' _ﬁesgdnses_ ' higts_
Multiple-Choice o 718 0.6
.3 Correct Cholce _
- Multiple-Choice 0 160 0.0
2 Correct Choices ' . T U
Multiple-Choice o a0 0.0
Choices
Multiple-Choice o - 55 0.0
Correct Choice: NONE 7 - o
.Total Multiple-Choice ke 1053 . 0.k
Exercises ‘ | _ - —
Yes-No Exercises T 133 5.3
-, (except opinion..
questions)
 True-False e " 254 0,0
Other Implied-Choice 1 59 AT
Total Implied-Choice 8 o Me 1.0
‘Predicted AID Response 30 1861 1.6
Constructed ATD Command 1 798 -
Reported Result of AID Ay A 878 1.9
se
. Other Constructed- 11 _ wT6 0.7
Response Exercises ' ' o S
-:Total Constructed 77 5013 - rMZL'.'E';”
Response
Totals 89 6512 1.4
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Réquests for the correct answer were expected to be relatively low
 as a first response, about 5% as a first response and about 10% as a
second, orrlater, response, Table 7 shows the number of first responses
reqﬁesting thé cﬁrrect.anéwer byvprobiem type; Two hﬁndred-foft§-{wo of
the 6,512 first reéponses, or 3.7%; were requests for the answer, 1t is
interesting that there was a greater proportion of such requegts*for
multiple-choice exercises (4.6%) than for_éonstructed-response exereises
(3.8%), indicating that multiple-choice exercises are more difficult.

In the analysis of structural variables affecting problem difficulty,
proportion correct is taken as the measure of difficulty. .An inferesting
comparison could be made by using the number of requests for answers as
a measure of difficulty, This was not done in the current analysis be-
cauge the number of subjects was too small to permit meaniﬂgful application
of.thé stepwise mulfiple linear regressions used below.

Lesson to Subtest Relationship

The yercentages correct by lesson listed in Table 8 show little
va#iétipn; with‘thénexceptipn of Lesson ;7, and it can be inferred that
the‘durriculum.isrreasonably-consistent in difficulty.-.Lésséﬁsio éﬁd.lé
appéar to be the éésiest? and Tessons 17 and 18 seem to be the most
difficult.

"Two of the mdré difficult lessons are tests (Lessons 13 and 20),
and_the'éverage percent correct for the three tests (Lessons 6, 13,.and
20)_15 6Q.7%,Awhich_is slightly lower than the average for tutorial
lessons, 63.3%. To compare tutorial lessoﬁs aﬁd tests, éach test was
divideivinio f&#g sﬁbtests ééchrébnsisting”of'the exe%éisesléssociated

with one of the Tfive preceding tutorial lessons, and the percent correct
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Table 7

Number and Percent of Requests for the Correct Answer (Tells)
in Lessons 1 to 21 (Excluding Lessons 7, 14, 21)

o ' Total tells -~ Total Y Percent
requested =~ responses fells
Multiple-Choice & 39 718 5ok
1 Correct Cholce =~ =~ S ' ' o
Multiple-Choice . 5 160 ' UV PO
2 Correct Cholces
~Multiple-Choice . .3 120 2.5
-3 or More Correct i ' : ' '
Cholces
_ Multiple-Choice , 2 _ 55 3.6
Correct Choice: NONE o : SR
“-Toﬁal"Muitiplé-Choice ' Lo 1053 k7
Exercises . —
Yes-No Exercises _ 1 _ o133 0.8
(except opinion o S e
guestions)
True-False S 0 : 25k __. 0.0
Other Implied-Choice 0, o 9 . 0.0
Total Implied-Choice , i o 46 0.2
Predicted AID Response 82 A 1861 bk
Constructed AID Command 34 798 : 4,3
‘Reported Result of AID o 878 1.6
" Use | o | - o
Other Constructed- ‘ 62 w76 - 4.2
Response Exercises
Total Constructed 1 192 © 5013 3.8
Respense ' '
Totals | ' Cohe 6512 . 3,7
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- Table 8

_+ Comparison of Scores in Lessong with Scores in-

. Related Exercises in Subtests

Lesson ~  Proportion correct

Proportion correct

number . ~in lesson (%) in test (%)
1 67.9 85.0
2 63,3 75,0
3 58.2 T1l.4
o 69.4 46,7
g . 67.6 52.7
8 66,7 - 56.0
w9 - 68.h 56,2
10 80.8 54,4
11 73.3 80.6
12 ' 77 .8 52.4
15 66.6 61.7
16 61.0 59,1
17 1.9 51,5
18 ho,l 52.7
19 67.4 54.6
Mean 63.3 60,7
8.D. 16.1 11.7
N _ 15 15

- Coryelation coefficient (R)

K
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.on each subtest was compared with the propertion correct on fherlesson
tested by that subiest. . Percentages correct on these subtests are glven
in the second column in Tabié'B and aré assoéiated with the appropriate
lesson. There is essentlally no correlatlon between percent correct on
lessons énd)percent correct on the assoclated 1nternal tests (R = ,027).
The predictlye power of lgssop seores fqr ln§1v1dual studentsnwlll be
explored in a later analysis of individual performance,

Multiple-choice Exercises

In the first 21 lessons of the AID course there aye 86 multiple-
choice exercises. In all of these exercises the qhoicés a%e listed and
labeled with letters, and 1f there 1s more than one correct choige, the
gtudents are expéctéd to type the labels fbi' all of the correct cholces.
Two formats are Qéed: o

(Vertical) TYPE

DELETE

SET

, DO

. NONE OF THE ABOVE

2Yawpp

(Horizontal)
A B
1.2 SET X=1 1.2~ DEMAND X
‘1.3 TYPE Xt2 1.3 TYPE Xt2
1.4 TYPE Xt3 . ... l.k TYPE X13
Generally, the vertical form is used if each choice cen be printed
on one line, and the vertical form is used if several lines are reguired

to print single choices.
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The data for multiple-choice exercises are divided inte four classes,

according to the number of correct choices {one, two, more than two, rone).

The number of correct first responses, total number of first responses,

and percent correct on first responses for each problem type are shown

in Table U presented earlier. The class of multiple-choice exercises

with one correct choice is sufficiently numerous (56 exercises) to warrant

& more detailed inspection of the data. These exercises were subdivided

into the 10 following classes, and ?roporﬁion correct was calculated for

each of these classes.

(a) Algebrasic Eguivalence I. The student is given an algebraic

expression and is asked 1o choose an equivalent exﬁreasion.

Example:

TYFE 10/7 - 5 - 2

COULD BE WRITTEN

A.

N,

TYPE 10/(7-5) - 2
TYPE (10/7) - (5-2)
TYPE (10/7) - 5 - 2.
NOWE

~(p) Algebraic Equivalence IT. The student must choose a described

algebraic expression.

Example :

WHICH COMMAND WILL CAUSE AID TC MULTIPLY 25
BY 5 AND DIVIDE BY 37

A,

TYPE 25 X 5/3
TYPE 25 % 5/3
TYPE 25(5/3)

NONE OF THE ABOVE
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"(c) “Choice of AID frograms.~:The student must.cﬁoose which of two
“routines will produce a- specified result, .
Example: | |
' WHICH PART TYPES THE SMALLEST OF TWO NUMEERS?

A. 3,1 TYPE R'IF R> S
32 MPESIFR<=S

B. b1 TYPERIF R<S
h 2 TYPE s IF R >= 8

(d) Mechanics. The student is asked about the mechanlcs of usmng
the ;nstructlonal program or the ATD 1nterpreter,
Example- - |

| WHICH COMMAND WILL STOP THE ATD INTEBPRETER, AND
RETURN YOU TO YOUR LESSON? :

A, CTRL-H
B. RETURN
Cc. INST
b, CIRL-T

(e) Syntax of AID Commands. The student mpst decide which of a
list of commands is syntactically cowrrect.
Example ;

WHICH OF THESE COMMANDS WILL CAUSE AID TO STOP
AND WAIT FOR YOU TO TYPE A VALUE FOR S?

A, 3.7 ASK S =

~ B. 3.7 DEMAND S
C. 3.7 REQUEST S =
D, 3.7 DEMAND S
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-_(f)__Semantics of AIDVCommands.: The student must chorse froﬁ among
syntactical}y,correct commands those that effect a specified
actlon.

Example:

WHICH COMMAND(S) WILL NEVER GIVE A NEGATIVE
NUMEER NO MATTER WHAT THE VALUE OF X IS?

A, TYPE X/5

B. TYPE SGN(X)»{%/5)
C. TYPE ¥/(-5)

D. TYPE SGN(X)»(X/(-5))

‘N, NONE
(g) Poolean Equiveience I. A Boolean statement 1s given, and the
student must choose &n equivelent statement,
Examplie:
I<a M
MEANS THE SAME AS WHICH OF THESE?
A, M#X
. Bc M<-: X ;
N. NONE
(n) Boolean Equivalence IT. The student must choose a Boolean
statement, given a desgription of it in English.
Example g | |
WHICH MEANS "Q TS NON-NEGATIVE?"
A Q>0
B. >0
G, Q<0
D. Q <= 0
‘N, NONE
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(1) Sequence of Execution. The choices aye lists of step numbexws,
and the.studentrmust choose the list that executes ﬁhe gommands
in a specified order.

Example:
© 16,1 DO STEP 2.1 IF Q < 0
16.2 TYPE Q |

2.1 SET Q =~ Q
DO PART 16

I¥ @ = 3, THE STEPS WILL BE DONE IN WHICH ORDER?

A B. c, D,
16.1 16.1 16.1 16,1
2.1 16,2 2,1 16,2
16.2 2.1 :

(j) Miscellaneous

The number of exercises, number of first responses, and percent
correct on first responses for each of the above classes of multiple~
choice exercises gre given in Table 9. | |

It is difficult to draw firm conciusions from this subdivisien of
problems but these data present some clues £6 student behavior., The two
classes Wiﬁh the highest proportion correct are (a) nghanics, and {g)
Boolean Eguivalence T. The two classes with the lowést_propértion cor-
rect are (c) Cholce of ATD Proglrems aﬁd (h) Booleah Equivalence IT. The
proportion correct for class (i) Sequence of Executionris only Bl-é%fover
13 exercises. It may be that the students have_difficulty understanding
order of execution of commands and that the curriculum should emphasize
this area. The data from later lessons on loops will be studied te see

if they also suggest some revision in this aspect of the course.
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Table 9

Number of Exercises, Number and Percent of_Correct.FirSt Responées in the
10 Classes of Single Choice Multiple-&hoice Exercises in

Lessons 1 to 21 (Excluding Lessons 7, 1k, 21)

Number of Total corrett Total first Percent

Ekercise type . Exercises _ First responses responses correct
() Algebraic Equivalence I s 3 62 613
(b) Algebraic Equivalence T¥ o BT 25 u8.0
(¢) Choice of AID Programs 3 i3 - 38 34,2
(@) Mechanics 6 7h _ 88 84.1
(&) Syntax of AID Commands 7 61 91 T 67.0
(£) Semantics of AID Commands 2 16 o3 51.6
" (g) Boolean Equivalence T | 3 38 ' R} 77.6
(h) Boolean Equivalence IT 2 13 3k - 38,2
(1) Sequeﬁce of Execution : 13 97 ' 188 51.6
(J) Miscellaneous | - 12 ' ) Th - 112 66.1

Total . 56 436 : 718 ' 60.7'




In multiple-choice exercises, sevepyal variables other fhan problem
type may contribute to difficulty. One of these variables is the number
of choices given; presumably the larger the sei of possible answers, the
more difficult thé cholce. Thé range of choiées in tﬁése exercises is
from two to five. To estimate the effect of the numbér of choices, the
correlation between proportion corxrect and number of choices was calcu-
lated, using only those exercises (hé of the 56) for which thére were 10
or more first responses. This correlation was .000, indicatingfthét the
number of cholces hears no linear relationship to problem difficﬁlty.
This result is:ﬁot conclusive since ﬁumbér of c¢hoices and whethe? an
exercise is in. Class. (c) of {d) are statistically depéndent. Further,
Class (c) is the most difficult class but has an3a§erage of only two
choices per exercises, whereas Class (d) is the least difficult class
but has an avérage of 4.3 choices per exercises. o

A further anglysis was made by using multiple'étep-wise linesr
‘regression with observed proportion'correct,'xl,'as-the dependenﬁ vari-
able, and using the following independent variables:

: X, number of cholces
X 1 if one of thé cholces is

3 .
N. NONE OF THE ABOVE

0 otherwise .
_ xlL 1if thé'exercise:is,in Class (a).Algebraic quivalence 1
O_if_ﬁot. |
X 1 if the exercise.is in Class (b) Algebraic Equivalence II
0 if not | |
X 1 if the exercise is in Class (c) Choice of AID Programs

0 if not
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% 1 if the exercise is in Qlass (d) Méchanics
0 if not
xg 1 if the exercise is ig Class (e} Syntax of AID Commands
0.1if not
x 1'if the exercise is in Clasg (f) Semantics of AID Commands
0 if not
Fjp LAf the exercise is in Qla;s (g)'Bo§lean Bguivalence I
0 if not - - S
xpy 1 if the exercise is in Class (h) Boolean Eduikalence IT
| 0 if not
X105 1 if the exercise is in Class (1) Sequence of Execution
0 if not
%3 1 if the exercise is in Class (J) Miscellaneous
0 if not.
This regression was computed for the 4O exedcises for which there were
10 or more first responses. -In Table 10, the variables are listed in
the order in ﬁhich they were ”S‘te]g:»}_aed'.r into the regression'equation, and
the values of R and 32 are given. The variables in the regression ac-
counted for 38% of the variance of the obserﬁed proportion correct. This
leaves 62% of tﬁe variange uﬁaccounted for, indicating that there are
other variabies, as yetl uﬁidentified;.that affect problem difficulty in
this group of exercises.
The two variables that entered into the regression fi:st, XT and X s
are the variables for membership in Classes (d) and {c), the same two
classes that are statistically dependent on number of 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 Which Independent Variables Were Entered into a
Multiple Stepwise Regression with the Associated

Correlation Coefficients (R)

Tt

Crder Variable R R2' Increase in Re
1 % 0.33 0.11 - 0,11
2 X 0.k0  0.16 0.05
3 Xy 6,52 0.27 0,11

_Jg X - : 0.5k ‘0.29: | 0.02_
5 xg 0.55 0.31 10,02

6 Xy 9.56_ | _0.32 .. 0,02

7 Xy 0.59 0.35 0.03

- 8 X, 0.60 0.36 . 0.01
0 x, 0.61 0.3 0,01
11 o 9.61 0.38 | | 0.00
12 Xy 0.61 | 0,38 o.Qé
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choices, XT-and x6~together.accountedifox-l6% of the'variancé in the |
observed proporticn correct, whereas.the addition of_xa'ihcreased that
figure by 11%, irdicating that the numbey of choices 1s of significant
“effect even after Classe$ {c) and.(d)-are teken into account, The fact
that xé-.e'ntered intc the regression before any of the othen \faria;bles
(except %o gnd-x6}-éupports the hjpoth&sis-that'the number of chojces

contributes to problem difficulty.

Constructed-response Exercises

The constructed-response exercises fopim by far the most numeroﬁs
class of exexcises in the course (390 out of 675)?'and represent more
diversity than either multiple~choice or implied-choice exereises. One
reasonably homogeneous sﬁbqlass'bf the_éohétructeerBSPOnse exercises,
the predicted AID response” exerciseé, was:chdsen for mere detailed
" study, This class contaiﬁs 135 exercises, and the data contains i,861
‘responses to be analyzed,:

In the "predieted ATD response' exercises, the student is asked to
" predict the result if a gilven command were to be eXe¢utéd by the AID
interpreter, For these exercises, a simple glassification scheme is not
possible. because of the-intéractién'Of variables that contribute to the
‘relative difficulty of each exercise. For this reason, multiple step-
vise lineér regression was uged to find which of these variabies had the
: greatest influence on probl_e’m.' diffi'cul'ty. Only the 104 exercises with
”io or nmore responses were used in this study. The dependent variable;
X1 to be predicted by the regression eguation was opbserved proportiﬁn
correct. Eleven independent'variables were identified and valugszassigned

to each exercise. The independent variables were the following:
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. commands are summed to give the value of x

. the problem are counted for x

Number of arguments for TYPE commands. The problem. may .

contain several TYPE commends, each of which.can have one

or more arguments. The number of arguments for all. TYPE.

2!

. Number of AID commands. All of the commands displayed in

3° I the‘exgréise-isna-qon~

tinuation of a preceding exercise oyx exercises, the commands

displayed in the preceding exercise may alsc be counted

into this variable. Variables x, to x., are concerned

3

with this extended set of commands, .

il

. Proportion of ATD commands to be used. -Some commands.may
- be-extraneocus. x), is obtained by dividing the number of

~commands needed by the total number.of commands . displayed. -

Number of function calls. . .is the total number of func-

p)

tion calls 1n the displayed commands,. including both defined
functions and . .standerd AID functions,

Number of clauses. The numbef of IF, FOR, and TIMES clauses
are counted. 7

Number of substitutions requiréd. *, is a count of the

substitutions required for the correct solutions, including

- substitution of numbers for wedlvariables and substitution

of expressions for real variables. Shbstitution of function

- definitions is not counted, As an eXample, suppose these

. commands were given:

LET F(X) = X+2
SET A =5
 TYPE F(27/4)
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are counted for x

| The substitution of 5 for A is counted,  and the substitue

" tion of 27/A for X in the expression X+2 is counted, so

the value of XT is 2,

ImbeadEdness of arithmetic expression,  The student may
be asked to evaluate some arithmetic expression, possibly
afﬁer performing one or more substitutions. To measure

imbeddedness, we used a "completed" expression, which is

" obtained from the expression displayed by making all re-

guired substitutions and by inserting all implieit paren-

thesés. This completed—expression is the basis for

calewlating variables xg and xo. For xg, imbeddedness is

measured by finding the meximun number of left parentheses

‘that can be counted before a right parenthesis is encountered,

As ‘an example, consider these commands:

SET X = 2

TYPE X + X13
The completed-expression derived from. this would be

2 + (213)
and the imbeddedness variable x, would have the value 1
since there is only one pair of parentheses.
Number of operations. The value of x9 is found by counting

the number of operation symbols in the gompleted arithmetic

expression.

Number of exponentiation'operatprs. The occcurrences of

the symbol t in the extended set of displayed commands
10°
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-.able.with the greatest effect was x

»;11,.Numbeprof,implied parentheses. Here the completed arith-.
metic expression is not used for a basis for celculatiOn,
What is counted is the ﬂumber of Peirs of parentheses that
are used implicitlyg'-For‘exampie, in this command,
SET X = 213/k, e
~ there is one pair of implied parentheses, (2?3)/&, and
- -t]:le ‘W_r.aluewo:f fx_ll' is one. | .
Xy Nﬁmbex_of.pteceqing;fpredicted,ﬁlb reeponse" exercises in
«; the seme.lesson.
Eable?ll_Shows“the}order in which the variables were "stepped" into
-the regression equation and the velﬁes.for R and R?;. ?he variables used
»-ageounted forronly_gl%%ofxtge:vafiance;in_proporttop“correct. The vari-
‘9;;the,pumber of operatiops. This
veriable 1s related {o, but not identical with, the operations variable
‘used by Loftus (1970) and by Jerman.(197})_io similar models of problem-
solving difficulty. In both cases, the.opérations variable was found to
be significantly relsted to aifficulty.  The second most effective
variable was Xgs the number of clausés) and the third was X5’ the number
of function calls,
The variables Xll’ é,'xf,'x3 endlx8 all added-essentially nothing
5to'the5velue‘of'R2p'_En fact, the first six variables accounted for 20%

“of the variancé and -the next four together added only 1% more.

8. Analysis of Selected Aid Data
Although thls report is concerned prlmarlly 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 data
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Table 11

Order in Which Independent Variables Were Entered into a
Multiple Stepwise Regression with the Associated

Correlation Coefficients (R)

Variable R R? Increasze in 32
xg _ 0.30 0.09 0.09
Xe -0.41  0.17 0.08
x5 0.43 0.18 0.01
X0 0.L3 0.19 - o.01
X1n ok 019 0.00
x), 0.44 0.20 | 0.01

%y 0.45  0.20 0.00
Xg 0.45 0,20 0.00
*, | 0.45 0.21 0.00
N ~0.k6 0.21 0,00
X 0.46 0.21 .00

71




were collected by the ATID interpreter as students used it to solve prob-
lems given by the instructiomal program. The dats consists gimply 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'pngram 1s eguivalent to
a glven, correct program. An approximation of this procedufe may be
possible, but for thé‘moment'datahééiiecfed by fhe ATD interpreter must
be analyzed by hand;  However, no évaluation of the course will be com-
plete without an examination of the'prograﬁs written by the students.
In a later report5 more sophisticated and extensive analyses of the AID
interpreter data will be made .

In fhe first 21 lessons of the course, there are 58 exercises that
regquire the student to use the AID.interpréter. These exercises vary
gfeatly in difficulfy, Some simply ask the student to call the ATD in-
térpreter and copy a single command; others ask the student to apply
recently learned pfiﬁciples to solve complex problems. Of the 58 exer-
cises requiring the use of AID,.EBIare eggentially copying tasks., Of
the remaining 30 exercises, there ére appfoximately 20 that can serve és
genuine tests of the students’ ability to use the AID interpreter. Eight
cf these exercises-were chosen for-analysis, the results of which are
sumnarized 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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. Taple 12

Summary of Student Performance on Selected "Use ATD" Exercises.

) C ﬁo'. _;st..udent_s Ho. cbrrre'ct__ .solﬁtioﬁ.s: % correct: first No. corrécf solutions: . % correct
Lesson no. - Problem no.  who used AID . first use of AID use of AID all AID uses all ALD uses
5 30 13 U I P _92.3
5 31 iz 3 o 25.0 oo ot
8 9 20w - s T ~75.0
8 e 16 . ' 25.0 - -6 3.5
8 28 2 . 33.3 - 12 o © 100.0
9 3 8 3. 6.7 7 - 8.9
ST-E 4 15 6 %0.0 - 9 . 60.0
5 15. . 1 '-:. 2 182 B 8 | 72.7

. Totals 8. o117 7 35 ' 29.9 80 ' R




give an answer until he has called the AID interpreter). Next, the
student calls the AID inierpreter and .attempts tozédlve.the problem.
This step is called the "fifst use;of'AID“ in Tébi@ 12. The student may
at this time wrife a p?ogram, try it out, replace‘one o% more commands,
correct typograpﬁical errors, etc. Finally, when he is satisfiled with
his solution, the student switches back to the instructional program and
is asked for = répoft bn fhe results he obtained.:'if his reported re-
sults are incorrect, the instructional program gi%es him additional
instruction and a&sks him to switch back to AID and try again.i

Table 12 shows the number of students who correctly solved each
problem on the first try and the number of studénts'whoéeventually ar-
rived at & corfect solution. The percent correct:fof first AiD use 1is
quite low (29.9%i. Since these problems are among the éost difficult in
the entire course, this percent is expected to be.lqwéffthan‘fhgf66%
average Tor other exercises. Because of the éddiﬁiqﬁalihelp given by
the instructional program after the first use of AIﬁ,'the peréent correct
ig expected to riée whgn subsequent uses are considéredq and, in fact, it
does rise to 68.4%. The difference between propoft%on éorrect for first
try and for subsequentltries i most pronounced fﬁr~Lés§on 5,:Exercise 30.
Only two out of 13 students solved the problem on the first try, but 12
of them solved'itievenfually.

During the hand-grading of these exercises, notes were made on the
most common errors for each problem. Following aresthefproblem state-
~ments (including éubproblems) for each of the eight exercises,_including

comments on the errdrs_observed while the exercises were belng greded.
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Provlem 5-30:

1 CENTIMETER = 3937 INCHES, START AID AND CORVERT
THE FOLLOWING LENGTHS TC CENTIMETERS:

6.9 INCHES
7.445 TINCHES
23,9753 INCHES
Problem 5-30.1: -
FROM.THE ABOVE CALCULATIONS,

- 6.9 TNCHES = ??2? CENTIMETERS

Problem 5-30,2:

7.445 INCHES = 7?9 CENTIMETERS

Problem 5-30.3:

The students must scolve this problem with direct TYPE and SET
commands since indirect (stored) commands have not yet been introduced,

One solution would be

SET X = .3937
TYPE 6.9/X, T.bu45/X, 23.9753/X

Cn this prcblem only two of 13 students were correct on the first
try, BSeven of the students made slgebraic eryrors; six used multiplication
instead of division, and one used .3937/6,9 instead of 6.9/.3937. Two
stﬁdents made algebraic errors on the second try, one repeated the error
of using multipllcation rather than division, and one came up with a
unique use for x (6.9/3.1416).

- Although a number of syntax errors were made? thgy were almost all

- typographical errors and were corrected by the student without any
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intervening instruction. Only one student was unable to correét his -
errors in syﬁf§£”' It is llkely that had the students known the correct
algebralc fermulation, all but one would have produced a correct solution
cn the first try. |

Problem 5-31:

TO FIND THE NEW AMOUNT IN A SAVINGS ACCOUNT, CALCULATE THE

INTEREST AND ADD IT TO THE LAST BALANCE. START ATD AND
CALCULATE THE TNTEREST AND THE NEW BALANCE AFTER ONE YEAR
FOR AN ACCOUNT WITH AN INTEEEST RATE OF 4.5 PERCENT PER
YEAR AND A PREVIOUS BALANCE OF $3274.86. -(ASK FOR A HINT
IF YOU NEED ONE.) ' - B

Problem 5-31.1:
WHAT IS THE INTEREST ON THE ABOVE ACCOUNT TO THE NEAREST
PERNY?

Problem 5-31.2: -

WHAT TS THE NEW RALANCE IN THE ACCOUNT?

This problem can be done in several ways. One sglution, which was

not used by any of the students, would be

 SET P = 3274.86
CEET T = .0b5 %P
'TYPE' I, P+I

Oniy:three out of 12 students were orrect on their First tfy3 but
1 événtuéiiyisﬁcce:éded° Two students made syntax errors of the same
kind; %hey.hdth used the symbols $ ahd“%'ih.aﬁ arithmetic expression,
Two students calculated the new balance directly; without calculating
ithe”iﬁféresf'ihdepéndently,:which‘left them unable to answer the question

in the first subproblem. Obviously, the problem should have been explicit
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in its requést,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 corréct
answers, only four used variables. Here again.it would seem that the
major difficulty is Vifh algebra, rather than with the use of AID.
Problen 8—9:

START ATD AND USE A "LET" COMMAND TO DEFINE A FUNCTTON
THAT GIVES THE RECTPROCAL OF X, USE YOUR FUNCTION TO
FIND THE RECIPROCAL OF

3-1911 )'I'

67.313

Bk
Problem 8-9,1: -

WHAT IS THE RECIPROCAL OF 119.k?

A correct solution of this exercise would be

LET F(X) = 1/X
TYPE F(119.4), F(67.313), F(6+4)

Over half of the students solved this on the first try, and three-
guarters of them were eventualiy correct. The IET command was introduced
in Lesson 8, and this was the second exercise in which the students used
ATD in this.lesson. PFive cut of 20 students made syntax lerwrors that - |
they could not correct, all in the LET command. Three students made -
algebraie errors, using as the formula for reeciprocal .l Xx, x2/2, and
1/x°. Tvo students who defined the function correctly redefined it

needlessly before each function call.
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Tn this ‘exercise, the syntax of the newly irtroduced LET command was
the source of most errors.
Problem 8-27:

"+ USE AID TO DO THIS PRORLEM. DEFINE A "VOLUME" FUNCTTION
_ THAT WILL GIVE THE VOLUME OF A CYLINDRICAL TANK OF RADIUS
R AND HEIGHT H.

(VOLUME = 3.1416 TIMES THE RADIUS SQUARED TTMES THE HEIGHT, )
:”FIND THE VOLUMES OF 2 TANKS'

TANK A IS 57.5 FEET HIGH AND HAS A RADIUS OF_
18.6 FEET,

TANK B IS 65.4 FEET HIGH AND THE RADIUS IS
19.3 FEET.
Problem 8-27.1:

WHAT I8 THE VOLUME OF TANK B?

Problem 8~27.2:

WHICH TANK HOLDS MORE, TANK A OR TANK B?

A correct solution for this exercise is
TET V(R,H) = 3.1416 » R12 % H
- TYPE v(18.6, 57.5), V(19.3, 65.4}

Only four of 1€ students succeeded on thls exercise on the first
try, and only 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 confused about the syntax of the
LET command, the use of functions of more than one variable, or.the use
of dummy variables. Two students used the wrong: algebraic formula {zxh.

P2
instead of nx h) even though the problem gave the formula.

78




Here it seems the course moved too fast in intreoducing functions of
more than bnéVVariable'so soon after simple functions were introduced,
Some of the precedlng exerc1ses Wthh required substltutlon of expresslons
contalnlng real variables for the dummy varlables used in functlon define
itions mey have exacerbated an existing confusion about variables. The
next exercise which required a functiom of only one variable proved much
Jess difficult.

Problem 8-28:

USE ATD TO DO THIS PROELEM, DEFINE A FUNCTTION TO CONVERT
DEGREES FAHRENHEIT TO DEGREES CENTIGRADE. . THEN CONVERT
THESE TEMPERATURES TC CENTIGRADE:

0, 30, 32, 72, 212

‘Problem 8—28a;:

72 DEGREES FAHRENHEIT IS EQUAL TO HOW MANY DEGREES
CENTIGRADE?

A correct solution is

LET ¢(F) = (F-32“) * 5/9 |
TYPE C(0), C(10), ©(32), ¢(72), c(212)

and one-third of thehstudents gave this soiution, or én eQuivalent one,
én their first try. ALl of thé students arfived at a correct solﬁticn
on arlater try. | | |

Seven out of 12 stﬁdents made algebraic errors, flVE of them idenﬁ
tical: x - 32 %&5/9 1nstead of (x—32)—¥-5/9 Cmission of necessary
parentheses in an algebramc expre581on with only two operatlons lndlcates

a basic confusion about the hlerarchy of operatlons.'

79




Problem 9-3:

WRITE. A FUNCTION, H(A,B), THAT WILL FIND-THE HYPOTENUSE
. OF A RIGHT TRIANGLE IF THE LENGTHS OF THE OTHER TWO SIDES
| ARE GIVEN BY A AND B, START THE ATD INTERPRETER 4D TEST
";YOUR FUNGTTON ON THESE TRTANGLES; =

. .‘lv l. A—33 B-'}'l'
2, A=12, B=12
39 A=l,/2, &3/1‘1’
)"l'o A:9, B=1312
Problem 9-3.1: _
CWHAT IS THE HYPOTENUSE OF THE FIRST TRIANCLE ABOVE?

(WHERE A=3, B=k)

Problem 9-3.2:
WHAT IS THE HYPOTENUSE OF THE TRIANGLE WITH SIDES
A=1/27AND B=3/47
This is the first exercise using AID after the standard ATD function
SQRT ig introduced, and the correct solution is

LET H(A,B) = SQRT{At2 f,Bfe) N
TYPE H(3,4), H(12,12), H(l/e 34, (9,13 2)

| The students did very poorly on thls problem., Three of the 18 were
corfect on thelr first try, buﬁ bnly seven eventually achieved g qorrect
solution. Most of the errors were syn‘tax errors either in the LET com-
ménd or in the function éall lee Problem 8 27, there were a number of
l_errors 1n the use of ﬁarentheses _ | |
| 1/2?2 + 3/&?2 was used for (1/2)?2 + (3/ﬁ5¢2
SQRT{ At2) + (BTE) was used for SQRT(A?e + BTE).

SQRT A was used for SQRT(A)
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SQRT(A)t2 + (B)t2 was used for SQRT(At2 + Bt2)

5-' 916.25%1/2 wés uged for 916.25?(1/2)

4S¢ve;al students did not know £he.correct forﬁula and used;

e (JE ; ¢§)2 . . . o

(AE)_Q:--F (5)

Three étudénﬁs did nﬁt defiﬁe é funétion but did ﬁrodﬁce éérréct
specifiec solutions feor all four triangles. |
Problem 12-L:

START AID AND WRITE A PROGRAM (PART) THAT WILL ASK YOU
. FOR 3 NUMBERS A, B, AND C, AND THEN GIVE YOU THE AVERAGE
OF THE 3 NUMBERS, AFTER YOU HAVE TESTED YOUR PROGRAM,
USE IT TO FIND THE AVERAGE OF

179.033

A =
B = 23.7 N
€ = 271.0015

Problem 12-4.1:
WHAT ANSWER DID YOU GET?
This is the firstkexercise_ig the eight hand—gra&ed exercises_that
requires the ﬁse of a_éfo:gd prograﬁ, One correct solution is

4.1 DEMAND A
h,o DEMAND B
4,3 DEMAND C

L. TYPE (A+B+C)/3

This progrem 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 algebralc; seven stu-
dents used incorrect formulas:
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A+ B+ B3 - (used by four students)
ABC/3 - {used by two students)
3/A +B4C (one student)

ot fhe nine correct solutlons, four were not debugged and tﬁe

others were tested for only cne set of poorly chosen values. Here again,
as in Problem 9-3, some students produced specific but ﬁot general
solﬁtiéns,.i. i | o - o | o
Problem 15-15:

USING AID, WRITE A PROGRAM PHAT WILL FIND THE SMALEER |

"~ oF o NUMBERS X AND . TRY SEVERAL PLFFERENT VALUES
COPXANDY., |

Problem 15-15.1:

DID YOUR PROGRAM WORK?

An economical solution to this problem is

9.1 DEMAND X
9.2 DEMAND Y

9.3 TYPEX IF X < Y
9 u TYPE Y IF ¥ <= X

for thlS exerc1se, two out of 11 students were éorrect on their
first try, and only three did not solve the problem at all.

The greatest difficulty was in inputting vaiueg fér thé two vari-
ables. Eight students had trouble with this. Several of tﬁem tried
rather ingeniocus {but incorrect) variants of‘the'FOR clause:

DG PART 9 FOR X = 6, Y = -
DC PART 9 FOR-(X,Y) = (&,7), (8,4), (4321,6493).

- Four .of the eight correct solutions were well debugged, three were

'%tested-for?only:onewset of values, and one was not tested at all.
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The above discussion of the performance of students on eight se-
lected exercises is not intended as a definitive survey or as a final
evéluation of the curriculum but as an indicatién of the ways students
solve problems énd 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 correct-
incorrect 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 parenthesés. Whether or not students would have cor-

._rectly Tormulated the algebraic expressions_if they were using
ordinary algebraic notation rather than AID notation is not
. known, but one suspects that in many cases they could not have
'-done.so.
(2) Use of standard algebraic formulas. The number of errors madé
in standard formulas is a strong indication that the gourse was
delinquent in not providing these formulas wherever néeded.

(3) Use of functions of more thar one variable.

9., Conclusicns
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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constructed-response exercises, were'énalyzéd in detail to determine the
structural variables that affected problem difficulty. Multiple step-
wise linear regression was used to model exercise characteristics as
determirers of exercise difficulty. Eight-eXéfCiées that required the
“students to use the AID interpreter were analyzed by hand.

Some of the results of these investigations were unexpected, some

confirmed predictions, and some were anomalcus. First, the proporticn

of correct initial responses (65.7%) was lower than hoped for. There

‘are no firm guidelines giving the optimal proportion correct for CAIL.

 Some’ curriculum designers aim for nearly 100% correcf, others have
claimed 85% to be ideal. We assumed that there is little learning if
VVthe success rate 1g %ery’highu On the other hand, with a very low suc-
.CESS rate;-studenfs are likely to become discouraged. Until further
‘research guggests an optimum success rate, each curriculum deéigner is
‘left to his own best judgment. In our case,'We believed that -the pro-
-QOrﬁibn of correct first responses should be about 75%, which is nearly
10% higher than the proportion correct attained by the students studied
in this investigation. It should be noted, however, that proportion
correct summed over students is a simplistic measure of effective in-
Vstruction, particularly for computer-assisted instruction where complex
branching strategies are used, and better measures are obtained by
-examining the distributions of cerrect answers achieved by individual
students over all exercises and the success with which students meet the
-goals of the courge. |

Second, proportion correct ameng all the lessons was guite stable,

with only four lessons in the first 21 deviating from the total 65.7%
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cérrect by more than 10%. The vexry low 11.9% fﬁr Tesson 17 was unexpected
and remaing unexplained.

Third, examination of proportion correct for different problem 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 examinea closely. -
were those with only one correct choice; excluding the exercises for which
the correct answer is "ncne of the above.” The total proportion gorrect
for these exercisés was 60,7%, but the variatioh between differeﬁt-sub-
.classes is striking. The easiest multiple-choice exercises concerned.

‘the mechanics of operating the instructional program and the ATD inter-
preter; the most difficult were those in which the student had to choose
whiech of two givenAAID.Programs would produce a specified :ésult.,

Fifth, we found no simple, unambigUous-relationship'between difs
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 difficult (h1.8%).. Further, 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 tsken in the analysis of
performance on a selected class of-constructed~response exgrcises. The
exercises used were those ih which the student predicts the result of
using given ATD commands, A dozen structural variables were defined and
a stepwise linesr regression performed to determine‘the parameters that

could estimate the difficulty of these and similar exercises. We
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. gsucceeded in_ﬁbtaining a; model that accounted for,21% of the obfained
vafiance in problem difficulty, a reasonable but not spectacular fit for
'-a;first model. Three: structural variables (the number of. operations,
-~£ﬁe?number of clauses, and the number of function calls) accounted for
18% of the variance, All these variables correlated negatively.with
prbpbrtion correct.

o Thévinvestigation suggested a few general conclusions about student
behaviorai The mechanics of using the -instructional system did not cause
Undue difficulty, as shown by the performance of the students tn 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
~the 'students leamned to use the various control features ag effectively
as they:could (the number of requests for hints was much lower than.ex-

_ pect_ed),;and----farther investigation ‘is needed of this aspect of the
instruectionalisystem. : -

~Theuse of direct commands, and the concept of -stored programs and
their execution were re&adily ﬁastered, The -syntax of ATD.commands, except
for the LET command, caused- little difficulty. Although meny students-
t;made syntaétical errorS"innuéing the AID interpreter, most of:these
erfbrslwere'immediately corrected by the;students.

*Qhe:three-areas:in which the students seemed least adept were:
(1) Hierarchy of arithmetic operations.
(gawﬁUSe of furctions, especially funciions of mere than one -
# variable.

(3) :Sequence of execution of AID commands.. -
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This last observation is substantiated by the study 6f structural vari-
ables in constructed-response exercises, and alsp by the examination of
the student performance using the AID interpreter. Because of the dif-

fieculty students had with the hierarchy of operations and the use of

functions, it 1s 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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