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CHARTER 1

BACKGROUND

COMPUTER ASSISTED INSTRUCTION IN BASIC

ISSUE
The Tactical Air Forces recently decided to purchase
1500 Cromemco microcomputers for use at the wing level
(Coward, Cokerly and others,82). Headguarters Air Training
Command (HQ ATC) will scon follow suit with another
small-computer buy (Weber,83). The TAF purchase was based,
im part, on the recommendations from a feasibility study by
Automated Data Processing personnel from the Tactical Air
Command (Ceoward, 82). The study had been initiated because
of numerous reports that local agencies had purchased small
computers and successfully used them to do word processing,
aircrew flight planning, and simple data base management
duties (Carter and Nunley, 81; Coward,82). The study
investigated the feasibility of using microcomputers to
automate some of the more time consuming tasks commonly
encountered in the wings. Concern about
non-standardization, security, and duplication of effort
whern the computers were installed, led the different
commands tao form small computer offices as focal points for

the distributiom and control of the computers. The




requirement for receipt of ome of the caomputers was a
submission of a DAR (Data Automation Requirement) by the
unit (the DAR, in this case, was a formal reguest which
outlined a specific purpose for the computer), and approval
of the DAR by the appropriate MAJCOM. Software support was
limited to off-the-shelf packages. All of the camputers
were purchased with Beginmers All Purpose Instruction Code
(BASIC)}, a word processor and a data base management
program. After purchase, the computers were considered
stand alecne systems and no increase in manpower to support
them was authorized (TACR 300-12, SAC 300-4).

Since the decision to purchase the units,
approximately 400 have been installed at a cost of aoa
to 20,000 dollars sach. The cost was determined by
number of peripherals {(printers, plotters, disk drives,
etc.) that were requested with computers (Coward,82). The
expected workload for the computers is light and the
machines will be available for other mission-related tasks
if the users are able to create some of their own software

(Lyan, 83).

PROBLEM

The wings do mot have enough praogrammers available to
program the computers, and the programmers who have been

identified are not dedicated to the system, so they will




not be replaced when they leave for other assignments. Most
personmel, though very interested in the new machines, are
not familiar enough with programming techniques to produce
adeguate software (Cokerly, 82). Thus, when the programmers
leave, expertise to write, maintain, and update mission
related programs will be lost. The commands need to
establish a program to train users in aone of the
programming languages. The training program needs to be
self supporting, and require no additiornal manpawer. 1t
must familiarize new personmnel with the computer and its
capabilities, and give a mnon-programmer a solid core of
general knowledge in a programming language (Cokerly, 83;
Lyon,83).

The BASIC programming language is the best choice for
training rmew operators how to program because BASIC is
available on virtually every microcomputer (the Cromemcos
purchased by the Air Force imcluded a dialect of BASIC
called Microsoft BASIC]. Amother reascon for BASIC is that
many good, mission-related programs have already been
written im it, showing the language's capability to quickly
do time cansuming tasks (Carter, Nunley, 81). Additiomally,
the popularity, usefulmess, and ease of modificatiomn of
BASIC programs has caused the senior members of the Air
Faorce to approve BASIC as an accepted programming language

{HQ USAF Message, 82). These reasons have led to =




consensus by HQ TAC personnel that a CAI (Computer Assisted
Instruction) program in the BASIC language would provide
the most effective solution for the microcomputer trainming
problem. The best dialect of BASIC to use would be the
Microsoft BASIC dialect because it is available on the

ma jority of microcomputers (Burke, 82; Blackwood, 82;
Lewis, 82; Welch and others, 82).

Colomel Lyon, TAC DOZ, formally outlirmed the praoblem
imn his letter dated 7 February, 1983. He explaimed the
problem with keeping mew personnel trained on the computer
systems, and suggested that a thesis effort directed
towards developing a CAI program in Microsoft BASIC fFor the
newly purchased Cromemco computers could satisfy the needs
of his personnel and be cost effective for the Air Force.
During a telephone interview, he also stated that
commercial programs were not a good choice. A commercial
package was hard for each umit to purchase (each software
purchase has to go thraugh the formal DAR process), and the
programs could not be distributed to other agencies because
of copyright restrictions. Colonel Lyon felt that a
program developed specifically by the Air Force would be
more likely to include those items which the Air Force
considers important, and, the software could be distributed
without concern for copyright infringement, royalties, etc.

A review of current CAI in BASIC revealed limited




resources adaptable to the problem. The only commercial
package available was the Tandy Level II BASIC instructian
package. It was ot a CAI program (it was not advertised to
be one) and it was machine dependent (it was made for the
TAS-80 system). [t required little feedback from the
responder, did not give adequate examples, and made no
provision for scoring or reporting omn a student's progress.
It was a compendium of defimitions of computer terms that
were intended to be read by the user on a video terminal.
This program was too limited to be used as a continuing
training program.

The focal point offices For microcomputers were
interviewed to find out whether other agencies were
developing a CAI. Lt Coward, HQ TAC ADMUDS, was not aware
of any related research. Major Cokerly, Air Staff SO-I,
also confirmed that a CAI was nmeeded, but he was not aware
of any available'in the field. Programmers at the offices
for computer development and training systems for the Air
Force, at Keesler AFB, Mississippi, have developed a CAI
for BASIC on the Honeywell computer. However, their program
is very machime dependent (it is written in assembly
language) and could not be transferred to microcomputers.
Searches with other sources, revealed similar need and

interest in a CAI program, but momne available.
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RESEARCH QUESTION

How can a Computer Assisted Instructiomn program be

daeveloped for the new Cromemcoc micraocomputers that provides
sufficient instruction to transform a naonr-programmer into a
programmer competent enough to write mission related
programs? The CAI would have to be simple enocugh to adapt
to different Cromemco systems, be updated easily (or
customized as necessary), yet thorough enough to cover the
crucial elements of BASIC, and still be appropriate for an
audience with little training in computer concepts. The
praoblem can be broken down imnto three steps.

The first step would be research of the current
literature on both general, amd BASIC programming language
CAI. Included would be those techniques which are
compatible with a microcomputer system and appropriate for
the intended military audience.

The second step would be the development of the
"frames'" for the program. A CAI frame is a portion of a CAIl
program that contains a single learmning event. The events
arae typically broken into inmformation, question, student

response, and feedback/answer sentences {(Meredith,71;

Freedman,81). A microcomputer usually has limited memory
and storage space. The Cromemco machines, when BASIC is

implemented, have around 33 kilobytes (33k) of memory. In

A
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addition, the off linme storage of microcomputers is
sometimes limited to one or two small floppy disk drives
(Coward, 82). Therefore, an exhaustive instruction inm the
language would not be possible, because there would not be
enough room for the program in the computer. The frames
would have to be isolated into main topics which would
sufficiently imstruct the student in the language, yet
still fFit withim the storage space and memory limitatiaons
of a one disk, 33k machine.

The third step would involve the coding and debugging
of the CAl program itself. \While the frames should be
simple to code, there will have to be hundreds of them to
adequately cover the sub ject. Such a large programwill
need careful debugging to eliminate errors. Comnsultation
with mon-programmers to ensure "user friendliness'", and

using their Feedback to fine tune the CAI, would conclude

the research and development of the CAI program.

i
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CHAPTER 2

METHODOLOGY
THE CAI TECHNIQUES ON A MICROCOMPUTER

When the designer of instructional

materials confronts the task of
preparing a CAI program, he places
instructional design in a new context,
that of computer programming.
(Holtzman, 70)

Computer assisted programming has much im common with
other programmed instructiom (PI) methods. However, it has
naew perspectives and limitations which increases both the
student's learning and the imstructor's work. Silvern,
Holtzman, and other educators have developed outlines for
approaching a CAI problem. In their inmnstructioms on how to
use these outlines, they emphasize that one hour of
interactive computer assisted imnstruction can take the
place of manmy hours of classroom time. Additiomnally, one
hour of CAIl may take hundreds of hours of programming and
development by teams of instructors, researchers, and
programmers. In this chapter, I will develop a methodology
far making a CAI package for the BASIC language. Because I
do not have the research time needed to cd=velop rnew
techniques, I will concentrate on using proven methods

which can be used omn a microcomputer.

The Air Force has beemn interested imn how to use CAI
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effectively since the early 1870s. They formed an office at
Ke;sler AFB in Mississippi (the COTS section of the 3300
Technical Training Wing) dedicated to fimding, developing
and distributing different CAI programs (Ashby, 83). This
of fice has developed guidelimes on proper CAI methods to
use in their Air Force CAI projects. 1 have used these
guidelines to develop my CAI program.

In addition to the CDTS procedures, the TAC small
computer office has published a guide on programming
standards for microcomputers for TAC. This unique guide is
a first attempt to standardize BASIC programming. It
applies to this paper because the standards it outlirnes, as
well as the COTS standards, must be considered to ensure
the fFinished CAI program satisfies the constraints of all
agencies that may wish to use it.

The University of Alaska has donated a CAI package on
BASIC to the Air Force (Carew,81). Developed on a
mainframe using a special purpose instructiomal language,
the BASIC dialect it teaches is mot compatible with
Microsoft BASIC. It referemnces devices and equipment not
available with a microcomputer. However, the outline it
uses is readily adaptable to my project. By using it as
guide, but substituting my own text and test items, I have
avoided the lengthy process of developing and validating a

rew approach to CAI imn BASIC.
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To develop the methodology I have considered the
guidelines to effective CAI , as outlined by Holtzman and
others, applied this to the standards developed by Keesler
CDTS and TAC Small Computer Office, and, using an outline
based on the University of Alaska program, modified the
result as needed to fit on a microcomputer.

Educators have developed models for creating CAI
programs (Holtzman and Silvern,70). These models generally
break down the desigm of CAI into five major areas of

consideration. These areas are as follows:

The CAI author must consider the

1. Intent and justification of the CAI
a. Needs and goals of the CAI
b. Target audience
c. Institutiomal constraints

2. Physical Constrainmts on Desigmn of CAI
a. Operational/eguipment constraints
b. Imstallation constraints

3. Development of the CAI draft
a. Frame design
b. Questioning technigues
c. Scoring of student responses

4. Coding of the CAI program

5. Validation.

An elaboration of each of these areas and how they

apply to this paper follows.

10
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Needs and Goals Determination. The needs and goals of
the CAI program were discussed in the previous chapter. In
summary, the Air Force needs a computer assisted
inmnstruction program which teaches the BASIC programming
language.

Student Population Description. The target audience
is composed of members who are at least high school
graduates. Because they oluntarily use the computer to
ease their workload, they can be cansidered motivated to
learn the primary programming language of the computer
{Lyon, 83).

Institutional Constraints. The biggest institutional
constraint is the time needed to develop the program. The
MAJCOMs have had to wait several months for the final
product. This was an unavoidable constraint. However, the
mimimal costs of the package have made the delay

acceptable.

Physical Constraints on Design of CAI

Operational/equipment. The program library was
developed so that it requires only one floppy disk for
offline storage. Therefore, any syistem that has at least
one disk drive, amd one terminal should be able to install

the package. Most systems which support Microsoft BASIC

1
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have this configuration as a minimum {(Cokerly,83). Because ,
the program is primarily concerned with BASIC and not with
the type of equipment used, it is writtem so it is
compatible with omne other popular microcomputer, the
TAS-80. (the program will rumn on the Apple if it is
configured with a 280 CPU card - see the Apple operating
manuals for further explamation of how to run Microsoft
BASIC on that equipment). This will emables the package to
run on the microcomputers which make up the majority of
microcomputer installations (Cokerly, 83; Coward, 82;
Greene, 82).

The types of terminals and floppy disks vary with

brand names of equipment, so a program cannot be easily

transferred from omne brand name to another, even if the
program is in the same language dialect. For instance,
Cromemco floppy disks camnnot be used in a system that only
supports Apple disk operating systems. Therefore, the files
had to be transferred using a medium that is common to most
computers. The easiest and most common method for
transferring programs to dissimilar equipment, is to send
them via telephome modem hookups. The CAI package was
developed on a TRS-80 system, and transferred to the
Cromemco system.

Installation Constraints. The installatiomn constraints

deal mainly with the distribution of the software, and

. |
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periodic review to ensure it is current. The program will
be given to the major command microcomputer focal points
for inclusion in their software libraries. Distribution
and updates will be the respomnsibility of the focal point
offices in cooperation with the different users. The
program will be writtem in accordance with the TAC
guidelines so that it can be updated as needed by any

competent BASIC programmer.

Development of the CAI Draft

Frames. CAI and Pl experts agree that any CAI should
be flowcharted prior to development. This provides a
systematic outlime for the programmer/author and alleviates
many comnceptual problems early in program development.
After outlining, each major block is broken down into
frames. A frame is a complete gquestion and answer
sequence, or a complete teaching point (Lysaught, B3;
Meridith, 71; Burke, 82). It has the answer to every test
item, and it indicates where transfer of the program goes
for the different response possibilities of the question.

Questioning techniques (test items). Almost any type
of test item can be used in CAI. The limiting factors are
the amount of memory required to store the possible test
answers (Holtzmamn and Silvern,70). It would be obvious from

this, that essay answers would be very demanding of memory,

13




and multiple choice, matching, true-false, or one ward
responses would be more memory conservative (Burke,82),
Because of the equipment limitations discussed earlier, I
have not used essay questions.

Scoring. The program must provide for record keeping
of the scores of different students, especially if access
to the system is contingent upon successful completion of
training - as may be the case in some organizations. The
program uses a simple, sequential file update system, which
scores the student after completion aof each block of
questions. A separate utility program prints out a record

of all student scores.

Coding of the CAI Program

The program is too large to fit into memory all at
arnce, so the program must include features which keep track
of where the student is, where he wants to go, what his
score is, and what module of the program to load next. The
student may progress through the program at his own pace

and imn any order he chooses.

Validation
The CAI program was validated at several stages during
its development. As each block was completed, it was tested

at AFIT. The purpose of the initial testing was to

14
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eliminate logic errors in the CAI program itself.

Therefore, the target audience during the debug phase was
knowledgeable in what makes a good program. The program
will be sent to the focal point offices and released for
testing within the commands. Feedback from these offices

will be used to revise the programs as needed.
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CHAPTER 3
CAl PRQGRAM FORMAT
PROGRAM LIBRARY
There are 30 programs that make up the CAIL. There are

six lessons (each lessomn has two parts), six tests, six
score files, four homework assignments, one menu, and one
traiming report maker. The programs require about 350
kilobytes of disk space, and they fit om three data disks
for the TRS-80 or om two double sided, double demsity
Cromemco disks. The rest af this chapter describes their
purpose, their flowcharts, the sub jects they teach, and

their limitations.

Program Purpose

Program Name Purpose

1. Lessons 1, 1a, and test 1 ........ Teach
Introduction to
BASIC and Computer
terms

2. Lessoms 2, 2a, and test 2 . ....... Teach
saving programs to
disk, REMARKS, and
branching.

3. Lessons 3, 3a, and test 3 ........ Te=ach
Loaps, Arrays. and
0OIM statements

4. Lessons 4, 4a, and test 4 ........ Teach
Printer commands &
Sequentigl file 1/0

16




5. Lessomns 5, Sa, and test 5 ........ Teach
Subroutines and
Library Functions

6. Lessons 6, Ba, amd test 6 ........ Teach
String Furctions,
& Microsoft Editor

7. Menu ........ ittt irierereess Lets student select
sequence of lessons

8. Training Report program .......... Makes a hard copy
report of student
scores

9. Score files 1 through 6 .......... Hold student scores

10. Homework assigmments 2 thru 5 .... Gives student extra

practice in tech-
Nniques of lesson.
Flowcharts

Lessons

The flowcharts for the lessons are all the same. Each
section of a lesson is a subroutine which is called by the
lesson menu. The student selects whether to take each
section in fixed order, or review selections in the order
of his/her choosing. If the lessorn is taken in fixed
order, the subroutines are called one after another without
showing the mernu. If the sectiomns are reviewed according
to the student's desires, then the menu is displayed after
each section is completed. In both cases, the student has
the option to continue to the mext part aor review the

section just seen. The following flowchart represents the

17




main menu program, the one after it represents lessons one

through six:
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Flowchart for Main Menu
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Flowcharts for Lessons One Through Six
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Tests 1-6

The flowcharts for the tests are all the same. Each
test is 10 questions long, and seven questions must be
answered correctly to pass the test. If the test is passed,
the student may have the computer write their name and
score to the appropriate disk file.

The score file is a sequential file, so all updates
must be done by reading the entire file to memary, changing
the data, and writing it back to disk. The programis

dimensioned to handle 100 students.

21
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Flowchart for Tests One Through Six
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& Aeport Program

The report program reads in all the scores, assigns

them to the proper students, and prints out a summary to
the monitor or to the line printer. If a student hasn't
completed a test for one of the lessons, a set of asterisks

-

appears for the test score. The user of this program has
the option of receiving the report with student names in

alphabetical order. A sample report is on the following

page.

SRRl

Consc ol TRTE
NAMES §
Sccile S

Bunmg

AN EPRINXER

frunT T
Suilek A




CAI IN BASIC REPORT DATE:
07/31/83

NAME TEST 1 TEST 2 TEST 3 TEST 4 TEST S TEST 6
CROMEMCO 10 9 =4 9 3
CURLY =] 2 9 =] e
0.0D. aq 4 6 Sdesk Sk
DAN siestesle 7 5
OAN C. 10 7 9
DAVID Sesiesg e slesi 3
GOLIATH <3 S 3
LARRY 6 7
MOE 3 3
POSEY P333 selesle 3
TEST 5 seslest ;
WIDGET e 6

END OF PROGRAM -~ HIT BREAK OR CONTROL C TO QUIT

T
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Index of Sub jects

The following imndex lists the main subjects, as shawn
in the lessomn mernus. The referemnce on the right indicates

what lesson, and what part of the lesson, the subject is

taught.

Sub ject Name Lesson#/Part
1. Advanced FOR NEXT ...ttt it ineeennenans 2/1
2. APrIFEYS ittt st e e 3/2
3. Arrays (imtro) .......ciian, e e 3/2
4. Branching Introductiomn ................... 2/2
5. CLEAR ........... e e e e et .. 3/2
B CLOSE ........ . et e et e e 4/2
7. Comparing Variables .........cc00imiinennn 1/2
8. Concatenation ..... et e e e 6/1
g Counter Variables ...........ci0iemvevunn 2/1
10. DATA (. it in e et et et e e e . a2/2
14, DELETE ... ittt ittt i snins ot vssnneasoanses 1/1
12. OIMEeNSIian ..ttt et it et i 3/2
13. EQF ........ et e e s e e e i e e, 4/2
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14. Editing Text .......c..vunnn N 6/2
15, END & STOP ..ttt et ittt ettt s et arsses 1/1
‘ 16. Fllenames .........ociimtninrnosnnassnesnsa 1/2
17 FOR NEXT L.ttt it ittt ittt et 3/1
, 18. Functions Overview ......ciiiiennerennsas 5/2
f 18. General Information ............. 000, 1/1
b S T > 1 ] 5/1
e R T L 2/2
== 1 2/2
23. Immediate Mode .......cciictiintrennncaens 1/1
D I 1 1/2
5. INPUTE ...ttt ittt ittt aansesnnan 4/2
28, I(msert) ...ttt ittt tnaiae e 6/2
7. KILL ittt i ittt i aaresnn 3/1
28. Library Fumctions . ....c.iiiicnnininincaas 5/2
29. Library Functioms (imtro) ...........cc0.. 1/2
, 30, LIST Lttt it it i e s i c e i e e 1/1
31, LLIST ittt ettt e e e e e 4/
32, LDAD L ittt it et i e e e et e e 2/1
1
; 1 D B - ¥ 7 = = 3/1
% 4. LPRINT it iiit it ittty 4/1
; 35. Nested Subroutifnes ........c. e iveernnas S/1
i 36. NEW ...ttt ittt sttt sesanas 1/1
b
, 37. Numeric Variables (imtra) ................ 1/2
38. ON GOSUB ...ttt i ittt i et s st tina s nnsansons 5/1
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38.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

S0.

51.

se.

53.

55.

S6.

57.

58.

59.

60.

61.

62.

63.

OPEN ......c.00n0n. e e e e a/1
PRINT ..... . e e e e ot et e e e e e e, .1/1
PRINT# ........... e e e N oo 4/2
READ ........... . s h et et . 2/2
AEMArk ..ttt iene oo eesanonnonns 2/1
AESTORE ..t ittt ittt et naaneenases e e a2/2
RETURN ............. e et e 5/1
S T e e e 2/1
BAVE ittt it e e e e 2/1
Sequential Files ....... ..ottt einnineas a/1
Software ...... et e et e e e 1/1
Statements and Programs .........cccu00cauan 1/1
SEring ArraysS ..ot i ittt c.... B/1
String Assignment ............ e e 6/1
String Functions ............. e e 6/1
String Variables (iptro) ..... e e 1/2
SUBPFROULAMES . ottt it ettt sttt 5/1
User Defimed Fumctions ............c.00..- 5/2
Using Arithmetic in Computers ............ 1/2
Variables (gerneral) .............. e e 1/2
nC(hange) ...... i, e e 6/2
nO(@lete) ...ttt it e i et 6/2
nS(earch) ............ e e e e e e 6/2
NSPACEBAR ... i i i it i e s i e e 6/2
X(tend) e e e e e e 672
28




—

W Ry

.

Program Limitations

The purpose of the CAI program is to give a student a

solid core of knowledge about BASIC.

From this core, the

student can continue his/her own education, comcentrating

in any area of interest.

The followimg areas are mnot fully

explained in the CAI. This list could serve as an outline

for further study for the

AREA NOT INCLUDED IN

student.

CAI

1. Formatted printing ........

2. Direct/BAnd Access .........

3. Graphics ........

4, ASCII ceode ......

5. Tape input/output .........

6. Error trapping ....

7. Defining precision ....... .
8. Mergimng programs ..........
9. Screen clearing ...... . .

=4

APPLICABLE BASIC WORDS

PRINT USING
FIELD, GET, PUT, LOF
OPEN"R",1,"1Fn"
LSET, RSET

POINT, SET, RESET
(TRS-80)

SAVE "1fFn" A
CSAVE, CLOAD (TRS-80)

ON ERROR GOTO,ON ERROR
GOosuB, RESUME,ERR,ERL

DEFDBL, DEFSNG,
DEFINT, CVI,

CVS CvD, COBL, CSNG,
CINT

MERGE

CLS
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10.

11,
12.
13.
14.

15.

This list is not exhaustive,

Line renumbering ..........

Memory Modification

Intermal Clock ............
Part addressing ...........

Logical Operators .........

Variable Location

in core