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Research on the cognitive structures and processes required to

execute procedures based on Instructions has, until very recently, focused
on the delivery'of Instructions in print. However, the advent of computer
systems designed'to deliver procedural training and Job-aiding Information
has led us to conduct research on the use of computers for communicating
procedures. The power of computers makes this type of presentation
fundamentally different from print media and the growing use of computer-based
training and Job-aldlng systems In the military also makes them worthy of
study.

In this report we describe a system for displaying Interactive computer
generated color text, graphics, and symbols and computer-controlled video and
videodisc displays for use in our research.

The computer system selected for use In our research Is the TICCIT
system. This is a commerdially available system now In widespread use In
military, industrial, and civilian educational settings. TICCIT is an
officially designated Navy device (Device 4E7).

This report Is intended to provide a description of our Instrumentation
and thereby make our subsequent reports of experiments more understandable
to the reader.
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r SYSTEM HARDWARE
The TICCIT system Is driven by Date General (DG) NOVA 4

minicomputers.

7 Tainicempat.1. disk drives.

TICOIT uses color terminals ano -v'ial ly designed keyboards end
I ght pens. The TICCIT system hardware Is modularly designed to @Ilow,
users to configure systems that best meet their Individual training needs. The
TICCIT systems now In the field have one, two, "hree or mare, processors
configuring from two to over five hundred terminals. Storage capecity ranges
f rom 25 megabytes to 1000 megabytes, a I w Ith the same, courserware end software
capabilI ties. A DBMS interf ace ot two TICCIT sites al lows an interf ace between
the TICCIT systems' computer-managed Instructional software packages and

* other CNl packages written In COBOL, ADS, etc.

IN..
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In addition, each system will support a variety of peripheral devices,
Including: a fixed-head disk for rapid data swapping, magnetic tape units for
dumping and loading data, a graphic digitizer (for automatic scanning and entry
of line drawings, charts, maps, etc.) and Impact as well as electrostatic
dot-matrix printers (for producing hard copy printouts, Including copies of
TICCIT screen Images of both text and graphics). Other specialized peripherals
can be added as options. They Include optical mark readers, audio and/or
videotape/videodisc systems, large-screen monitors for troubleshooting
simulations, and specialized mock-ups of actual equipment used for part-task
training and simulations. Therefore, each TICCIT system can be configured to
meet the specific requirements of each Individual user site.

The TICCIT system hardware and software have sophisticated "fall-soft"
features built in to guard against data loss during unexpected
fluctuations in power. The mini-computers and other standard peripherals
were designed for wide-scale, Industrial use In diverse training environ-
ments. They are extremely tolerant of normal variations In power.

TICCIT TERMINAL CHARACTERISTICS

The TICCIT terminal utilizes a raster display of 17 rows by 43
colmns. Each character space Is made up of a 10 x 12 dot matrix. Thus,
the screen resolution Is 430 x 204 picture elements.

-' ' I " -- - - .i..m I i lll 
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The TICCIT terminal has two modes of operation: It functions as a
color CRT when supporting computer-generated displays of text and
graphics; It functions as a color television monitor when supporting full
color/sound videotape and videodisc presentations. Since the TICCIT
terminal Is totally compatible with NTSC broadcast video, video materials
can be utilized on TICCIT without any modification to the existing
system hardware.

THE TICCIT KEYBOARD

The TICCIT keyboard Is comprised of three keypads.

H A1 ATlr EXIT IMPEAT

A
n  

An

I 2 s g - WI MAP aO €cc

C11Q'IW'jE'- AI Tl Yl U1 111diFriIILP NOW EASY

MSWT ExPEMTCEJ- IK-1.L

TECIT KEYBMRD

Canter Keypad -- Tyning Keypad

The center keypad Is for typing alphanumeric characters and for selecting
color. Color is chosen by simultaneously depressing the ALT CODE key and any
one of the numeric keys I through 7. The user can select "blink" mode by
simultaneously depressing the ALT CODE key and numeric key 8. Having enabled
the blink function, the user can then type blinking text or graphics. To turn
off the blink function, th* user simply repeats the ALT/CODE 8 key presses.

Left Keypad - Cursor Control

The left keypad Is for editing and cursor control functions. North,
mouth, east, and west arrows are available for positioning the cursor to
any desired location on the scren. In addition, each TICCIT terminal
Includes a light pen for one-step cursor positioning. The user simply
touches the light pen to the TICCIT screen at the desired cursor location
and the cursor automatically moves to that location. The left keypad also
contains editing keys that allow the user to modify text being displayed
on the TIOCIT screen. The ERASE key allows the user to delete up 'to one
entire line of text automatically. The INSERT key allows the user to Insert
additional spaces within existing text. The JUSTIFY key can be used to
close up unnecessary spaces within existing text. The TAB key allows the
uer to mmve to predefined response boxes on the display.

I
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Right Ksynad -- Learner Control"

The right keypad is called +he "Learner Control" keypad. It contains
keys which allow the user to access the individual instructional components
available on TICCIT. These keys are also author definable so that they can
be used as end-of-message keys to be used to branch to other displays as
the author desires.

CIARACTER SETS

The TICCIT system contains fourteen pre-progranmed character sets,
Including Scripts, Computer, and BacklIte. In addition, TICCIT users are
able to define new character sets as desired. As many as 512 character
definitions can be active on TICCIT at any one time. For our research, we
have used this capability to store graphics representing the parts of a
model Indexed by keys on the keyboard. This has been of great help In
allowing the rapid and cost effective production of the large quantity of
graphics used in our research.

COLOR CAPABILITY

TICCIT displays can be In up to seven colors--red, green, yellow,
blue, black, cyan, and white--and blink mode which provide authors with a
capability to highlight specific areas of display text.

GRAPHICS CAPABILITY

In addition, the design of the TICCIT system software permits the use
of graphics, artwork, drawings, cartoons, charts, sketches, etc. as an
Integral part of courseware displays.

These graphics can be constructed either using the graphics editor on
any TICCIT terminal or through use of a graphics digitizer. The graphics
digitizer consists of a Hemamatsu document camera that can be used to scan
graphics drawn by artists off-line and then store them as consecutive bits
In computer memory. Graphics (whether constructed or digitized) can be
called up on any TICCIT terminal and can be modified as desired.
Modlflcatlons may Include enlargement or reduction in size of all or part
of the graphic, rotation of all or pert of the graphic, coloring of all or
part of the graphic, Integration of a digitizer graphic or Integration of

q: text with the graphic. These completed object graphics can then be
Incorporaed Into specific screen displays for student vIewIng.

VIDEODISC CAPABILITY

The TICCIT system's video technology also permits users to access
full color video through the student terminal. This provides
courseware developers and Instructors with he capability of Incorporating
motion video Into Instructional sequences. The TICCIT keyboard and
specialized software give the student full control over the positioning of
videotape while viewing, It (I.e. fast-frward, rewind, freeze-frame").
TIOCIT can also aess videodiscs an a random access basis end display
single video frome of video or motion video sequences under computer
Controf.

t -. h
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AUDIO CAPABILITY

The TICCIT system also supports a sophisticated audio Input and
delivery system. Digitally-stored audio messages can be linked to any
particular output display, so that textual material can be enhanced with
an associated audio message.

SYSTEM SOFTWARE

TICCIT software is based on a general purpose time-sharing operating
system, written totally in assembly language to minimize core requirements
and maximize throughput.

The operating system has been designed to support Interfacing with and
controlling a variety of auxiliary terminal devices, Including:

- Video tape players (standard and controllable)
- Videodisc players
- Video cameras
- Tel etype/tel ephone
- Asynchronous Interface with other computers
- Remote I ine printers
- Interactive computer control over television tuning

In addition to supporting the simultaneous delivery of Instructional
material to over 500 terminals, the operating system has also been
designed to support on-line software and courseware development and
revision, as well as a number of other on-line capabilities such as
inter-terminal commun icati ons.

AUTHORING LANGUAGES

TICCIT supports two authoring systems. The first, Authoring Procedure
for TICCIT (APT) Is the original TICCIT authoring system (although
revised) which reflects a particular Instructional design strategy.

The second, TICCIT Authoring Language (TAL) Is a general purpose
alguage. TAL permits the author to define the function of TICCIT's
learner control keys In any way desired. The author, therefore, Is not
restricted to commands developed for Instructional applications or by a
particular predefined model of the Instructional or learning process.

TAB. EDITING

TAL provides the author with up to four specialized editor pa;kages
for each page the subject sees. This authoring system Is the one that

*L we have used In our research.

it I
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The first editor the author sees is called a base page, upon which
text is formatted and colored exactly as It will be presented to the
subject. Here, the author simply types the display as the student should
se. it. An example of a base page Is shown below.

94/1/32 1213 AA.i.2.i.S/i/i
Hark each step with vear light pen When
Von have completed It. Press GO to see
the next page.

* 1. Te ferm colamn ansi Cempleted

a. Assemble three large
blacks end te cnd.

b. Attach a small block
to the tab cnd e
the colmn Just assembled.

C( )L($Pi )TC, ) A.i.2.i.3/1/1

lisplay Socifications PEon

The second editor that the author may use Is called the display
specifications page. Here, the author may enter co ands used to display
additional text when specified conditions have been met or may Identify
a graphic and give Its coordinates fo display to the subject. This page
may also be used to define windows that make use of the light pen possible.
The following Is an example of a display specifications page.

WI

FCmds 

for 

lisplaV 

Construction
UDOX COILC PH. 33

WINtO 73572

InnCfLE $I1K

COLOR if 112aTUE
WINDOM 132$$or 3s

COLOR GREWM
INPUT. S9PC SINSLE
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1kanch Tale

The third editor available to the author contains the branch table.
This table Is used to define direct branching by the TICCIT keyboard's
learner control keys, which allow the student to branch to any other TAL
page In the program, as the author specifies. An example branch table
Is shown below.

Log? ATTN Functions to Iribit

Branch Specification Table

Code Label Code Label Code Label
OFF 4 EXIT +RETUR ON +
go $P2 SKIP + lACK +
031 MAP +RETUR ADV #CHAR
HELP * HAl + EASY +
RULE 4 EXAMP + PRAC +
ENTER + TIMER * NEXT +
CA + NA + UN +

Rapnonse AnaIysI Page

The fourth editor available to TAL authors Is the response analysis
page. This page is used to specify how the TICCIT system will respond
to student Input, whether it takes the form of the touch of the light pen,
a typed word or phrase, an algebraic expression, etc. It also allows the
author to compute, display or store any variables needed for scoring,
simulations, or other conditional functions. An example of a response
analysis page Is shown below.

Commands fer i sponse AualVols
Command Ned Data

COMPARE ARIAS INPUTu7 257 21
copleted step I

CALC PI314-TRUE
TO BANEPAGE

COMPARI A1S INUTeI 21S6l 31 1completed
step 2

CALC P214-TRUE
TO $P2

Go TO SAEPAGE

1
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The authoring Illustrations shown In the above paragraphs vero all
taken from the subject study. The figure below Is an exampie of a
graphic used In this study.

APPLICATIONS FOR BASIC RESEARCH

In our explorations of the cognitive structures and processes that
come Into play as adults perform procedures based on Instructions, we have
come to use many of the capabilities of the computer system described here.
One application has been to Implement the Idea of hypertext In the
procedural Instructions used In our research. Hypertext In this particular
application consists of a set of directions for putting together a small
model. These directions have no Illustrations and are written at the
fourth grade level. On each page of the directions, In addition to text,
there are green squares.

Persons reading the directions need only touch any word In the
directions to see another display designed to explain more ful ly what that
word means or what the operation described looks like. For example, If
the word Is wassemble", the branch might lead to a page that shows the parts
of the model to be assembled and Includes arrows and text designed to make
the meaning of the word "assemble" unmistakably clear In Its application at
th Is stage of assembI Ing the modelI.

If readers want to view the completed model, they need only touch the
green box on each page of the directions. A graphic Illustration of the
completed model Is then displayed. At this point readers have even more
options. They can touch a pert of the graphic of the completed model and
then be shown a blown-up graphic of that part of the model. Touching this
graphic reveals an Illustration of the parts which are used to put It
together and how they are assemble d.
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Subect alo hve he biltyto request different views of the model,

Although the hypertext research we are conducting Is still In Its
early stgs oepeiiayfindings are of Interest. For example, when
the directions for this task are presented to people on paper (both text
and graphics) about two thirds of the people make mistakes In doing the
task which they never recognize to be mistakes. However, when people are
asked to do the assembly task using the hypertext, they don't seem to make
mistakes. In fact, no subjects In our research have made any mistakes on
this task when hypertext was available. Even though this Is a preliminary
finding, we are encouraged to believe that this approach will be of

p particular value for presenting Instructions for tasks that are extremely
dangerous, such as working with equipment which carries high voltage.

I.4
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