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ABSTRACT

Title of Thesis: Restructuring Textual Information for
Online Retrieval

Lawrence Koved, Master of Science, 1985

Thesis directed by: Ben Shneiderman, Associate Professor,
Department of Computer Science

Two experiments were conducted to evaluate two styles of online documents.
The first experiment compared paper manuals to online manuals using two different
database structuring techniques - a sequential (linear) structure and a tree structure.
People using the paper manuals were faster at solving problems than the people using
the computer manuals. No differences were found between the linear and tree
Structures, or in accuracy of problem solutions. In a subjective evaluation of user
preferences, the computer manuals were rated as better and more organized than the
Paper manuals.

The second experiment compared two methods of retrieving online information
that allowed the reader to specify the attributes needed to guide the information re-
trieval process. The first manual recorded the atiributes entered by the reader via
menus, and material in the manuals not relevant to the current search was pruned
from the search space. The second manual did not record the menu selections, and
the readers repeatedly entered the attributes several times in order to complete the

task. The manual that recorded the attributes allowed the readers to work over twice

as fast and was preferred over the other manual.
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A theoretical foundation is presented for the underlying online documentation

used in the experiments. The user’s traversal through the database is presented as a

graph search process, using a production system.

The results of the experiments and their theoretical foundations are evaluated

in terms of the impact they might have on future online document storage and re-

trieval systems.
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1.0 Introduction

With the rapid proliferation of computers, there is an increasing need to be able
to easily learn to use and obtain information from them. Yet, few novel methods
have been developed to enable people to use computers for storing documents and
easily accessing their contents on demand. The problem of retrieving information
from documents is not limited to computers. This problem dates from the use of
Paper to record information. The traditional aids for improving access to information
is thr ough such methods as indexing and place marks.

Printed documents have existed since Gutenberg invented movable type in the
15th century, and hand-written documents on papyrus and parchment since the
ancient times. Successive refinements in aids for designing and using printed material
have beep developed during the past five centuries. We easily access sections of a
book or document by turning the pages, and locate specific topics by turning to the
table of contents or index. Inserting a book mark preserves the location of a
Particular item of interest. To enhance the understanding of information, books
include graphics, diagrams, and artwork. The physical presentation of the printed
Material, such as f onts, color and format of presentation, helps convey information
to the reader, Through experience and research, those factors that enhance the
design of printed material have been refined.

Many of the aids available for printed material have not been made available
for online documents. The problems are both hardware and software. The most

difficuly problem to overcome is the limitation of the hardware used for online

"“mdumion 1



retrieval and display of documents. Until recently, video display terminals (VDT)
have not become widely available. Unfortunately, most VDT’s currently in use
display limited quantities of information - typically 24 rows by 80 columns. When
compared to an 8 1/2 x 11 inch page of paper, that has 66 single spaced lines, the
VDT is clearly at a disadvantage. In additional, most VDT’s are limited to a single
font, where the sharpness and resolution of the characters is limited to 5 x 7 or 7 x
9 dot matrix fonts on phosphor displays. Experiments comparing comprehension
and reading rates of material presented on VDT and paper have shown that the latter
is better (Wright, & Lickorish, 1983; Gould, & Grischkowsky, 1984; Hansen,
Doring, & Whitlock, 1978). Reading rates from VDT’s are as much as 22% slower
than from paper (Gould, & Grischkowsky, 1983). Another disadvantage of the VDT
is that it can not be held as a piece of paper can be at any desired angle or position.
If possible, the software that controls the VDT must compensate for these
disadvantages. But that is not sufficient. Online systems are qualitatively different
from computers and have to do what paper does not do. The capabilities of the

computer must be used to their best advantage.

From the software point of view, the aids we have for printed material have not
generally been provided in online systems. Many of the basic aids for organization
of online information are already available as a result of text processing software.
Text processing programs will generate a table of contents, a list of figures, and an
index. Other aids, such as book marks, dog ears, and margin notes, are usually not

available online. Most of these deficiencies are not based on technical restrictions,

per se, because the techniques exist to provide them.

Introduction



The semantics of using online documents is not the same as using documents
printed on paper. Even the simple act of turning a page is different. Turning a page
in an online document may require different cognitive processes and physical actions.
An online document presentation system frequently requires the entering of
commands or the pressing of a function key. To turn to a particular section, other
commands must be entered, possibly with a page number. However, finding a
chapter in a book can be done by rapidly {lipping the pages until a chapter title is
located. Given the hardware characteristics of the VDT and the responsiveness of
most software systems, it is not desirable to search in the same way for a chapter title
page in online documents.

Conversely, there are several characteristics of a computer that give it an
advantage over paper. First, a computer can be used to rapidly search for keywords
in many documents more economically than can be done manually. Computers can
also hold very large volumes of information in relatively little space and at low cost.
With the proliferation of computer networks, and the very low cost of portable
magnetic media (e.g., floppy disks, cartridge tapes), it is now possible to update
online documents almost instantaneously. Rapid updating is not possible with
printed material because printed updates take time to prepare and distribute. The
problem remains of how to use the perceived advantages of the computer to make

online documentation as good as, or better than, its paper counterpart.
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I.1  Thesis organization
This thesis is divided into 12 chapters:

® Chapter 2 ("Prior Work") describes prior online document and information

retrieval systems.

® Chapter 3 ("Information structuring models'') investigates tree and lattice

information structures.

® Chapter 4 ("Search graph") describes the database search space the user
traverses to find desired information. Techniques for pruning the search space
are discussed.

® Chapter 5 ("A production system approach'') partitions online documents into :

a three part production system: control strategy, set of rules, and database. 0

® Chapter 6 ("Manuals") describes the styles of manuals that exist and the

differences among them.

® Chapter 7 ("The maintenance environment') characterizes the maintenance
environment, the types of information search performed, and the type of

Problem solving required.

® Chapter 8 ("The user interface") focuses on the user interface of the system

used for online manuals in the present research.

. " : * . :
®  Chapter 9 ("Introduction to the experiments') gives a brief overview of the two

€Xperiments.

lmmducxi()n 4



Chapter 10 (""Mode and structure of presentation'') describes an experiment

using two different modes of presentation (computer versus paper), and two

structures of presentation (tree versus linear).

Chapter 11 ("Online imperative style manuals") describes an experiment aimed
at reducing the volume of text presented to the user reading a manual, and

reduces the complexity of questions asked to solve problems.

Chapter 12 ("Conclusions") summarizes the present results in the context of the

theoretical framework and its ramifications for future online documentation

systems.

l"”Oduclion
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2.0 Prior work

Many systems have been developed to provide online information, including
several systems for online document creation and retrieval. Each of these systems
is suited for a specific audience. The uses of these systems include online document

retrieval and display, online writing and literature retrieval, historical databases for

museum environments, and online help systems.

2.1 Interactive viewing of existing documents

Viewing documents already stored electronically can be especially useful. The
technology exists to take documents and transform them into a form that allows the
user to view the overall structure, and browse through the contents online (Witten,
& Bramwell, 1985). However, the drawback to this method of information retrieval,
when applied to maintenance manuals and other online systems, is the strict
hierarchical ordering inherent to paper documents. The hierarchy is needed in order
to create an orderly presentation on paper, but is not required or necessarily desirable
when information is to be viewed online. Improved cross referencing would require
that the document be modified for its online presentation, and the hierarchical
organization restriction must be relaxed. The other major disadvantage is that the
information being displayed on the VDT screen was originally designed for paper.
However, the VDT displays less information than a piece of paper. Thus, the user

is forced to scroll the information in order to view an entire section of the document.

Prior work




2.2 Hypertext

Hypertext is a method of organizing information, where pieces of information
are connected via links into in a network database (Moran, & Halasz, 1985; Trigg,
1984; Nelson, 1981). The length of stored information can be a few words or a
complete literary work. A hypertext system is notlimited to textwal information. It
can include graphics, video, and audio recordings.

The concept of linking pieces of information together to create a whole is one
of the most appealing aspects of hypertext systems. The database links can be
grouped together to form predefined paths that guide the user through the network,
Presenting a particular view of the database. Throngh the path mechanism, different
versions of the same information can be presented. For example, the author may
want to view several different organizations of a paper being written. Crealing
different paths for the same material will allow the author to see what the paper
would look like when using the different organizations.

The hypertext approach allows users to incorporate sections of other peoples’
works into their own. If a writer wants to cite another work, or quote a paragraph
from another document, the writer simply inserts a link in the text that points to the

other document. There is no need to copy or replicate any information in the

database.

23 Z0G

The ZOG system is very similar to hypertext (Robertson, McCracken, &

Newell, 1981). The underlying structure is a network of subnets containing
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information and menu frames. Just as in hypertext, these frames are connected
together by links in the database. Links extend from menu selection frames to other
menu or information frames.

A unique feature of ZOG is that it may be used as a front-end for other
programming systems. Interactions with ZOG can result in programs being executed
on the user’s behalf. In turn, these programs can feed results to ZOG which presents
the information to the user. If the user’s program needs information (e.g., terminal
input), ZOG can provide assistance in locating and constructing the correct response
from menu inputs. The output from the user’s program can be interpreted by ZOG,
resulting in the selection of a new frame to be displayed.

The feedback between user programs and ZOG is very attractive for the
diagnostic front-end aspects of maintenance systems. A diagnostic machine with a
database of information can be attached to the system being tested. The diagnostic
machine queries the target system for specific status information. The results are fed
back for analysis. Next, the front-end automatically retrieves the appropriate
information for the user from the database. An "expert system' (Nau, 1983) can
manipulate the results from the target system before passing the information back to

the front-end. There are a number of different possible ways in which these and

other techniques can be combined.

2.4 TIES

The Interactive Encyclopedia System (TIES) allows museum visitors to learn

about European history by accessing a historical database (Ewing, Mechrabanzad,
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Sheck, Ostroff, & Shneiderman, 1985; Shneiderman, & Ostroff, 1984). In the
Museum environment, emphasis is placed on keeping the user interface simple since
TIES is to be used by many different types of people, including novices. The
objective is that TIES should take less than a minute to learn.

TIES has three active keys - move cursor left, move cursor right, and select
Menu item.! Each of these commands is a single key stroke. Instead of extracting
menu items and displaying them as an explicit menu (Koved, 1984), the items are
highlighted directly in the text (see Figure 1). This method of displaying text with
€mbedded menu items has become known as fouchrext (Koved, & Shneiderman,
1985). The initja] screen contains an article with phrases that are highlighted. The
USer positions the cursor on one of the highlighted phrases. Pressing the select key
Causes a new article to be retrieved.

The top line of the screen contains information relevant to the current article.
On the Jef; there is an "Article Title" and on the right is a page number, such as
"Page 1 of 4". If there are two or more pages of text for an article, then commands
(an explicit menu) are shown at the bottom of the screen to allow page turning.
These commands include "Next Page," "Previous Page," and "Return to <previous
article>." Those menu items that are not applicable are not shown. For example,
'P Tevious Page" is not shown when the first page of an article is being displayed.

The TIES system presents a navigation strategy that is similar to the hypertext

and Zog systems. The user is presented with the view that the database is organized

\

1 N g . ; .
A second version of TIES uses a touchscreen to allow pointing with a finger instead of left and

Tight cursor motions (a keyboard is not needed).

Pri0r work



a$ a unified network of related articles. The user start

e ———

N

INTRODUCTION: STAMP UNION PAGE 1 OF 2
The Adele H. Stamp Union, formerly known as the Student Union, is the
cultural and social center for the University. The Union provides a variety of

services to the faculty, staff, and students. A plethora of restaurants are available

providing a wide choice of atmosphere and a variety of menus. The Union is also

center for entertainment. Several shops and many special services are available

t00. Union programs include concerts, exhibitions, and craft classes. The Union

is open all week from 7 AM. to 1 AM. Monday through Friday, and until 2

AM. on weekends.

NEXT PAGE (SELECT OPTION THEN PRESS RETURN) END

———

The above example is an embedded menu
from a database created as part of a student project (Hsu, & Powell,
1984). The imbedded menu highlights the menu items, and are
shown here in bold type. The cursor is an inverse video bar that
points to the current menu selection. Selecting NEXT PAGE allows
the user can turn to the next page. END is used to quit TIES.

Figure 1. TIES menu example:

then proceeds to make menu selections that retrieve new articles. At each node in

the network, except at the introduction, the user can

to the previously viewed article.

PriOl' work
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The TIES concept provides the basis of an online maintenance manual system
because of its simplicity. People can easily access information by touching the
SCreen, using a mouse, or pressing cursor keys. The database traversal strategies are

simple and flexible. Little training is required to learn and use TIES. These concepls

are desirable in construction of large online maintenance manuals.

2.5 Current online help and manuals

Most online help and documentation systems are relatively unsophisticated.
The Primary access mechanism is through keyword lookup, and access into a simple
single Jeve] database of documents. For example, when a user needs information on
the correct syntax or semantics of a command, the user enters "HELP
<Command~name>", While the specific syntax varies, this is the primary method
of Obtaining online inf ormation from many current systems such as TOPS-20 (DEC,
1980), UNIX (UCB, 1981), and VM/CMS (IBM, 1981).

Other online help systems have hierarchically organized help and
dOCUmentation, enabling the user to access various levels of detail of a command or
topic (Posner, Hill, Miller, Gottheil, & Davis, 1983; DEC, 1980). These systems are
Usually keyword driven (e.g., HELP <command> <argument>> ...). Other systems

are more sophisticated, such as Lorus 1-2-3 (Posner et al., 1983) that uses a menu

approach 1o accessing the information database.

Prior wory. 1]



i abases. When the
These systems are general purpose, and mostly use static databases
is the same every
USer tries to get help information, the text presented to the user i

: 2
time, Tegardless of the context or task being performed.

\

(1985) and Houghton (1984).

12
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3.0  Information structuring models

The underlying structure of a databasc is a very important consideration when
deSigning and constructing an online informatior retrieval system. Various
Structures allow different types of navigation and dictate how the information must
be organized. The linear traversal of a set of nodes and cyclic graph are opposite
€xtremes of structuring information. The linear iraversal, turning page by page, is
similar to reading from paper but lacks flexibility. A cyclic graph by itself lacks the
structure needed for organizing information. Documents do exhibit structure, and

are typically organized as trees or lattices.

3.1 Trees

Trees organize information in a hierarchical manner appropriate for many
applications. Videotex and other similar systems (Tetzlaff, 1984; Raymond, 1984;
Ferrarini, 1980) use trees as the basic structure for databases. Each menu in the
system provides access to subtrees. The user starts from a main menu (the root) and
traverses down the edges of the tree until the desired information is retrieved.

Each node in the tree (except leaf nodes) is a decision point. Each selection the
user makes becomes information carried down through the tree. The information
known at node N, at depth D, is all of the prior D-1 decisions made to reach node
N. Since the structure is a tree, the path to reach node N is unique. A tree is an

useful structure when designing an Imperative style manual,? since a node in the tree

3 Manual styles are described in Chapter 6.

Information structuring models



€an not be reached unless all of the prior nodes in the path have been visited. The
tree structure and its traversal strategy ensures that all of the prerequisite information
has been viewed.

Information is not always organized as a strict hierarchy. Designers of
Videotex Systems allow cross-linking between subtrees in the database. The links
avoid replicating information in the database. Links serve as a mechanism to allow
the user 1o traverse several different paths to reach a given piece of information (see
Figure 2). I an incorrect decision is made early in the search through the database,
the user wiy not find the desired information unless the database contains cross-links
Or replicated data. The use of links allows mistakes to be corrected at lower levels
Of the tree.

The addition of links eliminates one of the strengths of the tree by providing
Multiple paths to a node in the database. With links, it is impossible to determine the
€Xact path (the decisions) taken reach a node in the database. That is, if an

Imperative style of manual uses a tree structure with links, it is impossible to know

if -
allof the Prerequisites have been met.

3.2 Lattices

A directed graph is the foundation of hypertext systems because of its flexible
Sthuctyre, Unlike the structure of trees, a directed graph, either acyclic or cyclic,
Wows (e designer to determine the number of roots in the database.

Parajle] Paths are frequently found in manuals when presenting alternative

Methods 1o, accomplishing a task. Alternatives are presented at decision nodes.

Infg : ’
Mmatjoy, structuring models



M Tree structure with cross-links

Differen; Parallel paths can be followed from 'the decision nodes until the paths
Merge at a later node in the network. For example, the installation procedures of a
Dew piece of hardware may be accomplished in several ways depending upon the
tYpe or model of the hardware. The instructions for the different hardware proceed
along independent paths that merge later in the installation procedure.

The databage structure of this parallelism can be viewed as a lattice.* The lattice
isa Subgraph of the database network (see Figure 3). Node D of the lattice is a
decision point, All nodes between, but not including D and M, contain information
\
‘ Rutherforg (1965, p.4) formally defined a lattice as "a partially ordered set such that any two

"
elemens of j possess both a least upper bound and a greatest lower bound.

Infq :
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Figure 3, Lattice: A lattice with decision point D and merge point M. The
— lattice is a subgraph of a network of nodes.

about the decision made at D, just as in a tree structure. Lattices within lattices are
Permitted i the database (see Figure 4). As in the tree, the information regarding
the decisions made determines whether or not prerequisites have been met.
Lattices help structure information in a database. The combining of an
unS[rUCtured hetwork of nodes into a network of lattices has some of the strengths
Gta lree, but eliminates the redundancy and hierarchy problems. However, major

. i : 5 /
Tfawbacks are inherent in the lattice structure. Parallel paths of lattices merge.5 At

5
Otherwise the structure is a tree.

Nfo g -
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i { a larger
Figure 4. Lattice within lattice: A lattice can be a subgraph o g

lattice.

—

i iginal decision is lost.
the node where the paths merge, the information about the original

i the user reaches node
80, information about the decision made at node D is lost when

-i ecting paths (see
M In general, when a node N is reached from several non-inters gp

. i i ersed to reach it.
Figure 5), there is no way of determining which path was trav

33 Lattices with a decision database

i i decisions can be
To prevent losing information when using lattices, the

\\

- only become bushier.
Trees do not lose information since paths do not merge -- trees oniy

In .
fonuauon structuring models
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Fi
gure 5, M?rge of many paths: Disjoint paths may merge at a single node.
Without a decision database, the exact path traversed to reach node

~—— N would be unknown.

record : 5w
ed in a decisjon database.” Thus, when the paths merge at a later node, the

1.nformation about the decision is not lost since it is retained in the decision database.
The information remains in the decision database until it is subsequently modified
by another decision point. Nodes further along in the search path use the decision
databage to determine the specific path traversed. This technique dramatically

redu¢e
s the number of nodes needed in a information or document database since a

b :
Ushy tree is no longer required.

7
The d
atabase of text and information will be referred to as a "database," and the database of

decision j
" . . g
D Information will be referred to as a "decision database."

Iform.,,:
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4.0 Search graph

4.1 User search space

A user searches the database of an online manual for desired information. The
Setof linked hypertext nodes forms a graph. While looking for desired information,
the user js performing a graph search to reach one or more goals in the search space.

The search space can be extremely large for a commercially available database
Such as The Source or a Videotex system. The search space must be pruned to
Teduce jt to 5 manageable size. Several different approaches to pruning the search
SPace exist. The simplest technique presents the user with a set of menus and asks
for the user to traverse an edge in the search graph. If the database is stored as a tree,
then each selection has the potential for rapidly reducing the search space. In a cyclic
Eraph network, however, a single menu selection may not appreciably reduce the

S€arch space, Therefore, other techniques are needed to prune the search space.

42 Two types of pruning
Two new methods exist for pruning the search space in online information
Tetrieva] Systems. The first prunes the number of accessible nodes during the search.

The s¢cond method reduces the volume of information displayed to the user on the

SCl'een_
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4.2.1  Prunin g subtrees

When using a lattice structure with a decision database, the decisions made
along the path to the current node are recorded. When the information retrieval
System fetches the current node from the database, it uses predefined rules® to
determine whether or not paths should be made accessible to the user. If one or more
Paths are determined to be not applicable, then the system prunes those paths by not
allowing the user to traverse them. For example, by not displaying a menu selection,
the user is denied access to the the subpath; hence, the graph has been pruned (see

Figure ).

4.2.2 Prunin g text

The second type of pruning occurs while the text is being formatted for display.
The complete text of a database node is a network of wérds, phrases, and sentences
linkeg together in a serial fashion (see Figure 7). Using predefined rules, as used in
Pruning subrees of a graph, the text formatter modifies the displayed information
based upon the current state of the decision database. The pruning takes place when
the formatter determines that a particular piece of text is not relevant and should not

be shown,

\

8 ;
The ryles are associated with the database, and define the search space. Rules are described

further jn Chapter 5,
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Example 1:

A - Official holidays
B - Personal days off
C - Sick days

D - Paid vacation days

Example 2:

A - Official holidays
B - Sick days

———

hows
gt 6. Prued pem sesoions, W SEIEL Rt s
enefits for a company tha i ation
:ng hourly employpees. Example l Showsl e typ;l?iymhr:\zn more
that is made available to the salaried emp ;)ﬂyee;;we e i e
benefits than the hourly workers who o < rocess eliminated
information shown in Example 2. The pruning FeCtions
two of the menu items and relabeled the menu Sehow unr;runed and
The two figures to the right of the menus s

us.
the pruned graphs that represent the two men

\
4.2.3  Database node reduction

: isti tored in a
Text pruning reduces the number of physically distinct nodes s

isi several parallel paths
document database. For example, a decision node may create p

l by Illa};lllé’ Llle

= : ine at
aNother. Text pruning collapses the multiple paths into 2 single p

appropriate text substitutions (see Figure 8).

21
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...... »[Words |.....p[linked | .. [serially |

M Sentence tree

e

Turp the knob clockwise.

Turp the handje counter clockwise.
\

Figure 8. Text substitution: The text is substituted to dynamically create
"
new nodes in the database. "Knob" and '"handle" are

~——____Interchangeable, and "counter’ was added to the second sentence.

N
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S0 A Production system approach

FOUOng the structure of many artificial intelligence (Al) systems, the design
Of the online documentation system presented in this thesis is divided into three
Parts: contro structure, rules, and database (Nilsson, 1980). The difference
between an A application and the online documentation systems is that the latter
¢ directed by the user rather than a programmed heuristic. The user determines

When (o backtrack, whether or not acceptable goals have been reached, or when a

S€arch has fajleq and should be terminated.

S.1 Control Structure

The control structure is a combination of the online maintenance manual
Program Manipulating the database through the use of rules, and through interaction
ha person using the system. The program is given a start node in the network
here the Search is begun. The rules indicate the successor nodes in the graph. The
User Selects successor node for expansion by making a menu selecnon At any

Poj ,
Mlin the Search, the user can initiate backtracking by returning to previously

e .
Wed Sections of the manual.®

The User determines the success or failure of the search. If the user fails to find
h .
® desireq information, the search is terminated. Sometimes multiple subgoals are
duired 1o SOlve a given problem. Similar to AND/OR trees (Nilsson, 1980), each

Sub .
B May require searching one or more subpaths in the database.
9

All g : -
of the PreVious sections in the current search path are held in a stack.

Oduclion System approach -



People have various strategies (heuristics) for searching. The search process
May not be optimal or result in reaching the goal due to the pruning of subgraphs the
USer perceives 1o be unpromising. The problem of pruning subgraphs is related to the
difficulty of indexing material for document databases (Blair, & Maron, 1984;
FUrnas, Landauer, Gomez, & Dumais, 1983; Landauer, Dumais, Gomez, & Furnas,
]982§ Thomas, & Carroll, 1981). When the database systems are used by people
With differen; backgrounds, synonymy and polysemy make indexing of information

diff icult,

5.2 Rules

Simple rules are links tying the documents into a network. Complex rules
include Jinq With semantics or information used for graph pruning. In the online
Maintenance Mmanual systems used in the present research, two different styles of
Tules were developed. The first system uses simple rules for linking documents
together. The second system uses the rules to link the documents together as well
s antecedents for graph pruning (Nau, 1983). The information in the decision

database i used by the antecedent rules in the pruning process.

5.3 Database

Databases are the stored documents that are usually divided into subsections.
Each of these subsections is linked into a digraph. Most systems use static databases.
HOWeVer » techniques exist to dynamically generate new nodes in the graph on

demang ag yaq Previously described in section 4.2.3 on database node reduction.

A .
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5.4 Substitution

Each of the three parts of the production system described can be interchanged
With ap €quivalent component. Different users can use the same system and
Programs are interchangeable with other programs that use the same databases and
Tules, Substituting the rules modifies the underlying graph structure of the database
as wel] a5 the Pruning behavior, and can be used for developing alternate
Dresentations for differen: audiences. The database can be substituted without
Teplacing the Tules as was done to develop two sets of structurally identical problems
for the Sécond experiment of the present research. The ability to substitute any of

the three barts of the system provides flexibility and extensibility.

S5 An €Xpert system

The databageg and rules are designed by experts in a specific field. These two
“Omponen; form the basis of an expert system (Nau, 1983), albeit a simple one.
The Unique aspect of the expert system described here is that the user is an integral
Part whe, directs the search process as well as provides inputs. At each node in the

d 4
0Cumem database, the control structure selects the antecedent rules and values in

the degic:
dec1s10n database 1o perform pruning of the search space.

3.6
Text Processing technique
For simph’city, it may be desirable to merge the rules and the database into a
Single file. Using text Processing languages that model document structure, such as

ML gy, 1980) and Scribe (Reid, 1980), the rules can be be written as text

| “ 25
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prOCessing commands embedded in the text of the database. Text processors can be
used for printing the database as a document, or the file can be processed by another
ransducer 1o produce the database and rules as previously described. The use of text
Processing languages has the advantage of creating documents with existing tools,

and allowing existing documents to be easily transformed into the database and rules

forma¢.

5.7 The relationship to pruning

The Production system controls the type of pruning taking place by making text
SubS[itutions. There is two types of pruning taking place -- the first is to prune text
0 be shown on the screen, and the second is to prune menu selection items. In
Figure 9, the ey i preceded by text processing tags. These tags identify the
function hay determines whether or not the text or menu item is to be pruned. If the
function Teturns nil, then the characters { ollowing the tag is pruned. Otherwise, the
(ext is formatted ang displayed on the screen. If the text being formatted is a menu
item, then the text Processing tags indicate that it is selectable and optionally defines
A identifjey and a value. When the user selects a menu item, the production system

assigns (he value to the identifier. These identifiers are used by the functions defined

1 the tags 14 determine whether or not pruning is to be performed.

| 26
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6.0 Manuals

6.1 Styles of manuals for maintenance

Lisieq below is a description of typical manual styles:

General Information: The general information manual is similar to a textbook.
The Objective of this manual is to give an overview of the system. It gives the
Teader ayp understanding of how each subsystem functions. The information is
Presented ip chapter and section format. Each chapter describes major
Subsystems, The manual may not necessarily be a logic description, nor give
intimae details of the subsystems’ operations. This manual is not intended to
describe Particular repair or modifications. Its purpose is to give an overall

PEISpective of how the system works.

lmperative: The imperative style manual is almost the opposite of the general
informatjon Manual. It provides a detailed step by step approach for solving
Problems. Ap €xample of this style of manual is the detailed directions for
inStamng a new expansion card into an IBM Personal Computer. The
instructions begin with how to turn off the computer and to remove its COVer.
It pr OCeeds, step by step, until the task is completed.

The imperative style manual is well suited for novices as well as the

i i tlls are required since
"requeny yer, Little background knowledge or special skills

®ach procedure i clearly outlined.

28
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Narrative Wwith references: This manual provides a general, or macroscopic
Overview of particular procedures, and gives relerences to the specific details.
The Objective is to give an overview of what needs to be done in order to reach
the desired goal. Many of the microscopic details necessary to reach the goal are
SUppressed, The appendix or other chapters that deal specifically with detailed
OPerations are Jocated elsewhere in the manual.

There are WO reason to design maintenance manuals in the Narrative style
With Teferences. The first is to economize on space, and the second is to avoid
T€Peating deajls the experts already know. In the Imperative style, the specific
details of each step in the process are presented. If the microscopic instructions
are repeated ip the manual, redundancy is introduced into the document or
Online datapyge. From the document maintainer’s point of view, this
redundancy is undesirable since it makes updating more difficult, and leads to
inconSiS‘enCY- From the experienced user’s point of view, repetition is annoying

and frustrating.

Currept online manuals

Curreny online manuals can be substantially improved. Most manuals use static
databases Whose content js displayed on demand. These manuals are usually General
OMmation Manuals or Narrative with references (e.g., UNIX man command,
VM/ CMs Help ¢ommand). A common organizing technique for online manuals is
to Subdivige the manual and allow access via keywords. The user must know what

; the user is
keyw()rds L0 use to access the database. The information presented to
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7.0

7.1

The maintenance environment

Modes of search

In general, there there are two basic modes i i
g n which a perso
n searches for

information.

Unguided scarch: The most common type of search in online information
retrieval systems is the unguided search. The user begins with the desired goal
of locating a specific set of information. In the process of attaining this goal, the
user must develop a plan, or a course of actions. The writer or designer of the
material being searched does not provide guidance to the reader, or necessarily
provide detailed steps on how to solve a specific problem. The user develops
strategies for reaching the goal, and at the same time develops a cognitive map
of the internal schema of the online database. Frequently, the two processes are
not identical. The discrepancies, including synonymy and polysemy, lead to
problems and frustration when using online systems, and has been a problem for
indexing of current information databases (Raymond, 1984).

A primary method of navigating through large databases is through
keywords and indexing, where the discrepancies between the individual’s
expectations and the system’s actual indexed items create problems (Blair, &
Maron, 1985; Furnas, Landauer, Gomez, & Dumais, 1983; Landauer, Dumais,

Gomez, & Furnas, 1982; Thomas, & Carroll, 1981). Even the same person may

The maintcnance environment
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use different indexing schemes if given the same material at different times

(Blair, & Maron, 1985). No obvious and simple solutions exist for this problem.

Guided search: The search is oriented from almost the opposite point of view of
the unguided search. Once the user’s goals are identified and the proper starting
point is located, the database system directs the navigation. As in the Imperative
and Narrative styles of manual design, the directions are provided in a
step-by-step procedure. The user has information (e.g., model or serial number
of a machine) to determine the correct path to follow. The navigation is
user-assisted in the sense that the user chooses among the alternative paths
presented at decision nodes in the database network. The user’s search strategy
is motivated by a directed subgoal search process. Assuming the user enters the
correct information, the database will direct the user through the database
towards each subgoal.

An example of such a process is illustrated by the IBM Personal Computer
expansion card installation instructions. The user is given the starting point in
the database because the booklet is included with each of the expansion cards
sold for the computer. The user starts at the first page, and proceeds
step-by-step until the installation process is complete. At each step in the
process, the manual directs the user to the next pertinent section. The manual
provides immediate feedback to the user as to whether or not the installation is

proceeding correctly through diagrams or diagnostic tests that may specify any

necessary remedial actions.
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7.2 Problem solving

The problem solving in the maintenance environment is constrained. The
complexity and sophistication of mechanical and electrical devices is considerable.
Only 2 limited number of personnel are usually available to service all of machines
such as mainframe or mini computers. If each mechanical or electrical device in these
machines had to be repaired rather than replaced with a new or similar unit, the cost
would be staggering in terms of manpower. In addition, an insufficient number of
rechnicians would be available to perform the repairs. In some companies, a person
may be required to service and repair several different types of complex equipment.

For these reasons, many companies have chosen to design their equipment so
\hat they are composed of "black boxes." The technician is required to perform
diagnostics to determine which of several "black boxes" has failed, and replace that
component. The replacement of a modular component reduces the amount of time

to train service personnel, and also reduces the amount of time to perform a

particular maintenance task.
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8.0 The user interface

¢ involving
. . ' eriments involving
A very simple user interface was needed for conducting €XP

minimize the time tO learn to

online manuals. An objective of this interface was 10

: . . - imizi number of errors
use the system and find the information of interest. Minimizing the

was desired. Time

the user committed while searching through the online manual

: A o ti imitations for
devoted to learning the system was also minimized due tO the time limit

: < . ; similar to
conducting experiments. These criteria Jed to the adoption of an interface

TIES (Ewing, et al., 1985; Shneiderman, & Ostroff, 1984).

8.1 Screen layout

In the OnLine Maintenance Manual (OLMM), tWO adjacent display screens

were used to simultaneously display text and graphics.

One display screen was divided into three regions (see Figure 10). Each region

was visually separated by thin double lines. The top region provided orientation

guides, listing the current section title of the manual and the page number. The

bottom region contained an explicit menu of pavigation commands. If a section of

the manual had two or more pages of text, then commands at the bottom of the
screen allowed page turning. These commands included "'Next Page," "Previous
Page," "Previous Section," and "First Page.” The "Previous Section' command
allowed the user to return to the previously viewed section of the manual. When the

first page of a manual was displayed, the "Previous Page'' menu item was not

available. Pressing the ""Page Number" function key erased the information at the

The user interface



Section Title: Layout of the screen Page 10f 1 D D
Up to ten lines of text are placed here. D

Firyt

Poge

Previous Page Next Page irst Page vious Section

Figure 10. OnLine Maintenance Manual screen and key layout: The screen
is divided into three regions. The top is for status information (e.g.,
title and page numbers), the central region for text, and the bottom
for page turning commands. The function keys are shown on the
right.

bottom of the screen and displayed the question: "Page number?" Once the user
entered and selected the page number, the bottom line returned to its former state.
The central portion of the screen displayed up to ten lines of textual material.
Using double spacing alleviated difficulty with reading densely packed material on a
small screen (Kolers, Duchnicky, & Ferguson, 1981). A 70 character text body was

chosen, rather than the full 80 character width of the display, to allow space for left

and right margins.

The cursor was an inverse video region on the screen. The cursor could point
only to the menu items. These include the embedded items in the text and the

navigation commands at the bottom of the screen.

The uscr interface
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The second display, an IBM Personal Computer Color Display, presented
graphics. The graphics were limited to line drawings, filled rectangular regions, and

textual captions or legends. The graphics were in high resolution mode.

8.2 Input syntax

The input syntax was restricted to five function keys. The design of the user
interface deliberately limited the choice of actions to maintain the simplicity of the
user interface.

The five active keys were labeled ""Move Bar," "Select," "First Page," ''Page
Number," and "End." Each of these commands was a single key stroke, using either
the function keys on the left side (first experiment), or the numeric keypad on the
right side of the keyboard (second experiment). The function keys were overlaid

with appropriate labels (e.g., ""Move Bar'').

8.3 System semantics

OLMM presented the user with a simple strategy for accessing information.
The user viewed the database as an acyclic tree. In practice, however, the database
may be a cyclic network of nodes.

Each time the user made an embedded menu selection, a new section of the
manual was retrieved from the database. To make a selection, the user positioned
the cursor on an underlined phrase, that became highlighted in inverse video, and
pressed the select key. The new information appeared on the screen. The selection

process was both repeatable and reversible.
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Each manual section was either an interior node or leaf of the tree. If the node
Was an interior node, then it contained additional embedded menu items. Leal nodes
©f the tree did not contain embedded menu items.

Once an embedded menu selection was made, the current location in the
database was pushed onto a stack. At each node in the tree (except at the root), the
User could request that the system move one level back toward the root by selecting
"Previous Section". To locate the previous section, the system popped the top of the
Stack and retrieved the database entry corresponding to the top of the stack.

If there had been more than ten lines of text to be displayed in a section, the
Commands for page turning were shown on the bottom of the screen. The user could
boint to any of the page turning commands with the cursor and select the correct one.

Each node, or section of a manual, had an associated graphic description.
Whenever a section of a manual was retrieved from the &atabase, the associated
graphic description was also retrieved and the figure was shown on the second
display. The need for a second display screen for the graphics was due to both space

limitations of the first display and hardware capabilities.
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9.0 Introduction to the experiments

Two experiments investigated peoples’ performance (time to perform a specific
task) while using different styles of manuals. The subjects were placed in a situation
similar to a maintenance environment where they were required to use a manual to
solve hardware maintenance problems. The subjects were required to locate
information and perform actions according to the directions in the manuals.

The manuals provided a directed search strategy. Once the subjects located the
appropriate starting location, the manuals explicitly instructed them as to what
needed to be done to solve the problems. Each of the experiments used a different
style of manual - Narrative style for the first experiment, and Imperative style for

the second experiment.
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10.0 Experiment 1: Mode and Structure of Presentation

10.1 Overview

Manuals written in the Narrative style have two primary characteristics. The
first is that they refer the reader to other sections of the manual. References are
given as page numbers, section numbers, or topic titles. When the reference uses a
page number, the search is straightforward — just turn to the correct page. However,
not all page numbers follow a sequential scheme. Some books use a chapter-page
number format, such as 5-145 to refer to page 145 of chapter 5. This form of page
numbering increases the search time since both the chapter and the page numbers
must be located.

Searching for a section number is analogous to locating a word in a dictionary.
The reference words located at the top of the page in a dictionary serve as an index.
Searching for a section by topic title is more complex. Either the table of contents
or the index must be consulted to determine the page number, and then the reader
must turn to the correct page.

In general, each of these search operations can be tedious and time consuming.
Online systems using these reference techniques can require more time than paper
manuals to locate the correct section because of complex input syntax, slow speeds
of the computer output devices, or poor indexing and access strategies.

The other primary characteristic of Narrative manuals is that the reader must
keep track of the locations in the text where reading of the narrative was suspended

in order to read a reference. With paper manuals, the reader may insert place marks,
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such as hands or fingers, into the manual. However, online place holders are not
generally available. When using online manuals, the reader must remember the
location where reading was suspended in order to resume at the proper location. If
a multiple reference chain leads the reader from one topic to another, the page
numbers and the correct sequence that returns the reader to the original topic may
be forgotten. As Borenstein (1985) has noted, many online help systems lose or
destroy the current context. Thus, the user is burdened with remembering and

restoring the previous context.

10.2 Hypotheses

The first experiment attempted to answer the following questions:
1. Which mode of presentation (online or paper) is faster for retrieving
information, and by how much?

Overall, the subjects using paper manuals, both linear and tree, were
expected to read and solve problems faster than the subjects using the online
versions. These expectations were based on the poorer performance of people
reading from VDT screens than from paper (Mills, & Weldon, 1984; Wright, &
Lickorish, 1983; Gould, & Grischkowsky, 1984; Hansen, Doring, & Whitlock,
1978), and the greater familiarity the subjects have with using paper manuals.

The linear presentation was hypothesized to be faster than the tree version
for the paper manuals. The linear presentation was similar to the standard
method of organizing information on paper, thus it was more familiar to the

readers.
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In the computer versions, the numbers of pages viewed by the subjects for
each trial were recorded. The hypothesis was that subjects with the tree version
would view fewer pages than the linear version. That is, for the tree version,
only the pages necessary to perform the experimental task needed to be viewed.
In contrast, when using the linear version, the readers were expected to turn the

pages sequentially to find the correct location in the manual.

2. Does the presentation structure (linear vs. tree) affect the search time? Is there
an interaction between the presentation structure and the mode of presentation?
For the computer versions, the subjects using the tree structured manual
were expected to be faster than those using the linear version. The tree structure
contained mechanisms to automatically locate the correct information. Also, the
implementation of the tree structured manual returned the reader to the correct
page after a reference had been viewed. However, in the linear presentation, the
reader had to remember page numbers in order to return to the correct narrative
pages. Forgetting the page number from which they had come was expected to

result in impaired performance for the subjects in the linear presentation.

3. Will the mode or structure of the presentation affect the number of errors made?
Fewer errors were expected in the most familiar situation (paper-linear)
as compared to the other situations that were less familiar.
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10.3 Method

10.3.1 Experimental design

The experiment was a 2 x 2 x 12 design with mode of presentation (paper vs.
computer), structure of presentation (linear vs. tree), and trials (1-12) as factors.
Both mode and structure of information were between-subject factors, and trials was
a within-subject factor. The four experimental conditions were labeled
computer-tree, computer-linear, paper-tree, and paper-linear (see Figure 11).

The dependent measures were the time to solve the problems and the number
of errors made across the trials. In the computer conditions, the number of pages
viewed per trial was an additional dependent measure. A questionnaire completed
by each subject at the conclusion of the experiment provided additional

between-subject statistical measures.

10.3.2 Subjects

Fifty-six undergraduate students recruited from the University of Maryland
student body participated in the first experiment. Data from forty subjects was used
in the analysis. The remaining sixteen subjects were not included because they were
either part of the pilot testing (four students) or did not complete the twelve trials.
The subjects not included were evenly distributed among the experimental

conditions. Each subject was paid $5 for participating in the experiment.
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Structure of Presentation

Mode of
Presentation Tree Linear
Computer Computer— | Computer—
Tree Linear
Paper Paper— Paper—
Tree Linear

Figure 11. Experiment 1 - Design: The four experimental conditions, mode
of presentation by structure of presentation.

10.3.3 Materials

10.3.3.1 Manuals

A simulated electronic intercom maintenance manual was written for the
experiment. Four versions were developed, one for each of the experimental
conditions. Each version contained the same text and graphics (diagrams); however,
the organization and the number of pages in each version differed. A page in the
computer versions was considered to be a single display screen of text with an
accompanying screen of figures.

The pages in the computer-tree manual were organized hierarchically, giving the
appearance of being a tree. Access to information in the manual was through

embedded menus. The user interface provided a subset of the functions and features

previously described.® The three function keys provided, 'Move Bar," "Select," and

10 A detailed description of the features used is in chapter 8 (The user interface).
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"First Page," were located on the left-hand side of the keyboard (see Figure 12).
The reader could move the cursor to an underlined phrase and then select it in order
to display a detailed section on that topic.

Previous Section was a selectable menu item that appeared on every page except
for the first page. This menu item allowed the user to turn back to the previously
viewed section of the manual. The Previous Section function was analogous to
backward page turning.

Although there were only 30 unique pages in the manual, the hypertext
organization gave the reader the impression that there were 52 pages. The readers
were able to select some sections from more than one place in the manual. For
example, the ""Power Up" section could be reached from three different places in the
manual even though the article existed only once in the database. The pages were
not numbered in this version since the manual was logically organized as a lattice.

The pages in the computer-linear manual were organized in a sequential, or
book, format. Access to the pages of the manual was through page-turning
commands, similar to many current online manuals.

The user interface for this manual was a subset of the functions and features
previously described.!! The three function keys used were "Move Bar," "Select,"
and "Page Number." Pressing the "Page Number' key allowed the user to enter the
number of any page in the manual. By pressing the select key, the page was retrieved
and displayed. The page-turning commands Previous Page, Next Page, and First Page

could be pointed to with the highlighted cursor; the cursor could not move to the

1 A detailed description can be found in chapter 8 (The user interface).
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Section Tithe: Extension options

The options for the NESW intercom system are controlled by a set

of switches on the controlier card. Locate the controlier card and
remove it from the system ynit. Find the serial number.

There are 3 types of controller cards which can be distinguished
by serial number:

0010 through 0250, 2660 through 6000, and 7000 through 7999

Set the switches according to the version of the card in your

system. Once the options are set, insert the control card into the
gystem unit

HO0O0
HU000

Previous Section

Figure 12. Experiment 1 - Computer-tree screen and function keys

underlined phrases in the text. The underlined phrases were followed by a page
number (a reference), in parentheses, indicating where the corresponding
information was located (see Figure 13). The page numbers always referred to
pages later in the manual (forward references). Page numbering was shown in the
upper right-hand corner of the screen.

The pages were organized as though an in-order traversal of the tree version
had been performed. The in-order traversal yielded 52 pages (30 unique, 22
duplicates) for the computer-linear version.

The paper-linear manual was a paper version of the computer-linear manual.
The contents of the text and graphics had been replicated on paper in the same
format as they appeared in the computer screens. The bottom section containing

compuler-specific commands was omitted in the paper-linear manual.
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Section Title: Extension Options Page 15 of 55

The options for the NESW intercom system are controlled by a set
of switches on the controller card. Locate the controller card (page
16) and remove it from the system unit (page 17). Find the serial

pumber (page 18).
There are 3 types of controller cards which can be distinguished by

serial number:

0010 through 0250 (page 19), 2660 through 6000 (page 29), and
7000 through 7999 (page 39). Set the switches according to the
version of the card in your system. Once the options are set, insert

the control card into the system unit (page 49).
Previous Page Next Page Eirst Page

DEOE0
D000

Figure 13. Experiment 1 - Computer-linear screen and function keys

The paper-tree manual was similar to the paper-linear version except that all
duplicate pages were removed. That is, there were 30 pages in this manual. All
introductory pages of sections were at the beginning of tile manual and all detailed
information sections referred to were at the back of the manual. The page numbers
that followed the underlined phrases were adjusted correspondingly.

In the paper conditions, the pages were placed in a binder with the graphics
displayed on the page facing the text page. The difference between the two paper

versions was in the numbering and organization of the pages, which reflected their

different structures.

10.3.3.2 Questionnaire

A questionnaire regarding the experiment was completed by the subjects after

they completed the experimental tasks (see Appendix A). The first nine questions
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were a subjective evaluation of the experiment, and the last question asked how the

manual could be improved.

10.3.3.3 Problem sets

The experimental problems were to use the manuals to determine the correct
settings for two sets of eight dip switches. The dip switches were soldered to a
prototyping card along with IC chips and resistors to appear realistic. The manuals
referred to this card as the "controller card." The twelve problems had different

combinations of on and off switch settings to be set according to three parameters:

1. The serial number on the card.
2. The number of "cards in the system unit."

3. The number of "extensions in the system unit."

The serial number was one of two numbers printed on labels attached to the
prototyping card. The serial number was different for each of the trials. The other

two parameters were given to the subjects on an index card at the beginning of each

trial.

10.3.4 Equipment

Subjects who were tested on the computer manuals used an IBM PC/XT
microcomputer with two adjacent display screens. An IBM Personal Computer
(monochrome) Display!2 was on the right, and an IBM Personal Computer Color

Display was on the left. Text was displayed on the monochrome display, and

12 Green phosphor on a gray-black background.
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graphics were displayed in a single color (yellow-gold) against a black background
on the color display.

All subjects were given a stylus that could be used to set the dip switches.

10.3.5 Procedure

10.3.5.1 Practice

Initially, the subjects were given a practice problem to familiarize them with the
experimental task and the type of manual they would be using. Four short manuals
were developed for the practice problem, corresponding to the four experimental
conditions. Each manual included general instructions on manual usage, as well as
information needed to complete the practice problem. The practice problem
consisted of following manual instructions for setting eight dip switches that were

soldered to a prototyping card.

10.3.5.2 Experimental procedure

The subjects were randomly assigned to one of the four experimental
conditions. Specific instructions were read to the subject at the beginning of each
session. Each subject was informed of the task to be performed through the use of
a practice trial. The subjects in the computer conditions were told the functions of
the keys they could use to traverse the online manual. The subjects in the paper
conditions and the computer-linear condition were told how the page numbers after
the underlined words in the text could be used to locate information in the manual.

Once the subjects had completed a practice problem they were given additional
instructions describing the experimental task. They were told to set the sixteen

Experiment 1: Mode and Structure of Presentation 48



switches on the controller card based on information in the manual, on the controller
card, and on the index card. For each trial, the subject was given a controller card
that had a different randomly generated serial number on it, an index card containing
information on the "number of cards in the system unit," and the "number of
extensions in the system unit." Each subject received the same randomized set of
twelve problems in the same order.

The subjects were informed that the time for each trial was being recorded.
The subjects in both computer and paper conditions were timed using the computer’s
internal clock. The subjects in the computer conditions were timed from the start
of the trial until they pressed the "End" key to indicate they were finished. The
subjects in the paper conditions were timed by the experimenter by pressing the
appropriate keys on the computer. Timing began the moment the subjects indicated
they were ready, and ended when they said they were finished. The subjects’
identification number, trial (problem) number, and time for each trial was recorded
on the computer. The subjects’ responses (the switch settings) were recorded by the
experimenter. The subjects were not given feedback about their performance during
the experiment.

After the subjects finished the twelve trials, they completed the subjective

evaluation questionnaire.

10.4 Results
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COMPUTER PAPER MODE STRUCTURE
TRIAL TREE LINEAR TREE LINEAR COMPUTER PAPER  TREE LINEAR

1 576.6 679.6 611.4 554 4 628.1 582.9 594.0 617.0
2 203.9 211.1 165.4 160.1 207.5 162.8 184.7 185.6
3 152.2 123%.7 109.1 110.1 120.5 109.6 113.2 116.9
4 113.2 102.8 73.1  92.9 108.0 83.0 93.2 88.0
5 103.0 97.9 85.7 81.8 100.0 83.8 94.4 89.9
6 91.4 88.8 65.0 91.7 90.1 78.4 78.2 90.3
7 87.8 82.7 £5.2 68.5 85.3 61.9 64.2 75.6
8 73.2 61.2 1.4 44 .0 67.2 42.7 57.3 52.6
9 68.8 56.8 L2.2  60.1 62.8 51.2 55.5 58.5
10 64.5 54.5 41.8 52.6 £9.5 47.2 53.2 53.6
11 61.6 gg.g ﬁg.a 50.9 60.3 EZ.A 53.g 60.0
12 59.9 2 7 .7 .0 .7 52, 50.9
MEAN  135.1 139.7 115.2 11%.5 137.4 116.8 125.2 129.1

ANOVA (RECIPROCAL OF TIME PER TRIAL)
F(1,36) =10.42, P<.01 FOR COMPUTER VS. PAPER
F(11,396)=74.60, P<.001 FOR TRIALS

Figure 14. Experiment 1 - Mean total times: The mean total time in
seconds; mode by structure by trial, for mode and structure.

The mean total time in seconds per trial for each of the experimental conditions
is shown in Figure 14.13 A 2 x 2 x 12 analysis of varianée was performed on the
reciprocals of the total time per subject per trial, with mode, structure, and trials as
factors.!* A significant effect of mode (paper vs. computer) was found
(F(1,36)=10.42, p<.01). The mean time in seconds was 116.8 for setting switches

for the paper conditions, and 137.4 for the computer conditions. Hence, the subjects

13 In two instances in the paper conditions, the times for a trial were lost because of administrative
errors. The data for the two lost trials were replaced with the mean time of the remaining nine
subjects on these two trials.

14 Using reciprocals is a standard transformation used to get rid of interactions between means and

standard deviations for response time data.
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in the paper conditions were faster than the subjects in the computer conditions.
There were no significant interactions with the structure (linear vs. tree).

There was little difference in performance between the linear and tree
structures (see Figure 14). The mean time in seconds to set the switches across all
trials was 129.1 in the linear conditions, and 125.2 in the tree conditions. A 2 x 12
analysis of variance between the linear and tree conditions, by trial, did not yield a
significant difference across trials.

There was a significant main effect of trials (F(11,396)=74.60, p<.001) (see
Figure 15). The subjects were generally becoming faster at solving the problems
across each successive trial, regardless of the mode or structure.

In the computer conditions, the number of pages viewed was recorded (see
Figure 16). A 2 x 12 analysis of variance with structure and trials as factors
indicated a significant difference between linear and tree structures (F(1,18)=4.91,
p<.04). The overall mean number of total pages viewed was 12.3 in the linear
condition, and 18.3 in the tree condition. There was also a significant main effect
of trials (F(11,198)=36.21, p<.001), indicating that the subjects were viewing
fewer pages across each successive trial. The interaction between structure and trials
was not significant.

For each subject, the total number of errors in switch setting combinations was
calculated. A switch combination was defined as a group of switches that could be
set from one of the graphic displays of the manual. For each trial, there were four
such combinations with the number of switches per combination ranging from 1 to

8 switches. Thus, the total number of switch setting errors possible per subject
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Experiment 1 - Mean total times graph: The mean total time in

Figure 15.
seconds; by mode by structure by trial.

ranged from O to 48. A 2 x 2 analysis of variance was performed on these data, with
mode of presentation and structure of information as factors (see Figure 17). No
significant differences were found in the number of errors among the experimental
conditions.

The subjective evaluations provided an indication of preference for the
computer manuals over the paper manuals. One question was eliminated because the

scale indicating preference, relative to the other questions, was erroneously reversed.
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Computer
Trial Tree Linear

1 53.1 A43.1

2 23.8 17.3 T

3 15.8 12.0 7

L 15.9  10.5  4ude

5 16.0 9.0 & e

3 15.1 9.2 &1 *

7 15.0 9.0 meac

8 13.1 8.5 -

9 13.5 7.0 »

10 12.8 6.9 : T ——
11 13.4 7.2 '
—]—2- ]2’ -L . i b 3 ; § b 7 : q 7 /: I

mean 18.3 12.3 sl |

ANOVA
F(1,18) = 4.91, p<.04 tree vs. linear
F(1,198)=36.21, p<.001 trials

Figure 16. Experiment 1 - Mean number of pages viewed: The mean

number of pages viewed in the tree and linear structures for the
computer manuals.

Results from the remaining eight questions indicating preference were summed, and
a 2 x 2 analysis of variance with mode and structure as factors indicated a significant
difference between paper and computer conditions (F(1,36)=5.08, p<.03) (see
Figure 18).

Significant differences were found for two of the questions in a subsequent
analysis of the subjective evaluations. Question three (good - bad manual) showed
a significant difference between the computer and paper conditions (F(1,36)=4.94,
p<.033). The mean was 2.3 for the computer condition, and 3.2 for the paper
condition on a scale of 1 to 7. This indicated a preference for the computer manuals

over the paper manuals regardless of the structure. Question seven (well organized
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COMPUTER PAPER MODE STRUCTURE
TREE LINEAR TREE LINEAR COMPUTER PAPER TREE LINEAR

3.8 3.5 6.8 4.0 3.7 5.4 5:3 3.8

Figure 17. Experiment 1 - Mean number of errors: The mean number of

errors by condition. Errors for each subject were summed across
all tnals.

- poorly organized) also showed a signilicant difference between computer and paper
(F(1,36)=9.69, p<.004), and a significant interaction between mode and structure
(F(1,36)=4.16,p<.05). The computer manuals were rated as better organized than
the paper manuals (2.1 versus 3.6). In the computer conditions, the tree structure
manual was rated as better organized than the linear structure manual (2.0 versus

2.2), whereas in the paper conditions the tree structured manual was rated worse

than the linear structured manual (4.4 versus 2.7).

10.5 Discussion

There was a significant difference in time taken to solve the problems between
the computer and paper conditions. Based upon a mean of 116.8 seconds for the
paper conditions and 137.4 seconds for the computer conditions, paper was faster
by 15%. This result confirms other studies that indicated reading from paper is
faster than from a VDT (Wright, & Lickorish, 1983; Gould, & Grischkowsky, 1983;
Hansen, Doring, & Whitlock, 1978). The subjects in the computer conditions were
also burdened with learning traversal procedures and strategies to use the online

manuals. The traversal process for the computer linear condition (entering page
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COMPUTER PAPER MODE STRUCTURE
QUESTION TREE LINEAR TREE LINEAR COMPUTER PAPER  TREE LINEAR

OVERALL 16.8 17.6 24L.8 20.6 17.2 22.7

3 2.5 2.1 3.4 2.8 2.3 3.2
(GOOD-BAD)
(1=GoOD 7=BAD)

7 2.0 2.2 4. 4 2:7 2.1 3.6 3.2 2.5
(ORGAN |-
ZAT ION)
(1=WELL ORGANIZED 7=POORLY ORGANIZED)
ANOVA
F(1,36)=5.08, P<.03 OVERALL COMPUTER VS. PAPER (FOR ALL QUESTIONS)
F(1,36)=4.94, P<.033 QUESTION 3 COMPUTER VS. PAPER
F(1,36)=9.69, P<.004 QUESTION 7 COMPUTER VS. PAPER
F(1,36)=4.16, P<.049 QUESTION 7 INTERACTION OF MODE AND STRUCTURE

Figure 18. Experiment 1 - Questionnaire results

numbers) and the computer tree (moving the touchtext cursor) may have slowed
down the subjects.

There was no indication that touchtext helped to reduce the search time.
Subjects in the computer conditions performed more slowly than those who had the
paper versions of the manual. Also, an analysis of the two computer conditions did
not reveal a difference between the linear and tree versions -- the mean search times
for both conditions were almost the same. However, the subjects in the
computer-tree condition viewed 48.8 % more pages than in the computer-linear
condition. The tree structure of the manual may have slowed the progress of subjects
in the computer-tree condition. In each trial, the subproblems -- setting the four
groups of switches -- forced the subject to traverse down a predefined path through
the manual. Once a subproblem was completed, the only way to begin the next

subproblem was to retrace the path back to the starting point of the subproblem.
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No aids were provided to allow the subject to skip a section, or turn directly to a
specific part of the manual.

A traversal strategy was not forced upon the subjects in the computer-linear
condition. The subjects learned the layout of the manuals very rapidly (see
Figure 15). As the subjects worked the successive problems, they began to skip
directly to the pages of interest rather than following the underlying tree structure
of the manual. It had not been anticipated that the subjects would memorize as much
of the manual structure as they evidently did. Memorization could account for the
significant difference between the number of pages read in the two conditions. It
also perhaps explains why subjects in the computer-tree condition did not perform
better than the computer-linear condition subjects. The computer-tree subjects may
have memorized the layout of the manual, but no mechanisms were available to allow
them to use that knowledge to skip directly to the most relevant sections of the
manual (nodes of the database).

There are several indications that the subjects may have been memorizing the
contents and layout of the manuals. First, in all of the conditions and across all trials,
the time to solve problems was steadily decreasing. Also, as measured in the
computer conditions, the subjects were viewing fewer pages during successive trials.
Memorization would explain both the decreasing time to solve problems and the
declining number of pages viewed to solve the problems.

Memorization is also suspected to have played a major role in the paper
conditions, thus allowing those subjects to rapidly work each of the problems.

Borenstein (1985) found similar behavior in his study of online help information.

Experiment 1: Mode and Structure of Presentation 56



Those people familiar with a particular structure and content of manuals (e.g., the
UNIX man and key commands) were able to locate information and solve problems
faster than people without the same knowledge. Further study is required to
determine what role memorization and learning plays in the use of manuals.

The subjective evaluations may provide some insight into peoples’ expectations
of computers. Although the manuals were the same in the computer and paper
conditions, the subjects preferred the computer manuals. They felt that the
computer manuals were better, on a scale of "good" to "'bad," than the paper
manuals. They also believed that computer manuals were better organized than the
paper manuals. People may have lower expectations for online information than
from printed material. When they are presented with the same material both online
and in printed form, they rate the online version higher because their expectations
are exceeded.

Another possible explanation for the preference for the computer manuals is
that in the paper conditions all of the manual pages were in front of the subjects so
they could get a better overall view of the organization of the manual as a whole.
The organization may not have been very appealing, particularly in the paper-tree
condition where page references required both forward and backward page turning
in the manual.

The physical presence of the paper manuals may have also permitted different
search and learning strategies that were not possible with the computer manuals. In
the computer conditions, the subjects may not have been able to get the same overall

perspective on the organization of the manual because they could only see one page
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aware of the direction in which they had to turn the pages to locate information.
Perhaps in the paper-tree condition the subjects did not like to search for pages by
turning in both directions. In the computer-tree condition, the subjects were not
necessarily aware of the structure of the manual because it was hidden from view,

but in the computer-linear condition they were aware of the structure because they

used page-turning commands.
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Two common themes were found in the subjective evaluations. The most
common criticism of the manual was that too many pages had to be read in order to
solve the problems. The other criticism was that the subjects wanted to get to the
"right" information more easily. These criticisms are closely related. In the
Narrative style, the reader is required to follow several references (e.g., page
numbers) to locate directions for setting the switches. The subjects most likely
would prefer a manual resembling a Imperative style. The Imperative style takes the
reader, in a minimum number of steps, directly to the information needed to solve
the problems. The second experiment was designed to investigate manuals written

in the Imperative style.
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11.0 Experiment 2: Online Imperative style manuals

11.1 Overview

The Imperative style of writing manuals was chosen for examination in the

second experiment. This style of manual has the following characteristics:
e Information or directions are followed by one or more questions.

e The answer to the question(s) decides where (e.g., the page number) the reader

should resume reading in the manual.
e The reader turns to the appropriate section of the manual.

e The process is repeated.

The most appropriate structure for organizing a manual based upon the above
description is a tree. However, a tree becomes very bushy quickly. Many times
procedures are identical, yet they lie on different paths in the tree. To save space,
the manual writer consolidates these identical procedures into a single location in the
manual. Once they are consolidated, the manual is no longer organized as a tree.
The information about the original decision that created the separate paths through
the tree is lost. If the lost information is needed later, the question must be asked
again.

When working with paper manuals the decision information is lost when the
procedures are consolidated. Information need not be lost when the manual is stored
in a computer. The online manual software can record the decision and retrieve the

information at a later point in the search through the manual.
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This €Xperiment compares two ways of designing online imperative style

Nuals. The firs manual, called unpruned, is a version where decision information

is ] g . :
st when procedures are consolidated (merged) into a single page. The second

man " .. . . .
ual, called Pruned, records the decisions. The information is used at several

oints ; : :
Points in (he Manual to automatically prune the paths, offering readers a substantially

Mor ;
€ Compact and relevant presentation.

11.2 Hypotheses

The €Xperiment attempted to answer the following questions:

1. Which Manual, pruned or unpruned, allows the subject to view fewer pages?

2. wil either manual reduce the number of pages the subject rereads while solving
the problems?

3. Which of the two manuals allows the subject to solve problems faster, and by

how much?

4. When trying to solve a problem, which manual minimizes the number of errors?

5. Do the subjects have a preference for either manual?

6. Isone manual perceived to be easier to learn? Easier to use?

7. Is it easier to avoid getting lost in one of the manuals?

8. Do the subjects feel that one of the manuals is easier to read than the other?

In the pruned version of the imperative style manual, fewer pages would be
required to be viewed than would be necessary for the unpruned version of the same

manual. The subject must view eleven pages in the pruned manuals to solve a
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problem- In the unpruned manuals, the minimum number of pages Lo solve a

problem was sixteen pages.

The mean time per page in the pruned condition was expected to be less than
in the unpruned condition. Questions in the unpruned manual were more complex
(han in the comparabie pruned manuals -- decision information is lost and must be
obtained from the user each time it 1s needed. Since the questions were less complex
in the pruned conditions, less text was presented on the pages where questions were
asked than in the unpruned conditions.

The number of pages that would be reread was predicted to be higher in the
unpruned condition because the subjects would be less confident of the decisions
they made. The questions to be answered were more complex in the unpruned
manual, so the subjects would turn back more frequently to verify their decisions.

The number of errors was hypothesized to be highe; in the unpruned condition.
The complexity of the unpruned manual was expected to result in more errors being
made at the decision points, leading to the selection of the wrong path through the
manual. Following the incorrect path would result in incorrectly setting the switches.

The subjective evaluation of the two manual styles was expected to be in favor
of the pruned manuals. The relative simplicity of questions in the pruned manual,
compared to the unpruned manual, was expected to be the major influence. Thus,

it was predicted that the subjects would perceive the pruned manual to be easier to

Jearn and use, easier to read, and less likely to cause the subjects to get lost while

using it.
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11.3 Method

11.3.1 Experimental design

The experiment was a 2 x 2 x 2 x 4 design with technique (pruned vs.
unpruned), text (computer manual vs. airplane manual), order of presentation
(pruned first vs. unpruned first), and trials (1-4) as factors. Order of presentation
is a between subjects factor. The technique, text, and trials were all within-subjects
factors. Subjects were given a total of eight problems, four using each technique
(pruned and unpruned). The order of presentation, pruned condition first or
unpruned condition first, was counterbalanced between subjects.

There were four experimental conditions counterbalancing the order of
technique and text presentation (see Figure 19). Two sets of text were written for
both techniques, for a total of four texts. Subjects were ~randomly assigned to one
of the four cells corresponding to the order in which the technique was presented and
the order in which the texts were viewed.

The dependent measures were the time to solve each of the problems in the
eight trials, the number of pages viewed during each trial, and the total number of
switch setting errors summed across trials by technique. A questionnaire completed
by each subject after the experiment provided subjective measures comparing the

two techniques.

11.3.2 Subjects

Twenty-three undergraduate students recruited from the University of
Maryland participated in the second experiment. Data from twenty subjects, 9 male
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Figure 19. Experiment 2 - Design: The four experimental conditions were
order of text presentation by sequence of technique. The four
conditions were counterbalanced by order.

and 11 female, were used in the analysis. The remaining three subjects were not
included because they either did not complete the eight trials, or follow the
directions. Each of the subjects was either paid $5 for participation in the

experiment, or received credit for a psychology course.

11.3.3 Materials

11.3.3.1 Manuals

The online manuals for this experiment had the same user interface for text
presentation as the computer-tree manual in the first experiment. However, graphic
information was not shown on the color display unit in this experiment. Based upon

feedback and observation in a pilot study, the function keys for page turning (e.g.,

Experiment 2: Online Imperative style manuals 64




a N\ N b
End First

PogeJ
— JL__JL
r N ( R ( D
L J J _J
o N\ £ T r N
Move

Select

Bar
./ J J

Figure 20. Experiment 2 - Function keys

"Move Bar' key, etc.) were moved to the right-hand side of the keyboard (see
Figure 20). The relocated functions keys were easier for right-handed subjects to
reach because of the physical location of the keyboard, computer, and display units.
The new location of the function keys was not found to be a problem for the one
left-handed subject.

The two manual texts were written, one for "'computer installation," and one
"aircraft flight control card installation." Both of these texts, computer and airplane,
were written for both techniques. An attempt was made to keep the information
content and wording as consistent as possible in all of the manuals.

The computer and airplane manuals were written to be structurally identical.
The two computer manuals were written first. These were then duplicated, and the
information for the airplane manuals was substituted to create the second set of
texts. The same terminology and phrasing was used in the manuals whenever

possible.
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11.3.3.2 Questionnaire

A questionnaire regarding the experiment was completed by the subjects after
they finished the experiment (see Appendix B). One question asked the subjects to
indicate a preference for one of the two manuals. The first two pages contained
seven pairs of questions for comparing the two techniques. The third page of the

questionnaire asked for written comments about the manuals and the experiment.

11.3.3.3 Problem sets

The experimental problems were to use the manuals to determine the correct
settings for two sets of eight dip switches. The dip switches were soldered to a
prototyping card along with IC chips and resistors to appear realistic. The computer
manuals referred to this card as the "system board," while the airplane manuals
referred to the card as the "controller card." The eight éroblems had different
combinations of on and off switch settings based upon five parameters. In the
computer manual, the parameters were:

1. Serial number of the computer.

2. Memory size.

3. Display type.

4. Number of floppy disk drives.

5. Number of fixed disk drives.

For the airplane manual, the parameters were:
1. Aircraft type.

2. Number of fuel tanks.
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3. Number of engines.

4. Number of automatic flight controls.

5. Number of feedback controls.

An index card with information on the five parameters was given to the subject at
the beginning of each trial.

Eight problems were randomly generated for the computer and airplane
manuals. The corresponding problems for each of the manuals were designed to
require the subject to search either manual in the same sequence. The parameters
supplied on the index card would require the subject to make the same menu
selections, regardless of the manual text (computer or airplane). This was possible

since the two manuals were structurally identical.

11.3.4 Equipment

Subjects were tested on an IBM PC/XT microcomputer with an IBM Personal
Computer (monochrome) Display.!5 All subjects were given a stylus that could be

used to set the dip switches.

11.3.5 Procedure

11.3.5.1 Practice

Before each hall of the experiment, the subjects were given two practice
problems similar to those in the experiment. The practice problems were to

familiarize them with using the manual. Two short manuals were developed for the

15 Green phosphor on a gray-black background.
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practice problems, corresponding to the pruned and unpruned conditions. Each
manual included general instructions on manual usage, as well as information needed
to complete the practice problems. The practice problems consisted of f ollowing
manual instructions to set eight dip switches soldered to a prototyping card. Afier
each practice problem was completed, the subject was informed of any mistakes in

setting the switches and the location in the manual where the mistake was made.

11.3.5.2 Experimental procedure

The subjects were randomly assigned to one of the four experimental
conditions (text x order). Specific instructions were read to the subject at the
beginning of each session. Each subject was familiarized with the task to be
performed through the use of two practice trials. The subjects were informed of the
functions of the keys they could use to traverse the onlifxe manual.

Once the subjects completed the practice problems, they were given additional
instructions describing the experimental task. They were told to set the sixteen
switches on the prototyping card based upon information in the manual and on the
index card containing the five parameters. Each subject received the same
randomized set of eight problems in the same order.

The subjects were requested to work as quickly and accurately as possible. The
subjects were timed, using the computer’s internal clock, from the start of the trial
until they pressed the "End" key to indicate they were finished. The subjects’
identification number, trial (problem) number, and time for each trial was recorded

by the computer. The subjects’ responses (the switch settings) were recorded by the
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¢xperimenter. The subjects were informed of errors in setting the switches and the
jocation in the manual where the error was made after each trial.

After the first four trials were completed, the subject was given practice trials
using a manual with the technique and text not used in the first half of the
experiment. Thus, a subject who had the pruned-computer condition first would
have the unpruned-airplane condition second. The procedure for the last four trials

was the same for as the first four.

After the subjects completed the eight trials, they filled out the questionnaire.

11.4 Results

A 2 x 2 x 2 x 4 analysis of variance using technique, text, order, and trials as
factors revealed a significant difference in the total time to solve the problems
between the pruned and unpruned conditions (F(1,16)=178.31, p<.001) (see
Figure 21). The mean time across trials was 116.8 seconds in the pruned condition,
and 239.4 seconds in the unpruned condition. Thus, the pruned condition required
only 48.8% as much time as the unpruned condition. A significant difference was
found for trials, indicating that the subjects were getting faster as they worked
successive trials (F(3,48)=74.18, p<.001). Also, significant differences were found
in interactions for technique x order x text, trial x order, technique x trial, and
technigue x trial x order (see Figure 23). The differences due to both text and order
are attributed to the unpruned-computer manual for subjects who had the pruned
condition first. The unpruned-computer manual repeatedly asked the subjects for

the numeric range of the "serial number" parameter. In contrast, the
g p
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Figure 21.

condition

pruned mean
unpruned mean

—

Pruned First

Computer Airplane

167.6  241.8
136.4  164.2
90.2 102.0
107.0 116.0
125.3 156.0
252.0 386.0
212.4  316.8
156.6 220.8
185.4 275.2
201.6 299.7
163.5 227.9

= 116.8

= 239.4
74.18, p<.001 for
4.62, p<.006 for
5.49, p<.032 for
78.37. p<.001 for
7.45, p<.015 for
3.89, p<.015 for
3.87, p<.015 for

Unpruned First
Computer Airplane

11h.2  §28.2
111.0 92.2
80.6  65.4

318.6 265.0

272.0 214.8

217.6 183.8

190.2 163.8

249.6 206.9

173.8 147.4
trials

trials x order

order x text

technique

technique x order x text
technique x trial
technique x trial x order

Experiment 2 - Mean total time: Mean total time in seconds, by

trial, for each technique.

unpruned-airplane manual did not require determining numeric ranges for the

corresponding parameter. More time was required in the unpruned-computer trials

because of the need to determine the numeric range several times to solve a problem.

Experiment 2: Online Imperative style manuals

70



Pruned First Unpruned First

Trial Pruned Unpruned Pruned Unpruned
1 204.7 319.0 119.7 291.8
2 147.3 264.6 101.6 243 .4
3 96.1 188.7 73.0 200.7
L 111.5 230.3 27:8% 177.0

Figure 22. Experiment 2 - Mean total time by technique: Mean total time in
seconds; technique by trial by order of presentation.

In general, the mean times in the unpruned-computer trials were all greater than for
the unpruned-airplane trials, most likely for the same reason. No significant main
effects were found for text or order alone.

A 2 x 2 x 2 x 4 analysis of variance using technique, text, order, and trials as
factors was performed on the number of pages viewed. A significant difference was
found between techniques for the number of pages viewed (F(1,16)=189.64,
p<.001) (see Figure 24). Fewer pages were viewed in the pruned condition. This
predicted result is not surprising because the minimum number of pages to be read
for solving a problem in the pruned condition was 11 pages, but 16 pages in the
unpruned condition. In addition, an order effect was found between the pruned first
and unpruned first condition (F(1,16)=4.80, p<.044) (see Figure 25). Those
subjects who received a pruned manual first viewed more pages across all trials than
those who received an unpruned manual first. This order effect is most likely due to
the difficulty the subjects had with the numeric ranges in the unpruned-computer

manual, as was previously described.

Experiment 2: Online Imperative style manuals o)




1 7’6 ) ; TI 1] 1 ’ﬁ'»d/)( Or/er
" Chn 80{ X T ”5
Moan JfU' WFU"‘J Mear " PNNJ flest
Time
Tfime . o (rum’i\
(S(’/,:m/), Jo00
198 J m Um:
ne Fury
loo pr ISo
’i 135
a3 3 9 . )
ol PR
‘rﬁt'
’fadw'su X Ocdee x Taxt
,,,‘} oC. UC - unpumed compoter
/ VA - unpreed aicphne
50 fc - M"(J wqfvf!('
P‘ -’rbhfl lll‘Mn(
o —————— 2/
1*° \
; \
e »
Py Vi
r’d Secondd
Or‘.(
’: Tocha, Pt x7r~./x Ocber
W "10(4""34 u-(MGJ:-J'/'M
» d 'moe}onlﬂ‘.n
W—un’n...d
209/
o)
h \—-’_‘
-
L4
Figure 23. Experiment 2 - Mean total time graphs

Experiment 2: Online Imperative style manuals



o R o e S e

sy ® toned st
f.‘cS ‘n Unpraned fist
V1CdJ 15

N

(Y

(3

1]

fo

o t i

il Sacond
" Ocdec

Figur,
e 25. .
EXpenmem 2 - Mean number of pages viewed graph

indica i
llng th
al subs : . . > .
ubjects Improved their performance during successive trials

6.29, P<.001). Other significant results were technique x order,

tec
Th

h-“ique
Xo ;
rder x text, trials x order, and technique x trial x order (see Figure 27).

€se reSlﬂ
ts y
Were attributed to the difficulty the subjects had with the numeric

Rangec :
8¢5 in the unpruned.compu[er —

b t‘:::leasure of uncertainty and confusion is the number of pages reread, referred

M, #mber of bages exceeding the minimum. As mentioned before, the

Cop di[:n DD Pages was 11 in the pruned condition and 16 in the unpruned

Subjec bn. T.he flumber of pages exceeding the minimum was calculated for each

Derf()rmey o anda2x2x2x4 analysis of variance on all factors was

¢ An effect was found for order of presentation (F(1,16)=4.54, p<.05)

(SEQ P.
18ure '
28). Those subjects who had a pruned manual first had more difficulty

With th
€ un
Pruned mapy) In particular, those people who had the

Nuneq
-Co .
Mputer manual second performed worse than those subjects who had

e

No ¢,
trialg
Contaj T
Ined fewer than the minimum number of pages in either condition.

ri‘hcn
74

12: Onr
\ "¢ Imperative style manuals



Pruned First

Unpruned First

Figure 26. Experiment 2 - Mean time per page:
seconds; order by text by trial.

Trial Computer Airplane Computer Airplane
Pruned
Manuals

1 14.4 17.6 . 10.1

2 11.1 12.4 9.9 8.4

3 Ixh 9.1 12 549

4 8.7 10.1 2.7 6.0
mean 10.4 12.3 8.6 7.6
Unpruned
Manuals

1 15.4 19.0 19.9 16.6

2 12.6 16.5 16.3 13.1

3 9.8 10.9 13.0 10.5

4 10.8 15.9 11.7 10.0
mean 321 15.6 15.2 12.5
mean by 11.3 13.9 11.9 10. 1
condition
pruned mean = 9.7
unpruned mean = 13.9
ANOVA
F(1,16)=159.59, p<.001 for technique
F(1,16)= 25.02, p<.001 for technique by order
F(1,16)= 5.99, p<.026 for technique by order by text
F(3,48)=106.29, p<.001 for trials
F(3,48)= 4.58, p<.007 for trials by order
F(3,48)= 7.76, p<.001 for technique by trials by order

The mean time per page in

the unpruned-computer manual first. No main effects were found for technique or

trials.

The questionnaire completed by all of the subjects indicated a preference for

the pruned manuals. All but three of the subjects (85%) preferred the pruned
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Figure 27. Experiment 2 - Mean Time Per Page Graphs

manual. One of the subjects did not indicate a preference. The other two subjects
who preferred the unpruned manual described it as more challenging than the
unpruned manual. It gave them greater satisfaction since it required them to think
about the menu choices. In the unpruned manuals, repetitive but simple question
answering was found to be tedious, although the unpruned manuals were rated
significantly easier to use.

A 2 x 2 x 2 x 7 analysis of variance using technique, text, order and questions

as factors was performed on the remaining questions comparing the two manuals.
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Pruned First Unpruned First

Trial Computer Airplane Computer Airplane
Pruned
Manuals

1 0.2 3.0 0.8 1.2

2 1.6 3.0 0.2 0.0

3 1.0 0.2 ] 0.0

5 1.2 0.4 0.2 0.8
mean 1.0 1.7 0.4 0.5
Unpruned
Manuals

1 0.4 . 0.0 0.0

i 1.2 3.0 0.8 0.4

3 0.0 3.6 0.8 2.0

4 1.2 1.2 0.4 0.4
mean 0.7 3.2 U:5 0.7
mean by 0.9 2.4 0.4 0.6
condition
ANOVA
F(1,16)=4.54, p<.049 for order of presentation
Figure 28. Experiment 2 - Mean pages viewed exceeding the minimum: The

mean number of pages viewed exceeding the minimum required to
complete a problem.

A significant main effect for technique was found in five of the @estions (see
Figure 29). Subjects believed the pruned manuals were easier to learn, use, find
information on the screen, and understand information on the screen. They also
believed that they got lost less frequently in the pruned manual than in the unpruned
manual. No significant results were found for the level of detail or organization of

information questions.
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TECHNIQUE

QUESTION PRUNED UNPRUNED DF ERROR F P

EASE OF LEARNING ~9.95 8.10 1 16 42712 .001
(HARD - EASY)

EASE OF USE 9.85 7.60 1 16 34.32 .001
(HARD - EASY)

GOT LOST 10.55 8.80 1 16 21.49 .001
(FREQUENTLY -
INFREQUENTLY)

FIND RIGHT INFO. 10.05 8.00 1 16 28.74 .001

(HARD - EASY)

UNDERSTAND INFO. 10.20 8.20 1 16 33.68 .001
(HARD - EASY)

Figure 29. Experiment 2 - Questionnaire results: Mean response across all
subjects by question, on a scale of 1-11.

After performing a 2 x 2 analysis of variance using technique and order as
factors, no significant results were found for the number of errors in setting the

switches.

11.5 Discussion

As expected, the subjects performed better with the pruned manuals than they
did with the unpruned manuals. An interesting result is that with the pruned manuals
they completed the problems twice as fast, both overall and by trial (see Figure 30).
On average, the time spent viewing each page was also reduced by 30.2%, reflecting
the reduction in time to make the correct menu selection.

The interaction of technique with order in the total time to solve the problems
indicated the difficulty the subjects had with determining numeric ranges to answer

the questions. Another indication of the same problem is that the subjects needed
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Technique

Trial Pruned Unpruned %
1 162.2 301.4 53.8
2 126.0 254.0 4g.6
3 84.6 194.7 43.5
b 9k.5  203.7 46.4
mean 116.8  238.4 k9.0
Figure 30. Experiment 2 - Percentage difference between

techniques: Average time per problem by trial and technique,
and the percentage of time to complete the pruned problems as
compared to the unpruned problems (pruned/unpruned * 100).

to view more pages exceeding the minimum needed to solve a problem than for any
of the other manuals. In the computer manuals, the numeric ranges required the
subject to use reasoning to make the menu selection, whereas the airplane manual
only required simple pattern matching. During the experiment two subjects, one in
the unpruned and one in the pruned conditions, asked about the numeric ranges
because they were confused.

Studies have shown that people have difficulty in translating natural logic into
formal logic (Braine, 1978; Thomas, 1976). To make menu selections, the subjects
had to determine the question being asked, and then translate it into formal logic.
For the pruned manuals, the questions and their logic representations were simple.
But the menus in the unpruned manuals required the subjects to translate complex
English sentences into logic statements, and then make a correct menu selection.

The difficulty of translating the questions into logic was mentioned by one of the
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subjects after the experiment. Determining the question and its translation into logic
took longer in the unpruned conditions.

Complex questions can result in errors for several reasons. The natural logic
to formal logic translation is difficult, and the the reader may misinterpret the
intended meaning of the question. The other problem with complex questions is that
the writer may incorrectly formulate the question. Care was taken when designing
the questions for the experiment, in an effort to reduce the number of errors
committed due to misinterpretation. Also, the subjects used the same manual for
four trials and were told where in the manual they made mistakes after each trial.
The design of the manual and the feedback on the errors committed contributed to
the lack of a significant difference between techniques for the number of switch
setting errors made.

The subjects did prefer the pruned manuals over the unpruned manuals. A
common theme in the written responses was that the unpruned manuals were
"cluttered," or had too much information on a page. They also indicated that the
pruned manuals had too little information on a page. Some people complained that
there were too many pages in the pruned manual for the actual work performed
(setting the switches).

An interesting questionnaire result was that the subjects felt that they got lost
more frequently in the unpruned manuals. Their impressions were supported by both
the time to solve the problems, particularly in the unpruned-computer manual, and

the number of pages viewed that exceeded the minimum. The pruned technique was
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useful in minimizing their perception of getting lost and in improving their overall
performance.

One common response about the experiment was that the subjects would have
liked immediate feedback as to whether or not they had set the switches correctly.

One person indicated that a picture of the correct switch settings would have helped.
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12.0 Conclusions

12.1 Summary

The experiments provide insight into the ways people search for information in
documents, both on paper and online. The first experiment did confirm that people
reading from paper do perform tasks faster than when working from computer
screens. People learned more of the structure and organization of the manuals than
had been anticipated. Their knowledge of the structure helped them to rapidly access
the relevant information to solve the problems.

The tree structure used online may have been too restrictive a structure for
information searching. Novel data structuring, such as graphs containing lattices, is
a promising method of organizing the information. The lattice approach allows a
linear traversal of the database for structured tasks. The access to the correct
information is done though simple question answering, as was done in the second
experiment. The dramatic performance improvement by taking advantage of the
pruning technique demonstrates the potential of this approach.

The use of the pruning technique is useful for simplifying the user interface.
As in the unpruned condition, complex interactions between different input
parameters may make menu selection decisions unnecessarily difficult. The complex
decisions become an obstacle in the user’s path. The simpler interface of the pruned
technique is also perceived to be easier to use, learn, and understand than if the

technique is not used.
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An interesting result of the first experiment was that people rated the computer
manuals as better than the paper manuals even though the content was identical.
The preference may be due to people having different expectations of material
printed on paper versus material presented on a computer screen. Computers may
be perceived as difficult to use and understand. If the material presented is of
acceptable quality, thus surprising the reader, then it will be rated higher. The
interaction between structure and mode of presentation and the preference for
computer manuals over the paper manuals may suggest that people have a different
understanding of the organization and structure of the manuals. They may also have
different preferences for access techniques depending upon the mode of
presentation. Techniques that are satisfactory when using computers may not be as
acceptable when working with printed material. Further research is needed to
understand why these differences were found between the presentations on paper
and computer.

The types of aids needed when searching through databases requires further
research. The results of the computer-tree condition indicated that alternative
traversal strategies are probably required to allow people to directly access parts of
the manual of interest. A table of contents or index is a likely candidate. An ability
to return directly to an arbitrary section previously visited may save time when the
traversal path is long. Orientation aids are needed to prevent people from getting lost
in the manual. A simple approach would be to list all of the sections in the current
path. The effectiveness of each of these aids must be assessed through

experimentation.
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12.2 Future possibilities

The use of a graph structure with lattices allows large databases to be created
in an incremental fashion. While the databases created for the present experiments
were for maintenance manuals, the same techniques can be applied to online help
and documentation for application programs and systems. Using a technique similar
to ZOG, that acts as a front-end to application software, information from the
application program can be used to provide the current state of the system. The
relevant information is then retrieved from a documentation database. The pruning
techniques can be used to retrieve and display only the information pertinent to the
user’s current state. The documentation is customized as it is retrieved and displayed
to the user, thus tailored to the user’s specific needs. The documentation guides the
user through the application in a stepwise manner. This style of documentation and
tutorial writing is known as the Minimalist Philosophy (Carroll, 1984).

The database could easily be designed to provide multiple levels of
documentation. The information for first-time users and experts is available in a
single database. An input to the pruning process could indicate the level of expertise
of the user for the specific application. Should the user need more detailed
information on a topic, the details could be obtained by changing the degree of
pruning of text, or the user can make a menu selection to search another section of
the database. Also, with the use of heuristics, the level of expertise could be
automatically modified as the user becomes more familiar with the system. With the

use of the pruning techniques, the Minimalist Philosophy can be realized.
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Appendiv
Pendix A: Questionnaire for experiment 1

Guestionaire

Experiment: FED Options 1 L IVL R T (—

On a
Scale from 1 to 7 make the following ratings concerning the

technical manual. (circle one number)
liked 1 2 3 45 6 7 disliked
usefy) 1 2 3 4 s & 7 not useful
9600 1 2 3 4 5 6 7 bad
Feadable 1 2 3 &4 8 6 2 not readable
uUnderstandable 1 2 3 4 S 6 7 not understandable
®asy to use 1 2 3 4 s & 7 not easy to use
®ell organizes 1 2 3 4 5 6 7 poorly organized

los
(lntt:l.:. 1 2 3 4 5 6 7 did not lose place
W AR (in the sanual)

difficult to find

®asy to fing
necessary info

".c"..ry info 1 2 3 4 = ¢ 7

Do
YOu use computers (check one)

— Never

——- Seldom

- ®Oderately freqguentl
~—< frequently - 2
-—- Very {frequently

Do you
l::' computer database systems (i.e., computerized library catalogs,
ormation systems such as the “Bource")? ____

Hou.
4Ny computer science courses did you have before college”

1 2 3 &4 S ¢ wore than 6

HOu..
Ny college level computer science courses have you had?

1 2 3 4 - é @more than 6

4
Dcnd-
X A
* Quegy;
esnonnaim for experiment 1

g
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Qu: 1

I

Page 2

Questionaire

Ex *
Periment: Fgp Options 1 Subjectry _______

How aa
n
Pe Y POurs @10 you mit 1n front of a computer terminal, or

re
Onal computer last wee)”

0 1-5 430 11-1%  316-20 @more than 20

How
""‘o.gmy :r°°""'"““° languages do you know well enough to
lex programs> (perhaps 20 lines or more)
1 2 3 4 8 6 7 or more
How o
any Courses have You taken in data structures or database systems”
. 2 3 4 8 6 7 or sore

Now -
:D.pu::: ®xperience have you had in using & database system such as
12e0 library catalogs (for example)?

none 1 2 3 a8 & 7 very such experience

How ma
n
Y Pours have you useo a word processor?

© 25 S0 78 3100 125 130 or more

Do
YOU have o home computer>

% ——
Yes s 14 yes, how long have you had one?
0-¢ 6-12 12-18 168-24 24-30 3 years or more
®onths months sonths months sonths
What king»
Do
You
Play Computer or arcede games”
No -
Yes
last week?

How many hours did you spend playing video or arcade @
3 1/2 @ore than 4

° 1,2 1 172 2 2172 -

How, o
Qul
% this sanual have been improved™

S iO i
nr dlre 1
Naj f01 cxpcrimenl
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Appe
ndix B. s
* Questionnaire for experiment 2

Subject
o~ Order

Compar
® the
two methods which you have just used. vt

the
Appropriate choice.

1ich method would yo pl’".f if you
Wh + ;
had to use (-]

the
two methods frequently?

(1) The
first method. (2) The second sethod.

Rate

the ¢

::ov“.d' ::::‘;lng aspects of the methods ©n the ecales

-cth item ang ® @ nusber from i to 1. Caretully reed
ales. pay attention to the labels on the rating

very Easy

very Herd

T TEE L 10 11

Eas,
® of learning:
¢irst sethod 1
9 10 11

second sethod 1
g 9 10 11

Ease o¢ use:
$irst sethod 1
7 B g 10 11

second sethod 1

Hag or
it g sen
i
Screen? po ‘:::t to ¢ind the cursor (the O Giard e
oyl wou o
o wh
t You ha
he cureor to liked to have another key which o
B ; ®move in the opposite dlf.:tiﬂ"? yes NO
& e Kk
®yboargs e i:i.t.d in » place easy to resch g
14
Ot, wh
or
® would you rather have the keys located”

fAre
YOu righ
Oht handed or left handed? left right

Inirequently

. Frequently
tlu'tx . & 7 e 9 10 11
4irst method 3 2 s &=
y g s a8 6 7 8 3 08

second method

'\Dpendb\
(B,

u:sr
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"Rire fop €Xperim
ent 2

.



Wou)

g 4

ta t have h

tatles of the helpw sty o EE fuet B4 & Bint wf tH
sScreen” yes n;°"' you had already been shown were ©ON

w}.t
kind of
aid
s would you have liked 80O you would know

where
YOU were in the manual?

®oulg
e table
of contents or an index have helped” no  Yes

.ﬁllgn

Very Hard

Fing
the
right information on the screent

$irst sethod

second aethod

Under
stan
d the information on the screent

first sethod 1

second sethod 1

nl&.&x

Yoo Little

L
eve] of detail:

first method 1 2 3 4 5 6
second method 1 2 3 4 s 6

9::.31“1Lnn

D"Q‘n;, . very Drgnniz.d
ation
of information: ¢irst eethod ! 2 3 4 5 6
esecond method 1 2 3 4 5 &

very Easy

7 @ 9 10 11

7 8 9 10 11

2 8 9 10 11

72 8 9 10 11

Yoo Much
2 8 % 10 11

7 8 9 10 11

very Confusing

s 8 9 103

, 8 9 101
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fisneral Suestions

Did you get lost when using the first method” I+ eo, why”

Did you get lost when wusing the second eethod”? If so,
why?

Comaments about the first system:

Comments about the second system:

Comments about the experiment:

How would you improve the format of the information in the
®anual in the first method? In the second method?

How would you improve the sethods of selecting inforasation
(e.g., use of keys) in the first eethod? In the second
esthod™

Appendix B: Questionnaire for experiment 2
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APpendix C: Experiment 1 Paper-Tree manual
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pbtndix c

Connect the Power Supply
Intercon Enclosure - Rear Uiew

Top

@ ‘P plug

B Power Cord 3

¥ plug
®

‘W plug

Fage <2

SQC
ta orn T 1
L 1tle; N Fower S
¢ Coi ect the owe
N LUEpply

The N
ESW int
er
com system is connected to your puilding s power

Sup
Ply vj
ia a
7 amp grounded power cord.
ge 4) before continuing with

ke ¢
ure t 2
he intercom is turned off (pa

the
insta] ]
atj
tion procedure.
*E' on the rear cf

Firgt
. att
ach connector *A’ of the cord to plug

the ;
€ intercom e
*X’ into an electracal outlet. The

Nesxt
s 2
nEert the I pronged plug

inter
Com g
Nnow ¢
onnected to your building s POwer supply.

Perim,
en
1] r":lper_'r’_tc Fo—
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Power-lp Procedure
Intercow Enclosure - Rear Uiew

On
R

[ 4

Main Power Switch Location - On position

Fage = or 3¢

Sec
tion
1 Ti
tle: FAONEr—up ——
edure

rear

The NES the
ESW in h located on
ter h i r switc
corner O

Pang]
of the
syst
em. It 15 the only switch on the upper left
—up (turn on) the

the
rFear
Pane] F
. ush
S | the switch upward to power
power_supply (PR9® 2

Befgo
T® power;
ing-up the system, be sure that power ®

has ¢
ee
N Properly connectec.

dkc.
*Expery,
ent
1 Paper-Tree manual



Mdiy o

Power-Down Procedure

__Intercom Enclosure - Rear View

On
o o

Sec
t
lon th]e: Power

Main Power Switch Location - Off position

~down Frocedure

Th :
€ NESW intercom has a main power switch

Pa
Nel ¢ the systeii,

thE rear pane]

System,

located on the rear
orner of
It is the only switch on the upper left ¢

- turn off) the
Push the switch downward to power—down (

Perin,
. Paper-Tree manual



Main Tpunk Connector
Intercon Enclosure - Rear View

Top

L | = i1 )

Pri Sec Al

Legeng: ;bi - Prinary Connector
il i el

nnecto
D-shell connector !

J

Kain Trupk Connectors

5 of

Page S

Sec
tlbn
Ti 5
tle; Mairn Trur Connector

Turn
off
re ¢ the systen unit (page 4) before connecting cables. There
hree
m
N trunk connectors located on the rear panel of the NESW.

T
Nectors are Z5-pin male D-shells (page 11). These are

he three ton

loe
Atey
in ¢
he upper r1ght corner of the panel.

Wrer,
. the
€ System ;¢ delivered to the customer, the D-shells maried

"Se
Congary, -
Y and ‘glternate: have covers. These covers are not tc be

reme
Ved at thig point

Tﬂle
‘® th ~ o
€ main truni cable and plug the female end of the 25-p1n

D-gp
\91) (Dﬂge 11) $
into the connector maried "Frimary
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Ndiy C.

Line Connectors
Intercow Enclosure - Rear Uiew

Top

O e
O o
O en

Extension oablénu/nale plugs
Legeng:

O - outlet socket (female)
=3 - cable plug (male)

Extension Line Connectors

SQCt
lon y
1 .
tle. Line Cthectc Page 6 of

=0

Tuv—n r
off the System unit (page 4) befcre connecting cables. There

are i
v :
th ) ®¥tension line connector sockets located on the rear panel of
® NEsw
- The five connectors are round plugs and sockets. These are

10:-t
eq
N the lower right corner of the panel.

When
. the syeten is delivered to the customer, the sockets &re
arkey -
t t2%aw and have covers. These covers are to DE removed at
h:s Poirt,

T
al e the e itension d into the

lire catle and plug the male en

aDDPQ
Pria
te socket on the rear of the urt.

Perine
nt ] Papcr-Trcc manua)

95



Splicing Procedures

Red  Red

[ Green  Green e
Extension Wire i 1 Splicing Wire

- Blue  Blue e

Black Black
T

splicing connector

Sectaion Tatle: Splicing Frocedures Page 7 of T

The e:tension cables may be extended by splicing two or more
cables. The figure shows the wires which should be spliced together.
Use the red splicing connectors to perform the actual splice of each

pair of wires.

Appendix C: Experiment ] Paper-Tree manual 96



Section Title: Extension Options Page 8 of 0

The options for the NESW intercom system are controlled by a set

of switches on the controller card. Locate the controller card (page

12) and remove it from the system urat (page 1Z). Find the seriel

number (page 14).
There are T types of controller cards which can be distingulshed
by serial number:

0010 through 0250 (page 1%), 2660 throuah &000 (page 17), and 700¢C

throuat 7952 (page 19). Ser the switches according to the version of

the card in your system. Once the options are set, insert the control

card 1nto the system unit (page 29).
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Page 9 o
Sgct‘°h T:t)e: Outlet Wiring

Each INtercey, exten
Unj ¢

tem
the sys

ed from
individually wir

{ t be 3

Sion mus

e ALY ‘Dage &) ¢

d
des an
ing co

]l wirin

tlet. Follow loca

ion ou .

O the ®iteng;
'*Qulatibn:

when - ls and
i h HB, 5
nRin n n throug
tension cable .
i the e:

- : Q ] n § may Spiiceo tDoerher

€edeg tension line cable be s
itg, If ’ " d tooethe

. 9e 7 tc ey

atles.
f the c
effective length o

teng the

At

Q).
(page C
itlets

; s10n oL

bles to the exten

ca

tacy the extens;on




?ndix
C g,
xnerimcnl 1 Pape
T

Qutlet Jacks
Extension Outlet Box

Extension Qutlet Jack

Intercom

(Extension Cable Nires) /
/ Enclosupe

= — -
Intercon plug, cable and enclosure
Legenq: (not to scale)

= - cable plug (male)
.'ﬁmdup

Secyy

i

or Titles Outlet e s
Jacks Fage 10 of ZTo

Take
the intercom Plug connectec to the intercom cable and insert

the
Plug .
S 1nto the extens;ion outlet jack (see figure).

~Tree manya)
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25 Pin D-shell Connectors
(Male and Female parts)

r; A B A ) v‘ Iu poopoODDDDD Ql

\\Lr' L T T T T T T ) ;// \\3 ppopDODDODDDD B//

Nale Connector Fewale Connector

Legend: ,
* = Pin
o - Hole

Section Tatle: 25 pin D-shells Fage 11 of i

The 25 pin D-shells (see figure) have two halves. The first half
is the male part which has 2 rows of pins. The first row has 12 pins,
and the second row below it has 12 pins. The 13 pin row is the longer
row. The second half 1s the female part which has 2 rows of holes
similar in configuratior to the male part.

The two halves connect together by inserting the female half into
the male half by laning up the 13 pin rows and the 12 pin rows up With
each other. You will notice that the shape of the connectors 1s such
that the end with the 12 pins is narrower than the 13 pin end. Thas 18

a guide when connecting the twoc halves together.

Appendix C: Experiment 1 Paper-Tree manual 100



locate the Controller Card

Controller Card
¢ (Rear)

(Right)
(Left)

(Front)

(Example)

Section Title: Locate Controller Card F 1 +
age 12 ot T0

The controller card can be found in the system unit. View the
system urnit from above, with the front of the unit facing you. There
should.be three or more cards i1n the umit. Two 0% the cards will be
shorter than the others. The controller card 1s the leftmost short

card.

Appendix C: Experiment 1 Paper-Tree manual o



Remove the Controller Card from the System Unit

Slide I{pvard Slide I#pwd
Hold Here F [ Hold Here

Section Title: Remove Controller Card Page 13 of T0

To remove the controller card from the system unit, grab the card
alorg the top edge at the extremes (see figure). Gently, slide the
card upward. When removing the card, pull on each end of the caro

everly so the card doec not twist or turn as it is being removed.

102
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Locating Serial Numbers

|
| (top of card)

BE—

¢
Serial Mumber

Sect
ion T
1tle: Locating Serial NumbEr S

T
he serial number of all cards 1% writ

Corne
r of all cards used in thi® system.
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Controllep Cangs - Serial Mubers 8416 through 8250

P —

Switches

Qctznn Titd gy c

Page 15 of
ards 0010-0250

3G

(see the
t be set

There Are two getg Of eight switches which mus of the
. ) figuration
faqur.), The first get of switches describe the config

intercy,

nd n ration
¥ h r configura

set of switches describe the

The seco

”Au

d type
ller car
SWitches: Set switches for the contro

un:it
the system
Set Switches for the number of cards in

Page 21,

svstem
ns 1n your
Set SWitches for the number of estensio

Page 23,

Set the "gn

= 28).
(page <
on
SWwitches: Set all the "E" switches

i ard.
or this €
You have COmpleted setting the switches f
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SQctl on

56
Switch Settings - fop cards 0016 through 62
12345673 12345678

o A

Switch Set »g» Switch Set "B"

Legenq:

1tle, Sett;ng for vo10-q

Page 16 of T0
250

lier
e contro

et of switches on th

leftmost s
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Controllep Cangs - Serial Mubers 2666 through 6066

_}Ui tches

s f

A B

Serial Mumbep
b XXX

Se Page 17 of 3o
Ct,
On LA 3 P Cargg 20604500

Therg are

the
be set (see
two gets of ®ight switches which must

f’ﬁur.).

f the
' figuration o

The first Bet of switches describe the config

x""t'fccm,

atien
he configur
System. The €€cond set of switches describe t

"An Switches;

.QE switches or the controlle
<] e h £ r car ype
( ). Set g €

mnit
in the system u
Set SWitches for the number of cards in

Page 21,

; r systen
’ ions in you
Set Switches for the number of extensi
Page 22)

Set the -

o8).
(page -~
. on
Switches: Set all the "B" switches
' d.
2 this car
You have Completey setting the switches for
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Switch Settings - for cards 2660 through 660@
12345678 12345678

R A

Switch Set "A" Switch Set *B"

Legend:

Cection Title: Setting for 2640-46000 Page 18 of T

Set the switches on the leftmost set of switches on the controller

card as shown in the figure.

foopendi C: Experiment 1 Paper-Tree manual
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Controller Cards - Serial Mumbers 7088 through 7999

Switches
]
f B

Serial Number
XXXX

Section Taitle: Cards 7000-799% Page 19 of 30

There are two sets of eight switcﬁcs which must be set (see the
figure). The firit set of switches describe the configuration of the
intercom ly;tem. The seconc set of switches describe the configuration
of the controller card.

Set the "A" switches: Set switches for the controller card type

(page 20). Set switches for the number of cards in the system unit

(page 21). Set switches for the number of extensions in your system

(page 22).

Set the "B" switches: Set all the "E" switches on (page 28).

You have corpleted setting the switches for this card.

108
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Switch Settings - for cards 7800 through 7999
12345678 12345678

Bi00000  [000nnn

Switch Set “A" Switch Set "B"

Legend: “
On  Off Change

I

cection Title: Setting for 7000-7999 Fage 20 of O

Set the switches on the leftmost set of switches or the contrcller

card as shown in the figure.

oendp C: Experinent 1 Paper-Tree manual 109



Switch Settings - Nunber of Cands in Systen
123456178 123456178

D0NI000 onaoon

Switch Set "p" Switch Set "B

Legend:

ol £ 30
Section Title: Number of Cards i1n System Fage 1o
Sectio

If there are three cards 1n the system unit, set switch 4 on.

Otherwise, set switch 4 off. See the figure.

110
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Section Title: Number of Extensions Fage 22 of Cu

Set the switches based upon the number of extensions attached to
the system unit. There may be one (page 23), two (page 24), three

(page 25), four (page 26), or five (page 27) e:tensions attached.

. C. Experiment 1 Paper-Tree manual




Switch Settings for one (1) extension
12345678 123456178

1000NREY, Q00000

Switch Set "A" Switch Set "B"

Legend:
on Off Change

I

Section Title: Switches for 1 Extension P o of
age 2T of 30

Set the switches for one (1) extension (see the figure).

4 C: Experiment 1 Paper-Tree manual



Switch Settings for two (2) extensions
123456178 123456738

LA A

Switch Set "A" Switch Set "B

Legend:

Section Title: Switches for 2 Extensions Fa 29 of oo
Qe 29 of o

Set the switches for two (2) extensions (see the figure).

113
- Experiment 1 Paper-Tree manual



Switch Settings for three (3) extﬁnsions
12345671 12345678

J000sRGE  [0000UCD

]
Switch Set "A" Switch Set "B"

Legend’

Section Title: Switches for S Extensions Fage 25 of =
- -

Set the switches for three (I) extensions (see the figure).

7 Experiment 1 Paper-Tree manual



Switch Settings for four (4) extensions

1234557%

JI0Asa

l
Switch Set "A"

Legend:

12345678

0000t

Switch Set "B" -

No
On Off Change

I

Section Title: Switches for 4 Extensions

Page 26 of T.

Set the switches for four (4) extensions (see the figure).

C: Experiment 1 Paper-Tree manual
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Switch Settings for five (3) extensions
123456178 123456178

J000AARY  0nnnont

Switch Set "A" Switch Set "B"

Legend;

Sectior Title: SEwitches for O Extensions FPage 27 of TO

Set the switches for five (5) extensions (see the figure).

116
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Set "B" Switches On

123456178 12345678

J0000000 - annme

Switch Set "A" Switch Set "B"

Legend: "
6n Off Change

I

Section Title: Set "B" Switches On

Fage 26 of ZO

Set all of the “"E" switches on (see figure).

T Experiment 1 Paper-Tree manual
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Insert the Controller Card into the Sustem Unit

Slide Roumuard Slide gounuar\d
Hold Here - i Hold Here

Section Title: Insert Controller Card Fage 29 of

0

To insert the controller card 1nto the system unit, grab the card
along the top edge at the e:tremes (see figure). It is to be inserted
in the same slot from which it was removed (the leftmost empty slot in
the system unit). Gently, slide the card downward. When inserting the
card, push on each end of the card evenly so the card does not twist

or turn as it i1s being i1nserted.

=ndiy C: Experiment 1 Paper-Tree manual
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Extension Outlet Box

Extension Qutlet Jack

Red Green Blue Black
(extension cable wires)

Legend;

B - vire clawp

Section Title: Extension Outlet Bo:x Fage 30 of J0

The extension wire cable has four wires. Insert each wire into the
approprate wire clamps 1n the extension wire box (see figure). When
each wire is 1nserted into the wire clamp, press the clamp with & pair

of pliers to make electrical contact.
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TR R LR IR MRS S

‘ppendix D Experiment 2 manuals (samples)

>
Pr uncd-computer manual

Title: Seri1al Number
| beled
, are lab
' tch the system boarcd. They
here are 7 eete of switches on -
will
ec which you
2T eup A and Group B. Theese will be the switch
Esttang.

- r
uter what
- { the compd
First, you must determine the serial numBer =
= sl L = P s .
i to one of four
v fall ant
You &re asesembling. The seriai numoer may
ranges
i number:
Set the switches besed upon the ser? I
i dReough o, ang Jies
~AeD ~ec0) th-ough :
WOL L theough 0SS, 1000 thr ough Z4T5. =
ti1om Title: Set Serial Numb.

Switches

{ ! 4+ Bro i
et switch 1 of Group A DFF, and set switch - o7 Group A O

Coitanue with the ne.t section,

Frevaicue Secty

ndo. D BExperiment 2 manuals (samples)
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| Section Title: bMemory Sice

The ne:xt group ot switchee te be set will ind:cate the amocunt of

memory 1netalled 1n the system. Select from below, based upon the

Memory Size:

A Ee 2Bk B LSIEE. oF Ziglh.

s
fCticn Title: et Memory Switches

\

Set svatch T of Growup A OFF. eet switch 4 of Greup A ON. s

Switch & g4 Groug ~ 0MN, and eel switch & of Group A O,

Loosarie vatk 4he nent eect:on.

Ap,
Pengsy
XD .
Expenmcnl 2 manuals (samples)




"qu tc‘& ia. which
w d F t e of dispis&; s
n ca YPRE

E'G te the , N
= u N e J rizte attached

£ ter Ir Hlay wunite

e display

1] a Vi ¥ M. wdicate th
Uy )

¥ t@q,:

i sEv
Sen tep

D Spie—>.

oriochr Qms.
L. or Lotii Color end rMorc
——2

5!‘/; t C"'E‘S

e
e

o

o
& OFF.
4 f Grouf

e & O ernd eet switch 8 ©

DL!;; J ) &

he:‘ Lo 75 8
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Section Title: Floppy Dish Drives

The next set of switches w:ill indicate the number of flopp, dic
drives installed in yow- system. Select the number oF drives in wvour

eyeten:

e o
QL& or two.

Frevious Sects;on

Sec+;
| ttion Title: Set Floppy Disl Ewitiches

Set switch 1 of Group E OnN.

Continue with the ne.t sccticn.

Fre.:ou:

Ap
Peng:
X D. ’
Periment 2 manuals (samples) 124



Section Title: Fixed Diel Drives

] =ye . From the
There may be fixed disl drives installed ir your c=ystem
list below. select the number of drives in your system:

gne. or tvpo.

W latles Set Fined Disl. Switehes

Set switch 2 of Group B ON, end set swatch I of Group B i

Lontinue with the riext secisern.

Frevious oot

Apntndix

. Echrimc’" 2 manuals (samples)

.




orr Titie: Expansion Unit

wn
i
n
+
4a

’ The ne:nt set of switches telle the system board 14 an expansion
nd tre number of carde 2:n the eystem.

[ umit ie i1nm the eystem umt. a

£ pf Group E OFF. el

\
; et switch 4 of Group B OW. et switch
cewitch & of Group B ON. cet switch 7 of Group E OFF., end sct sentcon £

of Brour P OMN.

Frece the END iev te 1ndicate tnst

vyou have completeo the problem.

you are fini1shed.

CeoLaor

in

Fre 12

Ap
ptnd-
XD g .
Periment 2 manuals (samples)



Ppe
iy
D; EX 5.
Periment 2 manuals (samples)

P runed-airplane manual

Sect .
&Ction Title: Amircraft Type

There are 2 sete of sw1tches on the controier card. They are
labeled Group A and Group E. These will be the ewitchese which you will

be setting.
First., you must determine the type of aircraft for whicn Yoo EVE

setting the switches. The type of aircratt may $411 ipto one oOF <EUr

categories.

Set the switchec based upon the earcraft type:

commercial Jet. antd

private turbopr 2p.

Commercial turboprop.

favate jet.

Sec
L
" Title: Set Aircraft Type Swrtch

Set ewitch 1 ot Group A OFF, and eet ewitch = of Broup A [

Eontinue with the ne.t sett:ob,

S
il Fre

127



Se
Etion Title: Number of Fuel Tanks

The next group of switches to be set w:li indicate the number o-

fuel tanke in the aircraft. Select from telow, basec upon

fuel tanje:

&0e. two. three. or fouwr .

number of

Frevicuoe Eecticor
1o
" Trtle: Set Fuel Tani Switches
Set switen T of Group A OFF, =et seatch 4 of Broup &~ Oy, =set
Sw 5 i -
itch B of Group A DN, and set switch 6 of Grougn & O,
Eorntinue with the net eectrcon.
rgive £ T
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Abpchrl:. -

Section Title: Number of Engine

&

The ne .t set cf eswitchese will

the aircraft. Indicate the

One. Iwo. or Three.

riumboer

indicate

of ergines 1n

the number of ergines

the arrcra+tt:

i

m

ECtion Tiile: Set Engine Switches

Set ewitch 7 of Group & OM,

Caniinue with the ne:tl

ceection

ar:d

et ewrtct B

of Brooug D

o e e

P € ] 290

129



Sect
1on Title: Automstic Flight Controle

The ne.t set of swiichees indicate the number of automatic fiight

Conmtrole
Sttomatic controle 1n your asrcraft:

one. or two.

that are incstalled 1n the aircraft.

Se:lect the number

ct

1tie: Set Auto. Flight Switches

Fre.:cue

m

T
"

Set switech 1 of Broup E ON.

Ontirnue with the next cection.

Fitr g 23 gaw




SEct .
1on Title: Control Ecard Feedbac)

There mey be feedbacl centrel teete in your axrcraft. From the
Iie &= .
t below, ceject the number of feedbeci teste 1n your aircra<t:

&QUE. or Vir,

Frevioue Eecticon

C e :
2t Feedbeact Switches

Set swster,

<~ of Creoup & OM., and set eswitch T of Grouap B N,

24 e ;
£9~*—4A£_w1th the ne=:i ceciicr.




Sect
lon Title: Autaliary Fower

The ne:t group of switchee telis the control umit if an aciilisr,
in thie system.

POws
B writ ds atteached, anog the number of cardes
Sel switch 4 of Grouvp E ON. Set swiich 5 of Group E DFF, set
and sel switch B

iy, ‘.

tch & o Group B Oiv, set switch 7 of Group B OFF,
©Ff Broup E on.

You heve completed the provlem. Fress the END Ley to indicete thai

*Cy -
YOu are firaeshed.




U"Prmed-computer manual

Se
ECtior Title: Serial Number

There are 2 sete of switches on the eyetem board. They are lateled

GrQUP A and Group F. Thecse will be the switches which you will Ee

SEttlng.

First, you must determine the serial number of the computer which
YOU &re assembling. The serial number may fall into crne of four
rengee,

Set the switches based upon the serial number:

KO0l throgsh 0966, 1000 through Z45%. S500 through el end Tl

Sert
by )
e Title: Get Serial Numb. Ewitches

.
end set ewitch & of Group ~ Ul

Sel switch 1 of broup A UFF,

Lentinue with the neit section.




Se
€ction Title: Memory Si-e

The ne:t group of switches to be ect will incdicate tne amount of
memory i1nstalled in the syetem.
14 the serial number 1€ between il and 0955, set the switcres
tacsec i ~F
C upor the Memory Size: atF, 12BLE. jPCLE. oFf ZE&E.
1+ the ceriel nunber 1 betwesn 1w and 495, set the switcohe:
bzeeq
S2€d upon the Memory Size: &4i P, 128 F. 1501 F. or 25ab &,
14 the eerial riumber 1€ belween 2w and &, get the ewltomes
ba
fed upon the pemory Sizer 1Z&ER, br Z5&H'E.
1i rone ¢4 the above., use the default setting.
Fre.:ous Seszi . or
Sect
0 Titie: Set Memory Swrtches
Set switch T of Group & DFF, set switch 4 of Group A Dri; &ey
SWitch 5 of Group @& ON, and sel switch & of Group & ON.
Continmce with the rert sectaor.
— e e
Fres) s Sec bty

*Ex
D. Ders
Timeny 2 Manuals (samples)




Se )
[CtlD."u Title: DlEplay TYPE

evitchese will 1ndicate the type of dieplay which

The re:t eet of
'€ installed in your evetem.

If the serial number 1s belween 001 and (0999, the display may, be
Moroctrome or Celor.

I the eerial number 1c between 100 and 2495, the do.eplay ma. be
MD“ﬁth~cme, Loior, or both Coler and Monochrome.

It none o the above. use 1he defeult cetting.

Ere.:c..z Se. 1o
Sec .
tion Title: Set Dreplay Swatches
Group A OFF.

arnd set switch E of

7 of Greup A DN,

oShtrnue with the re.t sect:on.

): EX =
Periment 2 manuals (samples)



Section Titlie: Floppy Disl Drives

The next set of sw:tchecs will 1ndicate the rumber of flopp, d:e!

drives incstalled 1rm your system.
If the serial rumber ie between 0001 and 099%, you may have zer.

or ore drive.
If the ser12l number is betwecn 1ol and 2499, you mea, hewve one o

dus drives.,
I+ the serial number 1e& betweer 7000 and 8040, you mey hawe e

WC dri:vee,
is= the defaunlt setting.

If norie of the above,

Eaits. .
“lom Title: set Flopgy Diel Switch

Set switch 1 of Group E ON.

Cortinue with the re:t esection.

Dbey +.
Ndiy .
" Periment 2 manuals (samples)



SEftion Title: Fixed Lish Drives

There mey be fixed diele installed in your system. The ne.:t e

SWwitchee wil) 1ndicate the number ot fixed diels installed.

1f the serial Pumber 1e betweern OOGI and

LE70 or ghne fined drive.

If the serial number i1e between 1000 and

or fwo fived drivec.

fi.ed arives.

et of

U9%9., you have e1iher

245945, you have eitlhier grr

If the eerial number ie betwesn 7000 and E00in, you have Qoo or bt
I1+¥ none of the above, you have no _fi:ed drives.
Frigieme o tamwr

Sec
Etlon Titles Two Funed Dist Drives

Ye yOu muet aleo i1ndicat

To set the sw:tches properly.

Temory 1nstalled in your system.
o ZS5sFE oot

153 E, or 1Z3tF

Your syetem has either 44t F or

ate the amocunt o-

memor » .

Pena:.

‘w3

~1



Section Title: Set Fixed

Dis) Switches

Set switch Z of Group E DN, and set switch of

Continue with the rert secticn.

Groug E ON.

Section Title: Expansion Unit

Fre.:cus Sect:on

The ne.t

switch toc be set will 1ndicate whether or not ar
€ipancsion urit is attacheo tc the system.
SR Rl o - S oand
Ihe geriel number ie betweer ooll and 0555, cor between 10 arid
24:0';-
—_—
The cerial number 15 betwern TS and &000, or betwerr Tun o a0
\ .
DO o T e G 0 S ot S L)

Ap
Peng;
BD: gy
Periment 2 manuals (samples)



\pr ndiy .

TMent 2 mawiinic {camnleg)

Section Title: Set Exparcion Switch
There are two possible switch settinge.
14 there 12 at leact ore fi:ed dicl draive, thern set switch 4 oo
Group B t¢ OW. Otherwiee, set switch 4 of Group E OFF.
Continue wath the nert sectior.
Fre i
SEr
Ctior Title: Nember of Erpansion Carde
The ne t group of switchee will 1ndicate how many cards are
1netalled 1n the svetem.
If the serial number ie belween Guwii and 0998, or 1w ang 455,
and the memory 1s 192t B oor 25l E, set the cards seitores.
Otherwice, 1f there ie both & Color and berochrome di=rls .
DLHF?W:E@, 1f there 1 one or mere fiopp, die’ draives or 1 ed
iel dr,.o:
14 none of Lthe above. vce the dorferrlt s2t1tng.
\\.\> - 8 s
o Ee-r b=



Secticn Title: Number of Enpancsion Carcdes

If there 1 both a Monochrome and Color display., and one or more

{loppy dist dravee or hard tixed diel drives,

Otherwiee., 14 there 18 one or more flopoy diel draives or fi1:ed

34 v e,

Frevioue Eectron

SE""t
16N Title: Set Card Sw:tches

Set swrtch & of Group B OFF. sel switch & of Group B OON, et

Satch 7 oof Group B OFF, and set switch E of Group F .

You heve completed the protlen. Frecss the END e, to irndicete thet

YOU sre finiehed.




U“Pruned-airplane manual

Section Title: Aircraft Type

There are I sete of ewatches on the controller carc.

be setting.
errct aft for

muet determine the type of

whach

They are

|
labeled Group A and Group E. Thecse will be the switches which you wil]

you 2re

Firet, vou
setting the swiiches. The type of eaarcraft mey fall 1nto cne of four
Categor jec.

Set the switches based upon the aircratt type:

Lomgpergial tyrboprop. private turboprop, commeorcial aet. end

Section Title: Set Aircreft Type Ewstoh
A 2 (s
= - t vtch 2 of Broup r Uk
Set switch 1 of Group @ OFF, and set swit
Lontinue with the ne:t secztion.
L4
e
3t
FEresaoie = b




Section Title: Numbter of Fuel Tanie

indicate the number of

The next group of switches to be sct will
fuel tanke 1n the aircra+tt. .

I4 the a2ircraft is & commercial tuwbeprop, set the switches bDacs=d
upon the number of fuel tanle: gpne, twe. three, or four.

I+ the aircraft 1 a private turooprop. el the switchese basced
upen the numter of fuel tanls: pne. twe. thres. or toLr .

If the e1rcraftt 12 a commer ca1al jJet, set the switches baszed upcn
the number of fuel tanke: two., or ot .

1+ none of the above, use the defacit setting.

e
Fre.ious Secticn

Section Title: Eet Fuel Tank Switches

Set switch T of Grouvp A OFF. eet

Switch 5 of Group & ON, and eet switch é& of

Cortirue with the net eection.

e toh:

4 of bLroup A ON,

Group A 0On,

eet




Section Title: Number of Engines

The ne.:t set of switchee will 1ndicete the number

are 1ncetalled 1n the aircraft.

If the aircraft ise a commerc:al turboprop.

englnec.

Ii the aircrett 18 a private

three engines.

I norne of the above,.

use the defeaultl

turbeprop. there me,

€ctt1ng.

of engines which

there may be or:i or tu:.

be one. Luewe, o

Section Title: Set Engine Switches

Fre i1ous Sect:cn

Sel switch 7 of Group A ON,

Contirue with the ne.t cectiorn.

and eet switch & of bBrocup A OFF.

Bip (e ) 0 BE .13 i




Section Title: Automatic Flight Contreole

The nert set of switchee will indicate the number of automatic
flight controle installed irn the sycstem.

I+ the eircraft 1= a commercial turboprop. 1t may have zerc or one
automatic controi.

If the aircrefi 12 a private turboprop, 1t may have one or tw:
automatic contrele.

If the aircraft 1e & privaie Jet, 1t mav have pne or iwc zu omstic
controle.

1f nore of the above, use the default setting.

abE Ry e BEn X )

Sectior. Title: Set Autoc. Flight Seatch

et switch 1 of Group B (0N

Continue with the ne + section.




Section Title: Control Eoard Feedbaci

There may be teedbeac

nest set of switches will

14 the aircratt 1e a commer cial

or pne feedbacth contreol.

controle

inetalled in your aircratt.

1indicale the rnumber 1nctealled.

The

turboprop. 1t mey have either Zerc

I1 the eaircraft 1€ & private turborop, 1t may have e:tner

tuwe feeota:rd cuntrol s,

I4 the earcraft 18 = pravate

controle.

14 none ot the atove.

you heve no teedbact controle.

Lir vy OF

Jet, 1t may have one or twe fteecbact
) il a2

Section Title: Control Board Feedbac

To eet the switches properly,

fuwl ternke an the aircreft.

The aircra+i has either

Qe O

you must

three, or twe or

aieo 1ndicete the nu

c————————

sout +uel tanhs.




Section Title: Set Feedbacl. Switctiee

Set switch 2 of Group E ON: and set sw:itch T of Broup E ON.

Continue with the nett sectiion.

Eresgoas Ssct3cli

Sectaion Title: Auv:ailiary Fower

The ne.t sentch teo be set will 1ndicete whether or not ar
atttlilary power urat 1€ atteched to trhe eystem.

The aarcraf: 1e o commercacél twrboprob or a pravite tar-bop-op,

dip carcraft 1 a commercrlal Jet or @ prisate Jet.

| A o

1
Ll
(i
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Section Title: Set Aw:. Fower Switch

There are t
I+ there is

Group B to ON.

Continue w2

wo poeesible switch settinge.
at least one feedbacl cortrel,

therwice, set switch 4 of Grou

th the ne 't cectran,

then set switcn 4 of

wp B DFF.

Section Tatle:

Number of Lardes

in Systen

Frew) goe Sectipn

The ne 't group of
1netalled 1n the

14 the eircraft

and the number
Otherwicse.

Dtherwice,

igpdibeac! controles.

1+ nene of

ewitches will

cyvetem.

ice & commerclél turboprop

e ie three or four

of fuel tents
e

it there are three engines

ymdicete how mary

carde are

or a private tur b opr O

e ewstchee.

the aircreatt.

g Or

or mot e autom

at.c flagh’ conircie

14 there are OnNE

the defsevlt sel

tang.

the abowe., Lo&E

\Dpeng;
ndix 1.
dix D Experiment 2 manuals (samples)
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Section Tatle: Se

t Carde Senntches

I+

there

gortroles o

are three engines.

ard cone

or more automatic flaight

{eedbaci contrple.

Othewlice., 14 there are one or more aulomalyc flignl controlc Or
certreol boerd feedbaci mechanieme,
Epe g Se b an
Secticrn Title: Set Lards Switches
[ =2 & - - 2 <
et switeh & of Group B OOFF, eetr sw:tch e of Group B OOM, g€l
sewitch 7 of Group E Oh, arc et ewltch

vou

Y o he

ere 41

ve completed the protiem. Fr

rmiched.

8 o+ Group B OON

ecs the END je. te 1ndicete thes

Appendix D: Experiment 2 manuals (samples)
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