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ABSTRACT

This research Is part of an ongoing effort to understand the processes
people employ In reading technical materiel and the ways In Ohfc iom-a+ion
engineering can facilitate those processes. This study provided a aetaiId
and hierarchical ly organized Information structure as part of a ?
omputer-assisted job-aiding procedure for en assembly task. The central
questions were *Where people have asy access to many kinds of Information,
what Information do they select to help them do the job? How do people vary?
How does Informaibn selection differ across sites In the text and graphics?"
The results of this experiment provide preliminary answers to these questions
and serve as the basis for our continuing research In this area.

Tis technical report presents preliminary results of on-going research.
A second report containing a substantially more detailed analysis and
discussion of resuits is currently under preparation.



Information Sngineering: 0.-lne Analysis 'a,

of Informsimo Search and Utiliaation

When people sowged In a procedural task have reedy access to a wide variety

of Information, whet Information do they seek to aid thems in doing the job? isv

do people differ In their Information search and how does the inormt affect

their, performane? ThId report addresses these question through description of

Inforstion seeking responses mde during an assembly task. for which st only

basic Instructions (surface text) but a rich, hirarchically organized supplemental

Information structure (Bypertext), subject to user control, vere Instantly accessi-

bUs by sams of Interactive computer terminal. leaf owses to blocks in Information

are discussed In term of problem solving strategies.

Information Enisring as an Auwovach to Job Aidina

The approach to job siding followed here might best be described as Safor-

naton eninrnin which deeomnand delivery of a complex Information

structure are fully Integrated ceupomento In a total system (Figure 1). In job-

related literacy, such as reading the directions for a procedural task, smm users

my not grasp essential technical term or spatial orientations. Yet to inclnie

anl po-- ial necessary Information In the text would increase considerably the

time required amd possibly obscure the structure of the toext for these who do

vot need that inomto.One approach to this problem Is to provide, via comuter

display screes, a Concise, step-by-etep surface tent of directiose 70t to Provide.

Instant access to Nypertezte a detailed, well-orgaised information structure that
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may Include a wide range of graphic overview and definitions of term, as well

as an easy means of reviewing earlier text segmnts. A user can thus call up

with the touch of a light pen any information he/she requires but need not vade

through information he/she doesn't need.

One critical feature in the in ormation engineering required to allow these

options is design and Implementation of a detailed, vell organized information

structure. The second critical feature is design and implementation of a delivery

system that can provide instant access to this supplemental information, yet return

the user to the site from which the information search was initiated. These, of

course, ust be embedded within a computer system capable of immediate, high

quality, networked responses.

But when varied, relevant information is available, what do people select and

how do they use it? Answers to this question can contribute to our knowledge of

how best to design job aiding procedures and to our understanding of how people

solve (and ultimately can be helped to solve) problems of comprehending technical

mterial.

Responses to Block* In Information

Even when Instructions in a task are Informative and well organized, an

Information block (such as failure to understand the referent for a technical term

or the intended orientation or relationship of two parts) may occur. What responses

are possible? Ordinarily, in encountering an information block in written text

Sreader has only a few options-to plunge forward, either ignoring the block or

hoping to resolve it with information later In the text, or to ve backward to

review earlier inforation that might provide clarification.

With the use of Rypertext, however, the reader's potential responses are

Increased. ligure 2 represents these options schematically. Faced with a block
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in information, the user can wove forward (in which case we may not know a

block has occurred except through performance deficits), wove backward to recheck

earlier text or Hypertext, nve down to check the definition of a specific technical

term or even the meaning of a familiar word in this context, or move up to a

graphic overview of the assembly completed to this step or a graphic overview of

the completed object.

The levels of the hierarchy thus include not only the surface text of directions

but a more detailed level of definitions of terms and a wore global level, in this

case graphics (though in other content the global level might be verbal). This

conception of the hierarchical structure of information is Implicitly rooted in

Frederiksen's (1975) analysis of discourse processes, though those notions are

operationalized in a new way.

Information Search In Technical Literacy as Problem Solving

The overall goal in this asseiably task is to complete the correct assembly of

the miniature loading cart. Subordinate to that goal are the subgoals of completing

17 sequentially arranged steps, each guiding transformation of the object from one

state to the next. (At each step there are also I to 3 substeps to be checked off

by touching the light pen to the screen as completed, but our analysis focuses on

the 17 steps of the surface text.) Subordinate to completion of a given step are

the information-seeking novas undertaken within that step. These can include

forward woves, directly completing and checking off each step and substep; backward

moves, rechecking information received earlier; gward moves (this term is an

arbitrary convention but psychologically useful in visualizing moves within the

information structure from a given point in the surface text to graphic Information),

and downward moves to secure definition of term by touching the light pen to a

vord n the surface text displayed on the screen.

Mile the overall goal and the subgoals are the same for all subjects In this

study, the Informatiou each subject requests to enable hmself/berself to complete
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each step my vary widely.

The focus in this study is on the problem solving strategies individuals use

in overcoming information blocks. Not discussed here are the evaluation and

selection processes that guide a given user in selection of-information from the

Information structure provided, from his/her own information structure, and from

the object in hand; emphasis is on the directly observable moves to various parts

of the computer Information system. Newell and Simon (1972, p.88) described

aspects of the overall organization of an information processing system in this way:

1. Input translation, producing in the problem solver an internal representa-

tion of the problem (in this case, the information block) to be solved. "The problem!

solving then proceeds in the framework of the internal representation thus pro-

duced--a representation that may render problem solutions obvious, obscure, or

perhaps unattainable."

2. Selection of a problem solving method: "A method is a process that bears

some rational relation to attaining a problem solution, as formulated and seen in

terms of the internal representation." In this case the available methods may

include searching the total information structure (prior knowledge, surface text,

Hypertext, and the object itself), drawing inferences, self-monitoring, and integra-

ting the Information bearing upon comprehension of a particular point.

3. Aplication of the problem solvin method to the information block. "At

My mont, as the outcome either of processes incorporated in the method itself

or of more general processes that monitor its application, the execution of the

method my be halted." The Information block my be overcome, apparently overcome,

or left maresolved.

4. Regrouping if necessafr. Newell and Simon note (p. 88, footnote) that

"Te continuous flux of new information from the environment my offer new solution

possibIlities or demands that cause the problem solver to interrupt (his/her) cur-

rmt activities to try different one." They also state that "ihen a method is
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terminated, three options are open to the problem solver: (a) another method may

be attempted, (b) a different Internal representation may be selected and the

problem reformulated, or (c) the attempt to solve the problem may be abandoned",

at least for the moment.

5. Generation of subSoals. While the method is being applied, new problems

may be recognized. "The problem solver may elect to attempt one of these" or

may set aside the new subgoals, "continuing instead with another branch of the

original method."

In order to understand the problem solving processes engaged in during

computer-assisted technical literacy, information seeking strategies initiated

during an assembly task were analyzed in terms of these categories: forward moves,

rechecks (backward moves), requests for graphics, and requests for dictionary.

These responses were examined in terms of overall group patterns, individual

patterns, and sites in the text that tended to provoke given types of information

search. The questions to be answered were:

1. What is the relative frequency of various types of information

requests across the group?

2. ow do individuals vary in information selection and use?

3. Do various sites in the surface text provoke different numbers and

kinds of information search?

Method

Ts ambjects in this sample were not a homogeneous or random sample but a

u"de-r=Wiag eovenience sample of 13 adults. They ranged In background, including

electrial saglusers, stockboys, secretaries, graduate students and teachers. This

diversity cutbed my tendency to generalize too freely from a narrow sample, and

presented a strong test of the ability of the Hypertext system to respond to the

inforation needs of users ranging widely in background.
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1sterias 19d Isuls mt

The materials used include 17 francs of directions -for assembly of a miniature

loading cart to be assembled fram blocks. This surface text, presented on

a computer display screen, was written at fifth grade level and presented each

step clearly and conclsely, as zhown in Figure 3. Each text from, however, gave

the viewer the option of rechecking text seen earlier or branching into Hypertext.

By touching with a light pen almost any substance word on the screen, the viewer

called up a frame (cf. Figure 4) that defined the term or explained Its meaning

in that context; often the definitions were accompanied by sall illustrations of

the part or operation defined.

The viewer also had the option of viewing several types of color graphics.

By touching one of the boxes centered below the directions for each substep, the

user could view an Illustration of the loading cart as It should appear at that

step in the essimbly process (Figure 5).. Or, by touching a box in the upper left

corner, the user could, at any point in the program, branch to a graphic depicting

the completed object. Touching certain sections of that graphic, such as the

axle assembly, shown in front view, could call up a more detailed "blow-up" of that

component. For some subassemblies or parts it was also possible to request another

view (frent, back, side, up-side-down).

The detached display screen was linked to Hazeltine's TICCIT (Time-shared

Interactive Computer Controlled Information Televi sion). A central feature of the

system for this purpose was the Hypertext TM Display System. Technically, this term

Iicludes the organization of both surface text- and the supplemental graphics and

dfinimtons, though we will at times speak of contrasts betveen text and lypertext.

uller descrptin of this system Is given in Stone and Mcil ia (1982) and Stone,

sraelite, udrIck, sad Butson (1963).
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Data-gtatherinz P rocedures

Each subject, tested Individually, was seated at a computer display console

equipped with a light pen. The parts needed to assemble the miniature loading

cart were spread out on the table. The examiner explained the purpose of the

study and-led the subject through the introductory phase of the program, which

explained and illustrated the Information search options available. Then, a

the subject progressed through the steps of the program, the examiner made notes

on his/her performance.

An Internal tracking program recorded and later printed out the sequence of

numbers of the frames viewed by each subject. The sequence of moves for each

subject was transformed Into a schematic profile for each subject, and the types

of information moves were tabulated by subject and by frame.

Data Analysis Procedures

Operationally defined, the key variables were:

Directness - 100 minus the number of forn:srd and backward steps:

Use of Hypertext - Number of requests for graphic information or

for dictionary

Rechecks - Starting point for long or short backward moves to text

or Hypertext

Based on the conceptualization of information blocks and Information search

strategies discussed earlier, the computer's internal tracking records of the

sequence of frame numbers viewed were transformed into visually salient graphic

representations of each subjects' performance. This facilitated explicit descrip-

tion of each move by each subject yet made it easy to detect the larger patterns

within which Individual moves were embedded. The next step was to tabulate relative

frequency of levels of directness and various Information requests for each

subject and across the whole group. A similar procedure was used to examine



differences between program frames in the relative frequency of various informa-

tion moves. Described later is the development of a coding system for cluster

analysis (to be conducted after more subjects are observed) in order to develop

a tazonomy of frame types.

Results

The results of this analysis are organized in terms of 1) overall patterns

of information search and utilization, 2) individual variability, and 3)

analysis of the program steps that provoked various information requests.

What is the relative frequency of various information requests, across the group?

People vary in the background and strategies they bring to a task like this,

and they va- in the information they seek during the task. The major dimensions

along which they differ in performance are directness, use of Hypertext, and

rechecks. It's tempting to think of directness (use of a minimum

number of forward moves) as efficient, but it's not really efficient to plunge

ahead blindly if needed information is readily available. Use of Hypertext and

a few recursions may aid performance. Heavy use of recursions, on the other hand

may indicate problems.

Across the whole group (Table 1) there were 238 information requests, for a

mean of 17.3 information request moves per user. The most frequently requested

category was graphics, with 129 requests (54% of the total), followed by dictionary

requests, 73 (312). The remaining 152 of the requests took the form of rechecks

of text (24 requests).or Hypertext (12 requests).

Across the group the average figure for directness (100 - the total number

of forward and backward moves) was 72.4. The minimum number of forward moves

for the 17 frames was expected to be 17 (though one subject viewed only 16 frames).



-9-

This would yield a directness index of 83, which vas attained by several subjects.

On the average, subjects took eleven more moves forward and backward than the

minium needed to complete the task, but one took thirty moves more than the

minimum, and several took only the minimum.

flow did individuals vary in Information selection and use?

One variable on which subjects hardly differed was success on the task.

The directions we!. designed to be clear and readable, yet previous studies using

the same surface text (Stone & Glock, 1981) showed that two-thirds of the subjects

completed the task with some uncorrected errors. In this study, with the addition~

of Hypertext, almost no errors were uncorrected by the end of the task. Subjects

varied, however, in the strategies they used in selecting information they needed

to succeed on the task.

Schematic representations of performances by several subjects are

displayed in Figure 6. The center lines represent the 17 steps of the surface

text, the concise sequential set of instructions for assembling the loading

cart. Requests for graphics are represented as moves up to the boxes above

the line, and requests for definitions of terms are represented as moves down

to circles below the line. Rechecks are represented as moves backward (right

to left).

The subjects shown in Figure 6 are relatively direct in approach. Subject

109 moves st-aight thpough the task on. the level of the surface text, but at

the ad checks back at two points, apparently to view the graphic displays there.

Subjects 102, 119, 110, 115, and 111 make few or no rechecks but sake Increasing

use of Bypertext. While subject 111 has 27 requests for Hypertext (17 for graphics,

10 for dictionary), as contrasted with 2 by subject 109, his/her forward progress

is equally direct.
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Patterns for the subjects shown in Figure 7 show low-moderate use of

rechecks and varying use of Hypertext. Even in some of these subjects' pro-

files there is a suggestion of increased action around frames 5, 11, and 16.

Subject 117 requests definition of terns at frme 5, moves on to frame 6, but

rechecks several points in text or Hypertext, apparently resolves the problem

and moves on. Subject 108 does not stop at that point, but on reaching the

last frame makes a long sweep back to frane 5, then moves forward to frame 11,

checks one graphic and one definition, then checks out, having successfully

completed the task.

More complex and lese direct patterns are seen for subjects 103, 116,

and 105 (Figure 8). For 103 and 116 the patterns differ more in degree then in

kind from the group just discussed; some problems around frames 4-5, some near

frames 10-11, some rechecks back to the earlier trouble spot, and a long sweep

back from the last frame. Subject 105 is perhaps the most complex, with recur-

saons within recursions. Except for a swirl of text and Hypertext rechecks

around frames 4-5, apparently resolving the problem, he/she proceeds with only a

few asides to the next to the last frame, checks a term, moves back a few frames

to check some graphics, moves forward one frame, checks a graphic, then moves on

for one more frame. At that point, however, he/she reverses direction, returning

to check the text on frame 10, moves forward two frames, then reverses to recheck

a term on frme 11, then checks out, job completed.

We present here simply a description rather than an evaluation of the effective-

moss of users' search strategies, but even these preliminary findings suggest

several tactics for aiding performance or learning. Where there are clearly defined

effective and Ineffective search strategies, an on-line Diagnosis subroutine can

provide visually salient feedback such as the users' profile or mapping of that

Individual's performance against a background of typical or ideal performance.



It can also be programed to intervene in one of several ways, triggered by the

pattern of information moves in a given area of the text and some if-when-then

statements. Such interventions can range from gentle advisor massages: "Are you

lost? If you'd like to view the completed object, touch the green box") to more

direct masures (locking in or out certain portions of the information structure

for a given user, either to induce new strategies or to prevent disasters in

safety or security).

In this study all subjects succeeded, but they succeeded in different ways,

making use of the information they felt they needed at various points. The total

number of information requests and the kinds of information requested varied across

subjects.

Which proaram steps provoke search?

Sons steps in the set of directions for this assembly task appeared to set

off wre searches and different kinds of seraches than others. As shown in

Table 2 and Figure 9, the total number of searches springing off a given program

step ranged from 2 for step 15 to 36 for step 5. In general, steps that provoked

a nunber of dictionary requests or text rechecks were the sme as those that

provoked graphic requests, signalling a general need for clarification that some

users satisfied in one way and some in another. Step 5 provoked both 17 requests

for graphics (several of then repeats by the same user), most for graphic 10,

the component as completed to that step, and 14 for dictionary. Step 11 elicited

16 requests for graphics and 16 for dictionary. Graphic 27, an overview of the com-

pleted object, was requested most often at frames 4 and 16. As a rule, there were

more requests for graphics than for dictionary on a given frame, but on step 16

a substantial number of requests were made for clarification of the term "grooves."

Some steps (notably 5 and 10) provoked more text rechecks than most, as though
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the new step made users realize that there ms something earlier they hadn' t

understood. For--step 5, however, a nuber of the rechecks to step 4 and to the

related graphic were repeats by the sae user. For frame 17 the rechecks were

In some cases responses to the Invitation on that frame: "This completes the

assembly of the loading cart. You my go back over any part of these instructions

to check your work, however." Both the small number of text rechecks and the

uneven proportion that were repeats by the sam user suggest that while this is a

dimension useful in describing individual differences, use of text rechecks on a

given step as a signal of program problem would require a larger ample.

Across the group as a whole, the largest numbers of information searches

emanated from frames 5 and 11, with frames 16 (mostly definitions) and 10

(mostly graphics) not far behind. There were very few information requests

Initiated at frames 2, 6, 15, and 7.

It is also possible to analyze more carefully the information requests

at any point. Frame 5, for example, directed the user to form the axle

assembly. At this frame the graphic selected at least once by 10 of the 13

subjects was the illustration of that step when completed. One person rechecked

the graphic of the prior step and two requested a view of the finished

object. The terms for which clarification wee requested by one person were

"attached," "end groove of column one," and "end groove of colun two." Term

requested by three people were "angle block" and "are oriented correctly."

An on-line Debug subroutine of the computer program, can provide graphic and

quantitative data as input in the human judgement of the best fix-up strategy for

observed trouble spots. If the number of information requests for a given program,

step Is small, It's usually best to leave It alone. Only a few people needed the

help available there, but for those who needed it the help my have been critical.

The cost of developing and storing the supplemental information In flyper text is

likely to be far smaller than the cost of mistakes made in technical operations.
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If the number of requests for Information at a given program step is

large, it's useful first to determine whether the requests take the form of

graphics and/or dictionary or of text rechecks.- If the former, the software

designer may decide to Import the information into the surface text (adding

a graphic detail or defining & term in context) or my decide to leave It as is,

reasoning that if no more than a quarter of the users need that information, it's

still easily available to them, while leaving the surface text uncluttered for

those who don' t need that information. Number of errors or rechecks following

this step may also be considered.

A large number of rechecks in a given area of the program usually signals a

problem, but the action to be taken depends upon the nature of the problem. If

the total is a reflection of repetitions on the same frames by only a few people,

it's probably an individual problem of lack of knowledge or lack of assurance.

The problem may be alleviated indirectly if requests for Hypertext on the am

frames lead to the changes described earlier. If rechecks in a given area are

made by more than a few people, it is useful to examine not only the frames that

are the starting point and ending point for the recheck but the relationship between

them. Is there anything misstated or misinterpreted in the first frame? Does the

problem become apparent only in the next frame? Or is there a new term for the mant

part mentioned earlier? As stated eariiew, text rechecks my be more useful in

flagging possible problems than in spelling out the solutions.

Although this Informal analysis was based on only a few users, it indicates

that some sites in the surface text provoke more information requests than others.

It also points up the feasibility of a strategy for responding to a serious

practical problem: the need for early debugging of software. As luayard and

Coward (1982) point out, errors (or less than optimal solutions) detected late In

the development of software cost far more to correct than those detected early.
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The complex Informtion structure available to users in this study appears

not only to facilitate performance through Individual control of information

needs, but to facilitate debugging by pointing out both the sites where more

Information Is required and tfe kinds of information sought. These patterns

can 'readily be diagnosed on-line and accumualated over a modest numer of subjects,

flagging trouble-spots and suggesting the needed fix-up strategies. Some changes

might be made even while the software is still in the development phase, substantially

reducing life-cycle costs (Grove, 1982) and minimizing performance errors. Such

a Debug subroutine could form the core of a software quality assurance program, as

described by Baker 6 Fisher (1982).

Development of a Taxonomy of Information Search Patterns

This "Sent discusses the preparation for an aspect of analysis that will

not be conducted until profiles of more subjects have been analyzed. The intent

at that time is to conduct cluster analysis In order to determine a taxonomy of

types of frames, described in term of the information moves they provoke.

The first step in that process is to develop a coding system to describe in

a limited number of dimensions the complexity of the total activity (not just

a single move, but all the activity) undertaken by a given subject on a given frame.

Each subject's activity on a frame is described in term of three digits,

each representing one dimension of the taxonomy. Presented in Table 3 are the

three dimensions: Numbers of passes (forward and backward) a subject makes

through that fram either during Initial progress or later for rechecks; use

of Hypertext; and beginning or end of recheck.

To Illustrate the application of the coding system, consider framen 1

through 6 for subject 105. The first frame is coded as 100 (1 pass, no Hypertext,

no rechecks), the second as 103 (1 pass, no gypertext, the and of a 1 step recheck),

the third as 345 (3 passes, 1 request for dictionary, the beginning and end of

a 1-step recheck). Frame 4 is coded as 315 (3 passes, 1 request for graphics,
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beginning and end of 2 or more rechecks-(long or short).. Frame 5 is coded as 787

(7 passes, both kinds of graphics, sore than 1 of either, beginning of more than

1 recheck). And Frame 6 is simply 100 (1 pass, no Hypertaxt, no rechecks);

coders learn to treasure such simple items. By coding and analyzing frames in

this way It should be possible to locate the clusters of similar responses to frames.

Final Comnents

This report is part of an ongoing effort to understand the processes people

employ in reading technical material and the ways in .which information engineer-

ing can facilitate those processes. This study provided a detailed and hierarchi-

cally organized information structure as part of a computer-assisted job aiding

procedure for an assembly task. The central questions were 'hen people have

easy access to many kinds of information, what information do they select to

help thea do the job? How do people vary? How does information selection differ

across sites in ta text?"

Subjects as a group selected graphic information most often, dictionary next,

and sometimes made rechecks of text or nontext information. Individuals varied,

however, inthe directness of their approach, the frequency of their requests for

graphics or dictionary, and their use of long and short rechecks. Yet at a higher

level of generality some comon patterns were observed. Sites in the text also

differed widely; some were the starting point for far more rechecks and requests

for Hypertext than were others.

Performance was noticeably better than in previous studies using the same

materials but without the Hypertext feature of ready access to a hierarchically

organised nformation structure. This suggests that when people can get the

Information they need when they need it, performance on procedural tasks is

facilitated. lut people vary in the information they feel they need, so it say

be advisable to have more information (and more form of information) available

than any one person is likely to need, yet to keep the surface text uncluttered
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in order to avoid Information overload for those who don't need that information.

There are several levels of generality at which the procedures described here

my be useful (apart from their central function in job aiding): early debugging

of software, systematic objective study of the design of job aiding procedures,

aiding the study of processes iaolved in comprehending technical material, and

aiding the study of problem solving in a specific technical context. For example,

the objective on-line data-gathering can be complemented by think-aloud or

stimulated recall techniques to understand how Individuals conceptualize a par-

ticular problem and organize relevant information.

In terms of the aspects of Information identified by Newell and Simon (1972),

ye have little direct information about input translation, an aspect that vll

deserve a closer look after the more easily observed aspects are better sapped.

We have indirect evidence about selection of problem solving methods; analysis by

frames show that the types of information requests provoked differed across frames.

We have a clear record of those aspects of avplication of problem solving method

manifest in requests for various kinds of information (though no documentation of

the more internal aspects such as inference and integration and linkage to prior

knowledge). The same data base indicates that subjects often regroup (request

more information) when the problem of comprehending a particular frame resists

Initial attempts at solution. On the point of subsoals, our evidence is only sug-

gestive. Bursts of requests for rechecks or Hypertext may suggest that the

individual sets as subgoals clarification of one or more points before he/she can

usefully attend to the larger goal of successfully completing that step. Protocols

that sho an individual moving through a trouble spot but later making a long

recheck to that spot my illustrate Newell and Simon's point that problem solvers

sometimes set aside new subgoals (in this case, a desire for greater clarity about

some terms, spatial orientations or relationships between subcomponents) but may
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later have to return to resolve that problem. Perhaps most clearly suggestive

of the generation of subgoals in the protocol of subject 105, in which the indivi-

dual on more than one occasion reversed direction, or 116, who, in the middle of

a recheck, sent out requests for Hypertext.

Experts on problem solving such as Newell and Simon (1972) or Shulman and

Elstein (1975) invested many years, close analysis, and much thoughtful analysis

and, undoubtedly, reconceptualization before presenting formal models of the process.

It would take more chutzpah than the authors of this report collectively possess

to present a formal model at this point. The results we present here are only a

beginning, and we have elected to start from the outside with objectively observ-

able behavior, then gradually to circle closer.

Some major patterns, however, seem to be emerging. It seems legitimate. to

describe and interpret these behaviors as problem solving in a specific technical

context. That context to some degree defines the problem space add thus the

solutions likely to be tried, yet individualsdiffering in background and having

access to many kinds of relevant information, varied in the strategies they applied.

Nonetheless, there were some patterns across the group (though none that were

universal). The more obvious patterns were linked to difficulties present in certain

segments of the text, as indicated by the greater number of information searches

around certain frames or the greater tendency to seek definitions for some kinds

of information blocks, graphics for others.

We hope that the procedures and analyses described here will prove useful both

in enhancing job performance and training and in exploring the information search

and utilization processes used in solving Important practical problems.

S ... .hi
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Table 2

Frequency of Information Requesfs Initiated
at Each Program Step'

Frame Graphic Dictionary Start of Text Start of Non- Total
Requests Requests Recheck text Rechecks

1 9 2 0 0 11

2 3 0 1 0 4

3 4 3 1 0 8

4 12 3 3 0 18

5 17 14 4 1 36

6 3 1 1 1 6

7 8 1 2 0 11

8 4 1 0 3 8

9 12 3 0 0 15

10 13 5 3 1 22

11 16 16 0 0 32

12 8 2 1 1 12

13 8 0 2 0 10

14 9 4 0 1 14

15 0 1 0 1 2

16 3 17 1 1 22

17 0 0 5 2 7

129 73 24 12 238

1Analysis based on the first 13 subjects

_____ I



Table 3

TamnoW of Search Activity by Subjects at ach Frmla

fMt diilt

No. of Passes lorward or Backward

0 W Sne
1 one time

" 2 - two tfaes
3 - three times
4 - four times
5 - five times
6 - six tines
7 - seven times

Second dialt

Use qf Hypertext
0 m none
1 - graphics (1), including repeats
2 - graphics (2)
3 -graphics (3 or sore)
4 - dictionary (1)
5 - dictionary (2)
6 a dictionary (3 or more)
7 - one of each
S m both, more than 1 of either

Third diuit

Beginning or lnd of Text or Hypertext Recheck

o a not beginning or end of recheck
1 a beginning of recheck of I step
2 a beginning of recheck of 2 or more steps
3 - end of recheck of I step
4 a end of recheck of 2 or more steps
5 = beginning and end of 2 or more recheck. of 1 step
6 beginning and end of 2 or more rechecks, at least 1 of which

is 2 or ore steps long
7 - beginning of 2 or more rechecks, short or long
8 - end of 2 or more rechecks, short or long



References

Baker, E.R., & Fisher, M.J. A software quality framework. Concepts: The

Journal of Defense Systems Acquisitions Management. 1982, 5(4), 95-107.

Bunyard, J.., & Coward, J.M. Today's risks in software development -- Can

they be significantly reduced? Concepts: The Journal of Defense Systems

Acquisitions Management. 1982, 5(4), 9-36.

Frederiksen, C.H. Representing logical and semantic structure of knowledge

acquired from discourse. Cognitive Psychology, 1975, 7, 317-458.

Grove, H.M. DOD policy for acquisition of embedded computer resources. Concepts:

The Journal of Defense Systems Acquisitions Management. 1982, 5(4), 73-94.

Newell, A., & Simon, H.A. Human problem solving. Englewood Cliffs, N.J.:

Prentice-Hall, 1972.

Shulman, L.S., & Elstein,*A.S. Studies of problem solving, judgment, and decision

making: Lplications for educational research. In F.N. Kerlinger (Ed.),

Review of research in education (Vol. 3). Itasca, Ill.: F.E. Peacock, 1975.

Stone, D.E. Comprehension of information in picture-text amalgams in procedural

texts. Doctoral dissertation, Cornell University, Ithaca, New York, 1977.

Stone, D.E., & Glock, M.D. Now do young adults read directions with and without

pictures? Journal of Educational Psychology, 1981, 73(3), 419-426.

Stone, D.E., & McMinn, N. Computer instrumentation for research on the cognitive

structures and processes required to execute procedures based on instructions

(Technical Report No. 7). Ithaca, N.Y.: Reading Research Group, Cornell University,

Nay, 1982.

Stone, D.E., Israelite, L., Nudrick, D., & Hutson, B.A. Hypertext as a component

in a computer-based technical information system. Paper to be presented at the

annual conference of the Association for Design of Computer Instructions Systems,

Denver, June, 1983.



Acknowledgements

We are indebtad to Carl Frederiksen for his generous help in

analyzing the comparability of text and graphic materials used in

the series of studies begun In 1976; those materials, though now

tranIsfromed, serve as the basis for this study. We greatly

appreciate Peggy McMinn's assistance In running subjects and the

creative staff of Hazeltine Corporation for helping to develop the

materials. The patient typing by Maggie Sharp was invaluable. Most

of all we thank those who participated as subjects in this study.

The project reported in this paper was supported by funding

to Cornell University from Personnel and Training Research Programs,

Psychological Science Division, Office of Naval Research, contract

no. N00014-80-C-0372.

L1

- f I



User $election of
Level end Mode of

Informatlon Needed

Development of Development of
information Structure Computer Delivery

Adopted to INFORMATION Systems Adopted
User Needs to User Needs

Design of ENGINEERING Design of

Imformation Computer Delivery

Structure system

Analysis of Analysis of

Information Computer Delivery

Needed System Koquiremeets

Figure 1
Integration of Components In an Information engineering system

______

.......... .



- Graphics

*1811Drtation

Surface block

text ~1 :

Dictionary

Figure 2. A schematic representation of the information search
strategies for resolving an information block when Hypertext display
is available. Options include moving forward, moving up to a graphic
overview, down to clarification of a specific term, or rechecking the
surface text or Hypertext.



Figure 3. Examples of steps in surface text
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Figure 4. Examples of graphics
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Figure S. Examples of definitions
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