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INTRODUCTION

Evaluation is a critical component of software
interface design. Evaluative measures can be collected
throughout the design cycle. Williges, Williges and
Elkerton (in press) suggest the application of both
formative and summative evaluation in the design of
software interfaces. Formative evaluation is iterative,
with successive designs assessed and revised based on a
series of design subgoals. Summative evaluation focuses
on testing the finished product.

Frequently, only user performance (objective)
measures are considered during the evaluation process.
However, of equal importance to interface evaluation are
user attitude (subjective) measures. In the evaluation
of software interfaces, researchers have several choices
for both objective and subjective measures. Error rate,
number of tasks completed, and task completion time are
typical of objective measures collected. Researchers may
compute a single objective measure, such as a user

performance score (Whiteside, Jones, Levy, and Wixon,

1985), from a combination of other measures. Subjective
evaluations usually consist of verbal reports, scale
rating, or preference rankings. When both objective and

subjective measures are collected, disagreement between

the sets of measures is often found. Williges et al.



(in press) suggest that the lack of agreement between
measures may be caused by a difference between
satisfaction and usability or some insensitivity of the
subjective measures.

The usefulness of subjective‘ evaluations is
determined, in part, by the specificity of the
information gained. To identify problematic interface
components user evaluations must generate detailed
information. Formal instruments for collecting
evaluations are typically global in nature, requiring the
user to evaluate the entire interface on a single
subjective measure, such as satisfaction or preference.
This type of evaluation fails to give the designer
information necessary to;isolate aspects of the interface
which should be targeted for improvement (Ives, Olson,

and Baroudi, 1983).

Research Problem

The aim of this research was two-fold. First, a
preliminary research study developed a methodology for
the systematic collection of detailed subjective

evaluations of software interfaces. Second, the main

s o b et e S AR 10

thesis topic was to explore the relationship between
these detailed subjective evaluations and traditional

objective measures in the context of a text editing

qupre——"

benchmark task. Given these two research intentions,




background literature concerning the evaluation of
software interfaces using benchmark tasks and the
development of subjective evaluation matrices for

software interfaces is presented.

Benchmark Tasks to Evaluate Software Intexrfaces

Several researchers have developed and applied
procedures, referred to as "benchmark tasks," for the
purpose of objectively evaluating software interfaces.
Benchmarking was originally applied to evaluate the
usability of software products by Roberts (1979). The
major goal behind benchmarking proce&ures is to provide
standardized techniques which allow for comparisons to be
made across a wide variefy of products of a single class
(e.g. editors).

In the development of text editor benchmark
procedures, Roberts (1979) focused on characteristics
common to all editors. Three criteria guided the
evolution of these benchmark techniques; 1) Objectivity;
the method should not be biased against any editor, 2)
Thoroughness; the method should consider several
dimensions of editor usage, and 3) Ease of wuse; the
application of the benchmark procedures should be easy
and require no special skills. The four dimensions of
editor usage assessed were; 1) expert performance time,

2) expert errors, 3) novice learning time, and &)



functionality. 1In order to evaluate each editor on these
four dimensions, Roberts created a taxonomy of 212
editing tasks. Expert performance time was computed as
the total time taken by experts to accomplish 53 editing
tasks. These tasks were selected from a set of core tasks
considered executable on all editors. To assess novice
learning time, 23 core tasks were used. Finally,
functionality was measured by determining how many of the
212 tasks in the task taxonomy could be performed with
the editor. Employing these benchmark procedures,
Roberts (1979) and Roberts and Moran (1983) compiled a
comparative data base of objective me?sures for nine text
editors on the four dimensions discussed.

Expanding on techhiques used by Roberts (1979),
Whitside, Jones, Levy, and Wixon (1985), developed three
sets of computer benchmark tasks. These task were; 1)
file manipulation; adapted from Magers (1983), 2)
electronic mail, and 3) general office procedures.
Employing these standardized techniques, Whiteside et
al.., (1985), were able to compare successfully the
usability of three vastly different software interface
styles; command, menu, and iconic.

Several researchers have emphasized the need for
benchmark tasks which more closely represent the actual
daily use of interfaces (Whiteside, Archer, Wixon, and

Good, 1982; Williges et al., in press). Gaylin (1985),



successfully developed an empirically based benchmark
task for the evaluation of windowing interfaces. In the
process of building this benchmark, Gaylin (1985)
measured command usage frequencies both objectively and
subjectively. Command usage frequency was measured
objectively by observing the daily activities of
windowing system users. Subjective estimates of command
usage were obtained from these same users by
questionnaire. Analysis of the objectively and
subjectively determined frequencies revealed that
individual users were quite poor at judging command usage
frequencies (r = 0.27). To determiné if the empirically
developed benchmark represented actual command usage
frequencies, Gaylin (1985), observed two experienced
users as they completed the benchmark. The frequency
with which they used windowing commands during the
benchmark was highly correlated with the frequency with
which the original users used the commands in their daily

work (r = 0.95).

Subjective Evaluations of Software Interfaces

Several researchers (Dzida, Herda, and Itzfeldt,
1978; 1Ives, et al. 1983; Nickerson, 1981) report that
subjective evaluations of an interface reflect how well
that interface fulfills user needs. Dzida, et al. (1978)

further assert that user evaluations are critical to the



development of user-oriented design guidelines. However,
the literature on systematic collection of user
subjective evaluations of software interfaces is sparse.

The application of subjective evaluations to the
assessment of ease of use has been suggested by several
researchers (Bennett, 1984; Shackel, 1984) 1In an effort
to quantify subjective ease of use, Cordes (1984),
applied techniques from the area of magnitude estimation.
By using a standardized modulus to calibrate ease of use
evaluations, Cordes was able to compare ratings across
two different interfaces. These evaluations led to the
successful redesign of hard to use inferface components.

Rosson (1984) examined the effects of three user
characteristics on ease ;of use ratings given a computer
text editor. These user characteristics were; 1)
experience with the editor evaluated, 2) experience with
other text editors, and 3) type of work performed.
Analysis of the ease of use ratings revealed that more
sophisticated users (e.g. researchers and programmers)
found the editor more difficult to use than less
sophisticated users (e.g. secretaries). Further analysis
of user comments indicated that this effect was due
primarily to the increased application of the more
complex editor characteristics (e.qg. macros) by
researchers and programmers.

In addition, Rosson (1984) solicited three types of



written comments. These comments were entitled; 1)
likes, 2) dislikes and 3) suggested improvements. The
analysis of the comments revealed that the number of
suggested improvements was found to be positively
correlated with the diversity of user experience with
other editors. The researcher cites two factors which
may have caused this effect. First, the more diverse a
user's experience the more comprehensive the baseline to
which they can compare any individual editor. Second,
more diversity may make the user a better judge of the
feasibility of a suggested improvement.

Root and Draper (1983) examiﬁed several issues
related to the effectiveness of questionnaires as a
software evaluation tool. Their questionnaire focused on
obtaining information from users pertaining to wvarious
commands included in a specific text editor. However,
since actual command names were an integral part of their
questionnaire, their methodology is restricted to within-
editor comparisons. Nevertheless, the questionnaire
identified several commands with which users had
difficulty.

Root et al. (1983) further investigated three
techniques for questionnaire administration. These
techniques differed in terms of the recency of wuser
experiences with the interface. The recency variable was

manipulated between three discrete levels, "hot", "cold",



and "ultra-cold." The "hot" condition required subjects
to complete an online version of a standard editing task
prior to making interface evaluations. In the "cold"
condition, subjects completed the standard task on paper
before their evaluations. Finally, in the "ultra-cold"
treatment, subjects simply evaluated the editor with no
recent experience. The results of these comparisons
revealed that sensitivity differences, in terms of the
rating variances, existed between the groups. However,
the relative rankings of the various commands did not
differ among administration techniques.

In another attempt to assess thé effect of recency
of experience on subjective evaluations, Rushinek,
Rushinek, and Stutz (1984), employed an online evaluation
program. The program was automatically invoked at the
end of a student's CAI lesson, and both scale ratings and
free form comments were collected. These researchers
claim that their online evaluations were superior to
manual paper/pencil evaluations. In addition, Rushinek,
et al. (1984) assert that the evaluations resulted in
redesign of the CAI lessons which, in turn, improved
system effectiveness. However, it is unclear how these
researchers came to their conclusions since none of the
necessary data appear in their report.

User satisfaction with management information

systems (MIS's) has been studied quite comprehensively by



Ives, Olson, and Baroudi (1983). The major premise upon
which these individuals based their work was that global
estimates of user satisfaction were ineffective as an
evaluation tool. These researchers made this statement
based on the fact that global evaluations failed to
generate information identifying the specific source of
user satisfaction or dissatisfaction. To obtain detailed
evaluations, Ives et al. (1983) asked users to evaluate
their management information system in <terms of 39
different factors on a set of semantic differential
scales. These factors included items addressing
documentation and support such as ."training provided

users" and "vendor support" as well as items concerning

system output such as "accuracy" or ‘"precision of
output”. These researchers were able to describe
effectively overall user satisfaction with the
information systems they evaluated. The major appeal of

Ives et al. (1983) approach lies in the ability to build
an evaluative data base which spans a diverse group of

information systems.

Development of a Subjective Evaluation Metric

Preliminary research was conducted to develop a
methodology which could be used to build instruments for
collecting detailed subjective evaluations. Basically,

the methodology determined which aspects of a text editor
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users would evaluate and then defined how these
evaluations would be made. First, a taxonomy of editing
functions was created for users to evaluate. Second,
procedures from the field of attitude measurement were
used to build a set of 7-point bipolar adjective scales
on which users could evaluate the editing functions.
Third, the scales and editing functions were used to
evaluate an existing editor.

Function taxonomy. The editing function taxonomy
describes a text editor in terms of the common editing
functions performed by users. For example, the DELETE
function consists of anything impleménted on a specific
editor which could be employed by a user for the purpose
of deleting text from a -file. Several researchers have
developed formal taxonomies to facilitate both the
analysis of and the communication about human computer

interfaces (Cohill, 1984; Lenorovitz, Phillips, Andrey,

e,
taxonomy of logically associated terms to describe the

and Kloster, 1984). “\\
Lenorovitz et al. (Iszl/fassembled a generic

user-system interface (USI) for task analytic purposes.

The taxonomy, referred to as USI Action Taxonomy, is a
combination of four sub-taxonomies. These sub-taxonomies
are the; 1) Computer-Internal Taxonomy, 2) Computer-
Output Taxonomy, 3) Human-Internal Taxonomy, and 4&)

Human-Input Taxonomy. The Computer-Internal Taxonomy
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consists of the automated aspects of the USI which are
invisible to the user, while the Computer-Output Taxonomy
describes the methods by which the computer attempts to
communicate with the user. Of major interest are the
human related sub-taxonomies. The Human-Internal Taxonomy
defines actions internal to the user which are
transparent to the computer. These include such actions
as perception, information processing, and decision
making. As the researchers point out, this sub-taxonomy
expands on the earlier work of Berliner, Angell and
Shearer (1964). Finally, the Human-Input Taxonomy
describes the generic methods by whiéh users accomplish
their goals. Perhaps the largest contribution of
Lenorovitz et al. lies-in the fact that the researchers
developed definitions of their terms. As they point out,
the addition of these definitions should facilitate
communication between designers and end users about the
USsI.

Cohill (1984) built a taxonomy to represent the
functional aspects of interfaces dealing with computer
data bases. The main purpose behind the development of
this taxonomy was to list and define the functional needs
of a wide range of data base interfaces. Cohill proposed
that this taxonomy be used to develop a single,
comprehensive data base interface. Cohill further

identified several other uses of this taxonomy, perhaps
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the most important being the ability to compare across
interfaces of a single class (e.qg. editors, operating
systems). These comparisons could be made on each
individual function in terms of user performance
measures, user evaluations, and ease of implementation.
In contrast to the taxonomies of Cohill (1984) and
Lenorovitz et al. (1984), the taxonomy described in
Coleman et al. (1984), emphasized the use of empirical
procedures. In the initial compilation of the taxonomy,
research dealing with the description of text editor
environments was surveyed (Meyrowitz and Van Dam, 1982;
Roberts and Moran, 1983). Suggestions for the function
taxonomy were also collected from text editor users and
designers. The responseé received were incorporated into
the initial list, which was assessed for
comprehensiveness by members of the Human Engineering
Research Group at Digital Equipment Corporation. As
displayed in Table 1, the final list contained 16 editing
functions. If one compares the taxonomy developed in the
preliminary work with the taxonomies of Lenorovitz et al.
(1984) and Cohill (1984), similarities become evident.
The taxonomy which resulted from this pilot work appears
as a mixture of the other two taxonomies, in that it
describes the functional aspects (i.e. Cohill) of a text
editor in relationship to tasks commonly performed by

users (i.e Lenorovitz).
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13

Final List of 16 Editing Functions Chosen for
Collecting Subjective Evaluations

EUNCTION DEFINITION

TRAVEL used to change the position of the cursor
in a file; includes fine, coarse, forward,
and backward movement

SEARCH used to locate a specific target such as a
string of characters

VIEW used to examine visually what a file
contains

DELETE used to remove portions of a file

INSERT used to put new information, text, into a
file; does not include transferring text
into the file from an external file

COPY used to duplicéte text at another location
within the file; includes only duplications
within a file

MOVE used to relocate text within a file

REPLACE used to substitute one piece of text for
another; combines delete and insert into a
single function

CUSTOMIZE used to modify the interface environment;
includes creating special commands

REQUEST used to get help from the system in
performing any task

RECOVER used to recover from any user mistakes;

includes ability to cancel or undo an
operation and to analyze and interpret
errors
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TABLE 1

Continued

FUNCTION DEFINITION

INITIATE used to start an interaction with the
interface

TERMINATE used to end an interaction with an interface

WRITE used to copy information between files;
includes moving information from file being
edited to an external file

INCLUDE used to copy information from an external
file into the file being edited

FORMAT used to format information within a file

while in that file
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Bipolar adjective scales. The use of bipolar

adjective scales for the measurement of subjective

reactions was first proposed by Osgood, Tannenbaum, and

Succi (1957). These researchers employed bipolar
adjective scales as a means of semantically
differentiating objects. Application of bipolar

adjective scales to a multitude of different concepts has
consistently revealed that the variance in the ratings on
these scales can be accounted for by three dimensions,
EVALUATION, POTENCY, and ACTIVITY (EPA). Each dimension
consists of bipolar adjective scales whose ratings co-
vary. For example the scales GOOD-BAb and SAFE-DANGEROUS
are included in the EVALUATION dimension; the scales
POWERFUL-POWERLESS and HEAVY-LIGHT fall on the POTENCY
dimension; and the scales ACTIVE-PASSIVE and FAST-SLOW
fall on the ACTIVITY dimension.

These bipolar adjective scales have been applied to
the assessment of general affective reactions to
computers by Zoltan and Chapanis, (1982). Lucas (1977)
and Kerber (1983) have used bipolar adjective scales to
compare affective reactions to specific applications of

computers, e.g. bookkeeping, decision making, medical

jﬁﬂfﬁg}gﬂing, More specific applications have included
the evaluation of Management Information Systems (Ives et
al., 1983), keyboard designs, (Burke, Muto, and Gutman,

1984) and operating systems, (Whiteside, Wixon, and
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Jones, in press).

The development of the bipolar adjective scales used
in this research, as with the function list, emphasized
the use of empirical procedures. An initial list of 64
adjectives was assembled by examining articles dealing
with user evaluations (Kerber, 1983; and Ives et al.,
1983). Computer users were then queried for
recommendations. Users generated 22 new adjectives; thus
the comprehensive list contained 86. The adjective list
was then refined based on user-perceived similarity, as
determined by sorting, and user-perceived importance, as
indicated by rating scale. The resuit was a 1list of 17
adjectives. Finally, these adjectives were paired with
antonyms (Bolander, Varher, Pine 1981) to form bipolar
adjective rating scales. The list of 17 adjectives,
their importance ratings, and their antonyms are
displayed in Table 2.

As shown in Table 2, the four adjectives rated as
most important for describing a satisfactory text editor
interface were DEPENDABLE, USEFUL, FAST, and CONSISTENT.

This result indicates that users may prefer more concrete

adjectives for evaluating interfaces. In addition, these

adjectives seem to describe measurable and adjustable
interface parameters, which 1is consistent with the
assertion that user evaluations of an interface reflect

how well the interface fulfills user needs (Dzida et al.,
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TABLE 2

Seventeen Adjectives, Their Mean Importance

to the Description of a Satisfactory Interface

(as rated by text editor users, maximum value = 7),
and Antonyms Selected for Bipolar Scales

ADJECTIVE = IMPORIANCE = ANTONYM

~ DEPENDABLE 6.8889 UNDEPENDABLE

v USEFUL 6.7407 USELESS

+FAST 6.6296 SLOW

+CONSISTENT 6.5926 INCONSISTENT
~COMPLETE 6.0000 INCOMPLETE
MAINTAINABLE 5.9259 UNMAINTAINABLE
ADAPTIVE 5.8889 UNADAPTIVE
“FRIENDLY 5.8519 UNERIENDLY
INTERPRETABLE 5.7778 UNINTERPRETABLE
~SIMPLE 5.4444 COMPLICATED
INTELLIGENT 5.3704 UNINTELLIGENT
CONCISE 5.1111 REDUNDANT
UNCLUTTERED 5.1111 CLUTTERED
COOPERATIVE 4.9259 UNCOOPERATIVE
SAFE 4.9259 UNSAFE
~NATURAL 4.5741 UNNATURAL

~“PLEASING 4.2593 IRRITATING
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1978).

It was felt that the use of wuser-perceived
similarity and importance ratings would increase the face
validity of the instrument for users. These procedures
are quite different from the selection technique used in
the creation of a semantic differential. Semantic
differentials are traditionally created by selecting
several scales from each of the EPA dimensions.

To study the instrument developed, 27 users were asked to
complete three gquestionnaires on an existing editor.
First, overall satisfaction with the editor was rated on
a 7-point rating scale, 1 represented extremely
unsatisfied, 4 neutral (no opinion), and 7 extremely
satisfied. Second, users evaluated the editor in terms of
the 16 editing functions on two 7-point rating scales
anchored by the bipolar adjective pairs BAD/GOOD and
UNIMPORTANT/IMPORTANT. Finally, users evaluated the
editor in terms of the 16 editing functions on the 17
bipolar adjective rating scales developed previously.
Specifically, these data were used to; 1) examine the
relationship between global and detailed evaluations of
an interface, 2) assess the usefulness of the instrument
developed, and 3) examine the appropriateness of the

bipolar rating scales for the evaluation of the 16
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editing functions.

Analysis of wuser responses revealed no significant
correlation existed between the average goodness ratings
(detailed ratings) assigned the 16 editing functions and
overall user satisfaction (global ratings) with the
editor (p > 0.05). However, during the post experiment
interviews, the majority of users felt that the functions
were related to how satisfied they were with the editor.
Three possible explanations are offered for the 1lack of
statistical relationship between detailed and global
evaluations. First, actually seeing the function name
may have caused users to remembef their experience
differently, perhaps better than when asked to evaluate
the editor as a whole. This could happen if the function
provided users with a retrieval cue for past experiences
with the editor. Second, it is also possible that the
function list was not exhaustive enough for general
users. Finally, a third possibility is that rather
restricted variance of the overall satisfaction scale may
have attenuated the between-measure correlation. In
general, the results indicate a difference exists between
‘global and detailed evaluations. However, identifying
the reason for this difference will require further
research.

One indication of whether an editing function is

problematic may be its mean rank relative to other
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editing functions. To explore this, a mean rank across
all 17 bipolar scales was determined for each editing
function. As illustrated in Table 3, the mean ranks
reveal that the functions for the evaluated editor seem
to fall into two groups, functions 1-7 and functions
8-14. This result may suggest that effort should be
devoted to the improvement of this second group of
functions.

Further analysis of the bipolar adjective scale
ratings revealed two interesting results. First, the
relative rankings of the 16 editing functions based on
the goodness scale ratings were significantly correlated
with the relative rankings based on a mean of the 17
bipolar adjective scale ratings (Table 3). This
relationship also was supported by the fact that all
individual _ bipolar  adjective  .scales . .correlated
significantly (p < 0.05) with the function goodnes

-~:§EingL as shown in Table 4. These two findings seem to

support the procedure by which the scales were selected.

Second, the 17 scales were used for extreme ratings with

the same relative frequency on all functions. Assuming
extreme (non-neutral) ratings indicate scale
appropriateness for rating a function, this result

suggests that all functions could be evaluated with the
same set of scales.

In summary, the development and application of the
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TABLE 3

Mean Rank of 16 Editing Functions Across 17
Bipolar Adjective Scales

EUNCTION MEAN RANK
MOVE 3.059
DELETE 3.529
TRAVEL 3.706
SEARCH 3.882
INITIATE 3.882
TERMINATE 4.412
INSERT 5.118
RECOVER 7.000
INCLUDE 7.235
FORMAT 8.294
WRITE 8.765
VIEW 9.647
CUSTOMIZE 9.824
REQUEST 10.330
COPY 10.350

REPLACE .10.820
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TABLE 4

Rank Order of 17 Bipolar Adjective Scales in Terms
of Highest Correlation to GOOD/BAD Scale (n=336)

SCALE X
PLEASING.....cccceeevenn IRRITATING 0.455
FRIENDLY.....ccccceeceen UNFRIENDLY 0.400
COMPLETE. ...ccceeecennns INCOMPLETE 0.383
COOPERATIVE.......... UNCOOPERATIVE 0.376
DEPENDABLE............ UNDEPENDABLE 0.375
SIMPLE......ccceeeoaans COMPLICATED 0.353
CONSISTENT.......c00. INCONSISTENT 0.352
NATURAL....cccevcecenoons UNNATURAL 0.351
INTELLIGENT.......... UNINTELLIGENT 0.329
INTERPRETABLE...... UNINTERPRETABLE 0.326
0 SLOW 0.292
ADAPTIVE.......cceeeeneen UNADAPTIVE 0.255
USEFUL...cvieeeeecesnccssas USELESS 0.239
CONCISE.....ececeeeeenanss REDUNDANT 0.211
UNCLUTTERED. . ..ccveeeeens CLUTTERED 0.201
SAFE......cccieeuns Peseevaan UNSAFE 0.194
MAINTAINABLE........ UNMAINTAINABLE 0.153
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methodology justify four conclusions.

1) User suggestions can be successfully
incorporated into the development of an
instrument designed for collecting their

evaluations of software interfaces.

2) Users prefer concrete adjective scales
for evaluating interfaces (e.g. DEPENDABLE,

USEFUL, FAST).

3) An instrument which describes an
interface in terms of the tasks users perform
encourages detailed evaluations and seems to
identify aspects of the interface which users

view as problematic.

4) The same set of 17 bipolar adjective
rating scales is appropriate for evaluating all

16 editing functions.

Purpose of Thesis Research

The major intention of the thesis was to refine and
evaluate a methodology for the collection of detailed
subjective evaluations. A secondary aim was to examine
the relationship between objective (performance) measures
and subjective measures. These goals were addressed in a

transfer of training paradigm with inexperienced computer
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users being taught to use <two text editors. A transfer
of training paradigm was used to allow subjects to use
both editors evaluated. Several research hypotheses were

evaluated;

1) The relationship between subjective and
objective measures would vary across bipolar

scales.

2) Learning time would be shorter on the

second editor learned.

3) Transferring between ' editors would
result in negative transfer, on both objective

and subjective measures, for both editors.

4) The effects of transferring between
editors would be 1larger on the subjective

measures than on the objective measures.

5) Subjective re-evaluations of a users
original editor, after exposure to both
editors, would be significantly different from

prior evaluations.

6) Detailed subjective evaluations would
be more sensitive to differences between

editors than global evaluations.



METHOD

Subjects
(iiiifisg dents at Virginia Polytechnic and State
Universi#f¥, received payment for their participation in

this experiment. Selection of subjects was restricted by
the requirement that a subject have no previous
experience with interactive computers. This restriction
was implemented to control for previous, as well as
intervening, usage of similar computer software products.
The experimenter randomly divided these subjects into two
groups. A subject's group determined the direction of
transition between two editors. Prior to participation
subjects were required to sign an informed consent form

(Appendix A).
Editors

This experiment evaluated two full screen text
editors. The selection of these editors was motivated by
two factors. First, both editors were implemented on the
same system, which assured roughly equivalent system
response times and allowed for the use of a single CRT
terminal type. Second, the editors were diverse enough
in their implementation to allow for meaningful
comparisons. To access the editing commands of both

editors subjects used a combination of the keypad and

25
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keyboard keys on a computer terminal. Prior to each
session the experimenter provided subjects with the
appropriate keypad template indicating the location of
the keypad editing commands. These keypad templates, as
shown in Figure 1, give some indication of the relative
complexity of the two editors. The design philosophy
behind EDITOR A emphasized simplicity, with only the most
frequently used commands included on the keypad. Less
frequently used commands were accessed through the use of
a command line. EDITOR B was based on an alternate
philosophy, with the majority of commands implemented on
the keypad. Each keypad key confained two commands
differentiated by a mode key. In addition to the keypad
template each subject: was given a summary sheet
containing a short description of the various basic
editing tasks. The summary sheets for the two editors

are contained in Appendix B.
Experimental Desian

The design required that each subject complete four

experimental sessions, one on each of four consecutive
days (see Table 5). The procedures followed on days 1
and 3 were identical. The basic procedures employed on

days 2 and 4 were also identical, with the exception of

two additional requirements on day 4.
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General Experimental Procedures

EDITOR

lst
lst

EDITOR

1lst
1st

EDITOR

2nd
2nd

EDITOR

2nd

2nd

1st
l1st&2nd

DAY 1
ACTIVITIES

Complete Roberts' editor training procedures
Complete objective and subjective evaluations

DAY 2
ACTIVITIES

Complete practice session
Complete objective and subjective evaluations

DAY 3
ACTIVITIES

Complete Roberts' editor training procedures
Complete objective and subjective evaluations

DAY &
ACTIVITIES

Complete practice session

Complete objective and subjective evaluations
Complete subjective evaluations

Complete comparative subjective evaluations
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Traini

Subjects received training on the two editors in the
order determined by their assigned experimental group.
To accomplish this training, the experimenter followed
the general guidelines developed by Roberts (1979).
These guidelines outline procedures and tasks employed to
train computer novices on the use of any text editor.
Roberts created these standardized training procedures
for the purpose of evaluating an editor in terms of the
novice learning time for a set of. benchmark editing
tasks.

The experimenter taﬁght each subject, according to
Roberts guidelines, how to accomplish a standard set of
31 core editing tasks. Completion of the core tasks
dictated that a subject acquire the minimum skills
necessary to work with a given computer text editor. The
experimenter trained subjects employing a fixed sequence
of five cycles for task presentation. Each cycle
required that the experimenter train and quiz the subject
on a small subset of the core editing tasks. Prior to
each quiz a subject was allowed to practice. When the
subject felt they had practiced a sufficient amount they
notified the experimenter. The experimenter then

administered a short quiz consisting of tasks which may
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or may not have been taught previously. Table 6 contains
the core editing tasks, the cycle in which they were
taught, and the cycle in which they were tested. As
evident from Table 6, subjects were actually tested on
only 23 of the 31 core editing tasks in accordance with
Roberts (1979) guidelines.

During testing, the experimenter deviated from
Roberts' procedures by bringing any uncompleted tasks to
a subject's attention. This occurred at least once per
subject and was done in order to ascertain whether the
subject was incapable of completing or simply overlooked
the task. While this reduced thé variance in the
dependent measure of tasks completed it also allowed the
experimenter to determine and eliminate any difficulties
each subject experienced.

The data collected consisted of two dependent
measures, total time and tasks completed. Total time,
which included training, practice, and quiz time, was
determined by stopwatch and recorded along with tasks
completed on Roberts' standard coding sheet. Mean
learning time per task was computed by dividing total
time by the total number of tasks completed. The
training methodology is described here only in brief,
Roberts (1979) should be consulted for a more complete

description.
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TABLE 6

Training and Testing Order for Editing Tasks According
to Roberts (1979) Specifications

IASK CYCLE(S) IRAINED CYCLE(S) IESTED

Get document
Save document
Insert line
Insert paragraph
Insert character
Insert sentence
Insert word
Delete paragraph
Delete character
Delete word
Delete sentence
Delete 1line
Replace line
Replace character
Replace word
Replace sentence
Split word
Split sentence
Split paragraph
Split line

Merge word
Merge sentence
Merge paragraph
Merge line

Move sentence
Move line

Move paragraph
Copy sentence
Copy line

Copy paragraph
Find string

4, 5 4, 5
4, 5 4, 5
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Practice

All subjects completed one practice session with
each of the two editors. The practice session with an
editor occurred on the day following training. Practice
required subjects to complete seven sets of editing
tasks, each set located in a separate computer file. The
type and number of editing tasks in each computer file,
as illustrated in Table 7, were chosen to be
representative of the tasks which subjects had been
taught previously during training. However, this
practice was an extension beyond Roberts (1979)
methodology since Roberts procedures ) only evaluate
initial learning time for novices. The experimenter
created two identical sets of editing tasks, on files of
varying content, in order to present subjects with
different files for each of the two practice sessions.
At the start of a practice session the experimenter
provided a subject with a paper copy of each electronic
file with all the necessary editing changes, marked and
highlighted.

The nature of the practice sessions required that
subjects complete all editing tasks. The experimenter
brought any omitted tasks to the subject's attention, and

assisted in their completion if necessary. Since
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TABLE 7

Type and Number of Editing Tasks in Seven Computer Files
Used for Practice Sessions

Get document 1l 1l 1 1 1l 1 1l
Save document 1 1 1l 1 1l 1 1
Insert character 1 2 1 1l 2 1 2
Insert word 2 1l 2 1l 3 1l 3
Insert 1line 1 1 1l
Insert paragraph 1 1 1l

Delete character 1 2 1 1
Delete word 2 ' 2

Delete sentence 2 1 1 2 1l 2
Delete paragraph 1 1
Replace character 1. 1 1 2
Replace word 1 1 2 1 1 2 1
Replace sentence 1 1 1
Split word 2 1 1 1 2 1
Split sentence 1l 1 2 1 1 1 1l
Merge word 1 1 3 1l
Merge paragraph 1l 1l

Move sentence 1l 1 1 1l 1l 1 1
Move line 1 1l 1

Move paragraph 1l 1

Find string 3 4
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subjects finished all tasks, the only dependent measure
collected was total time to complete the seven sets of

editing tasks.
Evaluations of Editors

Every subject participated in both an objective and
a subjective editor evaluation as part of each
experimental session. This resulted in two of each type
of evaluation per editor for every subject. The
objective evaluation, also referred to as a performance
test, required a subject to attempt several sets of
editing tasks, each set requiring thé use of a different
editing function. The subjective evaluation, dictated
that a participant compléte a set of questionnaires. The
objective and subjective evaluations were designed to
allow for detailed, systematic comparisons to be made
both between editors and between objective and subjective
measures. Again, these evaluations were an extehsion
beyond the procedures specified by Roberts (1979) for
editor evaluations.

Objective evaluations. The objective evaluations

specified that the subject attempt tasks which required
the use of nine editing functions. These nine functions,
shown in Table 8, are a subset of an editing function
taxonomy empirically developed in a previous study,

(Coleman, Wixon, and Williges, 1984). The adaptation of
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TABLE 8

Nine Editing Functions Used to Partition Both Objective
and Subjective Evaluations of Editors

EUNCTION DEFINITION

TRAVEL used to change the position of the cursor in
the file

SEARCH used to find a specified target such as a
string of characters

DELETE used to delete text from the file

INSERT used to insert new text into a file

MOVE used to move a section of text to another
location within a file

REPLACE used to replace one piece of text with another

WRITE used to save a file

INCLUDE used to get a file into the editor

FORMAT used to adjust text within the file
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this taxonomy to the present research is discussed in
Appendix C. The experimenter randomized the order in
which subjects encountered the nine editing functions.
In general, a subject attempted all the tasks requiring a
particular editing function prior to attempting tasks
requiring the next function. However, there were four
exceptions. The performance of each set of tasks
required traveling from one target to another as well as
including and saving an electronic file. Therefore,
subjects performed the TRAVEL, INCLUDE and WRITE
functions with each task set. In addition, for the sake
of realism, the experimenter instfucted subjects to
reformat each electronic file when finished with a set of
tasks. This reformattiné required the use of the FORMAT
function. Therefore, while the FORMAT and TRAVEL
functions were evaluated separately from all other
functions, they were also imbedded in each function task
set. The WRITE and INCLUDE task sets consisted of seven
subtasks, each performed on a separate computer file.
Table 9 contains a list of all editing function task sets
used during objective editor evaluations.

While participating in the objective evaluations,
subjects were instructed to avoid asking the experimenter
for assistance. Therefore, if subjects were unable to
complete any given task they simply went to the next

task. The experimenter videotaped the subject's
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Specific Editing Tasks Performed by Users During
Objective Evaluations of Editors by Editing Function

EDITING
EUNCTION

EXAMPLE IASKS

TRAVEL

SEARCH

DELETE

INSERT

MOVE

REPLACE

go to
go to
go to
go to

4th paragraph (down 32 lines)

end of file (down 72 lines)

end of 3rd paragraph (up 67 lines)
start of 1lst paragraph (up 27 lines)

forward find, word

forward £find,
. backwa

string

rd £find, string (reverse direction)

forward find, word (reverse direction)

. backwa

delete

. delete

delete
delete
delete
delete
delete

insert
insert
insert
insert
insert
insert
insert

. move p
. move s
. move s
. move 1
. move p

rd find, word (reverse direction)

word

paragraph

character (merge word)

line of text

sentence

blank line (merge paragraph)
character

paragraph

character

word

blank line (split paragraph)
sentence

character (split word)

line of text

aragraph
entence
entence
ine
aragraph

bWk K bW - SNSounbwbhhe N W nbphwhLE D wh -

replace
replace
replace
replace
replace

paragraph
word
sentence
character
line




TABLE 9

Continued

3

8

EDITING
FUNCTION

EXAMPLE TASKS

FORMAT

WRITE

INCLUDE

NOONDWN NOUDbh WN = W=

format paragraph
format paragraph
format paragraph
format paragraph

. write file

write file
write file
write file
write file
write file
write file

get
get
get
get
get
get
get

out
out
out
out
out
out
out

file into
file into
file into
file into
file into
file into
file into

of
of
of
of
of
of
of

editor
editor
editor
editor
editor
editor
editor

editor
editor
editor
editor
editor
editor
editor
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performance to allow for delayed coding and analysis.
The videotaped image recorded was identical to what
appeared on the subjects video terminal screen throughout
the entire objective evaluation.

Subjective evaluations. The subjective evaluations
were collected both concurrent with and following the
objective evaluations. In the concurrent subjective
evaluations, participants rated how they felt about the
editor in terms of performing each of the nine editing
functions. Each function was evaluated immediately after
a participant completed the entire set of editing tasks
representing that function. In general, it was hoped
that these immediate evaluations would reflect the
subjects' attitudes more‘accurately.

Subjects rated each function on 12 bipolar adjective
scales (see Table 10). A description of the selection of
these scales from the results of Coleman et al. (1984) is
given in Appendix C. The direction of the adjective
anchors was reversed on a subset of these scales in order
minimize response bias. A participant rated an editing
function on each seven point scale by circling the
appropriate number which described how they felt about
that editing function. A single scale, as shown in
Figure 2, was anchored at opposite ends by the bipolar

adjectives and by adverbs describing various gradients of

the end point adjectives.
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Bipolar Adjective Scales Used to Collect User Subjective
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Evaluations of Editors

SCALE NEGATIVE. .:vveernnnennnn POSITIVE
1 USELESS. ..vvverennnennnnn USEFUL
2 UNDEPENDABLE. ........ DEPENDABLE
3 INCONSISTENT......... CONSISTENT
4 UNINTERPRETABLE. . . INTERPRETABLE
5 COMPLEX. e o evvvveennnnnns SIMPLE
6 UNSAFE.......... e, SAFE
7 SLOW. « v e eeeernnennennnenns FAST
8 UNNATURAL. . o evvevnnnnn. NATURAL
9 INCOMPLETE. . e evvvuenn.. COMPLETE

10 DISGUSTING....cevununnn PLEASING
11 UNCOOPERATIVE. . ..... COOPERATIVE
12 UNSATISFACTORY..... SATISFACTORY
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useless useful
1 2 3 L ] 5 ]

: s H : : s
extremely quite slightly neutral slightly quite extremely

H

FIGURE 2

Bipolar Adjective Scale
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Two additional sets of subjective evaluations were
collected following the completion of an editor's
objective evaluation. First, each subject ranked the
nine editing functions from one to nine, with one
represented the function that they liked to perform the
most and nine the one they 1liked to perform the least.
These rankings were included to allow for a comparison
between absolute ratings of eacn function on the twelve
bipolar scales and its relative ranking as compared to
the other functions. Second, each subject evaluated the

entire editor in terms of the 12 bipolar rating scales

used to evaluate the editing functions during the
concurrent subjective evaluations. These evaluations

would be used to compare detailed and glo?g}wgyg;papions.

A complete set of questionnaires used in this study are

presented in Appendix D.



RESULTS

The results section is divided into four segments.
The first segment presents results from the analysis of
both learning and practice data. Second, an overview of
the procedures used in the compilation and computation of
various objective performance measures of test data is
presented. Third, the results of the test data are
described in terms of both subjective and objective
measures. Finally, the relationships among the various
subjective measures are presented.

Analyses were conducted to discover any performance
differences which existed between the two editors during
learning and. practice. Since the results of these
analyses were not of primary interest to the comparisons
between objective and subjective measures, they are
discussed only briefly.

Learnina data. A learning rate measure was
calculated for each subject by procedures specified in
Roberts (1979). Completion time was divided by tasks
completed resulting in a mean learning time per task in
minutes. An analysis of variance (ANOVA) on this
learning rate measure revealed a significant main effect
of EDITOR, E(1,14) = 14.65, p < 0.0018, favoring EDITOR A

(EDITOR A = 2.77 minutes per task; EDITOR B = 3.21

43
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minutes per task). However, as shown in Table 11, this
effect is restricted primarily to the second editor
encountered (Tukey, alpha=0.05). This was supported by
separate comparisons of the first and second editor.
These comparisons revealed that 75 percent of the
variance of the EDITOR main effect was due to the second
editor encountered. Further examination of Table 11
indicates that both subject groups improved significantly
in their performance from first to second editor (Tukey,
alpha=0.05). A complete ANOVA summary table for the
learning data analysis is presented in Appendix F.
Practice data. The dependent measure collected
during practice was simply the total time taken by
subjects to complete seven sets of editing tasks. The
results of an ANOVA on total time to completion indicated
a significant main effect of EDITOR E(1,14) = 15.19, p <
0.0016, again in the direction of EDITOR A (EDITOR A =
55.75 minutes; EDITOR B = 63.313 minutes). As shown in
Table 12, the effect of editor is 1limited primarily to
the second editor encountered (Tukey, alpha=0.05). In
addition, only subjects transitioning from EDITOR B to
EDITOR A, experienced positive transfer effects (Tukey,
alpha=0.05). No statistically significant difference in
the performance of the subjects transitioning from EDITOR
A to EDITOR B was measured. A complete ANOVA summary

table describing this analysis is given in Appendix F.
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TABLE 11

Differences Between Means Applicable to the EDITOR
by ORDER Interaction for Learning Rate Measure
in Minutes per Task

EDITOR DIFFERENCES, EDITOR A = EDITOR B

MEANS
EDITOR DIFFERENCE EDITOR A  EDITOR B
FIRST 0.321 3.487 3.808
SECOND 0.561%* 2.054 2.615

IRANSITION DIFFERENCES, EIRST = SECOND EDITOR

ORDER DIFFERENCE

A -->B 0.872*
(3.487) (2.615)

B --> A 1.754*
(3.808) (2.054)

* gignificant, alpha=0.05



46

TABLE 12

Differences Between Means Applicable to the EDITOR
by ORDER Interaction for Total Practice Time in
Minutes

EDITOR DIFFERENCES, EDITOR A - EDITOR B

MEANS
EDITOR DIFFERENCE EDITOR A EDITOR B
FIRST 5.875 62.000 67.875
SECOND 9.250* 49.500 58.750

IRANSITION RIFFERENCES, EIRST - SECOND EDITOR

ORDER @ DIFFERENCE

A -->B -3.250
(62.000) (58.750)

B =-=> A 18.375%*
(67.875) (49.500)

* gsignificant, alpha=0.05
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The following subsections describe compilation and
reduction procedures applied to the data collected during
the daily objective evaluations of the two editors.

Videotape analvsis. To analyze a subject's
performance as recorded on videotape, the experimenter
collected four dependent measures; total time on task,
tasks completed, total errors committed, and total error
correction time. The reliability of the videotape coding
process was determined by recoding two videotapes. One
tape was selected from each of two separate subjects, who
participated at different times in the experiment. The
original tape coding océurred immediately following the
subjects' participation, while recoding occurred at the
conclusion of the experiment. A reliability coefficient,
simply the correlation between first and second coding,
was computed on the four dependent measures. The
reliability coefficients for the four dependent measures
of total time on task, tasks completed, total errors
committed, and total error correction time were 0.99,
1.00, 0.94, and 0.99, respectively. These high
reliability estimates suggest that the tape coding

process was quite consistent.
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S=1/T * PC

S = Performance Rate (User Performance Score)
T = Total Time on Task
P = Percent of Task Completed
C = Expert Completion Time
FIGURE 3

Performance Rate Measure Developed by Whiteside,
Jones, and Levy (1984)
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Retermination of a performance rate. A single
measure incorporating total time and tasks completed was
computed to represent a subject's performance with each
editing function task set. This objective measure,
defined in Figure 3, was developed by Whiteside et al.
(1984). Percent of tasks completed, time on task, and a
reference time constant are combined to express
performance as a function of the rate of task completion
per unit time. The subject's time on task was
substituted directly into the equation for the letter
hpt, The percent of tasks completed or "P", was derived
empirically by determining the proportion of total time
on task spent on each task component by an expert. These
proportions were then totalled for each subject dependent
on the task components they completed. The time constant
"C" was defined by the fastest completion time for an
expert for each task set. A more detailed description of
the determination of the values for "P" and "C" is given
in Appendix E.

Categorization of error data. Error data were
classified by two methods. First, errors were
categorized by the editing function task set in which
they occurred. This parallels the classification of the
dependent measures of time on task and tasks completed
utilized in the computation of a subject's performance

rates. Second, errors were classified by type, each
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type representing one of the nine particular editing
functions. Errors classified by this scheme were not
confined to any particular task set, i.e. an error
committed while using the TRAVEL function during the MOVE
function task set would be analyzed with the TRAVEL
function data. Each error type was subjectively
determined by the experimenter. The analysis of the
error measures revealed that no differences existed
between the two methods of error classification, in terms
of the location or significance of any effects.
Therefore, the first method was chosen for further

comparisons involved in this research.

The major results of the experiment, in terms of
comparisons between objective and subjective evaluations,
follow in two sections. The first section, analysis of
overall effects, examines the relationship between
objective and subjective measures for the entire
experiment. The ensuing section, analysis of transfer
effects, focuses on the consequences of transitioning
between the two editors on both objective and subjective
measures.

Analysis of overall effects. The overall analysis
examined a set of 15 dependent measures, 3 objective and

12 subjective. The 3 objective measures were,
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performance rate, errors committed, and error correction
time. The subjective measures were simply the rating
scales shown previously in Table 10. Protection against
the occurrence of Type 1 errors during analysis was
maintained separately for the objective and subjective
families of measures at an alpha level of 0.05. The
inflation of alpha error was controlled across the three
objective measures by requiring a significance level of
0.0167 for null hypothesis rejection on each measure. To
safeguard the familywise alpha level of 0.05 for the
subjective measures a single ANOVA was performed with
rating scale considered a factor havinq 12 levels. To
determine the 1locus of any significant (p < 0.05)
interactions involving séale, twelve separate ANOVAs were
conducted, each with a different rating scale as the
dependent measure. The p-values for all significant
effects indicated by the analysis of both subjective and
objective measures are presented in Table 13. The means
applicable to each of the illustrated p-values are
discussed in the following text and tables as
appropriate. The complete set of ANOVA summary tables
for the analyses of overall effects are contained in
Appendix F.

As illustrated in Table 13, both simple main effects
and main effects described in terms of interactions

existed in the data. As would be expected, all three
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P-values for Significant Differences Indicated by
Objective and Subjective Measures

EDITING
OBJECTIVE MEASURES DAY EDRITOR EUNCTION EDXEF
RATE MEASURE 0.0001 0.0029 0.0001 0.0001
ERRORS COMMITTED 0.0001 NS 0.0001 0.0001
E. CORRECTION TIME 0.0001 NS 0.0001 0.0001
EDITING
SUBJECTIVE MEASURES DAX EDITOR EUNCTION EDXEE
OVERALL ANALYSIS NS 0.0341 0.0001 0.0145
ANALYSES
INTERPRETABLE NS NS NS
USEFUL NS 0.0001 NS
DEPENDABLE NS 0.0009 NS
CONSISTENT NS 0.0177 NS
SAFE NS 0.0005 NS
NATURAL NS NS 0.0007
PLEASING NS 0.0001 0.0001
SIMPLE 0.0196 0.0001 0.0042
FAST 0.0042 0.0001 0.0241
COMPLETE 0.0487 0.0025 0.0367
COOPERATIVE 0.0302 0.0176 0.0034
SATISFACTORY 0.0285 0.0076 0.0016

NS:Nonsignificant
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objective measures indicated an effect of practice, in a
main effect of DAY (p < 0.0001). Furthermore, these
effects were equal regardless of editor or editing
function as demonstrated by the lack of any significant
interactions involving DAY. The magnitudes of the mean
differences are shown in Table 14, with performance rate
increasing from DAY 1 to DAY 2 and errors committed and

error correction time decreasing. No practice effect was

absence of a significant DAY by SCALE interaction (p >
0.05).

Four of the subjective scales, USEFUL-USELESS,
DEPENDABLE-UNDEPENDABLE, CONSISTENT~INCONSISTENT, and
SAFE-UNSAFE, indicated:only a main effect of EDITING
FUNCTION. Paired comparisons (Tukey, alpha=0.05) were
conducted on these scales. The analysis of the USEFUL
scale revealed that regardless of editor, the SEARCH
function was rated as significantly 1less useful than all
other functions. The analysis of the DEPENDABLE scale
indicated several differences. Both the FORMAT and WRITE
functions were rated as significantly more dependable
than the TRAVEL function. In addition, the FORMAT
function was rated as significantly more dependable than
the INSERT function. The paired comparison analysis of
the CONSISTENT scale ratings indicated that for both

editors, the TRAVEL function was considered to be less
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TABLE 14

Means for Day Main Effect, Objective Measures

ERROR

RATE ERRORS CORRECTION
MEASURE = COMMITTED = IIME
DAY 1 34.615 2.8 16.257
DAY 2 43.538 2.2 9.571
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consistent than the INCLUDE function. No significant
differences (p > 0.05) were revealed between functions on
the SAFE scale despite the fact that a main effect of
editing function was found.

Closer examination of Table 13 reveals that several
additional dependent measures manifested main effects of
EDITOR and/or EDITING FUNCTION. However, these measures
also revealed a significant EDITOR by EDITING FUNCTION
interaction, indicating that these effects were
restricted to specific editor and editing function
combinations. All three objective measures, performance
rate, errors committed, and errbr correction time
revealed a significant EDITOR by EDITING FUNCTION
interaction. This same EDITOR by EDITING FUNCTION
interaction was shown by seven subjective rating scales,
NATURAL-UNNATURAL, PLEASING-DISGUSTING, SIMPLE-DIFFICULT,
FAST~SLOW, COMPLETE-INCOMPLETE, COOPERATIVE-
UNCOOPERATIVE, and SATISFACTORY-UNSATISFACTORY. Paired
comparison tests (Tukey, alpha=0.05) were conducted to
determine the 1locus of the editor by editing function
interaction on these ten dependent measures (see Table
15). Cells containing means, upper mean EDITOR A, lower
mean EDITOR B, signify significant effects.

Inspection of the significant effects in Table 15

reveals that topa}

agreement does not exist between

objective qggdgggjgggive;measures, This was demonstrated
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TABLE 15

Significant Mean Differences Indicated by Objective or
Subjective Measures in Terms of the EDITOR by EDITING
FUNCTION Interaction

- %

2 & 3) o2/ &
§/§/5/)8) )5 /8)5/F
F/5/5/)85) &/& /)88
g/&/8/ 5/ &/7 /F/ 5/ %

OBJECTIVE
MEASURES
RATE 36.6 48.2 48 . 2 43.4 | 37.9
MEASURE 28.2 38.4 40.8 25.8] 26.4
ERRORS 1.5 1.1 3.4
COMMITTED 0.4} 2.8 2.8
CORRECTION 11.1 26.6
TIME 26.6 15.4
SUBJECTIVE
MEASURES
NATURAL s.3
4.3
PLEASING 6.0 S$.6
5.3 4.3
SIMPLE 6.6 6.8
5.5)6.1
FAST 5.5 6.3
4.3 5.5
COMPLETE 5.9
5.3
COOFERATIVE 6.0 6.3 6.4
5.4 | 5.7 5.7
SATISFACTORY 6.3 6.3
5.5 S.4

top value EDITOR A
bottom value EDITCR B
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clearly on the TRAVEL function, where the objective
measure of errors committed indicated an effect in favor
of EDITOR B, while three subjective measures manifested
an effect in favor of EDITOR A. Furthermore, the
objective and subjective measures dispute the existence
of a difference between editors on the INSERT, REPLACE
and MOVE functions. On the INSERT and REPLACE functions,
an objective difference was revealed by the performance
rate measure, while no congruent difference was shown on
the subjective dimension. Similarly, no subjective
difference was evident on the MOVE function, while the
error measures indicated that subjects committed fewer
errors and spent less time correcting errors with the
MOVE function as implemehted on EDITOR B.

Agreement between objective and subjective measures
was demonstrated on the SEARCH, INCLUDE, and FORMAT
functions. On these functions, performance rate and at
least one rating scale indicated a difference between
editors in favor of EDITOR A. Further agreement was
found between the objective and subjective measures in
that neither the rate measure nor any adjective rating
scale indicated that a difference existed between editors
on the DELETE and WRITE functions.

In order to explore the relationship between
objective and subjective measures further, correlations

between the performance rate measure and the subjective
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measures, which indicated a significant EDITOR by EDITING
FUNCTION interaction, were computed. It is immediately
apparent from the results of this analysis, as shown in
Table 16, that the relationship between objective and
subjective measures  is complex. = However,  the

correlat;ons are all fairly_low, in the range of r = 0.25

to r = 0.46.

Analvsis of transfer effects. These analyses
investigated the effects of ¢transferring between two
editors on the same 15 dependent measures, 3 objective
and 12 subjective, studied in the overall analysis. The
transfer analyses included only the data from days two
and three. These days represented a subject's second day
with their first editor-and first day with their second
editor. Protection against Type 1 error was maintained
separately for the families of subjective and objective
measures by utilizing the same procedures employed in the
overall analysis. The complete ANOVA summary tables for
all transfer analyses are contained in Appendix F.

To explore the objective measures for evidence of
transfer effects, interactions involving the factor ORDER
were examined. As shown in Table 17, three interactions
involving ORDER were significant (p < 0.0167). The
objective measures of errors committed and error
correction time indicated a significant EDITOR by ORDER

interaction, while the performance rate revealed both an
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TABLE 16

Correlations of Seven Subjective Scales to Performance
Rate in Terms of the EDITOR by EDITING FUNCTION
Interaction

% %
~ & & &
§/E/) 5/ 5/ e /F/8/ 5/ F
g/ 8 § /£ ¥ /&) &/ 8
9 Q ~ £ 4? & ~ %
NATURAL 0.25 | 0.29 0.29
0.0478 [0.0211 0.0188
PLEASING 0.28 | 0.28 | 0.27 0.26
0.0258{ 0.0276 [0.0323 0.0388
SIMPLE 0.39 | 0.46 | 0.43 | 0.30 0.33 | 0.39
0.0014 |0.0001[0.0004[0.0173|  |0.0074|0.001
FAST 0.34 | 0.29 | 0.37 | 0.26 0.33
0.0058{ 0.0172 [0.0029{0.0348| 0..5082
COMPLETE 0.37 | 0.38 | 0.32 | 0.31 | 0.28 0.27
0.0030| 0.0020 [0.0108|0.0130{0.0240|  [0.0333
COOPERATIVE 0.39 | 0.32 | 0.38 | 0.38 0.28 | 0.26
0.0015 |0.0089|0.0022[0.0018]  [0.0270|0.03s5
SATISFACTORY] 0.36 | 0.37 | 0.39 | 0.29 | 0.43
0.0038| 0.0024 [0.0014{0.0199 |0.0004

top value = r
lover value = p-value
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TABLE 17

P-values for Transfer Effects for Objective
Measures

ERROR
RATE ERRORS CORRECTION

MEASURE  COMMITTIED  IIME

ED X ORD 7.23 10.13 10.63
(0.0177) (0.0066) (0.0057)

EF X ORD 0.57 1.20 0.75
(0.7968) (0.3045)  (0.6459)

ED X EF X ORD 2.62 0.64 1.19
(0.0115) (0.7420) (0.3100)

Main entries are EF-ratios.
Entries in parentheses represent p-values.
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TABLE 18

EDITOR by ORDER Transfer Effects, Difference
Scores*, Errors and Error Correction Time

DIRECTION QOF IRANSFER: EDITOR A IO EDITOR B

ERROR CORRECTION
IIME (in seconds)

-5.5277
(9.9305 - 15.4583)

DIRECTION OF IRANSFER: EDITOR B IO EDITOR A

NUMBER OF ~
ERRORS ERROR CORRECTION
COMMITTED IIME (in seconds)
-0.7639 . -5.4028
(2.1250 - 2.8889) (9.7500 - 15.1528)

*sign indicates type of transfer
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EDITOR by EDITING FUNCTION by ORDER interaction.
Examination of the EDITOR by ORDER interaction displayed
in Table 18 indicated that both treatment groups
encountered significant negative transfer on at least one
error measure. The two groups experienced increases in
error correction time, but only subjects transitioning
from EDITOR B to EDITOR A committed significantly more
errors. Again, the performance rate measure indicated a
significant EDITOR by EDITING FUNCTION by ORDER
interaction. As illustrated in Table 19, subjects
transitioning from EDITOR A to EDITOR B, experienced
negative transfer on three editing functions, SEARCH,
INCLUDE, and FORMAT. Subjects transitioning from EDITOR
B to EDITOR A experiehced positive transfer on one
editing function, INCLUDE.

There were no transfer effects in the subjective
data as evidenced in the lack of any significant
interactions involving ORDER by SCALE (see Table 20).

The effect of transitioning between editors was
explored further using post-experimental evaluations.
These evaluations required subjects to re~evaluate the
first editor they encountered after they had used both
editors. As evident in Table 21, only interactions
involving DAY by SCALE and EDITOR by DAY by SCALE were
significant. Differences were located on four scales,

USEFUL-USELESS, SIMPLE-DIFFICULT, FAST-SLOW, and
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TABLE 19

EDITOR by EDITING FUNCTION by ORDER Transfer
Effects, Difference Scores*, Rate Measure

DIRECTION OF IRANSFER: EDITOR A IQ EDITOR B

EDITING EUNCTION RATE MEASURE

SEARCH -14.875
INCLUDE -16.875
FORMAT -24.250

DIRECTION OF TRANSFER: EDITOR B IQ EDRITOR A

EDITING FUNCTION RATE MEASURE
INCLUDE +16.625

*sign indicates type of transfer
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TABLE 20

Significance Levels of Interactions Involving
ORDER by SCALE

ORDER X SCALE 1.43 0.1647
ED X ORD X SCALE 1.49 0.1408
EF X ORD X SCALE 0.87 0.7965

ED X EF X ORD X SCALE 0.90 0.2239
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TABLE 21

Significance Levels of Interactions Involving DAY
by SCALE, Day 2 versus Post-experimental
Evaluations

E-RATIO  P-VALUE

DAY X SCALE 3.18 0.0007
ED X DAY X SCALE 2.80 0.0024
EF X DAY X SCALE 0.86 0.8229

ED X EF X DAY X SCALE 1.21 0.0942
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SATISFACTORY~-UNSATISFACTORY (see Table 22). EDITOR A was
rated as more USEFUL, while EDITOR B was rated as less

SIMPLE, less FAST, and less SATISFACTORY.

The description of the interrelationships of various
subjective measures is presented in three subsections.
First, comparisons of both detailed and global subjective
measures are presented. Next, the relationship of the
SATISFACTORY~-UNSATISFACTORY scale with all other scales
is described. Finally, the association between
subjective scales and preference ratings is defined.
measures. Subjects were requested to make both detailed
and global evaluations of the editors studied during this
research. The detailed evaluations, as already
discussed, were collected on twelve scales across nine
editing functions. To make global evaluations subjects
simply rated the entire editor on the same twelve scales.
As evident in the results of these analyses displayed in
Table 23, only three of the interactions involving the
factor scale  were directly comparable between the
detg;;ed _fgq@global ~evaluations. Examination of the
results reveals that both the detailed and global

subjective measures indicated no significant interactions

of DAY by SCALE or EDITOR by DAY by SCALE. However, of
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TABLE 22

Day 2 Versus Post-Experimental Evaluations
Difference Scores*

DIRECTION OF TRANSFER: EDITOR A IO EDITOR B

USEEUL SIMELE EAST = SATISFACTORY
+0.26 - ——— -—-
(6.72-6.46)

DIRECTION OF IRANSFER: EDITOR B IQ EDITOR A

———- -0.40 -0.31 -0.36
(6.18-5.76) (5.97-5.47) (6.07-5.71)

*Sign indicates type of transfer
Entries in parentheses represent means.
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more interest is the fact that the detailed and global
evaluations disagree on the existence of an EDITOR by
SCALE interaction. The detailed evaluations, while
indicating differences between the two editors, also
revealed that the differences existed at specific editor
by editing function combinations.

Relationship of all other scales fo satisfaction
Scale. A stepwise regression procedure was utilized to
determine any existing relationship between user ratings
on 11 bipolar-adjective scales and evaluations on a
single scale of satisfaction. This analysis was
conducted both jointly and separately for the two
editors. As shown in Table 24, the results across the
three analyses are the same with the exception of the
USEFUL-USELESS scale which drops out of the separate
analyses for the two editors. Five scales describe 62
percent of the variance in the satisfaction ratings,
DEPENDABLE-UNDEPENDABLE, FAST-SLOW, COMPLETE-INCOMPLETE,
PLEASING-DISGUSTING and COOPERATIVE-UNCOOPERATIVE.

A principal components factor analysis was conducted
to determine any underlying dimensions in the subjective
data. Using the Kaiser Criterion (Thorndike, 1978),
factor eigenvalue greater than 1.0, two factors were
extracted (see Table 25). These two component factors

accounted for 54 percent of the variance. The two
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TABLE 23

Significance of Effects for both Detailed and
Global Subjective Measures

DETAILED GLOBAL
EVALUATIONS =  EVALUATIONS

ED X SCALE 1.97 1.05
(0.0341) (0.4019)
EF X SCALE 3.79
(0.0001)
ED X EF X SCALE 1.37
(0.0145)

Main entries are E-ratios. :
Entries in parentheses represent p-values.
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TABLE 24

Relationship of 11 Bipolar Scales to SATISFACTION
Scale

REGRESSION

p-values
SCALE r OVERALL EDITOR A EDITOR B
USEFUL 0.30 0.0266 - -
DEPENDABLE 0.51 0.0001 0.0001 0.0348
CONSISTENT 0.36 - -- -
INTERPRETABLE O0.44 - - -
SIMPLE 0.45 - - --
SAFE 0.34 - - -
FAST 0.57 0.0001 0.0028 0.0001
NATURAL 0.49 - - --
COMPLETE 0.63 0.0001 0.0001 0.0093
PLEASING 0.63 0.0001 0.0001 0.0001
COOPERATIVE (o] 0.0001 0.0024

.67 0.0001

R-SQUARED 0.6239 0.6202 0.6217
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TABLE 25

Principal Components Analysis of All Subjective
Scales Ratings

SCALE FACTOR 1 FACTOR 2 COMMUNALITY
USEFUL 0.3459 0.7649 0.7047
DEPENDABLE 0.6858 0.0415 0.4721
CONSISTENT 0.5776 -0.1875 0.3687
INTERPRETABLE 0.6471 -0.2505 0.4815
SIMPLE 0.6847 -0.2942 0.5554
SAFE 0.5792 -0.3373 0.4493
FAST 0.6324 0.1654 0.4272
NATURAL 0.6859 -0.0881 0.4782
COMPLETE 0.7803 0.0826 0.6157
PLEASING 0.7207 0.1720 0.5490
COOPERATIVE 0.8543 -0.0473 0.7168
SATISFACTORY 0.8090 0.2245 - 0.7049
Eigenvalue 5.5143 1.0092

Variance

Explained 45.95 % - 8.41 ¥
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factors were identified as SATISFACTION and USEFULNESS.
Examination of the factor loadings in Table 25 reveals
that all scales except USEFUL-USELESS have loadings above
0.5 on FACTOR 1 "SATISFACTION". The scale USEFUL-USELESS
has a very high loading (0.76) on FACTOR 2 "USEFULNESS".
preference ratings, within-editor. To determine the
relationship between adjective scale ratings and user
preferences for the nine editing functions, a stepwise
regression procedure was used. This analysis was
performed on each editor individually and then collapsed
across the two editors. The results of these analyses
are displayed in Table 26. Examination of Table 26
reveals that regardless 6f editor, the same three scales
describe a significant amount of the variance in. user
_breferences, These scales, which account for 20 percent
of the total variance in preference rankings are; SIMPLE-
DIFFICULT, FAST-SLOW, and PLEASING-DISGUSTING.

preference  ratings, between-editor. No direct
statistical comparison was possible between user
preferences for the two editors and adjective scale
ratings. The results of user preferences for the two
editors, by editing function, are shown in the upper
portion of Table 27. The lower portion of Table 27

contains the scales which indicated a significant



TABLE 26

Relationship of 12 Bipolar Scales to User
Preferences Rankings

REGRESSION
p-values
SCALE OVERALL ERITOR A EDITOR B
USEFUL - - -
DEPENDABLE - - -
CONSISTENT - - --
INTERPRETABLE - - -
SIMPLE 0.0001 0.0069 0.0001
SAFE - - -
FAST 0.0019 0.0391 0.0069
NATURAL - - -
COMPLETE -- - -
PLEASING 0.0001 0.0001 0.0001
COOPERATIVE - - -
SATISFACTORY - - -
R-SQUARED 0.1910 0.1766 0.2039
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TABLE 27

User Preferences and Location of Significant Differences
Between Editors on Adjective Scale Ratings, by Editing
Function

y /&
&
&/ S/ F
g/ &5/ 8

EDITOR A 78 100 kB 25 81 18 56 87 100
EDITOR B 12 - 12 - 6 6 - 6 --
NO PREFERENCE | 12 - 56 75 12 75 43 6 -

NATURAL
PLEASING A
SIMPLE

> > > >

FAST
COMPLETE
COOPERATIVE
SATISFACTORY
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difference between editors, the letter "A" signifies that
EDITOR A was rated higher. Inspection of Table 27
reveals no consistent relationship between that magnitude
of user preference and the number of scales indicating a
difference between editors. An example is evident if the
TRAVEL and INCLUDE functions are compared. EDITOR A's
FORMAT function was preferred by all users and one scale
indicated a difference, while four scales manifested
differences on the TRAVEL function with only 75 percent
preference. Furthermore, 8l percent of the users
preferred EDITOR A's MOVE function, yet no scale

indicated a similar effect.



DISCUSSION

Measures

Both objective and subjective measures indicated
that differences exist between the two editors evaluated.
However, the two types of dependent measures were not in
total agreement about the location or magnitude of these
differences. This 1lack of concurrence was immediately
evident in terms of the differences between editors,
indicated by these measures. An extreme case of
divergence was shown on the TRAVEL function, where
significantly fewer errors were committed on EDITOR B,
yet three subjective meaéures indicated that EDITOR A was
superior. Less extreme examples were visibie on the
INSERT and MOVE functions where significant differences
indicated by an objective measure were not manifested by
any subjectiVe measures.

One possible explanation for the failure of the
objective and subjective measures to reveal similar
differences is unequal sensitivity. To explore this
possibility, correlations were computed between the
performance rate measure and the subjective measures.
These correlations would reveal any underlying
relationship which existed between objective and

subjective measures. A strong correlation between

76
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measures, despite a disagreement on the existence of a
significant difference, could indicate that the
subjective measures were insensitive. Although over half
of these correlations were significant, none of the
coefficients were above 0.46. The 1low correlations
suggested that discrepancies between the two types of
measures could not be totally explained by insensitivity
of the subjective measures. This result implied that the
measures, at least in some instances, seemed to be
scaling qualitatively different effects. Evidence in
support of this hypothesis was found on the TRAVEL and
WRITE functions, where no significant correlations
between measures were found. Additionally, on three
occasions when both the 6bjective and subjective measures
indicated a difference between editors the measures were
uncorrelated.

Finally, it was hypothesized that the relationship
between the objective and subjective measures would vary
across the different bipolar scales. Examination of the
correlations between the performance rate measure and the
individual adjective scales revealed 1low correlations in
the range of 0.25 to 0.46. This result makes it
difficult to suggest that the relationship between
subjective and objective measures differed across

adjective scales.
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Iransfer effects.

Several predictions were made about the effects of
transferring between editors. It was expected that
novice users would learn their second editor faster than
they learned their first. All users did learn their
second editor faster than their first, regardless of the
order in which they encountered the editors.

Both the objective and subjective evaluations of the
editors, collected immediately after learning, were
expected to show negative transfer. These negative
transfer effects were to be more severe on the subjective
measures. Close examination of the data collected
revealed an effect on the objective measures exclusively.
Furthermore, only subjeéts transferring from EDITOR A to
EDITOR B experienced negative transfer. The subjects
transitioning from EDITOR B to EDITOR A encountered
positive transfer.

Finally, a third hypothesis concerned users' post-
experiment evaluations of their original editor. It was
predicted that user evaluations of their original editor
would change after they had used a second editor. Indeed
this was the case. The group transferring from EDITOR A
to EDITOR B evaluated their original editor as more
useful while subjects transitioning from EDITOR B to
EDITOR A evaluated their original editor as more

complicated, slower, and less satisfactory.
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Interrelationships of Subjective Measures

Comparison of detailed and alobal subjective
evaluations. One of the major hypotheses of this
research was that detailed evaluations would allow the
designer to identify the specific aspects of an interface
which are viewed by the user as problematic, whereas
global evaluations would fail to generate this
information. A comparison between evaluations revealed

that global measures were insensitive Ato differences

betweenmtnew;editors suggested by detailed evaluatigns:
The detailed evaluations further indicated that the
editors differed on specific editing functions.
Therefore, it seems obvious that detailed evaluations are
more useful to interface testing than global evaluations.

Describina user satisfaction. Determining user
satisfaction is of utmost importance to the evaluation of
a software interface. An attempt to describe user

satisfaction in terms of the other bipolar adjective

scales, accounted for a substantial portion of the
variance 1n the satisfaction ratings. This analysis
1nd1cated that the scales DEPENDABLE, FAST, COMPLETE,

PLEASING, and COOPERATIVE described 62 percent of the
variance. In an earlier study (Coleman et al. 1984)
experienced computer users ranked the adjectives

DEPENDABLE, FAST and COMPLETE as extremely important to



80

assessing their satisfaction with text editors. These
users also rated USEFUL as quite important. However, in
the present study USEFUL appeared on a separate dimension
from satisfaction. Additionally, the adjective scales
PLEASING and COOPERATIVE were rated as least important by
experienced users, but described a significant portion of
the variance in the present study. These results suggest
a difference between novice and experienced users in
terms of which system qualities are important to their
satisfaction. However, the nature of the results from
the two studies, one a regression analysis solution, the
other a list of importance ratings, make the comparisons
somewhat suspect. The issue needs to be resolved in
future research. 4

Dimensions in  subjective evaluations. The
application of factor analytic techniques distinguished
two dimensions in the subjective evaluations,
"SATISFACTION" and "USEFULNESS." The separation of these
dimensions indicates that subjectiye evaluations of
satlsfistlon en§ usefulness are falrly independent This
result also suggests that usefulness of an interface does
not guarantee user satisfaction.

Describing user preferences. Only three adjective
scales describeqwsignigiggnt‘portions”_of the variance in

UEIPU IR EE S TN i b b an AR

user preference ranklngs within-editor, SIMPLE-DIFFICULT,

T R

FAST-SLOW, and PLEASING-DISGUSTING. Additionally, with
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all three of these scales in the regression equation only
20 percent of the variance in the preference rankings
could be described. The between-editor scale ratings and
preference rankings were also compared, but revealed no
consistent relationship between measures. These results
suggest that g;gfg;enqe rankings and adjective scale

ratings measure subjective evaluations

Wsifferently.
Preference rankings are a relative judgements. However;
the rating of each editing functions on the adjective
scales are absolute judgements. Future research should
explore the relationship between these measures further.
One possible method would be to require subjects to
indicate the magnitude of their preferences by
positioning all items e?aluated in relative 1location on
each adjective scale.

Refining the subjective rating scales. Results of
four analyses can be used to refine the set of subjective
scales used to collect user evaluations of software
interfaces: 1) the multiple regression analysis, which
described satisfaction; 2) the overall ANOVA, which
jdentified differences between the two editors; 3) the
ANOVA of subjective measures on post-experiment
evaluations, which indicated changes in subjective
evaluations of subjects original editor; and 4) the
principal components analysis, which identified two

dimensions in the subjective data. If the results of the
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two ANOVAs and the regression analysis are compared, it
is evident that six scales account for significant.

amounts of variance in a least two of these analyses,

SIMPLE, FAST, COMPLETE, COOPERATIVE, PLEASING, and
SATISFACTORY. The scales DEPENDABLE and  NATURAL
contribute to the variance in at least one of the
analyses. The scale USEFUL contributed significant
variance in both the ANOVA of transfer effects on
evaluations of subjects' initial editor and the Principal
Components. The results of these analyses revealed that
three scales failed to contribute to the variance in any
analysis SAFE-UNSAFE, INTERPRETABLE-UﬁINTERPRETABLE, and
CONSISTENT-INCONSISTENT. In general, these analyses
suggest that the scalés SAFE, INTERPRETABLE, and

CONSISTENT could be dropped from the instrument.

Desian and Evaluation of Benchmark Tasks

The purpose of developing and applying benchmark
tasks is to allow for meaningful comparisons between
systems similar in application. In addition, benchmark
procedures should enable the compilation of a database on
similar systems evaluated by different researchers. To
meet this second goal, painstaking effort must be devoted
to minimizing variance between experimenters.

The values of Roberts learning measure obtained in

the present study for EDITOR A and EDITOR B were 3.5 and
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3.8 minutes per task, respectively. These values are
significantly smaller than the learning rate of 4.9
minutes per task for EDITOR A reported by Good (1984).
Additionally, these values are smaller than anything
described in Roberts and Moran (1983). Closer
examination of the data in Good (1984) and the present
experiment revealed that differences existed on both
dependent measures, tasks completed, and task completion
time. As mentioned in the METHOD section, the
experimenter deviated slightly from Roberts' testing
procedures. Uncompleted tasks were brought to a
subject's attention to determine whefher the subject was
incapable of completing or simply overlooked the task.
This deviation should 6nly cause an inflation of the
number of tasks completed. However, examination of the
data showed that time to completion was also shorter in
this study. Examination of Roberts' methodology suggests
three major factors which may have contributed to the
differences between studies. These areas are; 1) task
coding, 2) teaching abilities of individual
experimenters, and 3) selection of subjects.

Task coding. To code tasks accomplished, as
specified by Roberts (1979), the experimenter assigns a
"1" to completed tasks, a "O" to uncompleted tasks, and
"1/2" for partially completed tasks. However, there are

several instances in Roberts' tasks where the boundaries
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which define each task are unclear. For example, task A
requires a subject to delete a blank 1line in order to
join two paragraphs. The subject successfully deletes
the line and moves on to the next task. Experimenter 1
codes this as a 1, the subject completed the whole task.
Experimenter 2 codes this as 1/2, because the subject
joined the paragraphs, but did not reformat the block of
text formed. The boundaries of the task are not only
different for the experimenters, they are unclear to the
subject. In addition, this type of unclear boundary may
cause differences in recording of task completion time.
Suppose the subject asks the experimehter, after joining
the two paragraphs, if the task is completed.
Experimenter 1 would séy "yes", while Experimenter 2
would say "no" requiring the subject to reformat the
paragraph.

Ieaching abilities of Jindividual. Variations
between experimenters, in terms of teaching skills, may
also influence results. As an experimenter uses Roberts
(1979) benchmark, it is quite likely that they will
improve in their ability to train novice computer users.
Good (1984) did not indicate that the experimenter used
in his evaluation of EDITOR A trained more than the four
subjects required by Roberts (1979) guidelines. However,
the experimenter involved in the present study taught 4

pretest, and 16 experimental subjects on each editor
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evaluated. Although Roberts (1979) taught a large number
of subjects also, there is no indication that she taught
a large number of subjects on any one editor as was done
in this research. To assess the existence of an
experimenter learning effect the pilot data were
examined. Unfortunately only the pretest results for
EDITOR B, 5.23 minutes per task, were available. This
figure is much closer to the value of 4.9 minutes per
task obtained by Good (1984), as well as the general
results reported in Roberts and Moran (1983). These
results suggest that the large difference between the
data in the present experiment and that of Good (1984)
may be due to different levels of teaching ability of the
two experimenters.

Selection of subjects. Roberts and Moran (1983)
imply that any research which generates data with less
variance than their research must have involved a
restricted sample of subjects. Roberts (1979) used
secretaries as subjects yet gives no indication how it
was determined that an unrestricted sample was selected.
The present research used a relatively homogeneous sample
of college students, which may have contributed to the
between experiment differences.

Suggested improvements. Based on the discussed
sources variation, several suggestions follow which may

lead to improvement in the standardization of benchmark
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procedures. First, a standardized coding method must be
developed which includes clear specifications of task
boundaries. Second, tasks should be taught and tested in
a logical order. Tasks which have a .low probability of
being completed based on the subject's previous
experience (i.e. search by content) should not be tested
until the subject has been exposed to the necessary
skills. Third, subject's task proficiency should be
examined in a final comprehensive quiz, administered
after all training is completed. Fourth, the
experimenter's training technique should be relatively
stable prior to editor evaluation. Lastly, a testable
criterion for the selection of subjects should be
developed. This must include a standardized form for
collecting demographic data which allows the experimenter
to assess objectively a subject's relationship to these

criterion.



CONCLUSIONS

Although some agreement existed among objective and
subjective measures, differences were found both in terms
of magnitude and location of effects. These
disagreements seem to be due to insensitivity on the part
of the subjective measures as well as real differences in
what the types of measures quantify. The present data
does not suggest that the association between objective
and subjective evaluations varies across the different
bipolar adjective scales. Given that the measures are
not completely redundant, it seems clear that interface
testing should include both objective and subjective
evaluations.

Research effort needs to be devoted to the
development of empirically derived benchmark tasks.
These benchmarks should specify systematic administration
procedures which facilitate the collection of both
objective and subjective measures. Furthermore, before a
task is considered a "benchmark", an extensive evaluation
process is necessary. This process should test
extensively the benchmark’'s reliability and ease of use
across different interfaces and evaluators.

Global subjective evaluations were insensitive to
differences between the two editors indicated by detailed

evaluations. The detailed evaluations revealed that both

87
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subjective and objective between editor differences were
due to specific editing functions. In conclusion, the
methodology developed as a result of this research seems

to be a viable one for systematically collecting detailed

user evaluations.
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Appendix A

Participants Informed Consent

PARTICIPANT'S STATEMENT OF INFORMED CONSENT

You are asked to participate in a study of how people use
computer text editors. The purpose of the study is to give us
information we need to make computers easier to usa.

We are not evaluating you, rather we are studying how aasy
computers are to use. All information you give us and all data that we
collect concerning your task will be held in strict confidence. We
will use the information for statistical and summary purposes anly,
and will ‘make certain that your name is not associated with your
records. To the best of our knowledge, there are no physical or
psychological risks associated with the procedures in our study.

As a participant in this study, you have certain rights. These
rights will now be explained to you, and you will be asked for your
signatut;'c. indicating that you oconsent to participation in this
research.

1. You have the right to stop the experiment in which you are
participating at any time if you feel that it is not agreeable
to you. Should you terminate the experiment, you will receive
pay only for the proportion of time you participated.

2. You have the right to see your data and to withdraw them from
the experiment if you feel that you should.

3. You have the right to be informed of the results aof the
overall experiment. If you wish to receive a summary of the
results, please Iindicate your address (three months hence)
with your signature below. A summary will be sent to you. If
you should then like further information, please contact the
Human Factors Laboratory and a full report will be made
available to you.

%. You have the right to call either Dr. Robert Williges, the
principle investigator, at 961-6270 or Mr. Charles Waring,
Institutional Review Board Chairman, at 961-5283, with your
concerns about any aspect of the experiment if you feel
uncomfortable talking with the experimenter.

The faculfy and raduate students involved greatly appreciate

your help as a participant. If you have any guestion about the
experiment or your rights as a participant, please do not hesitate to
ask. We will do our best to answer them, subject only to the

constraint that we do not want to pre~bias the experimental results.

Your signature below indicates that you have read your rights as
8 participant as stated above and that you consent to participation.
If you include your printed name and address below, a summary of the
experimental results will be sent to you.

§lgnaturo

Print address above
(3 months hence) if
you would like to be
informed of results.
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Appendix B
Editing Task Summary Sheets

Editor Summary Sheet

Commands to modify text

insert into document: - position cursor: type taxt

delete text: position cursor at beginning: SELECT
position cursor at end: REMOVE

or ERASE ¥ORD

move text: position cursor at beginning: SELECT

position cursor at end: REMQVE
position cursor at destination: INSERT HERE

copy text: position cursor at beginning: SELECT

position cursor at end: REMOVE, INSERT HERE
position cursor at destination: INSERT HERE

Commands to get and save a document
get document: [Q, gat f£ils nams.ext, RETURN
save documeat: DO, write file pame. ext, RETURN

Finding and displaying taxt

position cursor:

or NEXT SCREEN

or EREY SCREEN
search for & string:

forward EIND, type text, RETURN

Formatting text

position cursor on paragrapgh to be
formatted: DO, £ill, RETURN

Error correction

delete during typein: DELETE
cancel SELECT: SELECT
cancsl FIND: delete all text after prompt, RETURN

cancel DO: delete all text after prompt, RETURN

94



95

Editor Summary Sheet

Commands to modify text

insert into document: position cursor: type text

delete text: position cursor at beginning: SELECT
position cursor at end: CUT

or . REL ¥

move text: position cursor at beginning: SELECT

position cursor at end: CUT
position cursor at destination: GOLD, PASTE

copy text: ’ position cursor at beginning: SELECT
position cursor at end: CUT, GOLD, PASTE
position cursor at destination: GOLD, PASTE
Commands to get and save & document

get document: GOLD, COMMAND, izclude pame.sxt =nams,

save document: GOLD, COMMAND, write pame.ext, ENTER

Finding and displaying text

position cursor:

or ADVANCE, SECT

or 2ACXUR, SECT

search for a string:

forward ADVANCE, GOLD, EIND, type text,
backwards BACKUP, GOLD, KIND, type text, ENIER

Formatting text
position cursor at beginning: SELECT
position cursor at the end: GOLD,.FILL

Error correction

delets during typein: DELETE

cancel SELECT: GOLD, RESET

cancel FIND: delete all text after proampt,
cancel COMMAND: delete all text after prompt, ENIER

delete on command line DELEIE, (DO NOT USE ARROW KEYS)



Appendix C
Modifications of Questionnaire

The primary questionnaire used to collect subjective
evaluations experiment consisted of a modified version of
an instrument resulting from preliminary work reported in
Coleman, Wixon and Williges(1984). The modified
instrument was designed to represent a text editor in
terms of the core editing tasks performed by novice
users. The core editing tasks required that novices use
only nine of the 16 editing functions from the
comprehensive list. The functions from the instrument
which were not used were COPY, CUSTOMIZE, VIEW, REQUEST,
RECOVER, INITIATE, and TERMINATE.

If one compares the nine functions selected for the
core editing instrument with the importance rankings of
the 16 editing functions from the pilot study, displayed
in Table Cl, similarities become evident. Eight out of
the 10 most important editing functions from the point of
view of experienced users are included in the core
editing instrument, the exceptions being TERMINATE and
RECOVER. TERMINATE was not included because during core
learning and practice the subjects never activated or
deactivated the editor. In addition, the RECOVER function
was not used since the users were not required to recover

from any editor failures. The FORMAT function, although
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it was rated as the least important function by
experienced users, was included in the core evaluation
instrument. Most of the experienced users of the editor
evaluated in preliminary work used a format process
external to the editor. However, the novice users were
required to reformat the computer files they edited while
they were in the editor.

The 1list of semantic differentials was also
shortened. Instead of the original 17 scales only 11
scales were used. The usage frequency of the extreme
scale regions (1,2 or 6,7 ) was computed for each
semantic differential. The 1l most fréquently used scales
were chosen. The usage frequency and rank order of all 17
scales can be seen in Téble Cc2. A large drop in usage
frequency occurs after the 1llth scale (150 down to 109).
In addition, the scale SATISFACTORY-UNSATISFACTORY was
added for the purpose of determining which bipolar scales

described user satisfaction.
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TABLE Cl

The Importance of 16 Text Editor Functions, as
Rated by Text Editor Users, (n=27), (out of a
maximum of 7 which equals extremely important)

RANK  EUNCTION = MEAN
1.0 MOVE 6.9630
2.5 TRAVEL 6.8519
2.5 SEARCH 6.8519
4.5 DELETE 6.7778
4.5 TERMINATE 5.7778
6.0 INCLUDE 6.6666
8.0 RECOVER 6.4444
8.0 WRITE 6.4444
8.0 INSERT 6.4444

10.0 REPLACE 6.3704

11.0 CUSTOMIZE 6.3333

12.0 INITIATE 6.1481

13.0 VIEW 5.8571

14.0 COPY 5.7407

15.0 REQUEST 5.6296

16.0 FORMAT 5.0374
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TABLE C2

Ranked Usage Frequency of 17 Bipolar Adjective
Scales in Terms of Non-neutral ratings.

RANK SCALE
1.0 USEFUL....¢c.cceceese....USELESS
2.0 DEPENDABLE.........UNDEPENDABLE
3.0 CONSISTENT.........INCONSISTENT
4.0 INTERPRETABLE...UNINTERPRETABLE
5.0 SIMPLE...... ceessnnse COMPLICATED
6.0 COMPLETE....c.cccecc.. INCOMPLETE
7.0 SAFE..... cececsccesscccnn UNSAFE
8.0 FAST.......c... secescesnoon SLOW
9.0 NATURAL.......... . . - . UNNATURAL
10.0 COOPERATIVE.......UNCOOPERATIVE
11.0 PLEASING........ ««+..IRRITATING
12.0 ADAPTIVE.....ccceocee. UNADAPTIVE
13.0 FRIENDLY....... ees.. . UNFRIENDLY
14.0 UNCLUTTERED...........CLUTITERED
15S.0 CONCISE.....ceeceveees REDUNDANT
16.0 INTELLIGENT.......UNINTELLIGENT
17.0 MAINTAINABLE.....UNMAINTAINABLE




Appendix D

Questionnaires

Evaluate the text editor specified by the experimenter.

Evaluate the editor in terms how well you were able to accomplish 9 editing
functions with it. The functions arae;

TRAVEL. . .
This function is used to change the position of the cursor in the.file.

SEAKCH. . .
This function is used to find a specified target such as & string of

characters.

DELEIE. ..
This function is used to delete text from the file.

TNSERT -
This function is used to insert new text into a file.

This function is used to move a section of text to another location
within a file.

REPLACE. ..
This function is used to replace one piece of text with anmother.

WRIlL...
This function is used to save a file.

This function is used to get a file into the editor.

FORMAT. ..
This function is used to adjust text within the file.

The editing functions are printed, one to a page.
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Evaluate the each editing function on the 12 scales below it. These scales are;

usaless useful
2 3 4 s 6 7

extrcnoly quite slighcly noutral slightly quite oxttcncly

undcg.ndnhlo dcpendablo
2 3 4 S 6

oxtronoly quite slightly neutral slizhtly quite cxttonoly

consistanc inconsistent
3 4 5 6 7

oxtrenoly quite slightly neutral slightly quits ext:emely

unintc retable interpretable
P 2 3 4 5 6 TPre

extrcnoly quite slightly neutral slightly quite oxtrouoly

s le complicated
inpl 2 3 ) 4 ) 6 onP 7

: ---------: L L1 J

extremely quite ) slightly' neutral slightly quite ) cxt:onol}

unsafe safe
1 2 3 i 4 L3 6 7

extreaely quite ) slightly' neutral llightly' quite oxtz.n.l}

fast slow
1 2 3 4 s 6 7

;xttenol;v. quite ) slightly‘ neutzal slightly quite ) cxt:enol}

unnatural natural
1 2 3 4 s 6 7

HE ] et ow conl secessess; ssscaseas] sees wosew?

extremely quite slightly neutral slightly quito extremely

conplet. incomplete
2 3 4 5 6 7

esses cce? oo HE L LY ccoe! cocscsevea) covscasaan?

extr-icly quite slightly neutral slightly quite extremely

disgust leas
gus ing 2 3 4 5 6 p7 ing

s oo ] ¢ ceccccceal esneecsen; cuscacsan]

extremely quite ’ slightly neutral slightly quite cxt:onol}

cooperative obstinate
1 . 2 3 . 4 5 6 . 7 i
extremely ) quita slightly noutzal slightly' quits ) cxtremol}

satisfacto unsatisfacto
= 2 3 4 S 6 7 =y

cxt:eaely quite slightly neutral slightly quits ) cxtrenel}
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Make your evaluations by circling the scale number which appropriately describes
how you feel about the sditor in terms of accomplishing that editing function.

Below are examples of incorrect and correct markings of the type of scales you
will be asked to use in your evaluations of a text editor. Please indicate your
evaluations by carsfully circling the appropriate number on the scale.

CORRECT MARKING OF .A.SCALE bad
1 2 3 4 6 7

extremely quite slightly neutral ly quite extremely

INCORRECT MARKING OF A SCALE

good bad
1 2 3 4 5 6 7
;xt:omely ) quite ) slightly' neutral lightly‘ quite ) cxtrenel}
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zﬁAvgilThis function is used to change the position of the cursor in
e e.

yseless useful
1 2 3 4 s é 7

 CENeerNen! CEEETeses! SENCEsRENn! CoEEEsase! SECErcees! CoaRcouRen! snssneaae?

extremely quite slightly neutral slightly quite extremely

dependable
3 4 5 6 7

undegeudable
extreazely quite slightly. neutral slightly quite extremely

consistant inconsistent
1 3 4 5 6 7

| TeCECeCes! ST EN! TECSCEEEe) CETSOCTEN! CTEECESeSS] coneTaawe! Saasesaen?

extremely quite slightly neutral slightly quite extremely

uninterpretable interpretabl
Iy 2 3 4 5 6 Tpjetante

L CEEREEEse! SESTTRNTT! TTINVETTCG! CVTTCBTIT! TV ITON! RN TBTES! caacaase?

extremely quite slightly aneutral slightly quite extremely

s le complicated
inpl 2 3 4 5 6 7

extremely quite slightly neutral slightly quite extremely

unsafe , safe
1 2 3 4 s 6 7

extremely quite slightly neutral slightly quite extremely

fast . slow
1 2 3 4 s 6 7

I TRCVONTII] CTTNVVOTN! TECVCVEOD! VLNV CCANS] CCACTTCNe) CENCCCSSOe! Secevsacw]

extremely quite slightly neutral slightly quite extremely

2 3 4 S 6

unnefural ?atural
extremely quite slightly neutral slightly quite extremely

complete inc leta
1 2 3 5 s é gnp

! NN ECeen! TECEEETeE! CECCTTEES! TECTTCTen! TeNNeaceal SETeeeeee! caccasene?

extremely quite slightly neutral slightly quite extremely

disgustin
TR 3 . s 6

extremely quite slightly neutral slightly quite extremely

p%oasing

cooperative obstinate
2 3 4 5 6 7

e RRrcnesl SNNEECEES! CECEESSTY] PESTSNSEN] CESECTIEN! FESTITSE! SEseTEwsn?

extremely quite slightly neutral slightly quite extremely

satiifactory unlatis;actory

3 4 5

RN eeas! TENCITNIN! TTTPIRCES! CAETTETITES! TNCCCTNee! CeTweaCee) coaccuene?

extremely quite slightly neutral slightly quite extremely
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SEARCH This function is used to find a specified target such as a
string of characters.

useless useful
1 2 3 4 S 6 7

e Ccracen! CACESTUSS! ETTTIINTD! TENAENNEE! CTCTTTTTT] TTNSTNRre! Ceccenne=]

extremely quite slightly neutral slightly quite extremely

undogendable ’ " dependable
2 3 4 S 6 7

! PPTRRCRCE] CCTTNTTID) TCTUNCCNE! CNTCVTNT S} CUCIVATION!, CRCVICTIS! TS CmTeew!

extremely quite slightly neutral slightly quite extremely

consistent inconsistent
2 3 4 S ) 7

: .-.------0 CRUNPITIT! CNNTPNITN! PNTCRBCES! TS TTTIS! CEENESPES] SO seTane?

extremely quite slightly neutral slightly quite cxtremcly

uninterpretable interpretable
1 TP 2 3 4 5 (] zp7

t evscccess! senscssna) coevaasen) cnccEscee; Sesscaces] Cossacans; ceenaccen]

extremely quite slightly neutral slightly quite extremely

s le A complicated
mp1 2 3 4 s 6 P 7

{ Cnecarees) Cesrseana; CENeEress) COSRTTRas) TasEssses! Satasscen)] cescasnae?

extremely quite slightly neutral slightly quite extremely .

unsafe . safe
1 2 3 4 5 6 7

extremely quite slightly neutral slightly quite extremely

fast slow
1 2 3 4 5 6 7

cxtrencly quite slightly neutral slightly quite extremely

unnatural natural
1 2 3 4 5 ] -7

P EsaCran! PNSCEsONs) CETRCTTNN! CONTCTIOOD] TETTRCANS! COSITCTRR] cooaasaas?

extreucly quite slightly neutral slightly quite cxtrenoly

leta . incomplets
conp ¢ 2 3 4 5 é ?np

 Pescecsss! SHscErrcel CECISOOTN! TTAVINITT; FRTCVNANAE] COATBDTET] Sosasssaa?

extreuely quite slightly neutral slightly quits extrenoly

dis t laas
gisting 3 4 5 6 plessing

extremely quite slightly neutral slightly quits extremely

cooperative obstinate
81 2 3 4 s 6 7

t crmnvecrn! cesvssnns! vesecacans) caa woscee: cescccuee! ceenevees) cewceseaw?

extremely quite slightly neutral slightly quite oxtzenoly

satisfacto unsatisfacto
=y 3 4 5 6 7 =

H --------.- RN CrRrrn! TR ETReN! PANENETAY! TESESSTeS! CeRESCsEen; Seonsanas?

extremely quite slightly neutral slightly quite extrenoly
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DELETE This function {s used to delete text from the file.

useless useful
1 2 3 4 s 6 7

cxttemely quite sligh:ly neutral slightly quite extroncly

undegendablc dopendcbl.
2 3 4 L1 6

cxtrcmnly quitc slightly neutral slightly quite cxt:ou.ly

consistent inconsistent
2 3 4 5 (] 7

{ eemcesccaa: ecscacces; csecaveas? Seecesece; sescncccal cavacvcaa? cesvcacaae’

extzemely quite slightly neutral slightly quite oxtrenely

uninte retable interpretable
P 3 4 s 6 e

cxtremcly quite sligh:ly neutral slightly quite cxtrcnoly

s le c licated
1mp 2 3 4 5 6 omp 7

cxtrcnely quite slightly neutral slightly quite extremely

unsafe safe
2 3 4 s 6 7

l ---‘----.. seoccsccsss’ Seocssccas? --.---.--. * -..: dedo 4

cxttenely quite slightly neutral slightly' quite extremely

fast ' slow
1 2 3 4 S é 7

! *eewsncscn cocccannas: cecsccecel coavnocas? cescncsss; secavcces) cesvecvas?

cxtrensly quite slightly neutral slightly quite cxt:enoly

unnatural natural
1 2 3 4 5 6 7

extrenely quite slightly neutral slightly quits extrnmcly

conplete incomplete
2 3 4 5 6 7

HAL AL DL LI IR LI I I T 1] Cecccecas cocsnenssel covcccvan? tescavscsl seascsass:

extremely quite slightly neutral slightly quits cxtreuely

dis tin leasin
8'1"'"2 3 " 5 6 pyoasing

extremoly quite slightly neutral slightly quite cxttenely

cooperative obstinate
1 2 3 4 5 6

extremely quite slightly neutral slightly quite cxtruuoly

satisfacto unsatisfacto
1 i 2 3 4 s 6 =

I *eccsnces; cuacacane: eecsswsca; secscacea’ sscccacaes cessscess! coccnanns?

extremely quite slightly neutral slightly quita extramoly
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INSERT This function is used to insert new text into a file.

usaless useful
1 2 3 4 5 6 7

| RN CEes! PSPPI RNees! Ceeveseva! cecaccaaa ® socscasen; cevscesse! cevsoncan

extremely quite slightly neutral slightly quite extremely

undependable dependable
2 3 4 5 6 7
?

I PESSENENO! TNNETITNO! CECNNNNOT! CCENNNINS! PATTPCOTS! TS CCTTTO R Cevsmecaa?

extremely quite slightly neutral slightly quite extremely

consistent b inconsistent
1 2 3 4 s ] 7

{ Tessaenen] Peenneeen! PPN TITTE! CNTECTCSe! CReeTenee! CECsaaace! SeesasBee?

extremely quite slightly neutral slightly quite extremely

uninterpretable interpretabl
ol 2 3 s s 6 TpFevante

extremely quite slightly neutral slightly quite extremealy

sinpie coupl;catcd

2 3 4 5 ]

I PECOTINTN] TCTATOIOD] TTVTITTCT! CTCTVORTN! TACRCITNS! CRCTTLCES! Secesaase?

extremely quite slightly neutral slightly quite extremely

unsafe ' safe
1 2 3 4 L] 6 7

extremely quite slightly neutral slightly quite extremely

fast . slow
1 2 3 4 L] 6 7

extremely quite slightly neutzral slightly quite extremely

unnatural natural
1 2 3 4 s (] 7

extremely quite slightly neutral slightly quite extremely

c lete inc leia
°mpl 2 3 4 s 6 ?ﬂp

{ PRBNCNNOD! CECCOTTTT] TTVCANCTE] CHCPCVNCON! PRI ENTN? PN CECNES! SEavcanne?

;xtremely ) quite slightly neutral slightly quite extremely

disgustin
sg & 2 3 4 s (]

extremely quits slightly neutral slightly quite extremely

p%-asing

cooperative obstinate
1 2 3 4 5 6 7

extremely quits ) sligh:ly' neutral slightly quite extremely

satiifactory unsatis;actory

2 3 4 5 6

(RS CECaNs! CETNCACTON! CASTITTIE! PIITCNTET) CRETCCCCN] CECNTSSSe! Tesswenaw?

extremely quits slightly neutral slightly quite extremely



107

MOVE This function is used to move a section of text to another
location within a file.

useless useful
1 2 3 4 S 6 7

: weoasoeese’ cnessssael eecscvsecone?! Seocseacscse; cescvacsasw? sececsccsce] seecsecaces;

axtremely quite slightly neutral slightly quite extremcly

undependable dependable
g 2 3 4 s 6 7

cxt:euoly quite slightly neutral slightly quite extreuoly

consistent inconsistent
1 2 3 4 S 6 7

$ Seecccans; cecssscnn! cesascews conassssal cascssnea’ cecsccscos! csecvscace:?

extremely quite slightly neutral slightly quite extremely

uninterpretable interpretable
1 P 2 3 4 s 6 :p7

extremely quita slightly neutral slightly quite extremely

s le [ licated
iﬂp1 2 3 4 L] -] o

: soscccaes; .---.-‘.-: cescscaces? ..-.-‘.-.. ..------.' .-.----.-' .--------0

extremely quite slightly neutral slizhtly quite extrcnely

unsafe safe
2 3 4 s 6 7

extremely quite slightly neutral slightly quite extremely

fast slow
1 2 3 4 s 6 7

de cnceswl soeanvnscs?

extremely quite slightly neutral slightly' quite extremely

unnatural natural
1 2 3 4 L] 6 7

extremely quite slightly neutral slightly quite cxtzemoly

let in lete
conpjete 2 3 4 5 6 L

| oecsscssw’ sesescsscend Ssavsceen’ onew -

extremely quite slightly neutral slightly quite ext:enely

disgustin leasin
gg £ 2 3 4 . 5 ] p7 8

extremely quita slightly neutral slightly quite extremely

cooperative obstinate
1 2 3 4 5 (] 7

extremely quite slightly neutral slightly quite extremely

satisfacto unsatisfacto
1000, 3 4 5 6 Fooory

extremely quite slightly neutral slightly quites extremaly
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REPLACE This function is used to replace ome piece of text with another.

useless useful
2 3 4 5 6 7

IR LD L L L H cocuencus’ seeeccaew! Sevsacssal comscesesa! seeccsass; ceccnacee!

extremely quite slightly neutral slightly quite extremely

undependable depondablo
1 2 3 4 s 6

cxtronoly quite sligh:ly neutral slightly quite extrencly

consistent . inconsistent
2 3 4 s ] 7

cxtrcmoly quite slightly neutral slightly quits extremely

uninte :ctable interpretable
1 *P 3 4 s 6 :p7

HEL LI L LD L ¢ .-..-..-.' eseccescsss sscce ¢ eona -t ovs ) voencccee;

extremely quite slightly neutral slightly quite extremely

s le couplicatod
imp 2 3 4 ] 6

cxtrcmoly quite slightly neutral slizhtly quite cxt:emoly

unsafo safe
2 3 4 L 6 7

oxtrenoly quite slighely neutral slightly quite " extremely

fast ) slow
1 2 3 4 s 6 7

¢ eocconcsa] ceoceseses: cecccsssal coescsscceet swssccsenl ecnscsccses! scosccscan=]

extremely - quite slightly neutral slightly quits extremely

unnatural natural
1 2 3 4 s ] 7

cxt:cnely quite slightly neutral slighcly quite cxt:cncly

c lete inc lete
P 2 3 4 s 6 i

HE ecans e coe’ coecvassee?d csse: sscnccese?] --..-.-q--

extremely quite slightly nout:al slightly quite extremely

dis t . leasin
syseing 3 " s 6 P s

H .--------l cocscecen’ secsssanes] consscnes! secsacaws? cesscccacst cecssscsa]

extremely quite slightly neutral slightly quite extremely

cooperative cbstinato
1 3 4 5 6

s emvoevcone! cocssaces;] concnscanl oo LD 24 ecea cencaansal --..---..0

extremely quite slightly neutral slightly quits axtrsuely

satisfacto unsatisfacto
2 2 3 4 s 6 =y

{ emcccsas=] ccccencesl eesvaceas! CocanRaSel conovoseel voessvsass] ------.-—0

extremely quites slightly neutral slightly quite cxt:nmoly
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WRITE This function is used to save a file.

uselaess useful
1 2 3 4 s 6 7

{ meeeccess seeeceeee) coccanass; cEsssecne! e rasee! sesscaase? cosecccscce:

extremely quite slightly neutral slightly quite cxtremely

undependable dependable
1 2 3 4 s é 7

I Seecsecces) sevcscess) seccnccca) svccsaces! sovasvone? ceocccsscse; seconsace:

ext:em-ly quite slightly neutral slizhtly quite cxt:encly

consistent inconsistent
3 4 L3 é 7

I meesscece) casssecss] cnscscaes) coacsasew! sesevacas! ceccoscen; svecccccas?

extremely quite slightly neutral slightly quite cxtrencly

uninte totable interpretable
1P 3 4 s 6 it

¢ CeeSssess; cancccacs) soaccenna! secseacas! casesncas? eescecace? sescccvwn’

extremely quite slightly neutral slightly quite ext:enely

s le conplicated
inpl 2 3 4 S ]

: Seoscscsacss; aecooe’ Ll dadod 44 .C-‘..---. ..-..-..-‘ -.---‘..-. Seecssccew’

extremely quite ) slightly neutral slightly quite .xtroncly

unsafe safe
1 2 3 4 L1 é 7

uxt:emcly quite ‘3113h:1y neutral slizhtly quite nxtrcnoly

fast ' slow
1 2 3 4 S -] 7

extremely quite slightly neutral slishtly quite cxtrauoly

unnatural ' natural
1 2 3 I s é 7

{ Ceeccnsts; cecscenes) Enssecess! cosasevee! sancsavan? ceocccasss; scocncaanas?

oxt:eualy quite slightly neutral slightly quite nxttonoly

¢ lete 1ncouplct.
omp 2 3 4 5 6

b coascsesses snooaesessd Seocccsseal scocscccase? ocosscoece) eaosssans? Seewsecoan’

ext:emely quits slightly neutral slightly quite cxt:amoly

disgustin leasin
8'1’82 3 4 s ¢ Pjeesims

extremcly quite slightly neutral slightly quite extremaly

cooperative obstinata
1 2 3 4 5 6

extremely quite slightly neutral slightly quite cxtremoly

satisfacto unsatisfacto
¥ 2 3 4 5 6 7 =

extremely quite slightly neutral slightly quite axtremely
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INCLUDE This function is used to get a file into the editor.

useless usaful
1 2 3 4 S 6 7

extremely quite slightly neutral slightly quite extremely

undependable : dependable
Y 2 3 4 5 6 7

extremely quite slightly neutral slightly quite extremely

cons%stant incongistont

2 3 4 S 6

extremely quite slightly neutral slightly quite extremely

uninterpretable interpretable
1 *P 2 3 4 S 6 rp7

{ voscsacsseos! cevssases; Seassscaa) eossdesces! csenececs! caseceess! coaewncaal

extremely quite slightly neutral slightly quite extremely

s le
1ap} 2 3 " 5 6

extremely quite slightly neutral slightly quite extramely

coupl%catcd

unsafe safe
1 2 3 4 s 6 7

extremely quite slightly neutral slightly quite extremely

fast ' slow
1 2 3 4 5 ) - 7

extremely quite slightly neutral slightly' quito- extremely

unnatural aatural
1 2 3 4 5 é 7

{ P ECSSeNen! CRNENNNas) FPRCCRIETE! CONCECETE! CTESTSRENS! PSS ESETe! cesvsvaas]

extremely quite slightly neutral slightly quite extremsly

c leta inc lete
oy 2 3 4 5 6 7P

extremely quits slightly neutral slightly quite extremely

disgustin leas
g? & 2 3 4 S 6 P7 ing

¢ RN AcseS! CTENEEEEee! CEEEENeeT! TTECTETSSe! Teseseeee! caecerwes! cnecacaan]

extremely quite slightly neutral slightly quite extremely

coopgrative cbgtinato

2 3 4 5 6

PR NNNres! CRNRNNRNE) CENNCNTES! FRPCDOETS] PTCTATDDOD! PNBVOTOCS; ST ee s

extremely quite slightly neutral slightly quite extremely

satisfacto unsatisfacto
1 =y 2 3 4 S 6 7 v

extremaly quite slightly neutral slightly quite extremely
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FORMAT This function is used to adjust text within the file.

useless useful
1 2 3 4 5 ] 7

extremely quite slightly neutral slightly quite extremely

undcgcndable depondable
2 3 4 5 ]

exttenoly quite ' slightly neutral slightly quite cxtremoly

consistent inconsistent
1 2 3 4 S 6 7

(ST SNNNS] SRR CENNIN] TCCCIRCNAT! VT TPCTTCS] CRECCEOSs! CuncReswe) ceesncecan!

extremely quite slightly neutral slightly quite extremely

uninterpretable ' interpretable
1 *P 2 3 4 L1 [ rp7

extrcnoly quite slightly neutral slightly quite exzrnmoly

1 licated
sizpe 2 3 5 s 6 gt

H .-.--.-..' ceeoscescs! ssescesas’ sones . coveowl cocsecesar

oxt:encly quite slightly neutral slizhtly' quite extremely

unsaf. safe
2 3 4 . S é 7

H ---.-...-0 sesseccse: sace L oad oes { cososscee:

cxttoncly quite slightly neutral slightly quite extremely

fast slow
1 2 3 4 s 6 7

cxt:onely quite slightly neutzal slightly quite ) extremely

unnatural natural
1 2 3 4 5 6 7

extremely quite slightly neutral slightly quite axtremely

complets incomplets
1 2 3 4 s 6 ?mp

extremely quite slightly neutral slightly quite extremely

disgustin leas
8? 8 2 3 4 L 6 p7 ing

I TTSCTeNON! CECEITUNN] TCCVTETOS] TRCLOTVVE! TTECOTIION! CNCINOTRE! Soawanvas?

extremely quite slightly neutral slightly quitse extremely

ti obstinate
°°°p§ra ve 3 4 5 6 7

extremely quite slightly neutral slightly quite extremely

satisfacto unsatisfacto
1 acrery 3 4 s 6 Fherery

extremely quits slightly neutral slightly quite extremely
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Please evaluate the ENTIRE EDITOR on the scales below. To indicate
gon evaluation, circle the number on each scale you fael
est describes the editor.

useless useful
1 2 3 A 5 6 7

! Peensssne) cerecseas) CecResees; Tescacewe) cesssecas! S sscasan! ceeewsees’

extremely quite slightly neutral slightly quite extremely

undependable , . dopcndablo
1 2 3 4 s 6

cxttcncly quitc ) slightly neutral slightly quite cxt:cmcly

consist.nt ) 1nconsistent
2 3 4 ] 6

H ----‘--.-' COENCCTRNE,] PRI NCCNE! FCNPCORON! CNCTITITw! Seacssane? AL LI 1]

cxt:emely quits slightly neutral slightly quite cxtr-noly

interpretabl . interpretabl
un lerpr O 3 4 5 6 :p!7.'e a { }

{ evoccccas: .---Q---.' SCCRCTONS! AT TASVON] SESCAcESE) SLSCEess! senasannel

oxtr-uoly quite llightly neutral slizhtly quite cxtr.uoly

1 ' licated
siup e 2 3 s P p coap 7ca [

4 .-----.-.0 ocsescsesss! shtessvees! Secsesecel sease ees HEL AL L L L

oxt:enely quite slightly aeutral slizh:ly quite extremely

unsato . safe
2 3 4 s 6 7

cxtranoly quits slightly ncutral slightly quit- ’ extremely

fast ' . slow
1 2 3 4 s 6 7

i cosscsases! sencscencs! sesesenesl csuses

extzencly quite slightly n.utral slightly' quite ’ cxtramel}

unnatural natural
1 2 3 4 L3 6 7 .

extremely quite slightly neutral slightly quits extremely

complet incomplet
b 2 3 4 s 6 gpiete

extremely quite slightly neutral slightly quite extremely

disgustin leas
i St 3 4 5 ¢ Pjeasing

extremely quite slightly neutral slightly quite ’ extremely

cooperative obstinate
3 4 s 6 7
;xtrenoly ’ quite ’ slightly' neutral slightly. quits ) .xtremlli
satisfacto unsatisfacto
1 = 2 3 4 S 6 7 24

extremely quite slightly neutral slightly quits extremely
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Presanted below are the 9 editing functions you have learned to
perform. Please RANK each of the editing functions with regard to how
well you liked to perform it with the editor you are now working on.
Rank the editing functions from 1 te 9, with 1 representing the
editing function you liked to perform the best and 9 representing the
function you liked to perform least.

Editing

E

:
LT
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Presented below ars the 9 editing functions you have laerned to perform
with two text editors. For each editing function, pleass indicate the
editor you would prefer to use by placing & check in the column of the
prefsrred editor.

To peform the following editing function I prefer to use

First Editor Second Editor No Preference
Learned Learned

SEARCH
DELETE
INSERT
MOVE

WRITE
INCLUDE

FORMAT



Appendix E
Rate Measure Computations

To determine the performance rate measure developed
by Whitside, Jones, and Levy (1985), the researcher has
several options for assigning values to the letters "P"
and "C". As shown in Figure El1 "P" represents percent of
task completed and "C" represents an expert's fastest
task completion time.

To calculate "P" the experimenter can assign the
components of the task equal or proportional weights.
The researcher determines proportional weights either by
subjectively estimating the contribution of each task
component to the whole tésk or by empirically deriving a
task's component's weight through the observation of an
expert's performance. The weights used in this
experiment were empirically derived for each editor by
observation of an expert's performance. The time
constant "C" can also be ascertained by one of two
methods. The first method selects a single value of "C"
as determined by the fastest possible expert time on a
given class of interface. The second method selects a
separate value for "C" for each editor based on an
expert's time on that editor. The calculation of the
rate measure for this experiment was determined by a
single value of "C" representing the fastest expert time
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given the two editors examined.



Appendix F

ANOVA Summary Tables

Core Editing Task Learning

Dependent Measure: Mean Learning Time per Task

Source df Ss F-ratio p-value
Between subjects

ORDER (ORD) 1 0.116 0.29 0.5961
SUBJECTS/ORD (SUBJ/ORD) 14 5.500

Withi biect

EDITOR (ED) 1 1.558 14.65 0.0018
ED X ORD 1 13.798 129.74 0.0001
ED X SUBJ/ORD 14 1.489

TOTAL 31 22.460
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Practice Data

Dependent Measure: Total Time to Complete All Practice Tasks

Source df SS F-ratio p=-value
Between subjects :

ORDER (ORD) 1 22.781 0.32 0.5787
SUBJECTS/ORD (SUBJ/ORD) 14 986.688

Withi biec

EDITOR (ED) 1l 457 .531 15.19 0.0016
ED X ORD 1 935.281 31.05 0.0001
ED X SUBJ/ORD 14 421.688

TOTAL 31 2823.969
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Overall Analysis

Dependent Measure: Rate Measure

Source df Ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 9000.250

Within Subject

EDITOR (ED) 1 6724.000 12.61 0.0029
ED X SUBJ 15 7999.833

EDITING FUNCTION(EF) 8 32419.326 40.74 0.0001
EF X SUBJ 120 11936.563

DAY (D) 1 11466.840 283.99 0.0001
D X SUBJ 15 605.660

ED X EF 8 4013.563 7.08 0.0001
ED X EF X SUBJ 120 8501.104

ED X D 1 150.063 2.91 0.1088
ED X D X SUBJ 15 744.438

EF XD 8 352.347 0.73 0.6636
EF X D X SUBJ 120 7226.652

ED X EF XD 8 202.250 0.39 0.9221
ED X EF X D X SUBJ 120 7705.750

TOTAL 575 109078.638
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Overall Error Analysis

Dependent Measure: Number of Errors Committed

Source df Ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 241.929

EDITOR (ED) 1 0.043 0.02 0.8985
ED X SUBJ 15 38.651

EDITING FUNCTION (EF) 8 1597.399 48.83 0.0001
EF X SUBJ 120 490.712

DAY (D) 1 49.585 19.07 0.0001
D X SUBJ 15 38.998

ED X EF 8 123.691 6.29 0.0001
ED X EF X SUBJ 120 294.865

ED XD 1 0.002 0.00 0.9836
ED X D X SUBJ 15 59.471

EF X D 8 27.274 1.19 0.3099
EF X D X SUBJ 120 343.392

ED X EF XD 8 25.358 1.05 0.4032
ED X EF X D X SUBJ 120 362.420

TOTAL -575 3693.790
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Overall Error Analysis

Dependent Measure: Error Correction Time

Source df SS F-ratio p-value
Between Subjects .

SUBJECTS (SUBJ) 15 8769.248

Within Subject

EDITOR (ED) 1 42.793 0.11 0.7459
ED X SUBJ 15 5891.679

EDITING FUNCTION (EF) 8 25951.024 9.93 0.0001
EF X SUBJ 120 39216.142

DAY (D) 1 6540.766 42 .25 0.0001
D X SUBJ 15 2322.040

ED X EF 8 8590.628 3.02 0.0040
ED X EF X SUBJ 120 42715.649

ED XD 1l 47.266 0.11 0.7420
ED X D X SUBJ 15 6304.762

EF X D 8 3828.156 1.48 0.1731
EF X D X SUBJ 120 38915.788

ED X EF X D 8 3055.969 1.17 0.3227
ED X EF X D X SUBJ 120 39171.753

TOTAL .575 231363.665
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Subjective Evaluations

Dependent Measure: Bipolar Adjective Scale Ratings

Source df Ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 2418.579

Within

EDITOR (ED) 1 72.931 11.75 0.0037
ED X SUBJ 15 93.138

EDITING FUNCTION(EF) 8 178.086 4.14 0.0002
EF X SUBJ 120 644.895

DAY (D) 1 35.593 12.37 0.0031
D X SUBJ 15 43.144

SCALE (SC) 11 752.664 11.77 0.0001
SC X SUBJ 165 958.831

ED X EF 8 81.428 4.01 0.0003
ED X EF X SUBJ 120 304.294

ED X D 1 0.422 0.13 0.7246
ED X D X SUBJ 15 49,083

ED X sC 11 33.624 1.97 0.0341
ED X SC X SUBJ 165 255.751

EF X D 8 24.225 1.90 0.0667
EF X D X SUBJ -120 191.664

EF X SCALE - 88 285.653 3.79 0.0001
EF X SC X SUBJ 1320 1129.976

D X sC 11 7.088 0.85 0.5867
D X SC X SUBJ 165 124.398

ED X EF X D 8 15.302 1.37 0.2154
ED X EF X D X SUBJ 120 167.235

ED X EF X sC 88 79.422 1.37 0.0145
ED X EF X SC X SUBJ 1320 866.911

ED XD X sC 11 9.821 0.89 0.5482
ED X D X SC X SUBJ 165 164.785

EF XD X sC 88 52.376 1.10 0.2521
EF X D X sC X SUBJ 1320 714.013

ED X EF X D X sC 88 45.049 1.02 0.4326
ED X EF XD X SC X SUBJ 1320 662.803

TOTAL 6911 10463.185
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Overall Subjective Analysis

Dependent Measure: USELESS/USEFUL

Source df SS F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 50.498

Within Subjects

EDITOR (ED) 1 1.460 2.57 0.1296
ED X SUBJ 15 8.512

EDITING FUNCTION (EF) 8 45.035 4.78 0.0001
EF X SUBJ 120 141.299

DAY (DAY) 1 0.002 0.01 0.9304
D X SUBJ 15 3.304

ED X EF 8 2.118 0.74 0.6519
ED X EF X SUBJ 120 42.660

ED XD 1 0.002 0.00 0.9575
ED X D X SUBJ 15 8.859

EF X D 8 3.889 1.03 0.4164
EF X D X SUBJ 120 56.556

ED X EF XD 8 4.264 1.26 0.2690
ED X EF X D X SUBJ 120 50.625

TOTAL - 575 419.082
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Overall Subjective Analysis

Dependent Measure: UNDEPENDABLE/DEPENDABLE

Source df SS F-ratio p-value
Between

SUBJECTS (SUBJ) 15 167.900

Within Subjects

EDITOR (ED) 1 1.266 1.89 0.1893
ED X SUBJ 15 10.040

EDITING FUNCTION (EF) 8 26.108 3.59 0.0009
EF X SUBJ 120 109.059

DAY (DAY) 1 2.377 3.63 0.0761
D X SUBJ 15 98.178

ED X EF 8 5.281 1.35 0.2255
ED X EF X SUBJ 120 58.663

ED XD 1 0.085 0.03 0.8581
ED X D X SUBJ 15 38.554

EF XD 8 7.233 1.81 0.0809
EF X D X SUBJ 120 59.823

ED X EF XD 8 4.462 0.87 0.5460
ED X EF X D X SUBJ 120 77.149

TOTAL . 575 577.873
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Overall Subjective Analysis

Dependent Measure: INCONSISTENT/CONSISTENT

Source df SsS F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 300.734

Within Subiect

EDITOR (ED) 1 4.516 2.06 0.1722
ED X SUBJ 15 32.957

EDITING FUNCTION (EF) 8 24.910 2.44 0.0177
EF X SUBJ 120 153.313

DAY (DAY) 1 6.891 7.80 0.0136
D X SUBJ 15 13.248

ED X EF 8 2.500 0.15 0.9960
ED X EF X SUBJ 120 243.278

ED XD 1l 1.891 1.30 0.2720
ED X D X SUBJ 15 21.804

EF XD 8 9.813 1.17 0.3200
EF X D X SUBJ 120 125.299

ED X EF XD 8 5.125 0.62 0.7615
ED X EF X D X SUBJ 120 124.431

TOTAL - 575 1070.707
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Overall Subjective Analysis

Dependent Measure: UNINTERPRETABLE/INTERPRETABLE

Source df SS F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 304.512

Within Subjects

EDITOR (ED) 1l 4.877 4.34 0.0549
ED X SUBJ 15 16.873

EDITING FUNCTION (EF) 8 11.680 1.07 0.3903
EF X SUBJ 120 164.097

DAY (DAY) 1 3.210 2.95 0.1064
D X SUBJ 15 16.318

ED X EF 8 8.389 0.96 0.4737
ED X EF X SUBJ 120 131.611

ED XD 1 0.085 0.09 0.7704
ED X D X SUBJ 15 14.443

EF XD 8 4.868 0.66 0.7293
EF X D X SUBJ 120 111.354

ED X EF XD 8 6.618 0.89 0.5276
ED X EF X D X SUBJ 120 111.604

TOTAL - 575 910.540
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Overall Subjective Analysis

Dependent Measure: DIFFICULT/SIMPLE

Source df ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 272.429

Within Subjiect

EDITOR (ED) 1 18.418 6.82 0.0196
ED X SUBJ 15 40.498

EDITING FUNCTION (EF) 8 65.941 6.88 0.0001
EF X SUBJ 120 143.839

DAY (DAY) 1 9.252 16.66 0.0010
D X SUBJ 15 8.332

ED X EF 8 22.253 3.01 0.0042
ED X EF X SUBJ 120 111.080

ED X D 1 0.210 0.19 0.6682
ED X D X SUBJ 15 16.484

EF X D 8 6.608 1.80 0.0835
EF X D X SUBJ 120 155.059

ED X EF X D 8 7.337 1.92 0.0625
ED X EF X D X SUBJ 120 57.219

TOTAL .575 834.957
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Overall Subjective Analysis

Dependent Measure: UNSAFE/SAFE

Source df Ss F-ratio p-value
Between Subjects ‘

SUBJECTS (SUBJ) 15 234.104

Within Subjects

EDITOR (ED) 1 3.063 2.02 0.1755
ED X SUBJ 15 22.715

EDITING FUNCTION (EF) 8 30.170 3.85 0.0005
EF X SUBJ 120 117.552

DAY (DAY) 1 3.361 2.82 0.1136
D X SUBJ 15 17.861

ED X EF 8 9.281 1.80 0.0839
ED X EF X SUBJ 120 77.441

ED XD 1 2.250 2.42 0.1410
ED X D X SUBJ 15 13.972

EF XD 8 3.858 0.74 0.6579
EF X D X SUBJ 120 78.420

ED X EF X D 8 4,344 1.33 0.2344
ED X EF X D X SUBJ 120 48.934

TOTAL . 575 667.326
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Overall Subjective Analysis

Dependent Measure: SLOW/FAST

Source df Ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 233.639

Within Subject

EDITOR (ED) 1 25.840 11.38 0.0042
ED X SUBJ 15 34.049

EDITING FUNCTION (EF) 8 102.639 6.38 0.0001
EF X SUBJ 120 241.361

DAY (DAY) 1 3.063 3.35 0.0872
D X SUBJ 15 13.715

ED X EF 8 21.535 2.31 0.0241
ED X EF X SUBJ 120 139.576

ED XD 1 0.111 0.11 0.7426
ED X D X SUBJ 15 14.889

EF XD 8 17.688 2.59 0.0121
EF X D X SUBJ 120 102.535

ED X EF X D 8 9.389 1.37 0.2154
ED X EF X D X SUBJ 120 102.611

TOTAL -575 1062.639
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Overall Subjective Analysis

Dependent Measure: UNNATURAL/NATURAL

Source df SS F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 570.776

EDITOR (ED) 1 0.293 0.11 0.7500
ED X SUBJ 15 41.790

EDITING FUNCTION (EF) 8 18.514 1.93 0.0611
EF X SUBJ 120 143.708

DAY (DAY) 1 3.516 1.80 0.2000
D X SUBJ 15 29.345

ED X EF 8 20.472 3.69 0.0007
ED X EF X SUBJ 120 83.194

ED XD 1 3.516 2.18 0.1609
ED X D X SUBJ 15 24.234

EF XD 8 4,875 0.77 0.6301
EF X D X SUBJ 120 95.014

ED X EF X D 8 2.375 0.46 0.8826
ED X EF X D X SUBJ 120 77.625

TOTAL ;575 1119.248
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Overall Subjective Analysis

Dependent Measure: INCOMPLETE/COMPLETE

Source df Ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 335.443

Within Subiect

EDITOR (ED) 1 11.391 4.60 0.0487
ED X SUBJ 15 37.137

EDITING FUNCTION (EF) 8 24.024 3.20 0.0025
EF X SUBJ 120 112.698

DAY (DAY) 1 6.460 4.16 0.0594
D X SUBJ 15 23.290

ED X EF 8 10.094 2.14 0.0367
ED X EF X SUBJ 120 70.628

ED XD 1 0.016 0.01 0.9124
ED X D X SUBJ 15 18.734

EF XD 8 2.087 0.45 0.8879
EF X D X SUBJ 120 64.413

ED X EF XD 8 2.406 0.88 0.5369
ED X EF X D X SUBJ 120 41.094

TOTAL . 575 764.915
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Overall Subjective Analysis

Dependent Measure: DISGUSTING/PLEASING

Source df SS F-ratio p=-value
Between

SUBJECTS (SUBJ) 15 328.167

Within Subject

EDITOR (ED) 1 13.444 4.25 0.0571
ED X SUBJ 15 47.500

EDITING FUNCTION (EF) 8 62.243 6.32 0.0001
EF X SUBJ 120 147.646

DAY (DAY) 1 1.778 3.40 0.0849
D X SUBJ 15 7.833

ED X EF 8 27.868 6.09 0.0001
ED X EF X SUBJ 120 68.688

ED XD 1 1.778 2.34 0.1468
ED X D X SUBJ 15 11.389

EF X D 8 5.097 1.87 0.0702
EF X D X SUBJ 120 40.792

ED X EF XD 8 7.222 2.77 0.0076
ED X EF X D X SUBJ 120 39.111

TOTAL . 575 810.556
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Overall Subjective Analysis

Dependent Measure: UNCOOPERATIVE/COOPERATIVE

Source daf Ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 359.583

Within Subjects

EDITOR (ED) 1 10.028 5.73 0.0302
ED X SUBJ 15 26.250

EDITING FUNCTION (EF) 8 21.878 2.44 0.0176
EF X SUBJ 120 134.510

DAY (DAY) 1 2.007 2.09 0.1685
D X SUBJ 15 14.382

ED X EF 8 14.441 3.08 0.0034
ED X EF X SUBJ 120 70.281

ED XD 1l 0.007 0.01 0.9362
ED X D X SUBJ 15 15.715

EF XD 8 1.962 0.45 0.8896
EF X D X SUBJ 120 65.649

ED X EF XD 8 4.150 1.44 0.1856
ED X EF X D X SUBJ 120 43.128

TOTAL 575 783.972
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Overall Subjective Analysis

Dependent Measure: UNSATISFACTORY/SATISFACTORY

Source df Ss F-ratio p-value
Between Subjects

SUBJECTS (SUBJ) 15 219.568

Within Subjects

EDITOR (ED) 1 11.960 5.87 0.0285
ED X SUBJ 15 30.568

EDITING FUNCTION (EF) 8 30.597 2.77 0.0076
EF X SUBJ 120 165.792

DAY (DAY) 1l 0.766 1.14 0.3030
D X SUBJ 15 10.095

ED X EF 8 16.613 3.36 0.0016
ED X EF X SUBJ 120 74.104

ED XD 1 0.293 0.30 0.5934
ED X D X SUBJ 15 14.790

EF XD 8 8.625 2.83 0.0066
EF X D X SUBJ 120 45.764

ED X EF XD 8 2.660 0.71 0.6857
ED X EF X D X SUBJ 120 56.507

TOTAL - 575 688.707
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Transfer of Training

Dependent Measure: Rate Measure

Source df SS F-ratio p-value
Between Subjects ,

ORDER (ORD) 1l 62.347 0.19 0.6714
SUBJECTS (SUBJ/ORD) 14 4648 .486

Within Subiect

EDITOR (ED) 1l 4433.681 117.69 0.0001
ED X ORD 1 272.222 7.23 0.0177
ED X SUBJ/ORD 14 527.431

EDITING FUNCTION(EF) 8 17643.090 31.01 0.0001
EF X ORD 8 326.965 0.57 0.7968
EF X SUBJ/ORD 112 7965.389

ED X EF 8 2486.757 5.91 0.0001
ED X EF X ORD 8 1102.715 2.62 0.0115
ED X EF X SUBJ/ORD 112 5894.194

TOTAL 287 45363.378
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Transfer of Training

Dependent Measure: Number of Errors Committed

Source df Ss F-ratio p-value
Between Subjects

ORDER (ORD) 1 0.000 0.00 1.0000
SUBJECTS (SUBJ/ORD) 14 97.986

Within Subject

EDITOR (ED) 1 0.681 0.22 0.6496
ED X ORD 1 32.000 10.13 0.0066
ED X SUBJ/ORD 14 44.208

EDITING FUNCTION (EF) 8 765.924 31.81 0.0001
EF X ORD 8 28.938 1.20 0.3045
EF X SUBJ/ORD 112 337.139

ED X EF 8 63.757 2.73 0.0086
ED X EF X ORD 8 14.938 0.64 0.7420
ED X EF X SUBJ/ORD 112 326.417

TOTAL 287 1711.986
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Transfer of Training, Error Data

Dependent Measure: Error Correction Time

Source df SS F-ratio p-value
Between Subjects

ORDER (ORD) 1 4.253 0.01 0.9185
SUBJECTS (SUBJ/ORD) 14 5489.493

Within Subiect

EDITOR (ED) 1 0.281 0.00 0.9708
ED X ORD 1 2150.587 10.63 0.0057
ED X SUBJ/ORD 14 2832.521

EDITING FUNCTION (EF) 8 18489.875 7.62 0.0001
EF X ORD 8 1823.528 0.75 0.6459
EF X SUBJ/ORD 112 33965.819

ED X EF 8 5823.000 2.01 0.0515
ED X EF X ORD 8 3454.819 1.19 0.3100
ED X EF X SUBJ/ORD 112 40562.292

TOTAL 287 114596.469
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Transfer of Training

Dependent Measure: Bipolar Adjective Scale Ratings

Source df SS F-ratio p-value
Betyeen Subjects

ORDER (ORD) 1 20.014 0.19 0.6668
SUBJECTS (SUBJ/ORD) 14 1448.518

Within Subject

EDITOR (ED) 1 65.836 18.13 0.0008
ED X ORD 1 17.940 4.94 0.0432
ED X SUBJ/ORD 14 50.849

EDITING FUNCTION(EF) 8 97.405 3.32 0.0019
EF X ORD 8 34.541 1.18 0.3200
EF X SUBJ/ORD 112 411.258

SCALE (SC) 11 381.052 9.54 0.0001
SC X ORD 11 57.066 1.43 0.1647
SC X SUBJ/ORD 154 559.295

ED X EF 8 42.031 2.59 0.0125
ED X EF X ORD 8 19.958 1.23 0.2892
ED X EF X SUBJ/ORD 112 227.510

ED X SC 11 28.911 3.48 0.0003
ED X SC X ORD 11 12.362 1.49 0.1408
ED X SC X SUBJ/ORD 154 116.380

EF X SC 88 150.581 2.57 0.0001
EF X SC X ORD 88 50.973 0.87 0.7965
EF X SC X SUBJ/ORD 1232 820.242

ED X EF X sC 88 62.066 1.06 0.3381
ED X EF X SC X ORD 88 52.833 0.90 0.7282
ED X EF X SC X SUBJ/ORD 1232 662.823

TOTAL 3455 5390.444
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Transfer of Training, Subjective Data DAY2-DAY4b

Dependent Measure: Bipolar Adjective Scale Ratings

Source df Ss F-ratio p-value
Between Subjects

EDITOR (ED) 1l 42.003 0.57 0.4610
SUBJECTS (SUBJ/ED) 14 1023.502

Within Subjects

DAY 1l 0.396 0.12 0.7325
DAY X ED 1 8.069 2.48 0.1379
DAY X SUB(ED) 14 45.613

EDITING FUNCTION(EF) 8 57.803 1.82 0.0813
EF X ED 8 83.557 2.62 0.0113
EF X SUBJ/ED 112 445.733

SCALE (sC) 11 339.517 9.36 0.0001
SC X ED : 11 25.388 0.70 0.7384
SC X SUBJ/ED 154 507.922

DAY X EF 8 29.601 2.11 0.0407
DAY X EF X ED 8 8.386 0.60 0.7786
DAY X EF X SUBJ/ED 112 196.642

DAY X SC 11 23.496 3.18 0.0007
DAY X sC X ED 11 20.725 2.80 0.0024
DAY X SC X SUBJ/ED 154 103.533

EF X sC 88 179.600 3.15 0.0001
EF X SC X ED 88 59.331 1.04 0.3793
EF X SC X SUBJ/ED 1232 797.531

DAY X EF X SC 88 33.788 0.86 0.8229
DAY X EF X SC X ED 88 47.850 1.21 0.0942
DAY X EF X SC X SUBJ/ED 1232 552.339

TOTAL 3455 4632.389
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Day 2 Compared to Post-Experiment

Dependent Measure: USELESS/USEFUL

Source df Ss F-ratio p-value
Between Subjects

EDITOR (ED) 1 0.014 0.01 0.9936
SUBJECTS/ED (SUBJ/ED) 14 26.986

Within Subiect

DAY (D) 1 1.125 6.96 0.0195
D X ED 1 1.389 8.59 0.0110
D X SUBJ/ED 14 2.264

EDITING FUNCTION (EF) 8 39.188 5.53 0.0001
EF X ED 8 8.549 1.21 0.3021
EF X SUBJ/ED 112 99.264

D X EF 8 0.438 0.15 0.9962
D X EF X ED 8 0.549 0.19 0.9917
D X EF X SUB/ED 112 40.236

TOTAL 287 220.000
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Day 2 Compared to Post-Experiment

Dependent Measure: UNDEPENDABLE/DEPENDABLE

Source df SS F-ratio p-value
Between

EDITOR (ED) 1 0.781 0.12 0.7333
SUBJECTS/ED (SUBJ/ED) 14 90.549

DAY (D) 1 2.531 4.21 0.0593
D X ED 1 0.003 0.01 0.9405
D X SUBJ/ED 14 8.410

EDITING FUNCTION (EF) 8 13.250 1.69 0.1075
EF X ED 8 13.125 1.68 0.1115
EF X SUBJ/ED 112 109.514

D X EF 8 2.750 0.65 0.7380
D X EF X ED 8 4.153 0.97 0.4596
D X EF X SUB/ED 112 59.653

TOTAL 287 304.719
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Day 2 Compared to Post-Experiment

Dependent Measure: INCONSISTENT/CONSISTENT

Source df Ss F-ratio p-value
Between Subijects ,

EDITOR (ED) 1 0.018 0.00 0.9698
SUBJECTS/ED (SUBJ/ED) 14 131.153

Within Subjects

DAY (D) 1 0.056 0.07 0.7935
D X ED 1 0.014 0.01 0.9405
D X SUBJ/ED 14 10.931

EDITING FUNCTION (EF) 8 23.278 2.28 0.0266
EF X ED 8 9.986 0.98 0.4564
EF X SUBJ/ED 112 142.847

D X EF 8 3.444 0.45 0.8853
D X EF X ED 8 13.486 1.78 0.0883
D X EF X SUB/ED 112 106.069

TOTAL 287 441.278
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Day 2 Compared to Post-Experiment

Dependent Measure: UNINTERPRETABLE/INTERPRETABLE

Source df SS F-ratio p-value
Between Subjects

EDITOR (ED) 1 0.087 0.01 0.9304
SUBJECTS/ED (SUBJ/ED) 14 153.771

Within Subiject

DAY (D) 1 0.781 1.00 0.3343
D X ED 1 0.014 0.00 0.9478
D X SUBJ/ED 14 10.931

EDITING FUNCTION (EF) 8 14.632 1.81 0.0820
EF X ED 8 8.882 1.10 0.3686
EF X SUBJ/ED 112 113.041

D X EF 8 3.813 0.56 0.8100
D X EF X ED 8 5.340 0.78 0.6195
D X EF X SUB/ED 112 95.625

TOTAL 287 406.913
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Day 2 Compared to Post-Experiment

Dependent Measure: DIFFICULT/SIMPLE

Source df SS F-ratio p-value
Between Subjects

EDITOR (ED) 1l 1.681 0.23 0.6417
SUBJECTS/ED (SUBJ/ED) 14 104.042

Within Subject

DAY (D) 1 0.889 0.82 0.3810
D X ED 1l 6.125 5.64 0.0324
D X SUBJ/ED 14 15.208

EDITING FUNCTION (EF) 8 28.438 3.78 0.0006
EF X ED 8 18.132 2.41 0.0193
EF X SUBJ/ED 112 105.208

D X EF 8 15.299 2.68 0.0100
D X EF X ED 8 4.438 0.78 0.6245
D X EF X SUB/ED 112 80.042

TOTAL 287 379.500
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Day 2 Compared to Post-Experiment

Dependent Measure: UNSAFE/UNSAFE

Source df SSs F-ratio p-value
Between Subjects

EDITOR (ED) 1 1.681 0.17 0.6890
SUBJECTS/ED (SUBJ/ED) 14 140.875

Within Subject

DAY (D) 1 0.056 0.05 0.8344
D X ED 1 4.014 3.28 0.0918
D X SUBJ/ED 14 17.153

EDITING FUNCTION (EF) 8 13.611 2.39 0.0206
EF X ED 8 8.069 1.41 0.1981
EF X SUBJ/ED 112 79.875

D X EF 8 7.444 2.34 0.0232
D X EF X ED 8 5.736 1.80 0.0842
D X EF X SUB/ED 112 44.597

TOTAL 287 323.111
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Day 2 Compared to Post-Experiment

Dependent Measure: SLOW/FAST

Source df SS F-ratio p-value
Between Subjects

EDITOR (ED) 1 6.420 1.21 0.2890
SUBJECTS/ED (SUBJ/ED) 14 73.993

Within Subiject

DAY (D) 1 3.337 4.48 0.0528
D X ED 1 5.837 7.83 0.0142
D X SUBJ/ED 14 10.438

EDITING FUNCTION (EF) 8 33.340 2.93 0.0053
EF X ED 8 8.433 0.74 0.6568
EF X SUBJ/ED 112 159.569

D X EF 8 5.382 1.05 0.4046
D X EF X ED 8 5.632 1.10 0.3707
D X EF X SUB/ED 112 71.875

TOTAL 287 384.247
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Day 2 Compared to Post-Experiment

Dependent Measure: UNNATURAL/NATURAL

Source df SS F-ratio p-value
Between Subjects

EDITOR (ED) 1 21.125 1.11 0.3092
SUBJECTS/ED (SUBJ/ED) 14 265.597

Within Subjects

DAY (D) 1l 7.347 8.54 0.0111
D X ED 1 0.500 0.58 0.4585
D X SUBJ/ED 14 12.042

EDITING FUNCTION (EF) 8 23.375 2.81 0.0072
EF X ED 8 25.750 3.09 0.0035
EF X SUBJ/ED 112 116.653

D X EF 8 3.778 0.72 0.6713
D X EF X ED 8 2.125 0.41 0.9149
D X EF X SUB/ED 112 73.208

TOTAL 287 551.500
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Day 2 Compared to Post-Experiment

Dependent Measure: INCOMPLETE/COMPLETE

Source df SS F-ratio p-value
Between Subjects

EDITOR (ED) 1 7.031 0.79 0.3905
SUBJECTS/ED (SUBJ/ED) 14 125.354

Within Subject

DAY (D) 1 0.032 0.05 0.8324
D X ED 1 0.281 0.42 0.5282
D X SUBJ/ED 14 9.410

EDITING FUNCTION (EF) 8 5.500 0.95 0.4768
EF X ED 8 4.000 2.68 0.0098
EF X SUBJ/ED 112 80.833

D X EF 8 8.625 0.69 0.6972
D X EF X ED 8 3.125 0.97 0.4619
D X EF X SUB/ED 112 45.028

TOTAL 287 289.219
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Day 2 Compared to Post-Experiment

Dependent Measure: DISGUSTING/PLEASING

Source df Ss F-ratio p-value
Between Subjects ,

EDITOR (ED) 1 8.681 0.66 0.4285
SUBJECTS/ED (SUBJ/ED) 14 182.750

Within Subject

DAY (D) 1 5.556 3.12 0.0992
D X ED 1 4.500 2.53 0.1343
D X SUBJ/ED 14 24.944

EDITING FUNCTION (EF) 8 16.486 3.21 0.0025
EF X ED 8 19.194 3.74 0.0007
EF X SUBJ/ED 112 71.875

D X EF 8 2.069 0.70 0.6915
D X EF X ED 8 4.500 1.52 0.1579
D X EF X SUB/ED 112 41.431

TOTAL 287 381.986
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Day 2 Compared to Post-Experiment

Dependent Measure: UNCOOPERATIVE/COOPERATIVE

Source df SS F-ratio p-value
Between Subjects

EDITOR (ED) 1 9.753 0.96 0.3444
SUBJECTS/ED (SUBJ/ED) 14 142.604

Within Subject

DAY (D) 1 1.837 1.67 0.2177
D X ED 1 0.003 0.00 0.9560
D X SUBJ/ED 14 15.438

EDITING FUNCTION (EF) 8 7.549 1.66 0.1172
EF X ED 8 4,840 1.06 0.3952
EF X SUBJ/ED 112 63.833

D X EF 8 5.132 1.67 0.1132
D X EF X ED 8 4.090 1.33 0.2351
D X EF X SUB/ED 112 43.000

TOTAL 287 298.080
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Day 2 Compared to Post-Experiment

Dependent Measure: UNSATISFACTORY/SATISFACTORY

Source df SS F-ratio p-=value
Between

EDITOR (ED) 1 10.125 1.15 0.2391
SUBJECTS/ED (SUBJ/ED) 14 93.750

Within Subject

DAY (D) 1 0.347 0.41 0.5343
D X ED 1l 6.125 7.16 0.0181
D X SUBJ/ED 14 11.972

EDITING FUNCTION (EF) 8 18.757 2.61 0.0119
EF X ED 8 13.938 1.94 0.0613
EF X SUBJ/ED 112 100.750

D X EF 8 5.215 1.51 0.1607
D X EF X ED 8 3.063 0.89 0.5290
D X EF X SUB/ED 112 48.278

TOTAL 287 312.319
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EXAMINING THE RELATIONSHIP BETWEEN PERFORMANCE MEASURES
AND USER EVALUATIONS IN A TRANSFER OF TRAINING PARADIGM

by

William D. Coleman

ABSTRACT

User evaluations which generate detailed information
can identify problematic aspects of software interfaces.
In a preliminary study (Coleman, Wixon, and Williges,
1984), a methodology was developed for the systematic
collection of detailed subjective evaluations of software
interfaces. This methodology created a taxonomy of
editing functions for users to evaluate and a set éf
bipolar scales on which they could make their
evaluations. The present research investigated the
utility of this methodology, while comparing two text
editors within the context of a benchmark editing task.
In addition, the detailed subjective measures collected
were compared with more traditional objective measures.

The results of this research revealed that global
subjective evaluations were insensitive to differences
between two editors indicated by detailed evaluations.
Examination of the detailed subjective evaluations

indicated that the differences between editors could be



attributed to specific editing functions. The objective
measures also indicated very specific differences between
the two evaluated editors. Examination of the
relationship between the objective and subjective
measures indicated that the measures differed on both the
magnitude and location of effects. Closer inspéction of

the data revealed that insensitivity on the part of the
subjective measures could not account for all
disagreement between measures. On several occasions the
objective and subjective measures seemed <to measure
qualitatively different effects. Given that the measures
were not completely redundant it was concluded that both

objective and subjective measures should be collected

during interface evaluation.
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