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ABSTRACT

With all 01 the enhancements in software methodology and
test ing, there is no guarantee that software can be delivered
such that no user crrors oceur.l low to handle these errors
when they oceur has become amajor research topic wit hin
hwman-computer interaction (110). Users ol the
Multimission Spacecraft Analysis Subsystem (MSAS) at
the Jet Propulsion Laboratory (JP1.), a system of X and
Mot if graphicaluser i ntct'faces for analyzing spacccrafl
data, complained about the lack of information about the
error cause and have suggested that recovery actions be
included in the system error messages. lixisting researctl in
the area of HCldesign in relation to error messages was
used 1o develop a standard for designing messages.  This
system extends the error messages 10 include more detailed
and pertinent  information, therefore enhancing  user
satisfaction.  The system was evatuated through usability
surveys and was shown to be successful.
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INTRODUCTION

Why isit thatinthe age of ‘user friendly’, ‘easy to use’
computers that mistakes still occur 1317 As computers
become alarger part 01 everyday lilt, the handling of eriors
also becomes more important.  User errors may lead (o a
loss of productivity, and thus systems should be designed
such that the user cannot make serious mistakes. However,
designers should provide meaningful messages should they

oceur. Systems  therefore  should  contain - simple,
comprehensive  mechanisms for handling  these errors.
Firror checking and handling components may occupy the
majority of a programming effort, but in most gystems are
leftas @ low priority. If error handling is designed properly,
it can make the system appealing for the user. llow to
design error handling into a system has become a major
research topic in the field of human-computer interaction
design.

The Multimission  Spacecrafl - Analysis  Subsystem
(MSAS) at the Jet Propulsion Laboratory is a set of
soi’ (ware including procedures, models and utilities that
provide a common spacecraft environment. MSAS
development consists of  three teams, the lingineering
Analysis (or Downlink), the Uplink and the Databasc. The
Lingincering Analysis area isresponsible for providing tools
for analyzing spacecraft data sent down to carth and is the
platform for this rescarch.  An Anomaly Report (AR) that
exists on the. system regarding error messages led 1o this
research topic.  The user wrote:  “..rcquirc more
descriptive error messages than MSAS provides, {full
explanation of the error cause, and suggested recovery
actions be providedto works gation operators; these features
are not adequately provided.”* This research examines a
system for desig ping more detailed error messages into an
interface without overloading the end user, hence leading to
enhanced  understanding,  productivity and  overall
satisfaction. The types 01 messages Will be described along
with a methodology for building messages using this
system. The results of the usability survey showing the
systems success will also be addressed.

MSAS DESIGN

The basic form of data within MSAS is called a State
T'able File. Fach State T'able File consists of multiple state
Taable Records. An individual State Table Record is a




representation of' a single data value for a given channel id
from the spacccraft at a specified instance of” lime. This
data may be Predicted, Monitor (data from tile ground
antennac  network), Q wality Quantity and  Continuity
(quality and completencss o f* the data received), or
Telemet ry (downl i nk from the spacecrafl). This value is
referred to as the Record Type wit hin a State * 1 able Record.
‘I'wo types of data values exist withina Stale ‘1’ able Record,
the Data Number (1)N) and Engi neering Units (1U). These
datavalues may trigger three levels of adarms, red (critical),
yellow (warning) O1 locally defined. The time related to
this data value may be represented in upto four
correspond ing time formats, 1 ‘arth Received Time (1 iRT),
Spacecraft Bvent Time (SCIT), Spacecraft Clock (SCIK)
and Record Creation Time (RCT).  These types are
explained here due to their reference in- many  of the error
messages.

Multiple tools exist within the Engincering Analysis
subcomponent of MSAS for analyzing the downlink data
and stot ing it into State 1’ able. Files for subsequent
processing.  The Stale Table Vditor, steditor, application
plays a major role within MSAS as the main viewer and
cditor for these files after their creation.  The steditor
provides atabular display of’ the Stale ‘1" able Records within
the file. 1 ‘ach row in the table represents a State * 1" able
R ccord and the columns represent each of the data pot tions
of” the record. For viewing convenience the columns of the
display can be locked i nto view, shifted, or hidden
completely. Vhe records may also be filtered by various
data values in order to Iimit the number of displayed
records to be viewed for analysis. 1 he editor also allows
forprinting hard copies of” the display,
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The second application incorporated into the study s
the State “1'able Compare, stcompare, tool. This toal allows
for comparisons between tw o State Table |iles, often
comparing the predicted to the actual values. The two files
are displayed in tabular format in the main window using a
specified time and data type. Options alow the user to
customize the time and value tolerances to be used for cach

channel that will be used in the comparison. After the
comparison isexecuted, the discrepancies may be viewed in
an ASClI formatted report,  Statistics of’ the number of
discrepancies found for each channelare also available,
T 'he stcompare appl icat ion Will be a very prominent
analysis tool to determine if the spacecraft is performing as
predicted.
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Figure 2: STCompare Screen Dump

MSAS uses Application Programmer Interfaces (Al'])
for common library code.  Two prominent APIs used
throughout MSAS are the State Table and MSAS Time
APls. The State Table A}'] ptoVides the interface functions
fo1 creating and reading State ‘1’ able 1 iles. The MSAS
Time Al'] defines the time r outines used to validate and
compare time strings as well as translate between the
vat ious time formats. B oth t he steditor and stcompare
applicati ons are based on the State “1’able File thatincludes
allfour time. types and therefore both of these Al]ls figure
prominently in their design, Due to encapsulation between
the calling applicat ion and library routine., cach AVl
provides a routine for accessing the specific text for any
error that oceurs. | for this reason, the proposed system will
lake into account the role of propagating these messages up
to the calling applications.

HUMAN-COMPUTER INTERACTION

The ACM Special Interest Group on Computer-1 luman
Interaction  Curriculum — Development Group defines
Human-Computer Interaction as

“the discipline concerned with the design, evaluation,
and implementation of” interactive computing systems
for human use and with the study of major phenomena
surrounding them.” [3]




I Tuman-Computer Interaction (FICI) is concer ned more
with the technical design of interacting with the machine
itself rather that just the interface. Dix et al. define Human-
Computer interaction as simply, “the study of people,
computer technology and the ways these influence each
other.” [3] Ben Shneiderman states that 1CY replaces
arguments about “user friendly systems” with a more
scientific approach. As afairly new field, HCIcombines
the experimental methods and intellectual framework of
cognitive psychology with the powerful tools from
computer science [1 5]. As a true scientific field, human-
computerinteraction incorporates  ergonomics, linguistics,
and social science as well as computer science and
psychology.” The Handbook ~ of Human-Computet
Interaction states that 11[~1 conabines hardware oriented
rescarch in the arcas of CR'I screens and input devices and
information presentation such as processing and cognition
anduser interlace design [4].

Inter face design improvements have led to reduced
learning times, faster performance on tasks, lower rates of
crrors, and higher subjective user satisfaction according to
Shneiderman |1 S]. Management is adopting user interfaces
as a way to increase prod uctivity, reduce fatigue and errors,
and to enable USers to be more creative in solving problems.
Such a field is nceded as the use of computers today s
widespread and no longer limited to individuals with
computer knowledge and experience. “User interlaces must
be usable by the community a large and must serve the
user ‘s needs.” 0]

ERROR HANDLING
Designing for Errors

Designing for maximum usability is the goal of
interactive  systems design.  User-Clentered Design 1S
concerned with the interaction 01 the system asa
cooperative endeavor:  the task IS not to find fault and to
assess blame, but rather to get the task done |7]. Users
pereei ve the computer as merely an aid in accomplishing
their own job and resent messages that suggest the
computer isin charge. Error messages result from the fact
that the user has done. something such that the system
cannotrespond. Both the computer and tbc user take the
responsibility to repair the diffic ulty in misunderstanding
cach other as opposed to assigning blame.  l.ewis and
Norman refer to this approach as “l.et’s Talk About It. "
They believe that much can be done to minimize the
incidence and maximize the discovery of crrorwhile
making it casier for the user to recover from the errot|7].
The user-centered view emphasizes the user’s  intentions
and actions, thus cognitive, behavioral, and social issues
comeinto play.

A user-center ed/user -support approach must consider
the individuality and variability of users, growth and
tansition  of  user’s  sKills, and the  multitasking,
improvisational, and error-prone nature of interaction [0].
Users are biased towards the path 01 “least cognitive
resistance.”  This i s the preference for mental data-
processing  strategies to read sequences of simple
operations, fitling the trek, and optimizing for transfer of
previous  results and minimizing the need for new
information.  Users make use 0 1 “established mental
schema” formulated from previous encounters of a similar
problem [6]. Designing for errors mecans providing user-
rccovery options to help the user deal with the effects of
crrors and feedback so that the users can detect errors
immediately and clearly and understand the error made.

Human error is an essential topic for cognitive
enginecring if it is to impact performance.  Error is the
resultof limited rationality -- people. doing reasonable
tiings giventheir knowledge.  Lirroranalysis consists of
tracing the problem solving process to identify the point
where rationality breaks down [4]. The term “human error”
inplies responsibility and blame focusing changes on local,
inci(ient-specific responses. i n uscr-centered desien the
focus is on factors that produce the behaviors underlying
disaster,  emphasizing  demand/resource  mismatches.
Human participation can prevent error prone points due to
flexibility, adaptability and “inteliigence” o f the human [4].
Automation makes significant improvements, but post-
conditions must be satisfied for the potential to be achieved
and undesirable consecjuences 10 be avoided ormitigat ed.

Runtime support is necessary as it is unrealistic to
presume that all potentia problems are  identifiable before
the interface 1S completed.  The system must provide
facilities that enable the user to deal with and manage crvors
as they arisc [0]. Systems should be designed so that users
cannot make serious errors. If an error occurs, the system
should detect it and offer simple., comprehensible
mechanisms for handling it.  The advantage of increased
productivity in direct manipulation interfaces may be lost
duc 1o user errors.

‘The general model of error-handling includes three
steps -- detection, diagnosis, and correction. A user must
first detect that a mistake has been made before they can
correct it. Often a user knows that a mistake has been made
immediately after or during the action itself, but in some
situations external triggering such as on-screen messages
may be required for detection.  Diagnostic Steps may also
beused for stopping, possiblemistakes bet’ (m they occur
through warnings such as “Name already exists. Replace?”
when saving a file or “File has not beensaved. Do you
really wish to exit?’.  Diagnosis includes getting to know
the nature O1 the mistake and the action(s) that ledto it.
Knowing the nature of the mistake can be vitally important




for chances of success in correction.  The causes of the
ctror are absenti n many program message.s. The thirdstep,
correction, includes goal selling, selection of” a correction
method, planning the execution method, and the physical
exccution of the corrective actions [5]. The presentation of
error messages can assist the user in cach of thesearcas.

Classifications of Errors

1 ‘cedback may  be classified into three types:
informative messages, warnings and errors. in MSAS, each
is implemented using the standard Motif” message dialog
windows. 1 nformat ive messages are used to present general
information to the user.  They may be usedto display the
current status of the running process orto slate. thata
process is complete. In the state Table Compare
application of MSAS, informative messages arc used to
convey the outcome of a comparison such as the following:

{1 Compare; Compive
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Wai nings are used to tell the user when something
inappropriate has or is about to take place. Warnings in the
system protect the user from inadvertent destructive
operations, yet allow the user toremain in control 01 the
application. General warnings arc often used to inform
users that selected actions cannot be performed such as
when the user selects the “Print” action when no data has
been loaded

Warnings are al so used to alert the users that default
settings will be used, thus providing, them with the chance
to modity their selection before continuing.

STConpare; Start time 1996-175T22:00:03.620i Is not in the tersection of the two files
~ sty the eariest thie in 't interspclion ;

3
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Warnings arc often used to prevent auser from performing
an actionthatmay cause serious damage or unrecoverable
loss of data. Warnings allow the user to choose between
ignoring the warning and continuing or heeding the warning,

and canceling the operation, This type of warning is used
to prevent corruption of previously saved datawhen a
filename that already exists iSselected for a Save operation.,

Steditor; File Anp_ronYcyrenedstbicassieinsasisteditorhiew stf exists,
Do you wish 1o bverwrile?

The Tast class 0{ feedback handles actual errors. Error
messages provide feedback to the uset when an invalid
action has taken place or when illegal data values arc
entered. Hrror messages are accompaniced by a single beep
as isstandard with tbc Motif error dialog. These messages
are desig ned to help the userunderstand whatis intended by
the system in order to fiX the problem so that the
application may continue. I irror messages should support
recovery at tempts and provide t he i nformat ion regarding
the proper corrective action that is needed. ‘1°() avoid excess
en ors, the controls may be temporari 1 y disabled to allow
the user to acknowledge and respond to the error. When
illepal data value.s arc entered by the user, a message
containing tbc possible values that are accepted by the
system can greatly increase the user’s ability to understand
and remedy the error.

.. Strditor: HULYL = Invahd DN Type
& Valid Types @rm HONE, SIGREDINT, UNSIGHE DINY
DIGIIAL, STATUS, FLOAT, ASCH, TIME, anil DUHANION

A description of the recovery steps that canbe taken to
remedy an et or sit uation are also extremely important,
especially to ncw users,

@ 87 Compare: Baseline and Secondary fiie hames niust be different ;
Select a vifferent filename or .Clear theconlants of existing files

4
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User errors lead to loss 01 productivity and thus message.s
should tell the user specifically what the error is and what
might fix it, using clear action verbs that emphasize the
user’s control” of the programfiy.

Presentation of Error Messages
The presentation of the message canbe as important to

its content.  "I'he format and tone of messages are often
offensive, especialy for beginners, leading themto believce.




that they personally have performed some serious offense
[Inc. tatheir owl) incompetence 7],

A system was designed to address the concerns of the
users for more descriptive messages that includes an
explanation of the error cause as well as suggested recovery
actions. 'T'he format of’ messages adopted for use within this
systemis:

Program m Window Name: 1 irror Message
Reason for Firor or How to Recover

There arc three components (o this system for developing
uscelul messages: traceability, tone, and specificity. 1iach
component and its importance is described in the remainder
Of thisscction.

Information provided to users should be sufficient to
alow them to find the problem, howev er most often this is
not the case. This often occurs when multiple tasks are
running at once. 1 ‘rrors often do not even say which
program encountered the error so tbc user does nothave
any traccab ability to the routine in which the problem
occurred, how torecover, or bow to avoid the difficulty in
the futwi e. 1 ‘or this reason, the format studied by this
system always states the name of the programor calling,
library routine in which tbc error occurred,  This is
especially important  within M SA'S where  multiple
applications may be running simultancously, however it

may be unnccessary in other systems whet’e. only one
application is involved.

M essages should offer constructive guidance in a
positive tone. Constructive messages are often difficult to
applysince it is difficult to deter mine the user’s intentions,
but the user may be informed of the alternati ves so that he
can decide.  Unfriendly messages include imperative
commands, hostile messages, obscure messages  and
commands, as Well as messages thatare 1007 general [9)
Imperative messages suclia s “1 nter data Now” Or “Wait,
System busy” frustrate and confuse the user. A “Ready”
type of message is preferable toone that commands the
user. Theintent 01 a user-centered system is for the user to
feel thatthey are in control, notthe computer.  Hostile
messages incl ude those with words such as ILLEG Al
ERROR, INVALID or BAD. Theuse of the term “ervor”
itself assigns blame to the user. Using “computerese” such
as “HOY ill line. 14701 and “Improperly nested loops”
heighten the. fears of the user[9).  Messages that are
desig ned to in form the user should inform them. Messages
such as “wrong data” and “111< RROR 47" are too general [9).
Many internct erroors fall into this category. Frrors such as
“404 not found’” and “40 3 Forbidden/access denied” are too
general and uninformative.  ‘The message “Connection
refused by host” is abetier, less rude version of the 403

Torbidden error 2], The user muUst consult the user manual
tounderstand these gencral Cl”lol S,

Some examples of unfriendly messages and how they
were improved helps to make these concepts clear.
Changing the message ‘ERROR 453 - NUMBLERS ARE
1LEHGAL to ‘MONTHS ARE ENTERED BY N/AMI’
provides a less threatening and more understa ndable
message. This new message puts the user in charge while
explaining what the problem is and how to make it right.
Authoritarian messages like *1 inter nextcommand’ can be
chimnged to ‘Ready for nextcommand’ to make it more
fricndly and less offensive. A user-centered design would
use messages like ‘“What do you need’ inplace of ‘}low can
1 help you which emphasizes the computer’s control. The
message ‘Syntax 1 irror’ can be replaced with more specific
messages  such  as ‘unmatched
Constructi ve messages and posit ive reinforcement produce
faster learning and increase user performance [ 8].

right parenthesis’,

Constructive  messages provide the user w i t h
notification that detection of aneciror has occurred in
additionto the steps to be takento remedy the situation.
Specific information relating to the proper format O f
req uested dat a and wher e the problem arose should be
includedinthe messages. Specificity of the provided
niessages s achicved by improving the clar ity and
consistency of thephrasing used, Vat jable names and
program constructs that are unknown to the user si1o0111(1 be
avoided. Detailed messages containing information about
the specific error and where it oceur red provide the most
specificity. These  messages  should  aso  include
suggestions as to how to remedy the situati on.

[[>1"ovClIIC.illshave been made to I S6 messages within
the steditor and stcompare applications and library routines
using the above system and have been subjected to user
evaluation. The following examples should provide some
fill therunderstanding of the. system.

The record type of the data is arequired field. In
previous versions of steditor, the message

Invalid Record Type inrow 5
was given if itwas missing. ‘I'he new error message is
STEditor: You need to specify a Record Type for row 5.
Thismessage provide.s more specific informationabout the
need for the data, while also specifying which row was in
crror. A similar chiange occurred with the message

Invalid DN Typeinrow 5.

This error message was changed o




STIditor: You must specify the DN Type for row 5.
Use NONE for specifying 110 DN value.

The new message adds the alternative solution 1o the user
describing how to specify thatno DN value be usc(l.

The task o improving crror  messages  was
compounded by the use of Application Programmer
Interlace library functions. These errors are. provided from
the library and must be incorporated into the calling
application. The previous version of steditor prop agated
the message

Invalid MsasTime string

to the application.
MSAS Time Al is

The improve.(1 error messagefromthic

STEditor: Invalid MsasTime string format.
Correct format is YYYY-DOYT hh:mim:ss. mimni.

T'he calling application is now referenced along with
more information about the correct format that is expected.
This system answers the complaints of the users by
providing more. information about the. cause 01 the ertor in
addition to information forfixingthe problem. As a
generic format, this system can be easily adapted to othes

projects. The content of the messages in any system can be
improved through the addition of a line containing more
detailed reason and recovering information,

EVALUATION

Two forms of evaluation were used to determine the
extent of improvement made on the messages developed
using this system within MSAS, analysis of error logs and
subjective usability surveys.

Analysis of Error Logs

Monitoring patterns of errors committed by users may
help in further system design . Frequent errors may indicate
chiamges necded to the system or may suggest modifications
of” the error messages themselves, changes to the command
language, or the need for improved training procedures [8].
The evaluation 01 this system included the incorporation of
ancrrot log. Fvery time one of the two applications being
i nproved was exccuted, anerror log showing the user’s
name and each crror message with the time at which it
occurred was delivered through email. A total of 5 | ciror
logs containing atotalof 2 | messages from the system were
analy zed from1 0 different users.  Table | shows these
miessages and the number of occurrencesof each

Message Text | Number of ]'cr(-cnl;{g;
_ ‘ Occurrences
S’l‘(‘.(nnpzu'c:'C(nnpm'c complete with <n> discrepancies __Ilél_ T i9.75
STlditor: Lnvalid record type 7 8.64
‘SrlI’l iditor: <n>record(s) were notloaded duc to errors =" — _7_ - 864
Runstvalidate on the file to create an ASClIfile for fixing the crrors
SThditor: Unable to read state table file: - 5 0.17
Invalid version of staletablc file
S'1'1iditor: You must select arowto delete 5 0.17
gl(qménp(nc ‘J here are no records containing you sclected time/data 4 . 4.9
Choose different types from the option menuunder the Session Settings panel
STCompare: There are no records contuirlr{ihv'g; your selected data/time 4 4,94
Choose different types from the option menuunder the Session Settings panel
[ STHditor: Channel is Not Defined in l)icrm_\—:;ry S | 404 )
[ SThditor: You must select a column to hide I R
'S 171 iitor: You must specify the DN Value for row <n> R 3 370
or use DN Type NONE “
1 - ) e —— e -




S'TEditor: Invalid Second Value in MsasTime String 2 2.47
Valid vauesare bet ween ()() and 59

STEditor: invalid MsasTime string format 2 2.47
Correctformat isYYYY-DOY Thh: mm:ss.mnm

STIiditor: You must select a row above whicha new row willbe added 2 2.47
SThHditor: Invalid column to shift right o 2 2.47
SThditor: invalid Alarm Value 2 247
STEditor: ASCH DN Values are maximum 12 characters long 2 2.47
S 1'1ditor: You must select n column to shift 1 1.23
S'1'1 iditor: You need to selectacolumn before locking I 1.23
S'1'1iditor: ‘I here. is no entered datato print | 1.23
STl idil()_r: Younced to specify aRecord Type for row <n> 1 1.23
STHditor: <n> records were not saved due to errors ! 1.23
STHditor: Unable to load file with Zero records” — | 3 1.23
STEditor: invalid DN Type | | .23
S'T1ditor: No records exist for filteri ng ) 1 1,23
SFCompare Channel Setlings Row <n> T ! T iz
1 nvalid low tolerance valuc

1.ow value must be a negative floating point

STHditor: Unable to convert binary tointeger N ! 1.2'3
TOTAL 81

Table1: Frror Occurrences in User 1irror Logs

The errorlogs indicated that two errors were often
repeated during asingle run of the application. The first of
these s

STEditor: You must select a row to delete.

The duplication 01 this message may indicate that the
semantics for selecting a row arc unclear to the user and
that the message may need to be further improved to more
explicitly describe this method. The second message was:

STEditor: Invalid record type

Thevalues entered by the users included in these messages
show that variations of possible values were. attemptedto
sce what was accepted by the application. The system has
been further improved to allow the users to type only a
limited number of characters for the record type and have
the system fill in the remaining letters. For instance, the
user may type only the character “1” and the system will fill
in the remaining letters for the “lelemetry” vecord type.

Based on comments from the users, this will make the
system casier to usc and fewer typing ecrrors wi Il be
cncountered.  The error logsused during testing, also
provided a means of vet-ifying the correctformatting of all
messages.

Analysis of User Surveys

Subjective evaluation is an important component in the
evaluation of interface usability. 1 evaluations can be usc(1 to
mcasure the. effect of the interface on the user and identify
any specific problems. Tensubjects from the actual user
population were used in this research.  The subjects
consisted of the three end users for these tools, three end
users of uplink MSAS applications, the two testers for the
project, one additional developer and the i nterface designer.
These users have an average of 12 %fcars of experience on a
computer and 9 have & least college coursework 1 n
programming. The end users of these applications had over
100 hours of experience with MSAS while the users in the
uplink areas of M SAS bad only 20-25hours using various



MSAS applicat ions, and train ing experience only on the
cnhanced applications.

‘The subjects cach completed the survey in my office.
The survey began by running the two applicationsthrougha
scenario that exposed them to eight di flerent messages (5
Crror messages, | informat ional message and 2 warni ng
messages) representing the enhancements to the system. A
complete list of” the enhanced messages was also available
for their reference. Each of’ the subjects completed a post-
session questionnaire that mcasured their attributions
toward the system. The survey had multiple questions for
comments and additional judgment ranks (onascale of” 1 -
6) for cachof thearcas of tone, ti actability and specificit y.
The data from the questionnaires was analyzed and
demonstrated that the users were very satisficd with the
niessage systen.

The traccability of’ the messages achieved an average
score of 5.() along  with the appropriateness 01 the
terminology used.  The tone of the messages scored an
average of S4and the overallcontentscoreda 5.8, *1°111°
uscrs pave an avel age score. 015.83 for the helpfulness of”
the messages. Overall the messages Were piven an average
score of 5.33.  Theusers with the least experience on
M SA'S uandno experience with the steditor and stcompare
applications were hesitant (o give higher than average
scores after running only a small scenario, but all users had
positive comments.  The formal project User Acceptance
Test report included the following comment regarding
slcompare:

“I'he error and status messages arc among the
best 01 the MSAS V2 apps, especially for
suggesting how to getoutof the error state.”

Further improvements may include a dual level
message system. ‘1 his system would provide general
message s with the option for providing mote details. This
will address the concerns of one users surveyed that the
messages are adequate for the experienced user, but the
novice user may need morcinformation. The operational
workarounds for each of” the messages may also be included
inthe help and program documentation with further (let/lils.
These improvements will extend the system into a complete
message system.

CONCLUSION

Since the motivation of the research isto improve the
uscr satisfaction of ercor messages with the steditor and
stcompirre applications of MSAS, development of improved
ervor messages has been completed. The analysis of the

crror logs helped to identify tWo miessages that were unclear
1( 1 the users and required further improvement. Individual
user satisfaction was demonstrated through the results o f the

user

surveys. Due to the success o1 the initial

implementation, this system is now being implemented as a
standard throughout MSAS and is being evaluated by other
development groups at JPL.
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