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Forward

This paper describes the experiment and reports the find-
ings of a research project which looked at how unexpected
intcrruptions disrupt computer user performance and
whether there is a significant effect due to the style of user
interface. In order to vonduct the experiment, a conference
room was converied inw a temporary usability testing
laboratory configured with borrowed office fumiture and
uming, eye-tracking, video, and computer equipment. The
experimemal testing ook place in August, 1991, The use
of human subjects was reviewed and approved by the
Institutional Review Board. The formal name of the project
was “Developing Advanced Asscssment Methods and
Meitrics 10 Study the Effects of Interruptions Relative Lo
Graphical or Character-Based Computer User Inlerfaces”™.
This work was joinily funded by the Advanced Technol-
ogy Center in Administraiive Information - ystems De-
partment and Apphcations Development Department.

1 want to express my deep appreciation to the twenty
computer scientists and systems analysts who volunieered
o participale as subjects. Their enthusiasm and interest
were remarkable., It was noi casy to be a subject, with the
headtracking optics clamped un one’s head, doing boring
data entry work,

[n addition, Ihere are a number of people whom [ want to
recognize for their special encouragement and support.
Professor Swart Klapp of Califormia Swte University,
Hayward, guided the analysis. Jose Velez, Apphied Sci-
ence Laboratorics, lent us an eyetracking sysiem and
taught us how w use i, Tom Bennct, NASA Ames
Rescarch Center, lent us a headiracker out of his virlual
rcaiity system. The following people are LLNL employ-
ces. Tim Sharick, Advanced Technology Center, provided
the nurturing enviranment which allowed for the success
of this project. This included the space, compulers and
Montana Swaie student Leif Nelson, Leif was my key
assistant during the test scssions, and also wrote the Hyper-

Card data entry interfaces and installed his modified
ProwoTymer. Tom Morxdo and Don Tucker, Technical
Information Department’s video services, configured all of
the video equipment and were readily available 10 handle
problems during the experiment. Applications Develop-
ment Department provided Debbie Streets who very capa-
bly recruited and scheduled the voluntecrs. Eric Henson,
Small Systems Support, saved me weeks of time reducing
the cye Mxation data by writing EXCEL macros. Mimi
Alford, Lawrence Livermore Television Network, used her
creativity to edit scene and eye video session tapes inlo
something suitable for presentation,

Others at LLNL who have ¢encouraged me and assisted in
the review of this document are: Bill Banks, Derck
Hendry, and Eugene Schulez,

Abstract

This experiment examined the influciice of ihe siyle of the
compuler userinterface on the extent to v hich performance
was decreased by task inerruption. Performance on data
entry of a personnel database was compared using two
different styles of inerfaces, under three different formsof
interruption. Ten subjects were given a graphical user
interface with a mouse and screen buttons; and ten were
given a characler-based inleriace with tab and funcion
keys. Interruptions came at unexpected limes. Each subject
was interrupied three umes, once with each form of inter-
ruption: telephone call, visitor, and on-screcn message.
During each interrupuon, the subject was asked o answer
a simple guestion. Tte number of fields entered minus the
number of ficlds in error, per minuic, was measured during
the two-minuie post-interruption period. Eye motion daia
wasanalyzed in (erms of the amount of ime and the average
durations of eye fixations on the screen. An exit question-
naire solicil~d the subjects’ perceptions of their perfor-
mance,

*This work was performed under the auspices of the U.5. Depaeriment of Energy
by Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48,



Compared W the co-ol, the sereen inlermaption was dis-
ruptive, the iclephane interraption was not, and the waik-in
visitor interruption produced intermediate performance.
Performance was worse in the first minute than in the
sccond minute immediatcly following the interruptions.
Lower performance was directly related o looking more at
the screen. The duration of Lhe interruption was weakly
correlaled 10 the performance. Subjects’ perceptions of
their performance did not correlate with performance mea-
SUICs,

The disruptive effect of the screen interruption compared to
the lack of disruption afier the welephone interruption was a
surprise. This resull is contrary to the commonly held belief
that telephone intcrruptions are a problem to computer
users. It may be important to avoid disruption caused by
screen windows popping upin design of mult-window user
interfaces. Trends in office automation have the screen
being used for more and more functions, with demands on
screen displays being further aggravawed by information
available through integrated networks,

The disruption of the screen interruption may be due 1o the
abruptnessof Lhe on-set of the interrupion which prohibited
the subject from completing the current action. The mes-
sage box locked out the main task until the subject re-
sponded 1o the guestion, This differed from the onset of the
walk-in and ielephone imerruptions which did not lock out
inicraction with the main task. Another possible explana-
tion for the disruption of the screen interruption compared
lo the telephone interruplion may be the similarity in sense
modalty. This work 15 seen as preliminary to further study.

Introduction

Intcrruptions have been studied since the classic expen-
ments of Zeigarmik and Ovsiankina inthe 1920's. Zeigarnik
(1927} swdicd the cffects of interruplions on recall. She
showed thar if peaple were interrupied during sorne asks,
but allowed io continue with others, then the interrupted
tasks were recalled more often than the uninterrupted ones.
Ovsiankina (1928) showed that subjects in such experi-
meuls, of left to their own devices, would actually try to
compleic the interrupled tasks.

Modden rescarch in interruptions has looked ar how gasily
people can resume what they were doing when the interrup-
tion finishes, Kreifeldt and McCarthy (1981) were compar-
ing Reverse Polish Notation and Algebraic Nolaton inter-
face designs of calculators. They found iierruptions 1o be
disruptive for two greups of subjects, each group solving
prablems with a different style calculator. The inierruption
was writing down multiplication wbles for a minute. The
length of time of the interrupu: and non-iserrupled sk
were roughty the same. Kreifeldl and MeCarthy suggesied
that the similanty of the intermuption to the main task might
be a factor in the noticed slow down afier the interruptions,

ra

Gillic and Broadbent (1989) conducted a series of experi-
ments 10 explain why somc iniceruptions are disruptive and
some are not. Subjects were presented with a senes of 12
separate probicms, each of which had an associated list of
five or seven items. The subject was to locate items givenon
the lists. When the subject found the middle itern on the list,
the interruption occurred, the screen was cleared and the
interrupling task appearcd. When the interruption was over,
the subject continued with the primary 1ask. The length of
time for a subject o complete the series of prohlems without
interruption would have been aboul 22 minutes, Two ex-
perimenis used short interruptions of 30 sec and two used
long inierruptions of 2.75 min, When the interruption was
simple. mental arithmetic (dissimilar 1 the main task) and
the subjects could review position in the main list before
proceeding to the inlerrupting task, for both long and short
interruptions, the interruptions were found not to be disrup-
tive. Since the main tasks of Gillie and Broadbent were
more difficult than the calculator Lasks of Kreifeldt and
McCarthy, the result suggesis that the memory load at the
time of an incrruption is not a crucial factor in determining
whether or not it will be disruptive.

Interruptions were disrupuve for another Gitlie and
Broadbent expeniment under similar conditions. In this
case, the inierruption task was compicx and of shoit dura-
tion. The interruption task was still simple anthmetic, but
the numbers were coded as letiers. The complexity of the
intcrmuption task was the delermining factor in the disrup-
uon, inerruplions were also found to be disruplive when the
interruption task was similar 10 the main sk and the
subjects were not given time 1o review Lhe position in the
main list before going on

The issue of similanty of interruplicr. task to main task was
further explored at NASA/Johnson Spacz Center Human-
Computer Interaction Laboratory, where experimenters
(Czerwinski, Chrisman, Schumacher and Rudisill, 1991}
examined the performance of subjects wha were monitor-
ing space station informmation and interrupied by a wask
which replaced the informalion on the computerscreen. For
least disruption, the experiments indicated that information
displayed by an unexpegied screen interruption should be in
a format dissimilar to the tasks which were interrupted, but
that this may not be nccessary when an operator is fore-
warned that an inlermuplion is going 1o occur.

The purposc of the present study was 1o find out how the
disruptivencss of an interruption may vary from one user
inierface 1o another, and whether some forms of inlcrrup-
tion are more disruptive than others, The main task was dala
cniry of asample personnel dalabase. The interruption tasks
were chosen to be dissimilar 10 the main wask. These (within
subject variable) were requests Lo reply to simple questions.



Allguestions were given o all supjects and had three forms:
d lelephone call, a walk-in vasitor with a question, and an on-
sereen query. Two styles of interfaces (beiween subjects
variable) were used. Hali of the subjects were given a
graphical user intertace and & mouse to select data entry
ficlds ang the other half of the subjects were given a
character-based interface and wie of the 1ab key to select
data entry ficlds. Records were entered aither with a butlon
press or by hitung a funciion <ev, respectively, Perfor-
mance was measured in terms of number of correct fields
entered per minute. A limited am dunt of the eye motion data
was analyzed, comparing fixaton durations on-scroen and
off-screcn.

The prediction was that performance afier any interruption
of the mouse-based graphical user interface would have
greater degradation than performance afierany inemruption
vsing the keyboarc, characte:-based imerface. The reason-
ing behind this was that the yraphical user interface requir-
INg Mouse positioning is 8 more compley inleraction, and
thus more susceptible w0 interruption. No prediclion was
made regarding diffirences between the forms of interrup-
tions, although it i5 commonly believed that telephone
interruptions are detimeatal o geting work done.

Method

Subjects. Amemo was sento approximal:ly 300 computer
scienlists and systems analysts from the sponsoring LLNL
departments asking for volunteers. 20 people responded
who also met the screening criteria of usiag a Macintosh
weekly and naving lyping speed between 20 and 50 words/
minute. The volunteer subjects were not paid. Although
they knew that aspects of usability were being studied, the
subjects were unaware Lhal the purpose ol the expeniment
was 10 study the effects of interruptions.  Subjects were
randomly assigned to user inerface groups, interruption
scquences and question scquences.

The first three subjects showed noticeable subject faugue.
The time spent on the data entry task was thereafter reduccd
from 24 w 16 minuwies for the rest of the subjects. This
scemed to solve the fatigue problem . Because of this change
n Lhe experiment, the 1est sessions of the first three subjects
had o be eacluded from the analysis. One other subject was
excluded from the analysis because of not feeling well
coough tacomplete the session. This left 16 subjeets, 9men
and 7 women whose performance was analyzed. They were
divided: 9 subjects using the characier-based interface (4
men and § women), and 7 subjects using the graphical
interface (5 men and 2 women). Eye motion daia was lost
fur two subjects, a man and women, both using the charac-
wer-based interface when, for unknown reascns, therr raw
data files could not be reduced to cyc fixation dala.

Apparatus. figure | gives an overview of the video and

digital data collection which was synchronized with a
SMPTE (Soaciety of Motion Piclure and Television Engi-
neers) time code gengrator, The eye tracking was done with
an Applied Scicnce Laboratories 410014 head mounted
system. A Polhemuos 3SPACE TRACKER was uscd 1o
track the head motion. The eye-tracking svstem EYEHEAD
software combined head position with eye position to
determing the point of gaze regardless of head moation. The
¢ye uracking system was suppornicd by: a 80386 33Mhz PC
with 80387 co-processor, color VGA monitor, 200 Mbyte
hard disk, and B/W video recording of subject’s eye vicw
with point-of-regard cursot superimposed. The SMPTE 26-
bit digital BCD output was cabled 1o the 16-bit eye tracker
cvent input signal {dropping non-important bits) in order o
lime synchronize the video eye tracking images with the
digitaleye tracking data. Color video of the subject from the
side was also recorded. All video was Genlocked to the
verucal sync of the B/W eye video in order 10 mainain
synchronization 10 the SMPTE time code.

Procedure. Interruption sequences of the three different
forms were randomliy generated and randomly assigned to
the subjects. Ome of three questions was also assigned o
cach interruption (see Appendix A). The subjects used a
Macintosh 11fx with a 19-inch color menitor. The data entry
application user interfaces were writien in HyperClard and
the data entry ficlds appeared the same on the screen. The
grapiical user interface operated with a mouse and screen
buttons; the character-based interface with waband funcuon
keys. The LLNL. modihed version of ProtoTymer (Miller
and Stone, 1989) was used 10: run the sessions, capture and
time-1ay' the mouse clicks, button presses, function keys,
and data tniry fields, and ¢xport the resulis for performance
analysis.

Subjects were tesied individuatly inan office mock-up with
Macintosh, telephong, chair, pad and pencil, ruler, paper
holder, wal. calendar, wall clock and wall pictures. The
Macintosh vras fixed, the chair was adjustable, the ele-
phonc was located (o the right of the Mac intosh Lo prevent
the subject from inadvenently knocking the eye-tracking
optics (located on the lefy side of the headband) when
answering the telephone. Each subject read a shegt of
insiructions, watched a demonstration, was introduced w
thz mock office and told toconsider it histher own, and then
wis given a pracLice shect of personne! data and as much
lime as Lhe subject wanied 10 learn and ask questions. When
the subject was n:ady, the headband holding the optics for
the eyc tracker was fit on the subject’s head and the subject
was dead through the eye calibration procedure. Each sub-
ject was given the same data eniry sheets, with personnel
data arranged m rows, and told o work at his/her own pace
for about 20 minvies uniil signalled that the scssion was
over. The subject was alone except for the the walk-in
interraption, In order to enter the data correctly, the subject
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Figure 1. Overview of video and digital data acquisition.

had 10 look carcfully at the daia on the shects because
“name”, “address”, etc. were organized in columns, but not
in the same order as the ficlds displayed on the screen which
had 10 be Nlled-in.

Each subject’s scssion was scheduled into four segments,
with one of each form of interruption assigned to threc
scgments, and the other segment used ss a control condi-
tion. The length of ume of the contral condition was four
minutes. For each interrupted segment, the subject entered
data frr Lwo minutes, the interruption occurred, the subject
responded o the guery, and then retumed (o entering data
foranother two minutes. Thus from the end of one interrup-
tion (o the beginnine of the next, the length of time was
either (our or eight minuies, deperding on whether or not
there was an intervening control period. The length of Lime
of the interruptions varied depending on the subject’s re-
sponse. The subjects complzied a questionnaire (see Ap-
pendix B) at the conclusion of the session,

Subjecis were separated by a screen (rom the observation
arca of the room, which contained video and eye tracking

systems. A elephone interruption was created at the appro-
priate ime by buzzing 2 secrctary in an adjacent office who
then made the interrupting call. Likewise, she was buzzed
when it was ime 1o send an on-screen “Broadcast”™ mes-
sage. The walk in interruption was created by the expen-
menter going around the screen over 10 the subject on the
other side of the room and breaking in with a question.

Eye Tracking. Eyc point-of-gaze data were coliccied by
the eye tracking system whion illuminales the eye with
near-infrarcd light producing a backlighted bright pupil and
corneal refleclion. The separation between the pupil and the
comcal reflection varies with change in point of gaze but
docs not vary significantly witheye translation. A change in
pupil-corneal reflcction separation is approximately pro-
portional 1o the change in point-ol-gazc. The system com-
puigs the vector distance between the centers of the pupil
and comeal rellec:ion w determine direction of gaze. Fixa-
tions (point-of-regard as subject looks at a stationary Larget
in a visua! ficld) are distinguished from saccades (rapid
voluntary eye movemcenlis used 1o move from one fixation
point to another) and very sinall involuntary cyc move-



ments which occur during fixation. The raw x-y eye Coor-
dinate data were snoothed and eye fixations were identified
from the filicred dawa, A fixation is defined when the point-
of- gaze remains witiin a one degree by one degree area for
at least 100 ms.

Resuits and DIscussion

Performance. The interruptions affected performance de-
pending on the fonn of the interruption. The sccen inter-
ruption was disruptive. The walk-in inlermuption may have
been disruptive. The tclephone interruplion was nol disrup-
tive. The overall error rate was 5.9% of the total enirics, The
mean number of correctly entered fields (number of fields
entercd minus number of field'< entered in error) per minute
appear in Table 1. This reprusents data from the entire two
minute post-interrupiion period.

Computaiion of analysis of vanance (ANOVA) for mixed
design was done with the statistical computer program CLR
ANOVY A, The effects of cach independent variable (style of
interface, form of interaption, minute after the intcrmup-
tion) and theinleractive effects of combinations of indepen-
dent variables were ¢xamined, The ratio whichi defines
Fisher's F-est represents a comparison of between- groups
variability to within-groups variability. The larger the F
ratin is, the moee certain it is that the independent variable
had aneffect on the dependent variable, A significance level
of p < .05 was used.

The siatisucal analysis separated performance {or Cie first
and secoud minuies, however there were oo significant
mieractions involving minutes. Performance was worse in
the first minule than in the second minute, F(1,14) = 8 965,
p < 0.01. Thatis, when looking at the independent variable,
minule, the F ratiois B.966 where the degree of freedom for

minute {numerator) is 1, the degrees of freedom for the emror
variance (denominator) are 14, and the probability of F
occurring by accident is < 1%, The means for the tirst and
sccond minute were 5.32 and 6.21 cormect eniries, respec-
tively.

The number of correct cntries tended 1o be higher in the
charociei-based ihan in the graphical inerface condition,
but this diflzrence was non-significant, F(1,14) =1.833,
p=0.197. There were no significant ineracuons involving
the style of incrface.

The subjects were slowed by the screen inierruplions, i.e.,
the numbe: of entrics was Icss afier thz scroen interruption
than in the control, no-inierruption condition, p < 0.05.
Performance in the other two intemM conditions did not
differ significanly [om the control. Farformance was
significanily Jess afier the screen interruption than after the
telephone interruption p < 0.05, but performance did noi
differ significantly botween the screeq and walk-in condi-
tions (pairwise comparison, Duacan mulliple range est).

Eye Motion. The subjects’ longer duration fixations look-
ing at Ihe screen correlated with decreased performance for
the screen interruptions. The eye motion analysis dealt only
with the two minute post-interrup tion period, althvugh data
was collected fur the entire session, On-screen vs off-screen
finations were analyzed. To be on-screen, a fixation had wo
be within the boundary of the 19 inch Mac mi»itor, The off-
screen fixations were evervining else, including the data
entry sheel, the keyboard, th: elephone, the vititor, the
table and the room. One subject using the character-bascd
iniesface propped his data entry sheet up in front of the
momtor {or mioskof the session. This gave higher on-soreen

Table 1. Mean number of correct fiekds entered per minute during the two-minute pust-interruption period.

Style of inecface

Form of iniciruption

Screen Walk-in Telephone Mean Conurol
“Graphical
lst minate 429 471 5.14 5.29
24 minute 5.14 5.57 5.29 543
bath minutes 471 $.14 5.21 5.02 5.36
Charactler-basce d
151 minute 4,78 6.00 6.00 6,13
20d minule 678 6.56 7.87 722
both minuies 5.78 6.28 683 6.30 6.78
Mezn fweighted) 5131 5.78 613 574 6.16




percentages for him, which were not noticed 10 the overali
averaging. The fixation data that were colected for the two
minute contral peried accoumed for fixanon durations
totaling Z0seconds to 100 seconds per subject, This was due
W variation in abitity of the cye vacker w follow the
subject’s pupil, the subject's paysical characienstics and
eye mounn, and in a few cases, movement of the cye
tracking oplics on the headband during the session. Thus the
resulls are presented in terms of percentages and means,
rather than direet mcasures.

As in the analysis of performance, the stalistical analysis of
eye fixations showed no significani interactions involving
minutes, so the data from the entire two minute post-
intcrruption period was used. The graphical interface uscrs
looked at the screen 30% of the ime; the characier-based
interface subjects looked at the screcn 22% of the time. The
percent time spent Jooking at the screen by the character-
based interface subjects is consicient with the 24,6% time
measured by Zwahien, Hartmann, Rangarajulu and
Escontrela (1985) who comparcd dataentry fram hardcopy
and from screen. Table 2 gives the mean perceni of time
spent looking at the screen. The wend was 10 look mere at
the screen after the screen interruptions, and less after the
telephone interruptions. The telephone interruption caused
the subjects 1o look offscrecn more than the other interrup-
lons or control, p<0.0S (pairwisc companson, Duncan
multiple range test). The subjects looked nffscrecn: 80%
after wlephone interruption , 68% after screen interruption,
75% after walk-in intcrruption and 74% Junng control,

On-screen fixations were compared withperformance. Four
correlations were done, comparing the percent of ume
lookinyg on-screen (o Lhe number of corect entries, for each
interruplion during the two-minute post-intefruption pe-
rityd. The correlations were strong for the screen and Leke-
phone interruptions, but not fur the others {correlation
coefficiensare: 1. (12)=-0.739,p<0.01, Tactephone{ 1)
= -0.738, p<G.). The conclusion is that looking at the
screen and entering correct data are relaled in such a way
thata lower number of entries corresponds (o fooking more
atthe screen, especially afier a screenof telephoie intermp-
tion.

The mean umes of fixations, on and off{ the screen are
presented in Tab'> 3, The rend was for the fixations of
graphical user interface subjects 10 be of longer duration
than those of the character-based user interface. For the
conwrol peniod, on-screen and off-screnn durations were
about the same regandless of group. After the telephone
interrupuor, on-screen and off-screen fixation durations
desreased for both groups. The largest drop (210 ms) was
on-scresn for the character-based user interface group.

Questionnaire. Subjects’ perceptions of performance did
not gencrally maich performance measuses. The subjects
filled-out a questionnaire at the conclusion of the session.
The questions, logether with the mean values broken down
forthe graphical user interface (GUY) group and the charac-
ter-based used interface. (CUT) group appear in Appendix B.
The two user inlerface groups answered the questions in a
very similar way. The largest difference was 19% where
the graphical user interface subjects thought that the walk-
in and telephone interruptions reduced their rate of working
more so than the character-based user interface subjects did.
The CUI subjects thought that the on-screen inidrruplion
reduced their rate of working more than the other interrup-
tions (matches performance), while the GUI subjects no-
ticed no difference (contrary w performance). The GUL
group thought that the interruptions reduced their rate of
working more than the CU? group did {contrary to perfor-
mance). Both groups did not think that the imerruptions
affecied them very much {mean4.04 outofscale 1109). The
GUI group thought that tkey made more errors after the
wali-in and telephone inlerruptions (true, 7 10 1 for screcny),
while the CU! group thoughe that they made more errors
after the on-screen interruption {false, 13 errors each for
screen and walk-in/telephone). The GUI subjects indicated
that they soriewhat more ofien use keyboard style user
imerfaces. while the CUI subjects indicated that they some-
what more often use graphical style of user interfaces
{means 5.86 o 4.67 out of scale 1 w 9). Both groups
indicated that they are interrupted in their work an average
of three to four times an hour, Three subjects indicaled that
they are interrupted an average of over six limes an hour.

How eye motion relates to performance. Subject perfor-
mance afer the wlephone inicrruption was the best, and

Tuble 2. Percent of time eye fixations were on-screen during the two-minute post-inferraption period.

Style of interface

Form of inlesrgption

Screan Walk-in Telephone Mecan Control
Graphical 4 32 25 30 29
Character-hased 0 18 16 22 23
Mean{weighiedd 12 23

20 26 6




Table 3. Average length of fixations (in milliseconds} un-screen and off-screen during the two-minute post

interruption period.
Style of interfuce,

Form of interruption

Screen Walk-in Telephone  Intrpt Control  Mean

On-Screen Mcan

Graphical 267 56 243 236 252 255

Character-based 258 210 229 237 255 242

Mcan {weighted) 263 238 238 248 254
Off-Screen

Graphical 234 274 250 252 252 252

Characler-based 263 237 232 244 269 250

Mearn fweighied) 249 254 241 248 261

performance after the seieen interruption was the worst.
Subjects spent the least armount of lime looking atthe screen
after Lthe lelephone interruption and the most amount of time
looking at the screen afier the screen interruption. The
fixations wzre shorterafter the telephone inerruption {com-
pared 1 the contrel) and they were longer after the screen
interruption. This relauonship probably also holds true for
dwell times (continuour fixations at the same location).
Zwahlcn, et al. (1985) found that dwell umes reflect the
amount of mental information processing involved. In their
studies, long dwelltimes looking at the reference document
were noticed for subjects while doing a data entry task and
when looking at the screen for detection and correction of
errors in a8 mainicnance task, whereas short dwell times
were nouced for keyboard verification. The conversion of
the eye motion data from this experiment to dwell times and
a moe detailed break-down of the off-screen locations
could confirm that subjects were slowed by mental process-
ing when they iooked at the screen. For the data enlry task,
subject performance during the post-imermintion period
decreased in reiationship o how much the subjecls looked
at the screen.

In the analysis, eye motion data was lumped into two-
minute post-interruption intervals. The big effect of disrup-
lion in eye motion pauerns may be seen better by careful
swdy of much smaller intervals of only a few secconds
duration. Funiber study could also confirm the implication
that subject’s cye pattern disruption due Lo an interruption
conunues for a number of minutes afier the inlermuption and
1s related to performance.

Tabie 3. Duratiun of interruptions in minutes.

Style of interface

Why some intcrruptions are more disruptive than oth-
ers. Why are some interruptions more disruptive than
others? One possibility is that the duration of the imerrup-
tion determines how disruptive it is. The duration of the
interruption was defined 10 be the length of 1ime measured
from the onset of the intarruption to when the subject
resumed the main data entry task. The durations varied from
11 seconds to 1.76 minutes. All subjects were required 1o
respond 1¢: the interruptions, but how much and how long a
subject responded was up to the individual. The mean
durations of the interruptions appear in Table 4.

The duration of the screen interruption was longer than the
others, but this was truc only for the charactez - based inter-
face condition. This produced a significant intesface-by-
interruption interaction, F(2,28) = 3827, p <(.05. Loolang
only at the character-based interface condition, the form of
nterruption is significant, £(2,16)=5.705, p = 0.014. The
screen interruption is significant!y longer than both the
walk-in, p<0.01 and telephone intermuptions, <0.05, Duncan
test. The durations of the walk-in and telephone interrup-
tions do not differ significantly from each other.

The issue of whether a longer duration of the intenruption
leads o a reduced number of entrics was explored. If so,
then the corretation of duration and entries should be
negative. The correlational analysis treated each interrup-
tion separately, i.e., there were 16 subjects times 3 interrup-
tions = 48 paired enines Lo be correlated. This correlation
was: r(46) = -0.259, p<0.05. The conclusion is that duration

Fortn of inlerruption

Screen Walk-in Telephone Mcan
Graphical 0.40 033 0.52 0.42
Charactei-hased 0.76 0.37 047 0.53
Mean {weighted) 0.60 0.36 0.49 0.48




and entries are related in such a way that longer interrup-
tions were more disruptive. Bug this correlation is not very
strong, and there are other factors thal may account for the
stronger disruptive cffect of the screen interruption,

Gillic & Broadbent (1989) found duration not 10 be re'ated
1o how disruptive the inicrruption was. [ntheir ¢ ipériments
both the main and inlerruplion Lasks were on Lthe screen,
whereas this experiment shows longer interruptions to be
more disruptive. It is not clear how 1o account for this
difference. Perhaps it is due to the element of prediciability;
in this experiment, the interruptions were a surprise to the
subjects, whereas Gillie & Broadbent's interruptions al-
ways occurred afler the middle item 10 the list was found.

One way that the screen interruption differed from the
telephone and walk-in interruptions is that it prevented the
subjcct from completing the in-progress entry. When the
screen interruption occurred. the message question came on
the screenoverlaying some of the data enry fields; the main
task could nat be resumed until the subject responded to the
question. When the telephone rang, the subjects were able
to reach over and answer any time within a few seconds;
some continued 10 hold their place or enter datla while
answering, When the experimenter walked-in, the subjects
hae' a wide range of responses, from completely siopping
what they were doing, to continuing the data entry task
while listening Lo the question.

The prevenuon of completing the in-progress entry may
have emotional or gther imptications that enduee iro the
twos minutes of eniry activity toliowing the interruption.
The classical Zeigarnik effect is an enduring effect do to the
prevention of task compleiion. Memory for a @sk that is
imercupied in this way is enhanced. An interruption og-
curred while a subject was eniering daia for 93% of the
interrupuons. Subjects continyed through: 41 the walk-in
and selephone interruprions w complete entry of dat fields
(75% 0" all ~ubjects: 100% of the graphical user interface
subjecls, 56% of the characwer-based user interface sub-
jec1s). The farpest differcnce in behavior between groups
occurred afier the walk-in inicrruption, where 71% of the
graphical user interface subjects completed ficlds com-
paed to only 33% of the character-bascd user interface
subjecis. These data indicate that subjeets wanted 1o work
through the interruptions and that the graphical user inter-
face made it easier (0 work through the watk-in and tele-
phone interruptions.

Althoughrhe present daw are (ar from conclusive in identi-
lying the causz of the disruption of the screen interru ption,
ihere 15 a strong indication that tas may be happening.
Providing the ability to complets the in-progress enyy may
be a key o designing user interfaces w allow efficient
handling of user interruptions.

The similarity 1 sensory modality may dso be a factor in
the strorg disruption of the screen intermruption. This could
be another iastance of a larger principle that similarity
yields disruption anid lower performance compared to dis-
similarity. Supporting this 1dea is the work by Gillie and
Broadbent which feund that interruprion of a task with a
similar task was disruptive, and Crzewinski, ¢t al which
found that subjects had significantly bever recall of a
primary 1ask when the interraption wzs dissimilar in format
to the primary task’s.

conciusions

Tee disruptive effect of the screen interruption compared
to the lack of disruption after the tet:phone interruption
was a surprise, This resull is conurary 1o the commonly
held belef that telephone interruptions are a problem o
computer users. Disrupticn caused dy screen windows
popping up may b impurant 1o avoid in design of multi-
window user inferfaces.

‘Mhe disruption of the screen interruption may be due to the
abrupinessof the on-set of the interauption which prohibited
the subject Jrom completing the cwrrent action. The mes-
sage box focked cut the main task until the subject re-
spanded tu the question. Th.s differed from the on-set of the
wialk-in and elephone interruprions which did not lock out
interaction with the main 'ask. Another possible explana-
lion ior the disruption: of (h¢ screen interruption compared
10 the telcphone interruption may be the similarity in sense
modality,

The two cases of user interface style were distinguished by
the use of a mouse and screen butons vs the use of tab and
function keys Although, the user interface style was not a
significant factor in the disruption of interruptions, fuither
study of different vaniations of style and input devices may
have differemt results. Performance decreased in reialion-
ship 1o how much the subjects looked at the screen. When
giventhe chance, subjects ilended locomplete eniry of adidta
ficld during the interruptions. The character-based user
interface subjects entered about 25% raore correct fields per
minute, and spent 27% less timce looking at the screen.

In the workplace, computer routing of messages o the
screen and user message utilities may have unsuspected
disruptive consequences. More needs to be known about
whal causes screen inlermuptions 10 be disruptive so that
uscr interfaces can be designed which are least disruptive.
Independent user interfaces may be necessary when users
are required to do two or more tasks al the same time. This
work is seen as preliminary (o further study.

Future directions for research

A scries of experiments are suggested to canclusively
determinc whether prohibiting the subject from completing
an on-going entry enhances the disruptive cffect of the



interruption. This might involve using twa types of on-
screen interruptions: one it which the interrupting task
inhibits work on the main task, the other in which the
interruption s announced but work is pol inhibited on the
mam task. 1t would be interesting to note whether having
cachtask use a separate screen reduces the disruplive effect.
Continuc to look at both graphicat and character-bascd user
intcerface styles, Look at both fixed length shont and long
duration interruptions. Some of the subjects mentioned that
the data entry task was boring and (hat the interruptions
were inleresting, whereas in their workplace the opposite
holds. Follow-up expenmeants should permit the compani-
son of the effccts of disruption on Loth the data entry task
used in this experiment and a task more like programming,
for which interruption of thought may lead 10 more serious
COTISEYUENCES,

Relevance to LLNL

Both inlerruptions and computer use arc a part of the cvery
day work cnvironment. At LLNL there also are a largs
number of software developers. This gives LLINL the re-
sources to develop custom user imterfaces. For projects
where user performance is a concemn and :nterruptions are
aproblem, LLNL can strive 10 minimize the adverss effects
by carcful design of the computer-user interface. It s
commonly belicved that ielephone interrupts are bad. The
results of this research shawed that this isn’t necessarily
true. Screen inlerraptions may Of may not be distuptiva,
depending on 3 number of factors. This research and past
rescarch provide information which can be used in the
design of better on-line message systems which minimize
the disruption of receiving and responding Lo message
interruptions. Scheduling of special times to receive tele-
phone calls and visitors in offices may alse improve produc-
tivity. in ovder 10 recommend specific changes in the
workplace, more aceds © be known about the factors thal
determine the disruption of interruptions 2nd how they
r¢late 1o the work environment,

The depaniments supponting this research projeci are most
interested in the effects of common workplace imeruplions
on personnel who spend most of their time interacting with
personal computers and/or workstations. The personncl are
mainly: compuier scienusts, systems analysis, and data
¢ntry iechnicians, Typical workplace interrupiions are un-
cxpected and include; telephone calls, on-line dialogs with
other users, and unexpected visitors,

Thisrescarch project was also an exploratory step by LLNL
soitware devclopmenl departments into usability testing.
Usability testing is a method commonly used in industry for
guality assurance. Usabibity 1esting evaluales the usability
of compuler products according to criteria set forth in the
product requirements. The development of successful user
interfaces s a process casiest done in a prolotyping environ-
mcnt, The ierative sieps in developing the user inlerface

are: design, evaluale, analyze, (reddesign, (reevaluate,
{rcjanalyze, ctc. As LLNL develops or acquires compuler
applications and systems which have operational wiability
requirements, human factors evaluation becomes a neces-
sity and a usability tcsting laboratory a scrious consider-
ation. Higher usability requircments may also be require:d
forcomputer applications which areransferred from LLNL
into the privale secior,

The construction of the temporary usability testing labora-

tary for this project required a large effort to bring compui-
ers, video and cye tracking equipment tngether into one
system. New fronticrs were explored in prepaning the ex-
perimental design and software for the experiment, as well
as in soliciting the volunieers. The process of undertaking
this project was a valuable leaming expericnce which can
agsist LLNL in its futurc human [actors work.
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Apperdix A.

Secretary preface:
“Hi, thiz is Lisa from Nancy Storch’s of fice ™

Walk-in experimenter prefuce:
“Sorry for cutting in just now, but”

Quaerics: X )
“on Monday, September 1 th Nancy is {1 am) having acoffee and donut reception for atl of the velunteers on this project,
Ve (I} would like to know if you wilt be able to make it?”

“Nancy 15 (I am} going 10 be wriling a paper on the results of this project and we (E) would like to send you a copy of
the final study. Could 1 please have your Department and L-code?”

“Nancy ha. asked me 10 do (1 am doing) an auxiliary survey to the current study regarding PC’s in the home. Do you
have a computer in your home?”



Appendix B.

» Session [D; Date:

Plzase 1ake a fow minutes o complete questionnaire and leave it here

Job classification;

Years of computer experiance:

__lessthan 1 year __5-10 years
_ 1 -3 years __10-20 years
__ 3 -5 years __over 2 years

Please answer the following questions subjectively.

1. Did you notice anything peculiar as you worked?
What?

H 50,
1.1 Did you expect this?
Why?

1.2 Did you do anything about it?
What?

2. How ecasy was it for you 10 do the assigned Lask(s)?
Results: GUI 5.0, CUI 4.56, Overall 4.75
extremely easy not easy
] 2 3 4 5 6 7 8 9

3. Did the headband hamper your abihity to work?
Results: GUE4.71, CUI 5.22. Overalt 5.0

nol at all very much
1

[ %]
'
>
S
o
-
)
WO

4, Did the video iaping hamper vour ability w work?
Results: GUI 1.43 CUT 111, Overall 1.25
not at all very much

1 2 3 4 S 6 7 8 9

5. How much did the on-screen message(s)Anterruption{s) reduce the rate of your working afier the interruption(s)
11
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1k

comparcd o before the interruption(s)?

Results: GU14.71, CUI 3.78, Overall 4.1%

not at all very much
1 2 3 4 5 6 7 8 g

How much did the off-screen miessage(s)/interruption(s) reduce the rate of your working after the interruption(s)

compared to before the intermuption(s)?
Results: GUI 4.71, CUI 3.22, Overall 3.88

not at all very much
| 2 3 4 5 ] 7 8 9

How much did the on-screen message(s)/interruption(s) increase your tendency to make mistakes after the
interruplion(s) compared to before the interruption(s)?
Results: GUI 3.43, CUE 3.22, Overall 3.3]
not at all very much
1 2 3 4 5 6 7 8 9

Hew much did the off-screen message(sYinterruption(s) increase your tendency to make mistakes after the
interruption(s) compared to before the intermuptiony. )?
Results: GUI 4.0, CUI 2.78, Overall 3.31
ne.arall very much
1 2 3 4 S 6 7 8 9

What style of user interface do you use in your computer work?

Results: GUI 5.86, CUL 4,67, Overall 5,19

graphical enly keyboard only
1 2 3 4 5 6 7 8 9

How much are interruptions a prolyiem when you are working with a computer?

Results: GUI 4.86, CUI 3.49, Overall 4.31

a0t at all very much
] 2 3 4 5 6 7 8 9

On the average, how eften are you interrupted while working with a compuier?
Resulis (normalized tn 1 to 9 scale): GUI 4.71, CUI 4.83, Overall 4.78
__ less than ence an hour __4-61limes per hour

__ 1.3 umes per hour __over 6 ures per hour

12



12, Any commenis regarding usability esting?

13.  Any commenis regarding this cxperiment?

Thank you again for all the Lime you have given us.

13



