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9 Error handling in office work with computers:

A field study

Felix C Brodbeck*, Dieter Zapf, Jochen Prumper and Michael Frese
Fachbererch Psychologre, Universitat Giessen, Otto-Bebagel Strafie 10/F, 6300 Giessen, Germany

An observational field study gives an account of error types, error handling time and use
of support 1n case of an error situation when working with compurters 1n the office

Subjects were 198 clerical employees from 11 companies and seven small firms 1n
Germany The analyses are based on 1155 observed errors which were concordantly clas-
sified 1nto an error taxonomy by two independent re-raters Clerical employees spent
approximately 10 per cent of cheir computer working tume handling errors Error hand-
ling tume 15 also positively related to indicators of emotional strain Although the tasks
performed were largely routine, more than 11 per cent of all errors required the use of
supports such as advisory services, co-workers, on-ling help and menus or user manuals

Dufferent error cJlasses showed variations 1n the amount of suppore used and in error hand-
ling time On the basts of the results, we discuss how the error taxonomy and measures
of the human error handling process can be of practical use for evaluation n sofrware
ergonomucs and for improving human error handling while interacting with com-
putcrs

Errors inevitably occur every day at work and they incur economic costs A detailed analy-
sts of a single error was done by Smelcer (1989) From hus experiments, he estimated the
average tume spent correcting errors related to the ‘joint statement’ command of
Structured Query Language This he converted 1nto an escimate of $58 muillion lost 1n the
US per year due to this single error situation Card, Moran & Newell (1983) found 1n one
of their experiments that 26 per cent of the total time for text editing was spent dealing
with errors Hlowever, errors give rise not only to economic costs, but also to psychologi-
cal stress and the perception that one's job 1s unpleasant (Frese, 1987, Johansson &
Aronsson, 1984)

There 15 a large body of literature on human error and underlying processes (see Reason,
1990 for a current overview, and Fitts & Jones, 1961 for a classic paper) Due to the fact
that ertors traditionally have been investigated in close relation to acaidents 1n hugh risk
settings, general emphasis 1s put on the genesis of errors and on the prevention of cheir
occurrence The job 1s done when error rates are minimized Another reason for the com-
mon preference for error prevention may be that most traditional man—machine systems
were designed to be unforgiving to errors (Perrow, 1984)

If we differentiate between the occurrence of an error and i1ts consequences 1t becomes
clear that often human action aums at avording negacive consequences of errors and not
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304 Felix C Brodbeck et al

necessarily at avoiding errors themselves When a person stumbles an error occurs, but the
person succeeds in coping with it The negative consequence of falling down could be
avoided It would be a rather cumbersome endeavour to walk carefully enough 1n order to
prevent oneself from stumbling ac all Thus for a specific array of human actions it seems
to be more beneficial to cope adequately with negacive error consequences than to put
limitations on the performance of error prone actions This strategy could be adopted for
human—computer interaction 1n certain work settings

For this 1t 1s important to know more abour different types of errors, about what 1s done
after an error has happened, and about how to support the human error handling process
during human—computer interaction

The question may arise why an observational field study is needed to analyse human
error handling processes The limired number of studies that systematically look at what
people do afcer they have commutted an error were conducted 1n laboratory settings (Zapf,
Brodbeck, Frese, Peters & Prumper, 1992} For example, laboratory studies do not tell us
what people do when they have committed an error 1n real work situacions and how much
time 1s spent handling different types of errors in real work situations The results of lab-
oratory studies cannot be easily generalized to normal working conditions There 1s
always a threar to their ecological validity, 1 e the generalizability to everyday stcuations
(Neisser, 1976)

Thus, the present field study was designed to give an empirical descriptive account of
error handhing during human—computer interaction 1n the natural environment at work
It aims at a clearer understanding of what happens after an error has occurred How long
does 1t take to handle errors whule working with computers? What supports are employed
for handling errors at work with computers’ And how do supports and error handling
ume relate to potentally different types of errors?

Theovetrcal concept of ervor

What 1s an error’ It 1s a useful assumption that human behaviour s a result of goal-
ortented action (Frese & Sabini, 1985, Hacker, 1986, Miller, Galanter & Pribram, 1960,
Norman, 1981} Within an action-oniented framework the following assumptions about
errors can be made (Zapf ez @/, 1992) Furse, errors only appear 1n the pursuit of a goal If
a person presses keys at random, an error cannot be committed Second, an error implies
non-attainment of a specific goal or a higher order goal A specific goal may not be
attained, for example, because one reaches a 'dead end’, as when a file 15 deleted and can-
not be recovered A higher order goal may not be atrained when plans are 1nadequate or
wrongly arranged The latter 1s the case when a set of correct specific goals 1s attained buc
the sequence of subgoals 1s set up wrongly and the goal of the whole plan cannot be
attained (Reason, 1990) Efficiency of work performance can also be a higher order goal

Thus taking an action detour can be seen as an error as well Finally, the non-attainment
of a goal should be potentially avordable If something 1s not avoidable 1t will not be con-
sidered an error (e g when sabotage or a blizzard cause loss of data)

An advance 1n error research has been the mzsmatch comeept (Rasmussen, 1983) It
attribures the cause of an error to the interaction berween an individual (e g a computer
user) and his or her environment {e g a computer system) and not to eccher one alone In
nearly every case one can argue that an error could have been prevented had cither part of
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a system been different (e g a more knowledgeable user or a better designed computer)
Following the mismatch concept, one does not attribute an error to any cause per se
However, attribution to a system component 1s important for practical purposes The
decision to change only one part of a man—machine system should then be raken on the
basis of empirical data For example, one may change the software 1f many people make
the same error, as in the case of the joint-command 1n the Structured Query Language
(Smelcer, 1989)

Ervor classtfication

There are two kinds of mismatches that are of interest for errors 1n human computer inter-
action the mismatch between the work task and the computer, and the mismatch
between the user and the computer The former gives rise to functionality problems, the
latter to so-called usability problems (Zapf, Brodbeck & Prumper, 1989)

Functronalaty problems Functionality problems are 1dentified when the computer system
makes 1t more difficule for the user than 1s technically feasible, or i1t does not even allow
reaching a goal rhat 1s implied by a specific work task Functionality problems imply that
the computer system and the task are not well adjusted to each other (e g when a spelling
program 1s not able to deal with plural words) To a certain extent functionality problems
can be identified on the basis of task descriptions and the computer application, 1nde-
pendently of observing computer users performing their tasks However, 1n order to find
out how functionality problems are handled, the consequences they impose on the user’s
actions have to be observed They impose on the user different types of acrion conse-
quences (a) action blockade users are forced to give up task-specific goals when a certain
task-relevant action cannot be performed with the software being used, (b) action repeti-
trons parts of the user’s work are lost and actions have to be performed again, (¢) action
interruption ongoing work 1s interrupted for an inappropriate amount of time, (d) action
detour specific funcrional deficits of the computer system have to be worked around by
the users Note that the diagnostic reference point of funcrionality problems 1s a mus-
match between a set of goals that 1s implied by the description of a working task and the
functionality of an application software

Usabulity probiems A usability problem 1s rated when users do not attain cheir individuat
goals and a funcuonality problem cannot be assumed This implies that users’ actions can-
not be inferred solely on rhe basis of descriptions of their work tasks Erroneous actions
have to be observed The diagnostic reference point of usability problems 1s human action
and 1ts goals This does not mean that human action 1s the only cause of a usability prob-
lem—the latter follows from the mismatch concept

Since usability 1s concerned with people's actions, usability problems are further sub-
divided according to several parameters of a theory of human action regulation (Zapf e
@l , 1992) For our purposes it 1s sufficient to explain only one dimension of the error tax-
onomy Within the German tradition of action theory (Frese & Sabemi, 1985, Hacker,
1973, 1986, Volpert, 1982) three levels of action regulation are differentiated 1ntellec-
tual level of regulation, level of flexible action patterns, and level of sensorimotor
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regulation’ The three levels of regulation porrray the dimension of controlled vs auto-
matic processes (Shiffrin & Schnerder, 1977) Furthermore, information for regulating
actions 15 based on the knowledge base for regulation

Intellectnal level of regulation Thus 1s characterized by a conscious development and activa-
tion of goals and plans Thus is necessary for working on complex tasks or tasks that have
not often been performed For example, a spread-sheet table was supposed to fit on one
page After working a while the user realized that the columns were too wide to fir the
page Therefore, she had to change the column widths

Level of flexible actzon patterns On this level well-practised actions are regulated by plans
stored 1n memory which have to be adjusted to particular situations The concept of flex-
ible action pattern 1s comparable to the concept of schemata described by Norman (1981)
Less conscious atcention 1s required on this level, especially for triggering execurion of a
routinized plan and for evaluating the outcome The plans are of higher specificity and
routinization than the plans on the level of intellectual regulation An error that belongs
to the level of flexible action patterns happens when well-practised rules are triggered 1n
wrong situations (For that type of error Norman 1981 coined the term ‘mode error’)
Such an error happens, for example, when a person switches from using one word pro-
cessing systemn to another and uses function keys that were correct 1n the former situation
but are incorrect 10 the latcer

Sensormotor level On this level highly routinized acrions are regulated without conscious
attention Sensorimotor errors include such acts as wrong mouse movements or touching
the wrong function key located on a pusition that is nearby or similarly exposed as the
intended one?

Knowledge base for regulation In the knowiedge base for regulation facts and understanding
are stored to develop specific goals and plans Knowledge errors exist when a user 1s
unable to atrain a goal because s/he doesn’t know certain command names, funcrion keys
Or Concepts

It 1s not the purpose here to discuss the cheory behund the classification 1n detail (chis
was done 1 Zapfl ef 2/ , 1992} It may be sufficient to note the similarities of chese levels
of regulation with Rasmussen’s (1983) and Reason’s (1990) distinceion of knowledge-
based ertors, rule-based errors and skill-based errors However, in contrast to Rasmussen
and Reason, we distinguish further errors that relate to either the intellectual level of
regulanion or the knowledge base for regulation

Ewror bhandlmg

Error handling includes everything that 1s done by the user after an error has occurred
The measurement of error handling time 15 used to give an account of the overall

' The term regulation 15 used in the same sensc as Maller e 2/ (1960) use control, 1€ the order of inscructions for acriong
are given ftom a central precessing unit 1 accordance with the person s goals, the plans to achieve the goal and the teed-
back from the environment The term regulation 15 less confusing because the term control 15 already adopted by other
concepts 1n psychology (e g 1n the sense of inrernal vs excernal control)

* Typos during text ediung are definucely sensonmotor errors However, they are not considered further 1 our investigza-
tion because errors that occur while writing continuous texe were excluded from obscrvation
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308 Felix C Brodbeck ex al

to be filled 1n by the observers after the observation period The quality of different support facilities for error
handling was assessed by use of the standardized questionnaire

During a two-hour observational period the tasks performed and error descriptions were recorded on paper
by the cbservers Simple typing errors were excluded from the analysis, since 1t was assumed that their
extremely high frequency would subseantially distort error distributions and error handling tume The
observers sat next to or behind the subjects 1n order to see both the screen and the keyboard In addition,
descriptions of disruptive events (¢ g telephone), ratings of error derection, ertor handling time, use of sup-
potts and negative emotional reaction duning error handling were recorded on a structured protocol sheer
Observers were students and researchers who already knew the underlying theory and the error taxonomy All
observers were tramned to use the error taxonomy, the protocol sheet and appropriate interview techniques n
a three-day hands-on course

Ervor handling trme In the field observational seudy the error handling aime was estimated from error detec-
teor: to the end of error correction Tr was not advised to use a stop-watch 1o the firms The use of a stop-wacch
was not allowed by shop stewards, and fear of being timed for performance would inhibit the cooperation of
the subjects Especially when recording errors, a visible time measurement can cause the subjects to select
tasks for the observation period rhat they can perform easily In order not to endanger ecological validity, ettor
handling time was gauged by an cbserver estimare on a five-point scale from immediately, up to two
munutes, up to five minuces, up to 10 minutes, 10 minures and longer For that wrist-watches and other exise-
ing clocks (on the ofhice desk ar on the wall) were uscd 1n a way to make sure that the subjects did not become
suspictous Since these data are ordinal, statistical analyses comparing error handling ame were calculated
with non-paramerric methods For explanatory purposes ordinal scale data are transformed 1nto 1nrerval scale
data on the basis of the anthmetical mean of the category boundaries Additional seudies were performed 1n
order to justify this procedure® In a different study, dara from 23 subjects were garhered from two indepen-
dent observers using the same procedure (see Herbrich, Frese & Prumper, 1991) The inter-ratcr relabilicy
for observers’ time estimates showed an ordinal data Kendall's tau of 7= 69

Urse of support factlities The use of supports was rated with the following caregories (a) use of manuals, which
most often werc shortened versions eicher self-made or provided by the companies, (b) help system and menu
informacion on the screen, () asking che advisory service, and (d) asking a co-worker According to our reli-
ability study with a subset of 23 subjects, the use of supports was concordantly rated by two observers for 96
per cent of all ecror cvenes This 1s equivalent to « Cohen's kappa of K= 81, N = 123 (C ohen, 1960

Error classes Oryginally, 15 different error classcs were recorded by the observers bour of the 15 error classes
were excluded because measuring crror handling tume would be rather difhiculr {(This makes the overall time
estimate more conservative (Zapf ¢ @/ , 1992)) The rest are subclasses of che five previously described error
categories For the purpose of this article, a more precise account of the error classes 1s not needed (a completc
description 1s given by Zapf et o/ , 1992) A functionality problem was wdentificd when the computer system
was derermined to be insufficaent for the tashs involved and the users werc forced it an action blochade, an

* For reasons of ecological validiey, error handling time had to be cvaluated on ordin il scale i this feld seudy Since che
lacent variable of crrer handling time is interval scale 1t scems reasenable to try some justification for ustng anichmerical
means of the ordinal scale indicarors A comparison berween incerval scale ¢stimators of error handling tume and the trins-
formed data presented here his been underraken For every ecror type of the field studv the arichmerie means of the
observers ordinal scale ime (stimates were substituted by the mean values of a compurer-driven time measure thae wis
also recorded ro obscrvers time estimates i a separate study by Zapf, Lang & Wicrmann (1991) Ths study was conduc ted
with conditions simular to the ficld sertimg lext ediuny was observed wich a commeraial word proccssing application The
dpearman rho berween observers tme estimares and rhe computer deiven measure was # = 73 (N = 1498, p << 01) Lhe
arithmetical means from the ficld study and the computer-driven means ate compared for cach ecrval of the nme csti-
mazon scile Rosulrs show that lor the e inccrvals immediately up to two minutes and up to five minurcs the com-
putcr-drnven ume measures are within the mterval boundarics For these three intervals the arichmetcil means it
acceprable cstimates of the compurer measured values [owever observers do overestimate the two highor cime mtervals
of up ro 10 and over 10 ninures Only 3 per cent of dl error cvents fall into chese latrer Cawregores Fhus only a fow crrors
have heen overestimated by the observers Given these data, we conclude chat che absersational method would not fare wo
badly and can be used especially in feld setungs when othor mcans Jihe stop-witches or computer-driven timuny e nor
possible
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action repetition of an action interraprion To support the classification process for different usability prob-
lems, eight guiding questions had to be answered by rhe observers These include ‘Rate the degree of rou-
t1n1zation of the action underlying the ertor event’ and ‘Are all action steps known to the user? In those cases
where 1t was not possible to classify che errors, the observers had to ask the subjects for the missing informa-
tion after the ercor was corrected In addition, a shore description of each error was recorded

The inrer-rater seliability of ewo observers for these five error classes 1s characterized by a concordance rate
of 77 per cent and a Cohen’s kappa of K = 70 (N = 123) The main observarional study did not use two
observers A proxy to inter-rater agreement was developed (Prumper, 1991) Based on the written error
desctiptions, two re-raters rated the errors tnto the 15 uncollapsed error classes referred to above The inter-
rater concordanee race based on the five collapsed error classes was 82 pet cent (Cohen’s kappa, K = 77, N =
1415) To smprove the quality of the dara only those errors concordantly rated were included 1n the analyses,
as was done by Allwood (1984), Bagnara, Stablum, Rizzo, Fontana & Ruo (1987) and Rizzo, Bagnara &
Visciola (1987) as well Thus leads to a pool of 1155 concordantly rated error events

Negateve emorsonal veactrons Negative emotional reactions as an indicator of stress were rated on a five-point
scale (very strong, strong, intermediate, shight, no reaction) Angry verbal outbursts, verbal expression of
fruscration, or netvous tension displayed through che intonation of verbal comments were raken as indicators
of negative emorional reactions The distribution of the observers’ ratings was strongly skewed due to the
high proportion of errors that preduced no observable emotional reactions The observers could discriminate
best berween no or slight emational reactions on the one hand and intermediate, strong or very strong
emouonal reactions on the other Accordingly, the ratings were divided inte two classes The concordance rate
for two observers was 96 7 per cent and a Kendall's tau of 7 = G4 (N = 120) indicates moderate to high
teliabulity

Results

On average subjects were observed for a period of 109 minutes During this time they
worked on average for 85 minutes with the computer The average number of errors thar
occurred during the observed time period 1s 8 8 per person The average error handling
time per person across all error classes using the arithmetical means 1s 8 5 munutes (min-
imuam 15 s, maxamum 85 25 mun, N = 1306)* Thar 1s, 10 per cent of the computer
working time 1s spent handling errors We consider this percentage to be high for several
reasons (a) our time estimation method underestimates error handling tume, (b) the sub-
jects were very familiar with their jobs, (c) subjects’ tasks were not very complex, (d) sub-
jects’ computer expertise 1s relatively high—most of them have worked for at least one
year with their respective computer software (Prumper et &/ , 1992)

Use of support factlstzes

After an error was detected, subjeces usually tried to solve the problem themselves and
succeeded 1n doing so 1n 85 2 per cent of error events Table 1 shows thar 3 6 per cent of
all errors were not successfully corrected, that 1s, 1n these cases handling atrempts did not
lead to a correct solution or the subject did not even try to handle the error Only one case
showed an unsuccessfully handled error after the use of support sources (0 1 per cent)

This should not be iterpreted as meaning that support 1s nearly always successful Often
the users already knew that support would not help them to recover from a particular

1 The owverall average error handling time can be calculated independently from parcicular ratings of error <l wses Therefore
erfor events rhar were not concordantly rated age included Thus in this particular casc che analy«s 15 based on N = 1306
Lrror events
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Table 1 Distribution of error handling scrategies

Error handling N¢ Per cent
Successtul
Without support 940 852
With support 123 i12
Unsuccessful .
Without support 39 35
With support L 01
Total 1103 100 0

"Number of errors per error handling straregy

error, and chey therefore did not even try to get help Of those errors which were success-
fully handied, 11 2 per cent required some kind of support, but the majority of error sit-
uations were handled without any support (85 2 per cent) Against the background of
most tasks being well known and the considerable computer experience of the users, 1t 1s
surprising that as many as 11 2 per cent of the errors could only be recovered after using
support Thus support 15 clearly necessary

An example may demonstrate unsuccessful error handling A user transformed an array
of numbers on a spread-sheet into a graphical representation on the screen The headers
were supposed to be formatted 1n a different font However, the user could not find the
optron for doing this She finally gave up the original intention and the headlines were
printed 1n the default formar

Table 2 presents a mote detailed picture of the successful error handling events with
supports used (N = 123) Users sought support most frequently in the form of advice
from co-workers, on-line help and menu facilicies User manuals and computer advisory
services were of secondary importance In some cases (N = 18) more than one type of assis-
tance was required to handle a single error—1n 16 cases this involved asking a co-worker
and 1n 16 cases it involved using on-line help and menus Thus asking co-workers and
using help screens and menus actually occurred more frequently than 1s indicated by the
individual percentages in Table 2 Co-workers provided the most frequently used support
for handling errors People also preferred to ask co-workers (Brodbeck, 1991, Frese,

Table 2 Distribution of support used to handle errors successfully

Support used N' Per cent
Co-worker 45 366
Help screens and menus 3t 252
Advisory scrvices 15 122
User manuals 14 114
Two or three combined 18 146
Total 123 1000

“Number of errors per support faciliey used
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Brodbeck, Zapf & Prumper, 1990) However, to concenitrate solely on co-worker support
would be musleading The data show that a variety of external supports were used

Support use and ervor classes

Table 3 shows a distribution of suppotts for each error class More than half (52 6 per cent)
of the errors located on the knowledge base for regulation required the use of support

This error class was significantly more closely associated with the use of support than all
the other usability error classes combined (x*(1, 1063) = 232 7, after Yates’ correction,
p << 01) Errors on the knowledge base for regulation require use of support more fre-
quently than errors on the intellectual level of regulation (x*(1, 336) = 58 5, after Yates'
correction, p << 01) Subjects most frequently asked co-workers for help (note on 16 of
the 18 occasions when more than one source of support was sought, both co-worker and
help screens or menus were consulted) Manuals were used almost exclusively for hand-
ling knowledge errors The manuals used were mainly self-made scripts that conrain
information about function keys, menu structures and lists of code numbers

Table 3 Error classes and support used for error handling

Petcentage of errors

Support used Support not used No error cortection

Error classes N (N = 123) (N = 940) (N = 40)
Knowledge base

for regulation 118 526 415 59
Intellectual

level 238 142 803 55
Level of flexible

action pattern 283 30 94 2 28
Sensorumotor

level 216 0 98 6 14
Funcrionality

problems 201 85 875 40

*Number of errors per error class [otal N = 1103

Supports were required relatrvely often for errors locared on the intellectual level of reg-
ulation (14 2 per cent of the successfully handled errors), with signuficantly greater use of
supports than for errors at the two other levels of regulation (¥*(1, 759) = 48 4, after
Yates' correction, p <= 01) There were errors on the intellectual level (5 5 per cent) and
the knowledge base (5 9 per cent) which could not be corrected Unsuccessful error
recovery at these two levels occurred significantly more often than at the level of
flexible action patcerns and at the sensorimotor level ()52(1, 902) = 6 4, after Yares’ cor-
rection, f <= (3} The errors associated with these latter two levels of regulation could
usually be corrected without support Support was required for as few as 3 per cent of
errors assoviated with flexible action patterns and none was needed on the sensorimotor
level
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Error bandlmg time and ervor classes

A Kruskal-Wallis test was performed showing thar the higher the level of regulation the
longer the error handling time (%5, 894) = 181 52, p < 01) Error handling time for
errots on the knowledge base and on the intellectual level of regulation s greater than for
the other usability errors Functionality problems show a longer handling tyme than errors
on the level of flexible action patcerns and sensorimotor errors, bur they do not differ s1g-
nificantly from knowledge errors and errors on the intellectual level of regulation

Error handlmg time and emotional veactions

Table 4 presents the data on the relationship between error handling time and negative
emotional reactions which were recorded by the observers (signs of anger, frustration and
tension) Of the errors that required handling for more than 10 munutes, 57 per cent
produced a high degree of emotional upset, this was 1n contrast to only 7 6 per cenr for
etrors which could be handled immediately This translates into a correlation of r = 38
(# << 01) Thus emorional strain 1s positively related to error handling time

Table 4 Percentage of errors with negative emotional reactions {anger, frustration, ten-
sion) and error handling time

Error handling time N¢ Percentage of errors with negative emotional reactions
Immedately 608 76
Up to 2 munurtes 330 155
Up to 5 minutes 127 339
Up to 10 minutes 11 364
>>10 minutes 28 571

Naote J* (4, 1104) = 107 57,p < 01
*Number of errors corrected per time period
Total N = 1104

Discussion

The results provide a relatively cohestve prcrure About 10 per cent of computer working
time 15 spent handling errors About 11 per cent of successfully handled errors required
use of supporrt, which 1s accompanied by a prolonged error handling time Given that the
users knew therr task and their computer systems quite well and that mainly routine tasks
were being observed, both values are seen to be rather high

As was demonstrated, a reduction 1n error handling time goes along with reduced emo-
tional strain Presumably, a reduction 1n error handling time would also go along with
tnereased productivity For the last assumption some ndirect support 1s grven by
Prumper et @/ (1992) They demonstrated that error handling time, rather than error fre-
quency, 1s reduced as a function of the users’ computer experience Experts commut about
as many errors as novices do but they need less time to correct them

With these results in mind one could argue that for office automation a reduction 1n
error handling time can be of benefic Apart from ths, 1f one keeps 1 mund that many
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errors 1nevitably occur a strategy of supporting human error handling seems to be a suit-
able response Another point against the potential of error prevention 1n software design
s 1ts limitation with respect to the detection of errors and the restriction of error-prone
actions The strategy of error prevention smplies that one 1s able to anticipate specific
errors that will appear in a certain program environment 1n a given task context Zapf,
Maier, Rappensperger & Irmer (1n press) present evidence thar the extent to which errors
can be anticipated by the computer system 1s limited because about half of the errors can
only be detected if the hugher order goals of the users are known This seems to be impos-
sible for compurer systems Thus a strategy of supporting human error handling—we call
1t error management—rthrough systems design seems to be a good supplement to the
strategy of error prevention Computer support 1n case of an erroneous acrion that 1s inter-
preted by the compurer system as being a legitimare input sequence is a rather different
problem from automatic error detection or the design of forcing functions (Norman,
1986), which are commonly used strategies for error prevention

If one 1s willing to accept the notion that error management 1n human—computer intet-
action 1s important, questions about how to support error handling can be raised They
are now discussed 1n the light of our results

When errors were located on the intellectual level and on the knowledge base for reg-
ulation, error handling was more complicated, more time consuming, more upsetting and
required more help These error classes pose relatively complex problems that require the
user’s full actention, an extra amount of tume, differential support and strategies for cop-
1ng with emotional strain

In contrast, there was a low average error handling t1me and less use of support for sens-
orimotor errors and errors on the level of flexible action patterns They seem to be ade-
quately covered by the software design at present (see Shneiderman, 1987, Smith &
Moster, 1986) and by the subjects’ computer experience However, there are still some
errors (about 3 per cent) on the level of flexible action patterns where error handling 1s not
a trivial task for the users For these errors, where only a few action steps are performed,
the undo-funcrion 1s one example of an error management strategy that can be of specific
help error handling time It allows the user to reverse an operation and to achieve the sfa-
tus guo ante by typing one key (Yang, 1987)

However, the usefulness of an undo-function may not be the same for errors on the
inteliectual level of regulation and for knowledge errors These errots require mare com-
plex actions and the user would have to go back many more operations History functions
or freezing points, provided in some systems, seem to be more appropriate for handling
these errors They allow the user to go back a whole action path or to go back to a signif-
icant point 1n the action history (Paul, 1992, Paul & Foks, 1991) Empirical investiga-
tions of error handling time for different error classes may help to solve the debate on what
kind of undo-function matches the users’ needs while performing tasks of different com-
plexity (the debate was described by Lenman & Robert, 1992)

While 1n the field setting all kinds of support were used—asking a co-worker,
consulting a manual, help and menus and advisory services—co-workers were clearly
consulted most often This 1s something that 15 not taken into consideration when
computer applications are evaluated 1n laboratory settings Our results on use of suppore
point towards a kind of etror management that extends the view beyond pure soft-
ware ergonomics With respect to the use of co-workers’ advice our results are 1n line
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with Scharer’s (1983) argument that co-worker support 1s most often sought This favours
the concept of local experts or decentralized advisory services In Frese ef 2/ ( 1990)
additional evidence 1s provided that a local advisory service 1s generally more often
consulted and also preferred compared with a centralized advisory service In general, sup-
port 1s considered to be beneficial if 1t 1s quickly available and reduces error handling time
Moreover, training of local advisory boards can improve support (Zapf & Scherubel, 1991)

Another error management strategy 1s to teach people to deal with errors effectively
Several experimentral studies provide evidence that hands-on performance is better and
that emotional frustration 1s reduced by computer training that explicitly confronts the
trainees with error-prone situations—called error management craining (Frese, Brodbeck,
Heinbokel, Mooset, Schleiffenbaum & Thieman, 1991, Greif & Janikowski, 1987, Irmer,
Pfeffer & Frese, 1991)

While these results give some credir to the notion that human—computer 1nteraction
1n che office could profit from a better understanding of the error handling process, there
are clearly some methodological problems in our observational field study The reliability
of error classification should be improved 1n future studies Note, however, that we mostly
took 1nto account those errors chat were consistently reclassified from the written error
descriptions by two raters Furthermore, the tuming of error handling was not exact
because we could not use a stop-watch However, there 1s some credence to our procedures
as they lead to results that are similar to those of computer-driven time taking The
emphasis on ecological validity also poses the well-known trade-off problem berween
unternal validity and external validity, of which ecological validity 1s a subtype (Cook &
Campbell, 1979)

Whule such problems do exist 1n a field study, the advancages should not be averlooked
For example, Card ez 2/ (1983) argued that about 26 per cent of the tume spent perform-
ing their text editing tasks was ‘error time’ Simularly, Shneiderman (1987) quotes an
error rate of up to 53 per cent for the use of commands This appears to be highly exag-
gerated, given normal work tasks and relarively skilled users Our results can be general-
1zed to a wider range of mainly routine tasks and subjects than the results of the
expertmental studies

Furthermore, a similar pattern of frequency distribucion of error types and of error
handling time per error class to the one reported here 1s shown 1n experimental studies by
Zapft et al (1991) Thus the error taxonomy seems to be applicable 1n laboratory settings
as well as 1n field settings

Finally, results also show that error handling time can be perceived as a good 1ndicator
of the difficulties users have 1n dealing with errors once they have occurred Error hand-
ling time 1s sensitive to several aspects of mismatch situations types of errors, use of sup-
port facilities and emotional strain

Realization of the practical importance of the error handling process may lead ro a
reconsideration of how to treat the problem of errors 1n office work with computers We
believe that our theorerical and methodological approach can be of use for investigacing
the computer nser’s difficulties while handling errors—1n the field and in laboratory set-
tungs The concept of error management (Frese & Altmann, 1989, Frese, 1991) advocates
that error handling strategies should be aided by different approaches software design,
traiung and advisory support systems In this area there 15 considerable scope for
Lmprovement

Copyright © 2007, Al Rights Reserved



Error handling in office work with computers 315

Acknowledgements

This article 1s based on the project FAUST (a German acronym for ‘error analysis for the investigation of soft-
ware and training } The project was supported by a grant trom the Work & Technique (Humanization of
Work) Fund of the Ministry of Reseasch and Technology of the Federal Republic of Germany (01 HK 806 7)
(F Brodbeck, M Frese {principal investigator), ¢ Iemer, H Peters (Technischer Uberwachungsverein),
J Prumpcr, D Zapf Special thanks are due to Linda Kershaw and Dave McKellin for their useful comments
on an earlier drafe of this artscle

References

Allwood, € M (1984) Error detection processes 1n statistical problem solving Cognitrve Science 8, 415—
437

Brodbeck, F C (1991) Fehlerbewaltigungsdauer und die Nutzung von Untersturzungsmoglichkewten In
M Frese & D Zapf (Eds), Febler bet der Avbert mat dem Computer Evgebnusse von Beobachtungen und Befragungen
sm Burobevewch, pp 80-94 Bern Huber

Bagnara, S , Stablum, F, Rizzo, A, Fontana, A & Ruo, M (1987) Error Detection and Correction A Study
on HCI i a Hot Strip Mill Production Planning and Control System  Paper presented ar che First
European Meeting on Cognitive Science Approaches ro Process Control, Marcoussis, France, 19-20
Ocrober 1987

Card, $ K, Moran, T P & Newell, A (1983) The Poychology of Human-computer Interaction Hillsdale, NJ
Erlbaum

Cohen, ] (1960) A coefficient of agreement for nominal scales Educatronal and Psychologrial Measuremen: 20,
37-46

Cook, I' D & Campbell, D T (1979) Quasr-expersmentatzon Deizgn and Analysis Lssues Jor Field Settings
Chicago, IL Rand McNally

Fites, P M & Jones, R E (1961) Analysis of factors contnibuting to 460 pilot-error experiences in operat-
ing arcraft controls In W H Sinako (Ed ), Sebected Papers on Human Factors in the Design and Use of Control
Syitems, pp 332-358 New York Dover

Frese, M (1987) The industrial and organizational psychology of human—computer interaction 1n the office
InC. L Cooper & I T Robereson (Eds), Internasional Review of Indnstrial and Organizational Psychology, pp
117-166 Chichester Wiley

Frese, M (1991) Error management ot error prevention Two strategies to deal with erzors 10 software design
In #1 J Bullimger (Ed ), Haman Apets m Computing Dessgn and Use of Interactive Systems and Work wrth
Termnals, pp 776782 Amsterdam Elsevier

Frese, M & Altmann, A {1989) The treacment of errors in Jearning and rraining In L Bainbeidge & A Ruie
Quuntanilla (Eds), Developing Skills with Informatson Technology, pp 65-86 Cluchester Wiley

Frese, M, Brodbeck, ¥ C, Heinbokel, T, Mooser, C , Schleiffenbaum, E & Thieman, P (1991} Errors 1n
training computer skills On che posiuve function of errors Haman Compater Interaction, 6(1), 77-93

Frese, M , Brodbeck, F €., Zapf, D & Prumper, ] (1990) The effects of task structure and social support on
users errors and error handling In D Diaper (Ed ), Human-Computer Interactzon—INTLRACT 90, pp
3541 Amsterdam Elsevier Science

Frese, M , Trmer, C & Prumper, J (1991) Das Konzept Fehlermanagement Fine Strategie des Umgangs mit
Handlungsfehlern in der Mensch-Computer Interaktion In M Frese, Chr Kasten, C Skarpehs & B Zang-
Scheucher (Eds), Soffuwre fur die Arbert von morgen Bilunz und Perspektrven Amuendungsorsentierter T orschung,
pp 241-251 Heidelberg Springer

Frese, M & Sabinu, ] {1985) (Bds), Goal Direted Behavior The Concept of Avtron m Prychology Hillsdale, NJ
Fribaum

Greif, § & Jamkowski, A (1987) Akcives Lernen durch systemanische Ieblerexploration oder program-
mertes Lernen durch Tutorials? Zestschreft fur Avberts- und Organnationspsychologic, 31, 94-99

Hacker, W (1973) Allgemerne Avberts—und Ingenenrspsychologre Berlin VEB Verlag

Hacker, W (1986) Arbeitspsycholegre Bern Huber

Herbrich, M, Frese, M & Prumper, J (1991) Beobachterubereinsnmmung bes der Analyse vun
Benutzerfehlern Manuscripr, University of Munich

Copyright @ 2001. All Rights Reserved



g Des

a5 Trasmn
oH

ter Ergebmiise ¥

Felix € Brodbeck €t al
Fehlcrana';ysen fur d
e

quenzet ki

(Eds}, pabler et Arbert B8 , (P

g1 a Hubet
mmputenzed adm e WOk jaumcd af

316
& Freses Mo
ya

1graes, C. pleffer. s
m M Frest
Ruroberess, PY

Fehleruramns n
Beohachinngen nd Befragund® I
ohanssot AfonssOtts G (1984 Serens €
Occupmzona! Bebaviodt; 71 59-18
Lenmai. & Robett: )~ {1992) b mands chould be
lagury be’ 20 Luczak, & g Cakif & 5 Cakar ;Eds‘;,Pmeedmg
un Work with Dsplay YR ph: 7-E % Pethn Papyms Druck
Mler, & A, Gal B o& Peilorams ZH {196 Plam and the S5 pacture af
Neassel (1976) Cogpiliet and Re 1 Branciscd Freeman
Nermal, (1951} Categorzatet of actioh shps chhv!agtmi Revietds 88, 1-19
A (1980) Cogruve &0 pesting 10 A Normad 5§ W Drapet (Gds)
N} Erlbaur?
qysternd in W Karwowaky (Eds‘:,cfympwer
5 Amsterdarm Tleevier DO 1 Hollaod
X LORE (AT PT-

Mormat
31-61 Hllsdates
ung AnTeTactive
Health. PP
sement PrEET Report B

¥
] OCcup.gtznmxl Safety &t
plarativss Ageeren 1% Inigrakitven Sya
c‘nmk,Floranstr A 630,Gelsenk;fch€n,
ok Technobogr® oy York Basit
ahlesbenbanhmngen oo Beld T8 M Frese
Reokachnie? und Befrazsshits? e Bive

faycias at

ould the unde grang”
1 Susentifi Canferentt

a tions n

andoable and what sh
s of the Thid 1 ppermatned

Behavit LondoD Holt

User ¢ enered SyEr

Germany’?

&P Zapt
bmzcb, junl

1 Accederhs png
Relsghibitat yon

Erpebrsie vant
prISIog dsf-

viees and expetis Some suf

i Lechnology {1 press)
wso Nagional

e, Denmat
i gyster? dest

Wiley

<l 3
y and Human £
uots iretematwm! jammrl of Mar

1 Aboratedies

s prese. M
add Informestit
gn in

Ragrmussen
- puncait &2
York Camb
s

Rasrnussens
1957 Homan E70 Mew
yisciola, M {1987 Huyman et

Jetecrion P
Datanatf 29, 173182

hological 0f $ans and consquences
The Conzeft of Adion [heuty #

Sc'naref,L 1
Gehonpilug: (1983 Goai-dirgcted €
Prese & 1 Sabum {Rdsy
Jogesche Umw\ycbzmgen za¥ Apalyre ¥O7 Spvest avt
Effective merz%amp;s:er nterad 107
ati puman (nformaten processing i
}Lbuisgua! Revietth % 7190
Fraf1on thusts

fed and Antorm
ry APy &

and & gencral theory B!
Jdatabi® que

Llished e

CTTOT\ m

Tter faee Seftuate Redford, ma US
n W Hacker, W
Berlid Treutse

Destgninh Uwer
aon 3¢ FYILe
cal orgAn
Aspeets af

Umave
& MonieTs wpded s for
anonad T funscal Tntorm
3 ]ntmu,hu_al-sequm
nd Monm!wﬂai

jatof g aroh
Agtewn, PP 51
oln Pahl-RngL
Vi pabren 710 1 rm

psre1n

Boatrug 28 Qwhﬁkarmmﬁwzbung
Resth (198’)‘}

Volpert
‘Jo\pert,\ i ,Oestefm\ch, \ ,Krogo't T &
pott R;gf.'fdrmrzmﬁndemnwn (0 det Ar*’:ezhwugk / Verlag '\UV—Rhem‘mnd
1987) Tnde Support il e otrsh HOlLe pr-Watt Umvumy Edmburgh
i Arbmtsan.ﬂy:,t ey de frwares
i
orhiTH with ©

(1991 gressbesopLh®
setshrilt fur Arbeilt- und O#’gamc;ziwrugnjuha ugite 21
Iy ,Brodbeak‘F C, Preste, Pt Prum\uer,j (1992} Eypors 1 W
dauon of 4 Taxonomy for prurs 182 feld serens §pternatlnnd
1 ,‘711:7’;9

ubs.erv;:d ¢

(A8

Copyright © 2001. All Ri
. |

et
sehang,
yoIt men

thee com puat-
{ ]rmr?m! af



Ervor handling in office work with computers 317

Zapf, D, Brodbeck, F C & Prumper, ] (1989} Handlungsorentierce Fehlertaxonomue in der Mensch-
Computer Interaktion Zestschrift fur Arberts- und Organisattonspsychologee, 33, 178-187

Zapf, D, Lang, T & Wirtmann, A (1991) Der Fehlerbewaltigungsproze3 In M Frese & D Zapt (Eds),
Febler ber der Avbest mut dem Computer Evgebnisse von Beobauhtungen nnd Befragungen in Buroberesch, pp 58-80
Bern Huber

Zapt, D, Maier, G W, Rappensperger, G & Irmer, C Error detection, task charactenstics and some conse-
quences for software design Applred Psychology Anm International Review (10 press)

Zapf, D & Scherubl, K (1991) Prakrische Konsequenzen von Fehleranalysen fur die Sofrwareberatung In
M Frese & I Zapf (Eds), Febler bet der Arbeat mat dem Computer Ergebnisse von Beobachtungen und Befragungen
sz Burobererch, pp 175184 Bern Huber

Recerved 25 October 1991, vevssed verszon vecerved 6 November 1992

Copyright @ 2001. All Rights Reserved



