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ABSTRACT

The main objectives of this study were to assess how interruptions affect human-
computer interaction and to use interruptions to conduct representative evaluations of interfaces,
the results of which can be more generalizable to the actual environments in which the interfaces
are used. In order to achieve these objectives, an extensive literature review was first performed.
Following this, a field study was conducted in a hospital recovery room to determine what types
of interruptions nurses encounter as they care for patients. Simulated interruptions were then
designed to match the type of those observed, and incorporated into representative experiments
to evaluate interfaces for two infusion devices. Interruptions disrupted participants while they
programmed both interfaces, although the interfaces designed by human factors principles
seemed to lessen the disruptive effects of the interruptions in some cases. Limitations are

discussed and recommendations are made for further improving the interfaces of both devices.

i




ACKNOWLEDGEMENTS

I would like to sincerely thank my supervisor, Dr. Kim Vicente, for his ongoing support,
guidance, expertise, and kindness throughout this project. Many thanks are also extended to Dr.
Greg Jamieson, and all members of the Cognitive Engineering Laboratory. Pavan Dadlani did a
wonderful job in programming the Visual Basic simulations, and in creating the p-player for data
collection.

I would also like to extend thanks and appreciation to Paula Ferguson, Patient Care
Coordinator of the Post-Anesthetic Care Unit of the Toronto General Hospital, for helping me to
set up the observation sessions for the field study and recruit participants for the field study and
the experiments. The experienced nurses and nursing students who participated in the study are
thanked for their time, effort, and helpful suggestions. I am very grateful for financial support
provided by NSERC, OGS, and a grant from the University of Toronto Connaught Fund.

Above all, I would like to sincerely thank my wonderful husband, Marc Ginsburg, for his
ongoing love, support, sense of humour and compassion, and his nursing expertise and insightful
comments and suggestions. My incredible parents, Sarah and Haron Hillel, have always been
supportive, helpful and encouraging. I am also grateful to Abby and Adam Dwosh and Jon
Hillel for their love and support. Finally, thanks to my loving friends and to Smiley and Snowy

for providing ongoing stress-relief.

it




TABLE OF CONTENTS

INTRODUCTION ...ttt ettt ettt ettt h st e et et e e e e e e e e enteseeteesensesteneeneesensns 1
GENERAL INTERRUPTIONS RESEARCH.......cccocotiiiiiriiiririesecee e e 2
A Taxonomy Of INTEITUPLIONS ...ccviruririiiriiiiioiieit ettt ettt et naeebe et e s e e e saee e 2
Interruptions Experiments with INterfaces........cccooeerieiiiriniieieer e 4
Cognitive Effects of INtEITUPLIONS ......cocueririiiiiieiiiiiere ettt 9
INTERRUPTIONS IN THE NURSING WORKPLACE........ccccootriiiiiiiriintrcrenene e, 13
Nurses’ Perceptions of INTEITUPLIONS .....ccvevcvirierriiiieiieeieeieiteeeesreereesneenseesseesesneesnseessesnneses 13
Types and Frequency of INterruptions .........c.coiieiiiiiiriniiicreceececeseeeerese e e 15

DESIGNING INTERFACES TO DEAL WITH INTERRUPTIONS & CONDUCTING

REPRESENTATIVE EVALUATIONS ..ottt ettt et 19
FIELD STUDY ettt ettt ettt st st st st ssaesane et esneeeteseesenesebeenesanenas 23
LLOCALION 1.ttt ettt ettt ettt et et sat et e bt e seee bt e bt e s heesatesaeesare st e e ne e ne e eneenterens 23
PartICIPANTS. ....viieiiiiie ittt sttt e ettt et et s beestaeesteeesseesseeaessa e s saessnreasbnens st e e bt eeabeeesabaenbeanee 23
IMEBEROQ ...ttt et ettt e bt e b e e e e e bt e b e e enne e e areeebeeenes 24
RESULES .. eitiiee ittt ettt e e e st et e et e e e bttt e s b ae e eeb e e e n e et serae e senes 25
DDISCUSSION ..cvteitietieetierttete et st st see et e bt e teeesebesen e ebe e et s bt et b e sbe et s e s beeabseseneetse srseenssrnsonassnessaes 26
COMCIUSIONS ...ttt sttt ettt ettt ettt e ettt sbteebeesatesateeabeeabessteembeeabeentnenesesenenseaneean 27
INTERFACE EXPERIMENTS ...ttt ettt ettt et e sen e b cbe e bt a s ebe e 28
HY PO NESIS. ..o iviiiiitiiteerte ettt st e se et e st e et e st e e st e sneesneesre e sare e e nnaeneaa e 28
PaATTICIPANTS. ..ceveiiiiiiieee ettt ee s s e s st e s e e e s e e e s s araaa e e s srarar bt e s e s babee s 29
IMALETIALS ...eveeeeiiiiieeiite ettt ettt e aer e et e st e e st e e s e bt e e sebbe e e s seb b e e een e e e nneaeesaateseaas 29
EXperimental DESINS .....c.coeeecririiiieriiiii ittt sttt st sttt st e 32
PIOCEAULE ....oeiiiiiiiiieiiie ittt et e et e ettt e s s b et e e eb e e s at e e sbees s s nanss s nuaasesabesssanes 33
Performance IMEASUIES ........cevuiiitieiieniieiie ettt ae s e e sbee s srae e san e saeasenasebbaens 37




STAtISTICAL ANALYSIS . ..vieveieiereeeterire ettt st ettt e r e st e st ereesneeseereesreetb s reebssrerenre s 38

Results and Discussion (EXperiment 1) ......c.coovirieiiiiiiienieieeieenteee et e 38
Results and Discussion (EXPETimeEnt 2) ......ccvevcvieruiirieerneerreenreeenieeenieeesneersrsesisiosinssensesenneenns 45
Results and Discussion (EXPEriment 3) ......coccceiierriiiirireneieieieeiiniies e nneesne e etnseennne e saeens 53
GENETAl DISCUSSION ....viuvevreeeiietenieiieterteat et et ns et ebeebt sttt esaeseersere s b e st e st st s bt e s e s esseasebssbeeasasasbere s 61
CONCLUSION......octititieteeieereeeetertettstete e st e e sesseaestsseesessasse e e s erssbesbessesrssassa st arseasereeseeanasansases 67
LAINIEALIONS 1.vevvveieteaieieees ettt ettt ettt et b e eae b e e b b s s erb et e s s e e etaas s e b e e s s absases b e b es b s ee 68
ReCOMMENAALIONS . ..cuviviiieiieiieriieitecrit ettt ettt st e b b e s b s b e s s s 68
REFERENCES ...ttt ettt sttt ettt sn s s r st s s et s bt s bbb 71
N = 3 211 5 ) G 78
AP PENDIX 2.ttt e e e e e 80
PN 32 D1 D) B G T 86
PN 233 21 D) B S 88
AP PENDIX 5.ttt ittt e e e s 90
APPENDIX 6. ..ottt ettt et e et et e et e 92
AP PEN DX 7.ttt e et e e e 93
APPENDIX 8. ..ttt ettt et ettt et e e e e e s 95




LIST OF TABLES

Table 1. Taxonomy of human interruption.

Table 2. Type and frequency of interruptions observed in the field study.

Table 3. Errors committed by novice participants on the old PCA interface.

Table 4. Errors committed by novice participants on the new PCA interface.
Table 5. Errors committed by novice participants on the old EPCA interface.
Table 6. Errors committed by novice participants on the new EPCA interface.
Table 7. Errors committed by experienced participants on the old PCA interface.
Table 8. Errors committed by experienced participants on the new PCA interface.
Table 9. Errors committed by experienced participants on the old EPCA interface.

Table 10. Errors committed by experienced participants on the new EPCA interface.

vi




LIST OF FIGURES

Figure 1. A generic interruption.

Figure 2. Number of times interruption task observed.

Figure 3a. Screen shot of the old PCA interface.

Figure 3b. Screen shot of the new PCA interface.

Figure 3c. Screen shot of the old EPCA interface.

Figure 3d. Screen shot of the new EPCA interface.

Figure 3e. Screen shot of the p-player software tool.

Figure 4. Effect of interface on programming time for novice PCA users.

Figure 5. Effect of interruptions on programming time for novice PCA users.

Figure 6a. Interface*Interruption interaction for novice PCA users.

Figure 6b. Another representation of the Interface*Interruption interaction for novice PCA users.
Figure 7. Main effect of interface on workload for novice users of the PCA device.

Figure 8. Main effect of interruptions on workload for novice users of the PCA device.

Figure 9. Main effect of interruptions on programming time for novice EPCA users.

Figure 10. Interface*Mode*Interruption interaction for novice EPCA users (continuous+bolus).
Figure 11. Interface*Mode*Interruption interaction for novice EPCA users (continuous only).
Figure 12. Interface*Mode*Interruption interaction for novice EPCA users (bolus only).

Figure 13. Main effect of interruptions on workload for novice users of the EPCA device.

Figure 14. Device*Interface interaction for experienced nurses.
Figure 15. Main effect of interruptions on programming time for experienced nurses.

Figure 16. Main effect of interruptions on workload for experienced nurses.

vii




LIST OF APPENDICES

Appendix 1: Informed consent form used in the field study.

Appendix 2: Doctor’s order sheets used in the interface experiments.

Appendix 3: Information sheet used in the interface experiments.

Appendix 4: Informed consent form used in the interface experiments.

Appendix 5: Demographics questionnaire used in the interface experiments.
Appendix 6: NASA-TLX questionnaire instructions used in the interface experiments.
Appendix 7: Interruption chart questions used in the interface experiments.

Appendix 8: NASA-TLX questionnaire used in the interface experiments.

viiil




INTRODUCTION

When designing and evaluating human-computer interfaces, it is very important to adhere
to human factors principles, to ensure that systems are safe, easy to use, and efficient
(ANSI/AAMLI, 2001). One essential human factors principle is to minimize the load on the
user’s memory (Lin, Isla, Doniz, Harkness, Vicente, and Doyle, 1998; Lin, Vicente, and Doyle,
2001; Baker, 2000). This feature of an interface is especially important in systems that are
operated under complex working conditions, where a user’s attention may be devoted to multiple
tasks at once, and/or where a user is interrupted from performing a task and then resumes the
task at a later time. An example of a complex work environment is the nursing workplace in a
hospital. Interruptions occur frequently, drawing a nurse’s attention away from a task, such as
programming an infusion device for medication administration. If the device interface is poorly
designed, putting an excessive load on a user’s memory, then interruptions may result in
programming errors that can severely compromise patient safety.

The purpose of this study is four-fold: (1) to explore the effects of interruptions on
performance in human-computer interaction, (2) to explore the impact of interruptions on
medical error and patient safety in the realm of nursing, (3) to gain insights into how to conduct
interruptions experiments to evaluate interfaces representatively, and (4) to determine if medical
errors can be reduced by designing human-computer interfaces for medical devices to help users
deal with interruptions and reduce their disruptive effects. As a test-bed, redesigned interfaces

for two patient-controlled analgesia pumps were used in the experiments.




GENERAL INTERRUPTIONS RESEARCH

The purpose of this section is to investigate general research that has been conducted in
the field of interruptions and human performance, to gain insights into how to design and
conduct interruptions experiments, and into why interruptions are disruptive. Much work has
been done in this area. This work mainly consists of: (1) the development of a taxonomy for
human interruption, (2) the conducting of experiments to determine the effects of interruptions
on user performance of ongoing tasks, and (3) the conducting of experiments to determine the

factors that influence the disruptive effects of interruptions.

A Taxonomy of Interruptions

A few researchers have attempted to define interruptions and establish a taxonomy that
describes the different issues surrounding interruptions. This section outlines their findings. A
general definition/classification of interruptions may make it easier to generalize research
findings across different work domains.

McFarlane (1997, 1998, 1999) studied how and when computers doing automated tasks
for people can interrupt users from other tasks when feedback is required. He defined human
interruption as “the process of coordinating abrupt change in people’s activities” (McFarlane
1997, p. 67). This abrupt change can involve a change in cognition, perception, or physical
action. A more in-depth definition was developed by Latorella (1996): an interruption is an
additional task that competes for a limited resource and redefines what is currently in active
memory.

McFarlane (1997, 1998, 1999) developed a taxonomy of human interruption, as a tool for
answering interruptions research questions. The taxonomy, summarized in Table 1, lists eight
dimensions of human interruption. Manipulating each dimension, as discussed in the next

section, can influence the disruptive effects of interruptions.
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Table 1. Summary of McFarlane’s (1997) taxonomy of human interruption.

Dimension of Interruption

Example of Dimension

Source of interruption

Self; another person; computer

Individual characteristic of
person receiving
interruption

Limitations of: perceptual processors, cognitive processors,
motor processors, memory, focus of consciousness,
processing streams; willingness and ability to be interrupted

Method of coordination

Immediate (the person must leave current task to attend to
interruption); negotiated (the interruption is announced to the
person, and then the person decides when to attend to it);
mediated (the interruption is announced to the person’s
personal digital assistant (or another third party), which
determines when the best time is to interrupt the person);
scheduled (the person is interrupted during prearranged times
only)

Meaning of Interruption

Alert; stop; divert attention (task-switching); distribute
attention (task-sharing); remind; communicate information

Method of expression

Physical (i.e., verbal); type (i.e., by purpose)

Channel of conveyance

Face-to-face; mediated by a person; mediated by a machine

Human activity changed by
interruption

Conscious or subconscious; individual activities; joint
activities

Effect of interruption

Change in activity; change in memory; change in awareness;
change in focus of attention; loss of control over activity

Figure 1 illustrates the features of a generic interruption that requires task-switching

(adapted from Trafton, Altmann, Brock, and Mintz, 2003). First, a person is alerted to an

interruption. There may be an interruption lag in which the person tries to come to a logical

break in the primary task before switching tasks. This lag may not be substantial in safety

critical environments in which immediate attention to the interruption is necessary. The person’s

attention then switches to the interruption task (which might be determined in experiments when

the person makes the first action/decision on the interruption task). Following completion of the

interruption task, there is usually a reorientation time in which the person tries to remember

where he/she left off in the primary task.

Begin Interruption Begin Resume
Primary  Alert Interruption Interruption Primary
Task Task Task
Interruption Reorientation
Lag Time

Figure 1. A Generic Interruption (not to scale).




Interruptions Experiments with Interfaces

Several researchers have performed interruptions experiments, usually to evaluate an
interface and/or to determine the best time to interrupt a person. Several experiments are
reviewed here. The methods used for interrupting users and the types of interruptions presented
to users are focused on here, to gain insights into how to conduct interruptions experiments.

Cutrell, Czerwinski, and Horvitz (2001) conducted an interruptions experiment using
database searches. Participants were asked to search through a list of book titles to find a
particular book, after being given either the word title of the book (little cognitive demand
required for this task), or the gist of the book (higher cognitive demand required for this task).
Participants were allowed to ask for a reminder if the title or gist were forgotten. Two search
methods were employed: one with a marker highlighting the title in the list that the user was
looking at, and one with no marker. A simple math problem was presented as the interruption by
an instant message notification, at a pseudo-random point during the search task, depending on
the participant’s place in the list. The main findings were that:

e performance was significantly slower in interrupted trials than non-interrupted trials,

e it took longer for participants to switch to the interruption task in gist trials than title
trials, indicating that they were trying to create mental cues as to their place in the book
list, and

e reminders were requested significantly more often in interrupted gist trials than non-
interrupted gist trials, in gist trials than title trials, and in trials where the participant was
interrupted earlier on in the search task.

Being interrupted early on in a task was even more detrimental to performance, as the
task had been in the participants’ short-term memory for only a minimal amount of time.

Interestingly, the presence of a marker did not benefit participants in interrupted trials. This is




likely due to the fact that it provided no memory assistance in terms of the task that the
participant was performing (i.e., which book to search for).

In an earlier study, Field (1987) investigated the effects of two types of interruptions on a
database navigation task, where participants had to use the database to find answers to a set of
questions. One interruption required participants to complete a numeric sequence, and the other
was to search through a group of texts to find the title of a book. Both interruption tasks were
presented after a predetermined sequence of screens in the primary task had been completed
(pseudo-random timing). In the continuous task, participants were allowed to either return to any
previously selected screen or return only to the last screen viewed. Field found that the
interruptions had an effect on task completion. When participants were allowed to return to any
previous screen, they performed better in terms of active search time, and the disruptive effects
of interruptions were lessened as they were more certain of their place within the database.

A unique realistic interruptions study investigated the extent to which interruptions
disrupt a pilot’s activity on a simulated flightdeck (Latorella, 1996), a work domain in which
disruptive effects of interruptions can prove fatal. Interruptions were air traffic control
clearances that were systematically inserted into the various tasks that the participants had to
perform. Interruptions increased post-interruption performance error rates. Interestingly,
interruptions seemed to slightly speed up performance time, suggesting that participants adopted
a compensatory strategy to work faster after an interruption, knowing that they had time
constraints. This in turn could explain increased error rates after an interruption. It would be
important to perform additional experiments that could determine whether errors resulted from
compensatory strategies or from disruptions to a participant’s memory, since other studies have
shown, in contrast, that interruptions increase performance times of primary tasks, as well as
error rates (Eyrolle and Cellier, 1992, 2000; McFarlane, 1999; Field,1987). Burmistrov and

Leonova (2003) maintain that interruptions may not affect performance time on simple tasks, and
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Zijlstra, Roe, Leonora, and, Krediet (1999) believe that people can actually over-compensate the
potential performance decline, thereby performing faster on the primary task and sometimes even
maintaining the same level of quality, although usually at the expense of greater psychological
costs. Trafton et al. (2003) observed that participants who were forced to attend to an
interruption immediately were able to adapt and eventually improved their ability to resume the
primary task to the extent that they resumed as quickly as participants who were given an
interruption lag.

One of the earliest studies on interruptions compared the effects of interruptions on two
different calculator interfaces (Kreifeld and McCarthy, 1981). One-minute interruptions
requiring participants to write down multiplication tables were presented during the regular
calculation tasks. Interestingly, no significant differences were found between the two interfaces
during uninterrupted trials, yet during interrupted trials, one interface resulted in longer task
completion times than the other interface. The reason that one interface resulted in poorer
performance could be due to the fact that it placed more memory stress on the user, as well as
having an unconventional layout of digits. More errors were also committed in interrupted trials
with this interface, although not significantly.

Several studies have investigated the influence of interruption task similarity, length, and
complexity on the disruptive effects of interruptions (Eyrolle and Cellier, 1992, 2000; Gillie and
Broadbent, 1989; Edwards and Gronlund, 1998; Latorella, 1996, Storch, 1992; Bailey, Konstan
and Carlis, 2000). A study by Gillie and Broadbent (1989) used a game task that involved
memorizing a list of items and then moving to locations in the game that would supply those
items. Various interruptions were presented, to study the effects of interruption length, similarity
to the main task, and complexity on performance of the main task. Accordingly, interruptions

included:




e 30 seconds of simple mental arithmetic,

e 2.75 minutes of simple mental arithmetic,

e free recall, where participants repeated each word out loud as it was presented by the
computer (similar to the primary task), with no delay between the start of the interruption
and the first word to prevent participants from rehearsing their place in the main task, and

e decoding letters to numbers to perform a simple mental arithmetic problem, with
participants being allowed to decide when to perform the interruption task.

The main findings were as follows: the length of an interruption and the point at which the
interruption was performed did not significantly influence the disruptive effects of an
interruption, and the similarity of the interruption to the primary task and the complexity of the
interruption in terms of the cognitive demands it required did influence disruptiveness. The
finding of interruption timing contradicts that of McFarlane (1999), described next.

McFarlane (1999) used a game task (catching falling cartoon characters by moving
stretcher bearers) and an interruption graphical matching task (requiring a short focus of
attention) to simulate each method of coordination that is described in his taxonomy (see Table
1). The graphic nature of the matching task was chosen to correspond to the graphical nature of
the primary game task, for task similarity. He used all four methods of interruption coordination
in this experiment:

e immediate (the matching task appeared, completely obscuring the view of the game task,
and required completion before the game task reappeared),

e negotiated (the interruption was announced with a few brief flashes and then the game
resumed, and participants decided when to begin the matching task),

e mediated (the participant’s mental workload was dynamically calculated, and

interruptions were presented when the workload was low), and




e scheduled (interruptions were presented at a prearranged schedule of once every 25
seconds).

It was found that performance was affected by the method used for coordinating interruptions,
but there was no one best method for all performance measures. For example, the immediate
method showed the worst performance in terms of accuracy, but the best performance in terms of
completeness, on the interruption-matching task. The negotiated method showed the best
performance in terms of accuracy on the continuous task, whereas the pre-scheduled method
showed the worst. Mediation did not appear to significantly improve performance for any
measure, although this may be indicative of the type of task performed.

Other researchers have also studied the timing of interruptions, and how a warning can
allow a person to anticipate an interruption (Nagata, 2003; Hodgetts and Jones, 2003; Franke,
Daniels and McFarlane, 2002; Miller, 2002; Trafton et al., 2003; Monk, Boehm-Davis and
Trafton, 2002; Diez, Boehm-Davis and Holt, 2002; Horvitz, Jacobs, and Hovel, 1999).
Warnings essentially create an interruption lag (see Figure 1), and results of these studies have
shown that an interruption lag can reduce the disruptive effects of interruptions, primarily by
reducing reorientation time to the primary task after the interruption task is completed and
thereby reducing overall performance time of the primary task. Interruption lags in these studies
allowed participants to either finish what they were working on before attending to the
interruption, or encode retrieval cues to allow for better task resumption following the
interruption. Most of these studies have focused on computerized work, where an automated
computerized system must intermittently interrupt a user for input, while the user is focused on
other tasks. However, it is important to note that in safety critical environments, such as a
hospital, it may not be possible for health care workers to anticipate interruptions and have a

substantial interruption lag.




Cognitive Effects of Interruptions

Numerous studies, including the ones outlined in the previous section, have investigated
the disruptive effects of interruptions. It is well known that interruptions affect behaviour.
These effects are related to limitations in a person’s cognitive abilities to work during
interruptions. Although people can execute several cognitive processes at once, their
performance of a thought or action with complete control and consciousness is limited to only
one at a time (McFarlane, 1997, 1998, 1999). Pecople can, however, attempt to divide
consciousness between multiple processing streams to perform multiple tasks (McFarlane, 1997).
According to Oulasvirta and Saariluoma (2004), in the case of task-switching, information must
be saved into long-term working memory before the switch occurs, if the interrupted task is to be
resumed at a later time. They believe that interruptions requiring immediate attention can disrupt
this transfer of information from short-term working memory to long-term working memory
(also termed semantic elaboration), and hence have detrimental effects on performance of the
interrupted task once it is resumed. They also believe that task similarity is more detrimental
than when the interrupting and primary tasks are dissimilar because semantic similarity of the
interrupting task retroactively interferes with the retrieval of information from long-term working
memory when the primary task is resumed. These explanations support the idea that both
interruption lag and retrieval cues should help reorientation to the primary task. In fact,
researchers have shown that in the case that interruptions increase task completion time, it is the
reorientation time that is responsible for this overall increase (Burmistrov and Leonova, 1997,
2003). Obviously, allowing individuals to come to a logical cognitive break in their primary task
before having to attend to an interruption would decrease the disruptive effects of the
interruption as well as the anxiety and annoyance they experience (Bailey et al., 2001), but in

safety critical environments such as the nursing workplace, this would likely not be possible.
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Even if users are allowed to rehearse their position in the main task before attending to an
interruption, however, interruptions, even if very short, are still disruptive (Gillie and Broadbent,
1989). Thus, it is imperative for interfaces to reduce the negative effect of interruptions, and to
decrease the load on the user’s memory. Also, interruptions that occur early in a task (such as
searching through a list) have a larger effect on a user forgetting a primary task goal than
interruptions that occur later on (Cutrell et al., 2001). This may be because the primary task goal
will have been in the user’s memory for a shorter amount of time. In addition, the effects of
interruptions are influenced by training and expertise, but training in the primary task without
interruptions does not reduce disruptive effects when interruptions are actually experienced
(Cutrell et al., 2001). Thus, users who are familiar with interruptive workplaces will develop
coping strategies.

In developing a theory of how people remember their goals or the states of the world they
want to achieve, Altmann and Trafton (2002) theorized that events during the “interruption lag”,
defined as the time between the onset of the alert to the interruption (i.e., the phone ringing) and
the onset of the interruption itself (i.e., the conversation), are critical to the ability of a person to
resume a goal after an interruption. This ability to resume a goal depends on mental or
environmental cues to the goal that are developed during the interruption lag and are present at
the resumption of the task. Furthermore, these cues must be of a “means-ends” nature, that is, be
obvious and prime the memory of the person for the goal and not for other interfering tasks or
distractions. The better a person can remember how far he/she has progressed toward achieving
a goal, the more likely he/she is to accurately and efficiently resume the task, without committing
potentially harmful errors. Edwards and Gronlund (1998) also found that people need
associative connections between task components that can result in a mental representation of the
task, to facilitate memory recall of the position in the task after an interruption occurs. Altmann

and Trafton (2002) recommend that operators be taught how to search for appropriate cues and
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associate them with the goal that is being interrupted. However, this active searching for cues
before attending to an interruption would likely place further cognitive demands on the operator.
Thus, it would be more beneficial to design user interfaces that readily provide these cues.
There are two main classes of interfuptions: those involving task-switching (where users
are required to leave a primary task and resume it after an interruption), and task-sharing, or
multitasking (where users perform multiple tasks at once) (Eyrolle and Cellier, 1992). Eyrolle
and Cellier (1992) found that more errors, including intrusions, confusions, and omissions,
occurred when tasks were switched. This is likely due to short term memory loss of the primary
task, as opposed to task-sharing where the primary task is still being performed, yet may take
longer to complete. Pawlak and Vicente (1996) used verbal and spatial secondary tasks to
determine which type of cognitive processes were utilized by the primary task. For example, if
the task utilized spatial resources, then performance would likely decrease with the addition of a
secondary spatial task. This would seem likely, as interruption similarity to the primary task
influences the cognitive disruptive effects (Eyrolle and Cellier, 1992, 2000; Edwards and
Gronlund, 1998). This implies that interfaces could be designed to utilize only one of these
resources, and thus free-up others to better handle interruptions. The findings from this study
would also be important in designing interruptions experiments for interface evaluation, where
the simulated interruptions must accurately represent those encountered in the actual workplace
for the results to be generalizable. If it is known what cognitive resources are utilized by the
interruptions encountered by actual interface users, it may be possible to design simulated
interruptions that utilize the same resources, and thus have the same cognitive effects. Results
from a laboratory setting can be better generalized to the actual work environment in which

devices are used if test conditions represent the realistic environment (Kaye and Crowley, 2002).
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One such work environment in which these results may be applicable and useful is the
nursing workplace, a safety critical environment in which interruptions are a major concern. To
our knowledge, no one has previously looked at whether or not human-computer interface design
can mitigate the disruptive effects of interruptions in the nursing workplace. The next section
presents a literature review that was conducted to determine what is known about the

interruptions that nurses face while they care for patients.




INTERRUPTIONS IN THE NURSING WORKPLACE

This section presents a literature review of the research that has been conducted about
nurses’ working conditions. Studies and their findings into the effects of interruptions on nurses
are first described, followed by studies and their findings of the types and frequency of

iterruptions encountered by nurses.

Nurses’ Perceptions of Interruptions

According to the National Academy of Sciences, human medical error accounts for
44,000-98,000 preventable deaths per year in hospitals in the United States (Kohn, Corrigan, and
Donaldson, 2000). Medication administration is a primary role of nurses, and can occupy nearly
one-third of their time (Wakefield B.J., Wakefield D.S., Uden-Holman, and Blegen, 1998;
Gladstone, 1995; Segatore, Miller, and Webber, 1994). However, medication errors, defined as
events that could have led to, or did lead to, an undesirable outcome, such as increased hospital
stay, permanent disability, or death (Cooper, Newbower, Long, and McPeek, 1978), are
prevalent and a leading threat to patient safety (Lin et al., 1998, 2001; Gladstone, 1995).
Segatore et al. (1994) cited a study that estimated that the medication error rate in hospitals is
one error per patient per day. One type of error is an error in dosage, where a patient receives a
dose greater or less than a predetermined amount, such as that ordered by a physician. It has
been estimated that 13% to 18% of all medications administered are of the wrong dosage, and
that medication errors are vastly underreported (Walters, 1992). In Gladstone’s (1995) survey of
incident reports, over 50% of errors were dose-related, and most commonly of an incorrect
infusion rate (17.7%). The intravenous route was involved in 32.9% of errors, and infusion
devices were involved in 50% of these incidents. One study (Vicente, Kada-Bekhaled, Hillel,
Cassano, and Orser, 2003) found that 65-667 deaths may have occurred in the United States from

1988-2000 due to programming errors associated with a single type of intravenous patient-
13
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controlled analgesia pump. Other researchers have also looked at programming errors associated
with infusion pumps (Flynn, Mohr, and Lawlor-Klean, 2003; ECRI, 2002). Medication errors
can also include: wrong route, wrong rate, omission, incorrect time, mistaken patient, and
incorrect drug (O’Shea, 1999; Gladstone, 1995).

Numerous studies have been conducted to determine the causes of medication errors
(Segatore et al., 1994; Davis, 1990, 1994; Gladstone, 1995; Walters, 1992; Cooper et al., 1978;
Williams, 1996; Wakefield et al., 1998; O’Shea, 1999; Lin et al., 1998, 2001; McConnell, 1998;
Biordi, 1993; O’Brien-Pallas, Thomson, Alksnis, and Bruce, 2001; McGillis Hall and Doran,
2001; Blegen, Goode, and Reed, 1998; Nicklin and McVeety, 2002; Blendon DesRoches,
Brodie, Benson, Rosen, Schneider, Altman, Zapert, Herrmann, and Steffenson, 2002; Levy,
Gopher and Donchin, 2002; Flynn, Dorris, Holman, Carnahan, and Barker, 2002). A number of
these researchers interviewed and surveyed nurses themselves to find out their perceptions of
why medication errors occur. Results showed interruptions and distractions as a main cause of
medication errors. Walters (1992) reported that 41.6% of the nurses surveyed cited frequent
interruptions as one of the three most likely causes of error, along with delay in receiving
medication from the pharmacy, and RN busyness. Gladstone (1995) also reported that nurses
perceived distractions by other patients/events on the ward as one of the three most likely reasons
for drug error, next to incorrect patient, and poor handwriting. In Wakefield et al.’s (1998)
survey, being interrupted from administering medication to perform other duties was ranked as
the highest cause of medication error.

These results are not surprising, as nurses work in a chaotic environment where their
attention is often divided between many tasks, and can be vied for by other nurses or patients at
any time (Davis, 1994; Wakefield et al., 1998). Other perceived causes of medication error
included inadequate mathematical skills (O’Shea, 1999), lack of knowledge (McConnell, 1998),

poor handwriting (Williams, 1996; Gladstone, 1995), ineffective drug labels (Davis, 1990), and
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equipment design and non-adherence to human factors design principles (Cooper et al., 1978;
Lin et al., 1998, 2001).

It is obvious that hospital nurses in many departments view interruptions as a significant
problem and one of the main contributing factors to medication errors, which can seriously
jeopardize patient safety. Similar findings of interruptions causing errors are also found in other
complex work domains (see previous sections). Interestingly, the studies described in this
section did not attempt to classify the way in which interruptions occur or the types of
interruptions, or to quantify how often these interruptions take place in the nursing workplace. It
is important to know this information to design and test interfaces for devices that are used in the
interruptive nursing workplace, as interfaces can potentially be designed to minimize the
negative effects of interruptions and reduce errors (Kreifeld and McCarthy, 1981; McFarlane,

1997).

Types and Frequency of Interruptions

Literature on the types and frequency of interruptions encountered in the medical domain
is minimal. The main studies that could be found focused on interruptions experienced by:
physicians and nurses in a hospital general medical ward (Coiera and Tombs, 1998), physicians
in a hospital emergency department (Chisholm, Collison, Nelson, and Cordell, 2000), and nurses
in a general medical office (Paxton, Heaney, Howie, and Porter, 1996). This section briefly
describes the methods used and results obtained in these three studies.

By performing observations, keeping logs and descriptions of interrupting events, and
recording participants’ speech, Coiera and Tombs (1998) studied how eight physicians and two
nurses in a British hospital were interrupted as they performed their daily duties over
approximately four months. Three types of interruptions were identified: interruptions involving

calls over the telephone, interruptions involving calls over the hospital paging system, and face-
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to-face conversations. An average of one phone call or page every 18.5 minutes was observed.
A participant was successfully contacted in 74% of the call events that were observed. The
majority of participants generated and received many interruptions of all three types.

At the conclusion of their study, Coiera and Tombs (1998) suggested several strategies
for improving communication methods in hospitals to reduce interruptions. Such strategies
include voicemail and email with acknowledgement, message screening, and mobile
communication. A common characteristic between these methods is that they are asynchronous
forms of communication, enabling the receiver to reply to the sender when it is convenient.
Interestingly, however, they found that medical staff, including nurses, generated twice as many
interruptions via the telephone and paging systems as they received, and often favoured
interruptive methods of communication over less interruptive methods. This shows that
interruptions in a hospital setting are an effective and necessary means of communication, and
are inevitable when patients are being treated and information, such as patient details and
answers to questions about diagnoses and treatments, is required promptly. Thus, developing
strategies to minimize interruptions themselves will likely not be sufficient enough to improve
patient safety on the whole. Rather, it may also be necessary to minimize the disruptive effects
of interruptions, such as memory loss and attention diversion, which lead to errors.

A similar method was employed by Chisholm et al. (2000) to study the types and
frequency of interruptions of thirty physicians in an emergency department, where it is estimated
that 93% of medical errors may be preventable. Participants were observed and tasks,
interruptions, and breaks-in-tasks were recorded. Interruptions were defined as events that
briefly occupied the attention of the participant, but did not require the participant to switch to
new tasks. Breaks-in-tasks were defined as events that required the participant’s attention for
greater than ten minutes, and hence resulted in changing tasks. It follows from these definitions

that an interruption may or may not result in a break-in-task. It is important to classify
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Interruptions, as different types will affect people differently, and be disruptive to different
degrees (Horvitz et al., 1999). As was the case with the general medical staff in the study
performed by Coiera and Tombs (1998), it was observed that interruptions are an inevitable
working condition in emergency departments, as patient visits are unscheduled, certain medical
conditions demand the immediate attention of certain emergency physicians, drawing their
attention away from other tasks including attending to other patients, and physicians often need
to answer questions regarding other patients while they are performing tasks.

In this study, eight main tasks of emergency physicians were observed: patient care,
viewing test results, charting, teaching, listening to reports about patients, talking with other
physicians about patients, giving orders, and personal breaks. It was observed that an average of
30.9+9.7 mterruptions and 20.7£6.3 breaks-in-task occurred per 180-minute observational
period. A rough calculation shows that this is approximately three times the number of
interruptions that occurred in the general medical ward in Coiera and Tombs’ (1998) study,
indicating that emergency rooms are even more interruptive workplaces than general wards.
Participants performed an average of 67.6+15.7 tasks per period.

The final major study that could be found in the literature, related to the types and
frequency of interruptions, involved nurses recording information about interruptions that they
encountered during patient consultations in a medical office (Paxton et al., 1996). In this case,
an interruption was defined as any event that disturbed the nurse’s work or caused a distraction.
The study was performed in two stages, the first with 34 nurses, who reported 48.5 interruptions
occurring per 100 consultations, and the second, one year later, with 33 nurses reporting that 30.2
interruptions occurred per 100 consultations. A new GP contract was instated during that year,
which could have led to a change in workload for the nurses, decreasing the number of

interruptions experienced. The nurses felt that GPs caused most of the interruptions, and that
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most interruptions involved some form of listening, which was distracting. The researchers also
surveyed the patients themselves, who found the interruptions intrusive as well.

It has been demonstrated, through a review of the literature, that interruptions are a
significant problem and are a cause of medical error, especially in medication administration via
infusion pumps, such as patient-controlled analgesia devices. Such devices are programmed
everyday by nurses in hospital recovery rooms. Lin et al. (1998, 2001) and Ford and Rollinson
(2001) have demonstrated that programming errors can be significantly reduced when interfaces
for patient-controlled analgesia devices are designed using human factors principles, but to our
knowledge no one has investigated the ability of such an interface to reduce the disruptive effects
of interruptions. Therefore, similar methods to the ones described in this section (observations
and interviews) can be used to study the types and frequency of interruptions that occur in the
hospital recovery room, when nurses are programming patient-controlled analgesia devices.
Then the work of Lin et al. (1998, 2001) and Ford and Rollinson (2001) can be extended to test

their redesigned interfaces under more representative conditions.




DESIGNING INTERFACES TO DEAL WITH INTERRUPTIONS &

CONDUCTING REPRESENTATIVE EVALUATIONS

McFarlane (1997) said it best: “The effects of user-interruption in HCI are directly related
to the particular design chosen for the user interface of the system. The design of the user
interface directly affects the states of dimensions of the interruption process and, therefore,
causally affects the results of interrupting the user” (p. 67).

Segatore et al. (1994) suggest that nurses should learn how to effectively manage
distractions, starting in school. In addition to this, the devices nurses use should assist them in
managing interruptions and distractions, and in doing so reduce the medication errors made.
McConnell (1998) found that less than half of the articles published in the nursing literature
pertaining to common medical devices that nurses use discuss how to respond to alarms, device
hazards, common user errors, and malfunctions. This problem is amplified by poor device
design to begin with. Lin et al. (1998, 2001) redesigned a specific user interface for a patient-
controlled analgesia (PCA) device according to human factors principles. They tested the new
and old interfaces with both nursing students and experienced nurses, and found that for both
groups, fewer errors were made and performance was faster with the new interface than with the
old. Similarly, Ford and Rollinson (2001) redesigned the user interface for an epidural patient-
controlled analgesia device (EPCA) and tested the new interface with nursing students. They
also found that errors and programming time were reduced for the new interface versus the old,
commercially available one. However, these experiments were not conducted under completely
realistic conditions, such as with interruptions. Design flaws or inefficiencies may be further
expounded when interruptions occur. That is, if an interface is complicated, confusing, and non-
transparent to begin with, even more errors may be made when interruptions occur. Thus, it is

important to assess the effectiveness of the redesigned interfaces for the PCA and EPCA devices
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under interruptive conditions, to see if features of these new interfaces decrease the load on the
nurse’s memory to remember where he/she was in the programming task before the interruption
occurred.

To prevent user error, human-computer interfaces should be designed such that they
minimize the negative effects of interruptions (McFarlane and Latorella, 2002). That is, they
must be iteratively designed and evaluated with the user and his/her workplace conditions in
mind, and tested under representative conditions, simulating the types and frequency of
Interruptions that actually occur. By doing this, as well as by adhering to other human factors
principles, the disruptive effects of interruptions may be reduced. To our knowledge, there is
only one other study in the literature that has evaluated the usability of intravenous infusion (IV)
pumps under distractive conditions. Wiklund, Smith and Baker (2002) conducted a usability
comparison of three IV pumps in an intensive care unit simulator with seventeen experienced
nurses. Ambient distractions included conversation, ringing telephone, intercom announcements,
staff entering and leaving, and noise generated by medical devices. Task-specific distractions
included telephone calls from physicians to the participants, alarms emitted by the simulated
patient’s monitor and a power failure. These distractions increased the nurses’ sensory and
cognitive demand. The authors also performed the same study in a usability laboratory under
static conditions and compared the results. They concluded that a more representative test
environment enabled better identification of user errors due to a more realistic and higher
cognitive demand, whereas a more static environment allowed participants to focus more on the
pumps and hence directly reveal usability issues. Therefore, they stress the need to do both types
of testing. The design philosophy of the pumps in question was not described. Therefore, it is
not known whether human factors principles were employed when those devices were designed.

The study by Kreifeld and McCarthy (1981) showed that interruption resistance should

be a criterion for the design and evaluation of interfaces. A robust interface should ideally show
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insignificant differences in performance between interrupted and uninterrupted tasks. They
suggest that for calculators, the last data entry and operation, as well as the current resultant, be
displayed at all times, and that there should be a review key to view previous data entries and
operations. This recommendation can easily be extended to other types of interfaces, to show
users where they are in a task, and to allow them to view previous actions. This would provide
the cues that Altmann and Trafton (2002) deem essential, to prompt their short-term memory and
help to build a cognitive map, or mental representation, which would reduce the cognitive effects
of interruptions. McFarlane and Latorella (2002) also purport that in the case of interruptions
that are immediate in nature, with no lag, interfaces should remind users of objectives and
previous activities, and have replay capability if possible. Storch (1992) found that performance
after an interruption on a character-based interface tended to be superior to that on a mouse-
based graphical user interface because the graphical user interface required mouse positioning,
which is a more complex interaction and hence is more susceptible to disruption by interruptions.
Participants spent more time looking at the graphical user interface than the character-based
interface, and committed more errors. Thus, simplicity in an interface is essential if it is to be
robust in the face of interruptions.

It is possible that the new interfaces developed by Lin et al. (1998, 2001) and Ford and
Rollinson (2001) are already robust enough to withstand the effects of interruptions. They were
designed using well-accepted human factors principles. Both of the new interfaces for the PCA
and EPCA devices feature a dialogue overview that show the user’s location in the programming
sequence, which should provide cues to prime a user’s memory. Furthermore, both of the new
interfaces also have a Previous Screen (EPCA) or Review (PCA) button that allows the user to
go back to the previous step to see what they had programmed last. Also, the general reduction
in complexity that these interfaces exhibit versus the old interfaces should also prove beneficial

when interruptions increase the cognitive demand and workload placed on users. However, the
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potential benefits of these features in reducing the disruptive effects of interruptions must be
verified by tests conducted under representative interruptive conditions. The goal of these
experiments would be to determine whether the relative disruptive effects of interruptions are
lessened with an interface that is designed based on human factors principles. That is, will
interruptions be less disruptive to the new interfaces than to the old ones? As the Food and Drug
Administration (FDA) acknowledges, “devices that can be used safely under conditions of low
stress (1.e., low workload) could be difficult or dangerous to use under conditions of high stress”
(Kaye and Crowley, 2002, p. 10). If the new interfaces do not show a reduction in the disruptive
effects of interruptions, it may be necessary to further modify the designs, by providing more
feedback to the user and minimizing the load on the user’s memory even more, to further reduce
the disruptive effects of interruptions.
In order to design such representative experiments, it was necessary to conduct a field
study to answer some questions not addressed in the current literature, such as:
e what is the nature of the interruptive environment that recovery nurses work in when they
program the commercially available PCA and EPCA devices and care for patients,
e what cognitive resources do these interruptions utilize,
e do recovery room nurses have the option of attending to interruptions at a later time, and

e are the interruptions of the task-sharing or task-switching type, or both?




FIELD STUDY

Since nurses frequently encounter interruptions and distractions, it is important that these
interruptions be observed, quantified, and classified so that experiments in which interfaces are
tested can be conducted under more representative conditions, with simulated interruptions.
Thus, a field study was conducted to examine exactly what types and frequencies of interruptions

occur in the nursing workplace.

Location

The field study was conducted in the Post-Anesthetic Care Unit (PACU) at the Toronto
General Hospital, a teaching hospital and a member of the University Health Network, during
which nurses were observed as they cared for their patients. The PACU is essentially a critical
care recovery room where patients are transported after undergoing surgery in the operating
room. Most patients remain in the PACU for about half an hour while their anesthetic wears off,
and are then transported to the floor or sent home. The most critical cases can remain in the
PACU for hours, or even overnight. The PACU differs from most other hospital units in three
main ways: (a) family members are not permitted to visit, unless the patient has a prolonged stay
in the PACU, (b) approximately 90% of the hospital’s PCA and EPCA device usage takes place
here, and (c) the PACU has an open concept layout, with a large room divided into patient bays,
but nurses can see and hear each other at all times and there are no curtains surrounding the

patients. The PCA and EPCA devices are frequently programmed by nurses in the PACU.

Participants

Ten nurses in total were observed as they cared for their patients. These nurses have
worked in the PACU for an average of 6.4 years (ranging from 7 months to 22 years). All are

Registered Nurses with completion of a critical care course and/or critical care experience.
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Informed consent was obtained from each nurse who was observed (see Appendix 1). The nurses
were not specifically told that the observer was looking at interruptions, but rather that the
overall work environment was being assessed. It was emphasized that their performance was not

being evaluated so as not to alter the behaviour of the nurses during the observations.

Method

Ethics approval to perform the field study in the PACU was first obtained from the
University of Toronto and then from the University Health Network. In total, 25 hours of
observations were conducted over several days. These observations were performed during the
busiest times in the PACU, which are typically Tuesday-Thursday from 2-9pm. During these
times nurses can care for up to three patients at once. The following information was recorded

for each interruption that each nurse encountered:

e The time at which the interruption occurred,

e The time at which the interruption was attended to by the nurse,

e The time at which the nurse finished attending to the interruption,

e The time at which the nurse returned his/her full attention to the primary task,

e  Whether the interruption resulted in task-switching (requiring the nurse to leave the
primary task to attend to the interruption), or task-sharing (requiring the nurse to attend to
both tasks at the same time),

e A description of the interruption task,

e A description of the primary task,

e The source of the interruption (i.e., another nurse, etc.),

e How the interruption was announced to the nurse (i.e., face-to-face, via a pager, etc.), and

e Observed detrimental effects of the interruption on the nurse’s performance of the

primary task.
























































































































































































































