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Abstract

Introduction Anesthesia information management sys-
tems (AIMS) have been developed by multiple vendors and
are deployed in thousands of operating rooms around the
world, yet not much is known about measuring and
improving AIMS usability. We developed a methodology
for evaluating AIMS usability in a low-fidelity simulated
clinical environment and used it to compare an existing
user interface with a revised version. We hypothesized that
the revised user interface would be more useable.
Methods In a low-fidelity simulated clinical environ-
ment, twenty anesthesia providers documented essential
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anesthetic information for the start of the case using both
an existing and a revised user interface. Participants had
not used the revised user interface previously and com-
pleted a brief training exercise prior to the study task. All
participants completed a workload assessment and a sat-
isfaction survey. All sessions were recorded. Multiple
usability metrics were measured. The primary outcome was
documentation accuracy. Secondary outcomes were per-
ceived workload, number of documentation steps, number
of user interactions, and documentation time. The inter-
faces were compared and design problems were identified
by analyzing recorded sessions and survey results.
Results Use of the revised user interface was shown to
improve documentation accuracy from 85.1% to 92.4%, a
difference of 7.3% (95% confidence interval [CI] for the
difference 1.8 to 12.7). The revised user interface
decreased the number of user interactions by 6.5 for
intravenous documentation (95% CI 2.9 to 10.1) and by
16.1 for airway documentation (95% CI 11.1 to 21.1). The
revised user interface required 3.8 fewer documentation
steps (95% CI 2.3 to 5.4). Airway documentation time was
reduced by 30.5 seconds with the revised workflow (95%
CI 8.5 to 52.4). There were no significant time differences
noted in intravenous documentation or in total task time.
No difference in perceived workload was found between
the user interfaces. Two user interface design problems
were identified in the revised user interface.

Discussion The usability of anesthesia information
management systems can be evaluated using a low-fidelity
simulated clinical environment. User testing of the revised
user interface showed improvement in some usability
metrics and highlighted areas for further revision. Vendors
of AIMS and those who use them should consider adopting
methods to evaluate and improve AIMS usability.
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Résumé

Introduction Les systemes de gestion de ['information
pour [’anesthesie (SGIA) ont ete developpes par de
nombreux fournisseurs et sont deployes dans des milliers
de blocs operatoires dans le monde et, pourtant, on sait
peu de choses sur les fagons de mesurer et d’ameliorer la
facilite’ d’emploi de ces SGIA. Nous avons elabore” une
methodologie pour ’évaluation de la facilite’ d’emploi des
SGIA dans un environnement clinique simule” da basse
fidelite et nous I’avons utilisee pour etablir une comparaison
avec une version revisee d'une interface utilisateur
existante. Nous avons emis [’hypothese que ['interface
utilisateur révisee serait plus facile d’utilisation.
Méthodes Dans un environnement clinique simulé d
basse fidelite, vingt professionnels dans le domaine de
I’anesthesie ont documente” l'information essentielle sur
I’anesthesie pour le debut d’un cas en utilisant a la fois une
interface utilisateur existante et une interface revisee. Les
participants n’avaient pas utilise€’ la version revisee
precedemment et ils ont suivi un court exercice de
formation avant d’accomplir la tdche prévue par [’etude.
Tous les participants ont repondu d une enquéte sur
I’évaluation de la charge de travail et leur satisfaction.
Toutes les sessions ont ete enregistrées. De nombreux
criteres de facilite’ d’emploi ont ete” mesures. Le critere
d’évaluation principal etait I’exactitude de la documentation.
Les criteres d’évaluation secondaires etaient la charge de
travail percue, le nombre d’etapes dans la documentation, le
nombre d’interactions avec [utilisateur et le temps de
documentation. Les interfaces ont ete comparees et les
problemes de conception ont ete identifies d ['aide de
I’analyse des seances enregistrees et des resultats de
I’enquéte.

Résultats 1/ a ete’ montre que utilisation d’une interface
utilisateur revisee ameliorait I'exactitude de la documentation
de 85,1 % a 92,4 %, une difference de 7,3 % (intervalle de
confiance [IC] a 95 % pour la difference: 1,8 da 12,7). Avec
Uinterface revisee, le nombre d’interactions de ['utilisateur a
ete’reduit de 6,5 (IC a 95 %: 2,9 a 10,1) pour la documentation
intraveineuse et de 16,1 pour la documentation sur voies
aeriennes (IC a 95 %: 11,1 a 21,1). L’interface utilisateur a
necessite 3,8 etapes de documentation de moins (ICa 95 %: 2,3
a 54). La documentation sur voies aeriennes a pris 30,5
secondes de moins avec le flux de travail revise (IC a 95 %: 8,5
as2,4).Iln’y a pas eu de differences significatives en termes de
temps pour la documentation intraveineuse ou pour la duree
totale de la tdche. Aucune difference n’a ete observee
concernant la charge de travail percue entre les deux interfaces
utilisateur. Deux problemes de conception de ['interface
utilisateur ont ete identifies dans interface revisee.
Discussion La facilite’ d’emploi des systemes de gestion
de Uinformation pour [’anesthesie peut étre evaluee en
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utilisant un environnement clinique simule’ d basse fidelite.
Les tests par des utilisateurs de !’interface revisee ont
montre une amelioration de [’utilisation de certains outils
de mesure et ont fait apparaitre des domaines necessitant
des revisions complementaires. Les distributeurs de SGIA
et ceux qui les utilisent doivent envisager 1’adoption de
methodes destinees a evaluer et a ameliorer la facilite’
d’emploi des SGIA.

Introduction

The adoption of anesthesia information management sys-
tems (AIMS) has the potential to improve patient care by
facilitating support for real-time decisions, promoting cli-
nician communication, and increasing revenue through
timely billing.' However, these benefits are dependent on
the ability of clinicians to use AIMS effectively and to
enter data in an accurate and timely manner.®’ Software
usability is defined as “the extent to which a product can be
used by specific users to achieve specific goals with
effectiveness, efficiency and satisfaction in the specified
context of use.”® We define AIMS usability as the extent to
which an anesthesia provider is effective, efficient, and
satisfied with documenting an anesthetic.

While AIMS have been developed by multiple vendors
and deployed in operating rooms around the world, little is
known about measuring and improving AIMS usability.
Data from one survey of anesthesiologists using AIMS
show that 29% had less efficient workflow; 49% had an
unanticipated need for ongoing information technology
support; 19% had inaccurate records, and only 43% were
very satisfied with their AIMS implementation.” Develop-
ing a methodology for evaluating AIMS usability might be
helpful to determine the extent to which these reported
problems are related to user interface design and also to
facilitate comparison of AIMS products.

The AIMS used in our institution permits extensive user
interface customization, and we have developed a revision
of our existing user interface to improve our AIMS
usability. The purpose of this study was to develop a
methodology for measuring AIMS usability and to assess
our revised AIMS user interface against the existing user
interface. Evaluating our AIMS user interface necessitated
drawing on user interaction methodology from other fields
where such processes are formalized and used extensively.
We used an evaluation strategy in which study subjects
charted anesthetic inductions in a low-fidelity simulated
clinical environment while multiple usability metrics were
measured. We selected documentation accuracy as the
primary outcome. Secondary outcomes included three
separate efficiency metrics: length of time required to
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complete tasks, number of user interactions (key presses
and screen touches) needed to complete specific subtasks,
and total number of documentation steps. Documentation
accuracy was the effectiveness metric. Two additional
secondary outcomes were measured to assess user satis-
faction: a validated workload assessment tool and an ad
hoc survey. Using this methodology, we hypothesized that
the revised user interface would be more usable than the
existing user interface.

Methods
Participants

The study protocol was approved by the Partners Human
Research Committee, and the requirement for written
informed consent was waived. Twenty voluntary partici-
pants (ten residents and ten staff anesthesiologists) were
tested individually in single sessions that lasted approxi-
mately 45 min over a two-week time period. A power
calculation was not performed a priori. A sample size of 20
was chosen based on prior work'®'® due to a lack of an
estimate of measured effect size.

Existing user interface

The AIMS used in our institution is MetaVision (iMD-
soft®, Needham, MA, USA). Like other AIMS, it required
initial customization to support existing clinical workflow.
In the existing user interface, case event buttons are
arranged linearly from left to right on a toolbar at the top of
the screen (Fig. a), and submenus can be opened for
additional events (Fig. b). For ease of documentation,
frequently used documentation elements are represented in
more than one place (e.g., the “Lines” button is on the
main toolbar and also in the submenu, Fig. a). New clini-
cians receive a one-hour orientation to our AIMS from a
support team member, and they receive additional
instruction by shadowing current clinicians. Clinicians use
this interface for all anesthetics administered.

Revised user interface

The revised user interface that we tested (Fig. c, d) differed
from our existing user interface in the following ways: 1)
The documentation process provides continuous visual
feedback on completeness. For example, successful com-
pletion of vascular access documentation is indicated by
the “Access” tab changing from red to green. Once all of
the task tabs are green, an indicator in the main chart

changes from red to green, indicating that all crucial doc-
umentation is complete. Red and green colours with
contrasting gray scale properties were selected and tested
in order to accommodate colour-blind individuals. 2)
Documentation elements are context-sensitive. While there
are a number of potentially critical aspects to airway
documentation, not all are relevant to a given airway
approach. Documentation of direct laryngoscopy, for
instance, automatically prompts for Cormack-Lehane grade
and remains hidden if only a mask airway is documented.
3) Documentation workflow is matched to typical clinical
workflow. For instance, documentation of the time of
intubation was separated from intubation details to allow
timely documentation. 4) The documentation process is
designed to minimize AIMS user interactions. Frequently
used drop-down lists were paired with buttons that allowed
a single-click selection of default values based on previ-
ously documented patient characteristics.  Study
participants had never utilized the user interface prior to
this study.

Apparatus

Participants charted anesthetic inductions in a low-fidelity
simulated clinical environment equipped with an anesthesia
machine and our institution’s standard AIMS interface. The
environment was set up in a manner identical to our insti-
tution’s general operating room with a monitor at eye level
attached to the anesthesia machine. An additional monitor
displayed patient scenarios and the training video (available
as Electronic Supplemental Material) and permitted com-
pletion of an electronic questionnaire. The environment did
not include a mannequin, actors, drugs, or anesthetic
equipment aside from the anesthesia machine and AIMS
interface. Participants used a touch screen and keyboard to
document. A screen recording program was used to capture
participants’ AIMS sessions, (CamStudio, RenderSoft,
Emeryville, CA, USA), and a video camera was used to
record participants’ interactions with the AIMS software.

Experimental design

Participants took part on an “as available” basis and were
sequentially assigned to two groups. Using a counterbal-
anced design, the first group performed tasks with the
existing user interface followed by the revised user inter-
face. The second group performed tasks with the revised
user interface followed by the existing user interface. The
results from both groups were combined for analysis. Tasks
were balanced such that the number of documentation
elements in each case was identical. Cases were balanced
such that each was documented an equal number of times
with each user interface.

@ Springer
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Figure a) Existing user a
interface with case events
arranged linearly from left to
right on toolbar and initial menu
opened. b) Intravenous
documentation submenu opened
in existing user interface

¢) Intravenous documentation in
revised user interface d)
Context-sensitive airway
documentation in the revised
user interface. Task buttons
change color from red to green
to provide continuous visual
feedback on completeness
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Procedure

Participants completed a questionnaire soliciting experi-
ence level, age, frequency of assuming primary
responsibility for documentation of an anesthetic, and
length of time using the existing user interface of our
AIMS. Each group then documented the beginning of three
separate cases (available as Electronic Supplemental
Material). The participants in the first group documented
the start of the first case using the existing user interface,
and they then documented the start of the second case using
the revised user interface while watching a training video.
The first group finished by documenting the start of the
third case using the revised user interface without
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assistance. The participants in the second group started
with the revised user interface and training video, followed
by documentation using the revised user interface. They
finished by documenting the start of the last case using the
existing user interface. The training sessions were not
analyzed. After each of the two experimental documenta-
tion tasks, participants rated their perceived workload by
completing the National Aeronautical Space Administra-
tion Task Load Index (NASA-TLX) worksheet (available
as Electronic Supplemental Material). After the end of the
last task, participants completed an ad hoc survey assessing
satisfaction with the individual elements that were revised
and provided feedback (available as Electronic Supple-
mental Material).
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Figure continued
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Measurement of interactions, tasks, subtasks
and documentation steps

The screen recordings from each participant session were
reviewed. The overall task was divided into five subtasks
corresponding with the revised user interface tabs: vascular
access, drugs, airway, positioning, and patient checks
(Fig. ¢). Overall task time and subtask time were deter-
mined by measuring the interval between the first and last
interaction required to start and finish the task, respec-
tively. Subtask analysis was restricted to vascular access
and airway, as the user interface for the drugs, positioning,
and patient checks were similar in both the revised and
existing user interface. A user interaction was defined as

030011 715 FM

either a key press or finger press on the touch screen. The
number of documentation steps was determined by count-
ing the number of menus utilized to complete a task,
including redundantly accessed menus.

Measurement of documentation accuracy

Anesthetic records were analyzed for accuracy and com-
pleteness by comparison with an anesthetic record in which
every specified element (available as Electronic Supple-
mental Material) was recorded accurately. Accuracy of
each task was determined by the percentage of correct data
elements associated with each task. Missing and erroneous
data elements were treated equally as incorrect.

@ Springer
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Data analysis

Data were analyzed using SPSS Statistics version 17.0 (SPSS,
Inc., Chicago, IL, USA). Outcomes were paired and calcu-
lated as the difference of the means with 95% confidence
intervals (CI) for the difference. Statistical significance was
determined by lack of overlap between the 95% CI and zero.
Correlations between dependent values were assessed using
the Pearson method. Interactions between and within groups
were evaluated as independent variables using linear
regression with age, academic rank, AIMS usage frequency,
length of AIMS usage, and presentation order.

Results

Twenty participants (10 clinical anesthesia (CA) residents -
six CA-1, one CA-2, three CA-3, and ten attending anes-
thesiologists) completed the study protocol. However, a
technical error in a screen recording led to the exclusion of
one attending participant from analysis. Nine of the resi-
dent participants reported performing induction
documentation at least once a day, with the remaining
resident performing the task at least once a week. Six of the
attending participants reported performing induction doc-
umentation at least once a day; two performed the task at
least once a week, and two performed the task at least once
a month. Average length of time (standard deviation) using
AIMS with the existing user interface was 22.2 (16.7) mth
(range 1-8 mth). All participants had used the existing user
interface for at least one month prior to participating.

Analysis of effectiveness

The primary outcome was documentation accuracy. Thirty
documentation elements were specified in each case scenario

Table Aims Usability Metrics

(available as Electronic Supplemental Material). The head
support documentation element was removed from analysis
due to a design problem that interfered with its display in the
revised user interface. Documentation accuracy with the
revised user interface was 92.4% compared with an accuracy
of 85.1% with the existing user interface. The mean differ-
ence was 7.3% (95% CI for the difference 1.8 to 12.7).

Measuring workload and satisfaction

The Table lists the NASA TLX composite score for each
user interface. No statistically significant differences in
workload were noted. The satisfaction survey (see Elec-
tronic Supplemental Material) did not directly compare the
revised and existing user interfaces and did not assess for
satisfaction with specific elements of the existing user
interface. Participants agreed with the statement, “Overall
the new case start form was easy to use” (median 6; range
4-7 on Likert scale with 1 representing disagree strongly, 7
representing agree strongly). They agreed with the state-
ment, “This case start form would work well within my
existing workflow” (median 6; range 3-7), and they agreed
with the statement, “I would like to use this case start form
in my OR” (median 6; range 3-7). Users indicated satis-
faction with the revised elements, including the use of
colour-coded buttons (median 6; range 4-7) and graphical
icons (median 6; range 2-7).

Assessing efficiency

The number of user interactions and time required to com-
plete documentation subtasks are listed in the Table. Use of
the revised user interface showed a statistically significant
decrease in the number of user interactions as well as a
decrease in the time required to complete airway documen-
tation. Intravenous documentation using the revised user

Existing user interface mean

(95% CI)

Difference mean
(95% CI)

Revised user interface mean
(95% CI)

Total Task Time (seconds)
NASA TLX

Documentation Accuracy (% correct)

208.7 (178.9 to 238.5)
13.2 (10.5 to 15.9)
85.1 (77.9 to 92.2)
10.7 (8.9 to 12.5)
30.8 (26.7 to 35.0)
15.6 (13.6 to 17.7)
75.1 (51.1 to 99.0)
32.2 (27.5 to 36.9)

Documentation Steps (1)

Intravenous Task Time (seconds)
Intravenous Task User Interactions (n)
Airway Task Time (seconds)

Airway Task User Interactions (n)

243.8 (213.3, 274.4)
12.6 (9.5 to 15.7)
92.4 (89.3 to 95.4)

6.8 (6.4 to 7.3)
29.7 (20.3 to 39.0)
9.1 (6.0 to 12.3)
44.6 (39.1 to 50.2)
16.1 (14.6 to 17.6)

35.1 (-0.9 to 69.2)
0.6 (-3.4 to 2.1)
7.3 (1.8 to 12.7)
3.8 (2.3 to -5.4)
1.2 (-12.0 t0 9.7)
6.5 (-2.9 to -10.1)

30.5 (-8.5 to -52.4)

-16.1 (-11.1 to -21.1)

CI = confidence interval; AIMS = anesthesia information management systems; NASA TLX = National Aeronautical Space Administration
task load index - six categories are scored 1-7 on a Likert scale, shown is composite score. Documentation steps were defined as the number of
menus accessed to complete the overall task. User interactions are defined as the number of key strokes plus the number of screen touches used to

complete the task
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interface showed a reduction in the number of user interac-
tions needed with no difference in time required. The revised
user interface was associated with substantially fewer doc-
umentation steps. The majority of participants using the
revised user interface did so with the optimal number of
documentation steps, which we defined as a unidirectional
linear traversal of the submenus. In contrast, with the exist-
ing wuser interface, no two participants performed
documentation in the same manner. Total documentation
time did not show a statistically significant difference
between the two user interfaces although there was a trend
towards increased documentation time with the revised user
interface.

Identification of design problem

The revised user interface was developed in response to the
perceived design problems of the existing user interface,
specifically the lack of feedback on documentation com-
pleteness, high levels of required user interaction, and
mismatch between our AIMS and clinical workflows. Thus,
the existing user interface was not subjected to additional
review for design problems. Review of recorded sessions
and survey feedback revealed two design problems in the
revised user interface that had not been identified previ-
ously. First, as mentioned above, the head support
documentation element was not consistently visible to the
user. This likely led to increased time spent searching for
this documentation element. Second, several users made
incorrect entries in documenting intravenous placement
and spent substantial time attempting to correct these
entries. While entries could be modified, the mechanism
for removing an erroneous entry was not intuitive. Both of
these design issues increased the total task time.

Measurement interactions

A significant group effect was found between AIMS usage
frequency and documentation steps with the existing user
interface (ff = 6.17; 95% CI 2.65 to 9.70; P = 0.002),
indicating that frequent users were more efficient at doc-
umentation. No other interactions were noted. Testing for
correlated dependent variables revealed multiple correla-
tions between task time and task user interactions as well as
correlations within task times, all expected findings as each
dependent variable was chosen to measure usability.

Discussion
The revised user interface led to improved documentation

accuracy, fewer user interactions, fewer documentation
steps, and decreased time required to chart airway details.

Furthermore, many users found the revised user interface
easy to use despite not having used it previously. Significant
differences in cognitive workload were not observed,
potentially because the tasks being compared did not present
a substantial cognitive challenge. We also did not find a
difference in overall task completion time, which may be
related to lack of experience with the revised user interface.
Overall, we have shown that it is possible to revise an AIMS
user interface and show improvements in usability using a
low-fidelity simulated clinical environment.

There are a number of alternatives to the evaluation of
AIMS user interfaces in low-fidelity simulated clinical
environments. For instance, high-fidelity simulated clinical
environments have been used to evaluate the design of
specific anesthesia delivery systems'®!” and to examine
interaction with certain aspects of the system’s design, such
as pressure limitation in volume control ventilation during
the onset of bronchospasm. Creating such a specific sce-
nario necessitates a high-fidelity environment so that study
participants can flip physical switches and perform aus-
cultation to reach correct clinical diagnoses. In contrast,
evaluation of AIMS user interfaces can be performed with
fewer resources by removing non-essential elements from
the simulation environment, such as mannequins and sur-
gical actors. Another approach to evaluating aspects of the
anesthesia environment is observation of actual clinical
activity with behavioural task analysis. Like high-fidelity
simulation, this method is more resource intensive and
requires rigorous personnel training.'> Additionally, eval-
uation of new technology in actual clinical environments is
potentially less safe than doing so in simulated conditions.
Evaluation of AIMS user interfaces in low-fidelity simu-
lated clinical environments lowers the bar for usability
testing and facilitates clinician input into AIMS design and
revisions early in the process.

As recent national initiatives from the Agency of
Healthcare Research and Quality,* the Health Information
Management Systems Society,® and the National Institute
for Standards and Technology'® show, usability remains an
important concern as the adoption of AIMS by anesthesia
practices continues and hospitals implement electronic
health records. In addition to increasing effectiveness,
efficiency, and user satisfaction, improvements in usability
have also been shown to decrease costs associated with
software training, support, and maintenance.'® In contrast,
poor usability has been associated with decreased produc-
tivity and user frustration.’™*' In a national physician
survey that examined electronic health record adoption

A McDonnell CW, Werner K, Wendel L. Electronic Health Record
Usability: Vendor Practices and Perspectives. AHRQ Publication No
09(10)-0091-3-EF. Rockville, MD.: Agency for Healthcare Research
and Quality, May 2010.
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barriers, usability concerns ranked second and third behind
only cost.”

The specific AIMS package used at our institution can
be customized easily, which represents a double-edged
sword for system designers and clinicians. The potential for
creating usable user interfaces that precisely match clinical
workflow is balanced by the ability to construct poor user
interfaces that interfere with patient care. Other AIMS
manufacturers adopt an alternative approach whereby they
offer user interfaces that are more difficult to configure,
i.e., there is reduced workflow flexibility and less potential
to deviate from the manufacturers’ design. While currently
it remains unclear as to which approach is preferable,
usability testing offers a method to compare within and
between AIMS offerings, and the adoption of usability
testing will facilitate incremental improvements.

Optimal user interface design remains a challenge in the
medical field where there is little overlap between
designers and users and where successful design requires
in-depth understanding of human factor issues.”*** The
focus of prior work related to AIMS human factors has
been on comparing paper-based documentation with elec-
tronic documentation rather than on comparing two
electronic solutions.'” One of the important aspects of this
study was the use of a multimodal approach in user inter-
face evaluation that allowed for the analysis of specific
aspects of the design. Review of screen recordings pro-
vided an objective evaluation of specific changes, while
subjective input was obtained from the ad hoc survey.
Combining these data facilitates formulating multiple
simultaneous alterations to a user interface while retaining
the ability to evaluate modifications individually, thus
potentially leading to rapid improvement.

A key feature of the simulation environment was the
recording of sessions via both screen and video recording.
This approach allowed for in-depth interaction analysis by
viewing both recordings together. This was particularly
helpful in identifying user interface problems. For instance,
the lack of an obvious mechanism for correcting erroneous
intravenous documentation was readily apparent on review.
Additionally, interaction analysis showed that the revised
user interface’s colour-coded completeness feedback was
effective in encouraging participants to return to prior
menus to address areas of incomplete data. These insights
were not evident in informal user testing and have guided
further user interface revisions.

Measuring user interactions for a given task also proved
to be a useful metric. Analysis of the revised user interface
indicated that replacement of drop-down option boxes with
single-click buttons was successful in reducing user inter-
actions. Carefully designed interfaces that give context-
sensitive default options with respect to age and patient
size may improve the user experience. Anesthesia
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information management systems have already been used
to improve postoperative nausea and vomiting prophy-
laxis,” decrease gaps in blood pressure monitoring,” and
improve adherence with perioperative antibiotic adminis-
tration.* While some AIMS implementations are simply
electronic versions of paper charts, AIMS hold the poten-
tial to be tools that support clinicians in rendering optimal
patient care.

Limitations

There are a number of limitations associated with this
study. This study focused on a single AIMS implementa-
tion at one institution. Not all AIMS implementations allow
the modifications described above, and differences in
institutional workflow may limit the ability to generalize
our findings. Second, while realistic clinical scenarios were
provided to clinicians in an environment similar to an
anesthetizing area, these conditions still differ substantially
from the clinical reality of inducing anesthesia and posi-
tioning and starting a procedure. While simulation in a
low-fidelity environment such as ours reduces the barriers
to performing an evaluation, it also limits the external
validity of any conclusions reached as the workflow is
incomplete with respect to both a high-fidelity simulation
and an actual clinical environment. Third, the events being
documented normally occur in a serial but discrete fashion
rather than as a continuous stream of events. Fourth,
participants had more experience with the existing user
interface than with the revised user interface, which may
have resulted in improved usability metrics for the existing
user interface that would not have occurred with naive
participants. Task time would likely decrease with addi-
tional experience with the revised user interface because
users perform the same task repeatedly even as the number
of user interactions remains constant. As an additional
limitation, the perceived difficulty of the task was low,
making it challenging to detect reductions in cognitive
workload. Regarding the user interactions metric, mea-
surement of the total number of keystrokes plus the total
number of button presses does not always accurately rep-
resent the underlying complexity of the task, as typing
skills vary across users. In addition, typing a long phrase in
one text field may be considerably easier than entering the
same number of keystrokes across multiple text fields, but
this difference would not be reflected in our user interac-
tions metric. Finally, in this study, we did not evaluate
either of our AIMS user interfaces against the non-AIMS
alternative, the handwritten record, and the methodology
described does not lend itself to such a comparison.

In conclusion, anesthesia information management sys-
tems user interfaces can be compared successfully using a
low-fidelity simulated clinical environment. The revised
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user interface resulted in an improvement in documentation
accuracy, reduced user interactions, decreased documen-
tation steps, and decreased time required to chart airway
details. Additionally, our usability methodology identified
areas in need of further modification, and such modifica-
tions identified by usability testing can be implemented
prior to wide-scale roll-out. This may potentially accelerate
interface improvement while improving efficiency and user
satisfaction. The described evaluation methodology per-
mits head-to-head comparisons of AIMS user interfaces
and facilitates iterative interface design based on user
feedback, AIMS records, and review of AIMS screen
recording and user interactions. We suggest that designers
of AIMS perform usability analysis, such as described in
this manuscript, to evaluate and improve AIMS user
interfaces.
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