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Abstract. Thelnput Device Agent (IDA) is being designed to improve computer access interventions for people with disabilities.

This paper describes how IDA makes recommendations for scan period in row-column scanning systems and empirically evaluates
the appropriateness of those recommendations. Two groups of subjects (8 people who were either able-bodied or had spinal cord
injuries and 6 individuals with severe physical disability secondary to cerebral palsy) performed a single switch scanning task
in four blocks of trials. In each trial, subjects were asked to select a target letter from a scanning matrix, using a single switch.
Results suggest that IDA can recommend an appropriate fixed scan period for single switch scanning. In an absolute sense,
participants’ speed, accuracy, and subjective ratings in the IDA condition support this conclusion. In relative terms, participants’

performance was at least as good for the IDA-selected scan period as for the self-selected scan period.
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1. Introduction
1.1. IDA project

Computer technology has much to offer individu-
als who have disabilities, including enhanced educa-
tional and vocational opportunities, independent means
of written and/or spoken communication, and a form of
recreation and exploration. To fulfill this potential, it is
critical that the computer system be closely matched to
the user’s needs and abilities. An important part of this
matching process is configuring the user’'s computer
input devices to appropriately leverage user strengths
and accommodate limitations.

The behavior of most computer input devices today,

to each user’s strengths and limitations is critical for
success in many cases. ldeally, configuration is per-
formed in consultation with a clinician who has ex-
pertise in computer access for people with disabilities.
However, a trained clinician may not always be avail-
able, and even when one is, proper tuning of a device
to the needs of a particular user can be a difficult and
time-consuming task. The challenge is magnified by
the fact that many users’ needs and abilities change
over time, whether in the short term due to factors such
as fatigue or in the long term due to factors such as
progression of the individual’s underlying impairment.
For these reasons, input devices are often not appropri-
ately configured to meet users’ needs, with consequent
negative effects on user productivity and comfort.

such as keyboards and mice, is adjustable. Because Thelnput Device Agent (IDA) [6] is being designed

each person’s disability is unique, tuning these devices
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to improve educational, vocational, and clinical inter-
ventions related to computer use for people with dis-
abilities. IDA will provide an easy-to-use tool to mea-
sure current user performance with an input device and
recommend an appropriate configuration for that de-
vice. Three main groups of input devices will be sup-
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Fig. 1. Single switch row-column scanning. In panel A, the system is row-scanning, following the first switch hit, and the first row is highlighted.
In panel B, the target row has been reached; pressing the switch will select this row. In panel C, the system is scanning through each column

within the target row. The switch is pressed a third time to choose the target letter (U).

ported: keyboards, mice and other pointing devices,
and switches. This paper describes how IDA makes
recommendations for scan period in row-column scan-
ning systems and empirically evaluates the appropri-
ateness of those recommendations.

1.2. Row-column scanning

Row-column scanning is a technique used by some
individuals with physical disabilities for entering text
and other data into computers and augmentative com-
munication devices. It is an important method because
it can be used with as little as one switch for input. A
common implementation of row-column scanning with
one switch requires three switch hits to make one selec-
tion from a two-dimensional matrix of letters, numbers,
symbols, words, or phrases, as illustrated in Fig. 1. The
first switch hit initiates a scan through the rows of the
matrix. Each row of the matrix, beginning with the
first, is highlighted in turn until the second switch hit is
made to select a row. Each column of the row is then
highlighted in turn until the target is highlighted, when
the third switch hit is made to select the target. Varia-
tions on this theme are abundant and include column-
row scanning and continuous row scanning which elim-
inates the first switch hit needed to initiate row scan-
ning [1].

ning fills an important niche within access techniques
by providing an affordable and reliable option for many
individuals with limited movement and limited vocal
abilities. Hence, despite increasing interest in speech
recognition, eye-tracking, and direct-brain interfaces
for accessing assistive technology, there remain valid
reasons for seeking to enhance performance using row-
column scanning.

2. Background
2.1. Current approachesto scan period selection

The scan period and other configuration parameters
for a single-switch row-column scanning system deter-
mine the minimum Character Entry Time (CET), mea-
sured in seconds per character, that is possible for a
user. Values for these parameters are typically deter-
mined in one or more of the following ways. The first,
and perhaps most common, is to use the default values
for the device. This scenario typically occurs when the
individual is using a computer without the benefit of
any specific intervention relative to accessibility. Mod-
erately inappropriate values may result in decreased
user performance and satisfaction. In a more extreme
case, the system may be virtually unusable under the
default values.

Depending on the exact scanning system used, there A second method of parameter selection is when the
may be three or more adjustable parameters (see Ta-yser does his or her own adjustment. This requires the
ble 1). The consequences of inappropriate parameter yser to know that these parameters are available for

settings can be severe [2]. If the scan period in single-
switch scanning is too fast, the user will make a lot
of errors or may be unable to use the system. If the
scan period is too slow, this unnecessarily slows down
performance in an interface method that is already in-
herently very slow.

One-switch row-column scanning can be tiring to use
and is generally a relatively slow method of communi-
cation. An able-bodied individual using an optimally-

adjustment and what to do to adjust them. This alone
is a complex task, and knowing the most appropriate
values for all applicable settings may be even more
difficult. Users may not understand how the parameter
settings relate to the interface problems they are having,
or if they do, the best choice of specific values may be
unclear. Finally, interface configuration is secondary
to the user’'s primary computer tasks; even if it can
be done effectively, it takes time, physical effort, and

designed matrix of 26 letters and a space can produce cognitive focus away from more central tasks.

between 6 and 8 words/minute using this method [5,
7]. Despite its limitations, however, row-column scan-

A third scenario occurs when a clinician or teacheris
available to assist with the configuration process, using
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Table 1
Typical configuration options for single-switch scanning
Parameter Description
Scan period The amount of time an item remains highlighted for the user to make a selection
Initial Scan Delay  Additional delay applied to the first row or column
Column Scans Maximum number of times the columns within a row are scanned
Layout Arrangement of targets within the scanning matrix

clinical observations and knowledge of the possible ac- can operate in one of four modes [13], as shown in
commodations as a guide. However, not all clinicians Table 2. A given implementation of an agent supports
have the skills to do this effectively. Even when they one or more of these modes. The choice of the most ap-
do, configuration in this scenario takes time. Clinician- propriate mode depends on the technical feasibility of
assisted adjustment may result in more appropriate set- increased agent responsibility as well as the desirability
tings for an individual, but most users with physical of retaining user control.
disabilities do not have a qualified clinician available Three research groups have worked on methods of
to them. For example, Trewin and Pain [12] found that automatically adapting the scan period of a single-
only 35% of 30 computer users with physical disabili- switch row-column scanning system. Cronk and Schu-
ties had a “computer teacher.” bert [3] developed an expert system for the adaptation
Under each of these three approaches, it may be dif- of scan period, but it was never integrated into any
ficult to define appropriate settings for a user’s initial commercial systems. Lesher et al. [8,9] developed a
configuration. It is equally difficult, if not more so, to  rule-based method of scan period adjustment based on
address changes in the user’s abilities over time, which user errors and the time required for the user to make a
may happen over the course of a day, a month, or ayear, selection relative to the available time. Their primary
depending on the nature of the user’s disability. Current goal was to provide a means of scan period adjustment
methods may lead to appropriate input device config- for empirical studies comparing different scanning dis-
urations in some cases, but it does take special knowl- plays, and their system performed well enough to meet
edge, additional time, and continued maintenanceto do this goal with able-bodied subjects [9].
it right [2]. Simpson and Koester [10] developed and evaluated
The research described here was conducted to de- a single switch scanning system that used a Bayesian
termine whether our software-based agent (IDA) could network to adjust the user’'s scan period in real time.
effectively recommend a specific, fixed scan period for Two studies, involving a total of 16 subjects without
users of single switch scanning input. The goal was to disabilities, demonstrated that the system could make
determine the feasibility and adequacy of IDAs scan reasonable adaptation decisions, with no human inter-
period recommendation, while also gaining informa- vention, for a system with a single scan delay. Subjects’
tion about how to refine the recommendation algorithm text entry performance and subjective opinion was no
as part of future work. If IDAis able to give appropriate  different with the automatic system as compared to a
guidance about a user’s scan period setting, this could manual adjustment protocol, in which able-bodied sub-
help improve a user’s initial and ongoing performance jects could change the scan period at will with a single
and satisfaction with their scanning system. Showing keypress. A major limitation is that the work was not
that it works within the IDA system is also a neces- validated with users with disabilities.
sary step towards either integrating IDA into existing
commercial systems, or showing that IDA recommen-
dations can generalize to non-IDA scanning systems. 3. Methods

2.2. Previous work on configuration agents The current study simplifies the agent developed in

our previous work [10], and validates its effectiveness

To address the challenges of manual configuration with able-bodied and disabled subjects. This study fo-
of input devices, several groups have been working to- cused on recommending an appropriate scan period to

wardconfiguration agents [10,11,14]. A configuration meet the user’s current abilities. This focus was cho-
agent models a user’s strengths and limitations and, sen because the scan period is the basic timing param-

based on the model, helps configure the user’s input eter that controls user performance with single-switch

devices appropriately. In general, a configuration agent scanning. The goal was to find the ideal midpoint be-
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Table 2
Matrix of operating modes for a configuration agent

Who initiates the change?

User

Agent

Who controls the change?  User

The user initiates the configuration process Witk agent continuously monitors user perfor-

an explicit action, and the agent suggests a comrance, suggesting configuration changes as

figuration.

needed.

The user decides what if any changes should bEhe user decides what if any changes should be

made.
Agent

The user initiates the configuration process.

made.
The agent continuously monitors user perfor-

The agent determines and automatically implemance.

ments any configuration changes.

The agent determines and automatically imple-
ments any configuration changes.
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Fig. 2. Screen shot from experimental interface.

tween a scan period that is too fast, which increases
user errors, and one that is too slow, which unneces-
sarily constrains the user's CET. The protocol and re-
cruitment procedures for this study were approved by
the University of Pittsburgh Institutional Review Board
(Reference #0504137).

3.1. Testing environment
During testing, subjects interacted with the row-

column scanning matrix shown in Fig. 2. The target
character was presented in the top box, and the tar-

get character changed after the user selected the corre-

sponding character in the scanning matrix or after 60
seconds had elapsed (whichever occurred first). The
interface was implemented in Java as part of the larger
IDA project. Switch access was implemented through
an X-Keys USB Switch Interface (P.l. Engineering;
Williamston, Ml, USA).

3.2. Subjects

Two groups of subjects participated in this experi-
ment: 8 people who were either able-bodied or had

physical disabilities that did not interfere with their
ability to activate a switch with their hand (the ND
group) and 6 individuals with severe physical disability
secondary to cerebral palsy (the CP group). All six
in the CP group regularly used augmentative commu-
nication devices. Four of the six used single-switch
scanning to operate their communication device, and
the remaining two used direct selection. Switch sites
for the non-switch users were chosen based on trial and
error. All 14 subjects were familiar with the letters of
the alphabet and the punctuation used in the scanning
matrix. All 14 subjects verified that they could see
the target and all items in the scanning matrix prior to
initiation of the study.

3.3. Protocol

The study was designed to allow for assessment of
the scan period recommended by IDA, as well as for
a comparison between IDA's recommendation and the
user’s self-selected scan period. Subjects performed a
single switch scanning task in four blocks of trials as
follows:

Al:
A2:

recommendation phase with IDA,

evaluation of performance with the scan period
chosen by IDA

self-selection phase

evaluation of performance with the self-selected
scan period.

B1:
B2:

The order of blocks for half the subjects in each
group was Al, A2, B1, B2, counterbalanced for the
other half of the subjects as B1, B2, A1, A2 (see Fig. 3).
This order was chosen because it allowed subjects to
immediately work with the scan period that had just
been recommended or selected.

Each subject participated in one session, which lasted
for approximately one hour. At the beginning of the
session, subjects were given an opportunity to practice
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Subject randomly
assigned order of
conditions

Orientation

A1 - IDA chooses B1 - Subject
scan period chooses scan
(30 targets) period (30 targets)

’ Warm-up ‘ ’ Warm-up ‘
A2 - Eval IDA B2 - Eval subject
scan period scan period
(50 targets) (50 targets)

Condition
Completed

Condition
Completed

End
Fig. 3. Order of experimental conditions.

entering letters to orient themselves to the system. Be-
fore the second block of each block pair (i.e., before A2
or B2), subjects completed a three-letter warm-up using
the scan period that was chosen by IDA or themselves.
Ineachtrial, atarget character (either a letter, a space,
or a punctuation mark) was displayed in the upper mid-
dle portion of the screen, with a row-column scanning
display on the lower portion (see Fig. 2). Subjects were
asked to select each target letter from the scanning ma-
trix, using a single switch. The first switch hit initiated
row scanning; the second switch hit selected the de-
sired row; and the third switch hit selected a particular
letter in that row. Target letters were chosen based on
frequency of occurrence in the English language.

3.3.1. Al: IDA-selected scan period

The initial scan period for this block of 30 trials was
set to match the scan period of the subject’'s communi-
cation device (if they regularly used row-column scan-
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ning) or was set to one second (if they were not regu-

lar row-column scanning users). After each selection,

the system “decided” whether to keep the scan period
the same, speed it up by 25 msec, or slow it down by

25 msec. Anincrement size of 25 msec was chosen as
a reasonable value based on our previous work [10].

The decision of whether, and in what direction, to
adjust the scan period was based on the number of errors
made since the last scan period adjustment, as well as
the user’s switch press time as compared to the scan
period. More than one error increased the scan period
by 25 msec, while no errors, combined with a presstime
comfortably within the available scan period, led to a
decrease of 25 msec in the scan period. The purpose of
these automatic adjustments was to present a scanning
situation that matched the user’s abilities better than the
arbitrary starting scan period.

After completing 30 trials, IDA made a scan period
recommendation by dividing the average switch press
time by 0.65. This formula is based on the results
of two research groups [4,8], who found that the ratio
between a user’s reaction time and an appropriate scan
period for that user is approximately 0.65.

3.3.2. Bl: Sdlf-selected scan period

As in Al, the initial scan period for this block of
30 trials was set to match the scan period of the sub-
ject’s communication device or to one second, based on
whether the subject regularly used row-column scan-
ning. Unlike Al, however, the subject was given the
responsibility for selecting the scan period. After each
trial, the subject could request the scan period to be
increased or decreased by 25 milliseconds. Scan pe-
riod was adjusted by an investigator, by pressing the up
or down arrow key in response to a request from the
subject.

3.3.3. A2 and B2: Evaluation trials

In blocks A2 and B2, subjects were presented with
50 trials. The same set of 50 targets was used in each
condition (see Table 5), but the order was randomized
within each block. For the second block in the IDA-
selected condition (A2), the scan period was set to the
value recommended by IDA and did not vary during the
test. For the second block in the self-selected condition
(B2), the scan period was set to the scan period used for
the final letter in the first self-selected condition (B1).
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Study participants in the ND group

Participant  Gender

SAl M 40 — No physical disability
JA1 F 38 — No physical disability
SA2 F 44 — No physical disability
AA1 F 22 — No physical disability
DAl F 47 — Fibromyalgia, rheumatoid arthritis
GAl M 37 — C4-5 Spinal Cord Injury
CAl F 57 — lower-limb amputation
RA1 F 27 —T1 Spinal Cord Injury
Table 4
Study participants in the CP group
Subject Gender Age Normal Selection Method
JC1 M 36 Direct Select (head-mounted laser pointer)
JC2 F 55 Single Switch (positioned on chest, activated with chin)
MC1 F 29 Direct Select (head-mounted aluminum rod)
DC1 M 47  Single Switch (positioned on inside of right knee, activated by left knee)
DC2 M 41 Single Switch (positioned on left side of headrest, activated with side of head)
RC1 F 50 Single Switch (positioned on stomach, activated with left hand)
Table 5

Distribution of target letters
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3.4. Data collection

For each trial, the scanning system recorded the fol-

lowing data:

— What matrix item was presented as the target;

— The scan period used for that target;
— What matrix item was actually selected by the user; and B2:

— The time required to initiate scanning (i.e., the
time elapsed between the final switch press of the
previous target and the first switch press of the

current target;

— The time required to press the switch to select the
row (i.e., the time elapsed between when the row
was highlighted and when the switch closure was

recorded);

— The time required to press the switch to select
the column (i.e., the time elapsed between when
the column was highlighted and when the switch
closure was recorded);

— The total time to select an item.

If more than one row selection occurred during a

In addition to the above data, a timing error was
counted for each trial in which the target letter was
not selected on the first opportunity. For example, the
letter ‘S’ is located in the 3rd row, 2nd column. To
select ‘S’ on the first opportunity, a user must hit the
switch on the first time the 3rd row is scanned, and the
first time the 2nd column is scanned. Waiting until the
scan highlight comes around a second or third time is
counted as a timing error, even if the ‘'S’ is eventually
selected correctly. A high percentage of timing errors
can indicate that the scan period is set too fast for
efficient selection.

Data for each trial were used to calculate the follow-
ing summary measures across all 50 trials in blocks A2

— Character Entry Time (CET) — the average time
(in seconds) to select a target;

— Selection Accuracy (SA) — the percentage of tar-
gets correctly selected from the matrix;

— Timing Errors (TE) — the percentage of targets
during which a timing error occurred,;

— Start Scan (SS) — the average time (in seconds) to
initiate scanning;

— Row Press (RP) —the average time (in seconds) to
select a row;

— Col Press (CP) — the average time (in seconds) to
select a column.

Following blocks A2 and B2, each participant was

single trial (i.e., if the subject selected the wrong row asked to provide numerical responses between 1 and
then selected the correct row), the last row press time 7 to the two statements shown in Fig. 4. After both

was recorded.

blocks A2 and B2 were completed, participants were
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The scan rate during this test was:

Much too Just right Much too
slow fast
1 2 3 4 5 6 7

The difficulty of entering letters during this test was:

Extremely Extremely
easy difficult
1 2 3 4 5 6 7

Fig. 4. Questions asked after block A2 and after block B2.

Which condition did you prefer?

Condition No Condition
One Preference Two
1 2 3 4 5 6 7

How useful would it be if your scanning system helped adjust their scan rate at times to better match their abilities?

Not at all Extremely
useful useful
1 2 3 4 5 6 7

Fig. 5. Questions asked after both A2 and B2.

asked to respond to the two additional statements shown pared to their self-selected scan period, we took that
in Fig. 5. as evidence in support of IDAs effectiveness. Specifi-
cally, we hypothesized that:

3.5. Hypotheses and data analysis 1. CET using the IDA-recommended scan period

would be at least as fast as CET using the self-
selected scan period.

. Timing errors (TE) using the IDA-recommended
scan period would be less than or equal to TE
using the self-selected scan period.

To determine whether IDA can effectively recom-
mend a specific, fixed scan period for users of single 2
switch scanning input, we established some absolute
and relative targets for user performance during the IDA
evaluation condition. In absolute terms, one measure 3 ggjaction accuracy (SA) using the IDA-recom-
of effectiveness is how accurately subjects could select mended scan period would be greater than or
targets using the IDA-recommended scan period. For equal to SA using the self-selected scan period.
subjects in the ND group, our benchmark for effective- ]
ness was selection accuracy averaging greaterthan 90% Each measure (CET, TE, SA) was considered equal
and timing errors averaging lower than 10%. These (i.e., not S|gn|f_|c_:antly different) for the IDA and self-
values were chosen based on our prior research [10] Selected conditions if:
and clinical experience. For subjects in the CP group, 1. arepeated measures ANOVA model did not iden-

we did not establish a fixed absolute target, but did cal- tify a statistically significant difference at <

culate means and confidence intervals across subjects 0.05; and

to measure the accuracy. 2. the mean difference across subjects for the mea-
In relative terms, if subjects could perform as well or sure was less than 15%. The value of 15% was

better with the IDA-recommended scan period as com- chosen based on prior research experience [10].
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Table 6
Results from ND Group. Participants in the first four rows used the IDA condition
first; those in the last four rows used the Self-selected condition first

Participant ~ Scan period CET Sel'n Accuracy Timing Errors
(msec) (sec/char) (%) (%)

IDA  Self IDA  Self IDA Self IDA  Self
JA1 489 650 3.33 344 98 100 2 0
DAl 540 550 354 294 98 94 14 8
RA1 509 475 3.16 3.15 96 96 12 12
AAl 529 625 3.33 332 100 100 6 2
CAl 522 775 399 515 84 90 14 20
GAl 577 700 351 384 100 98 8 4
SA2 602 775 458 4.56 94 100 14 8
SAl 420 750 282 424 98 100 6 12
Average 523 662 3.53 3.83 96 97 9.5 8.2

Table 7

Results from CP Group. Participants in the first three rows used the IDA condition first;
those in the last three rows used the Self-selected condition first

Participant Scan period CET Sel'n Accuracy Timing Errors
(msec) (sec/char) (%) (%)

IDA  Self IDA Self IDA Self IDA  Self
JC1 859 1450 12.19 13.03 76 98 36 18
JC2 1199 1325 6.54 13.45 84 78 6 32
MC1 1263 2250 8.17 8.26 92 84 10 0
DC1 1110 1875 8.56 8.24 98 98 16 6
DC2 891 1200 5.86 7.99 92 100 8 8
RC1 1293 1200 11.06 10.82 100 90 16 20
Average 1102 1550 8.73 10.30 90.3 91.3 153 14.0

The repeated measures ANOVA analysis used scan aged less than 10% and 15% for the ND and CP groups,
period condition (IDA vs. Self-selected) as the within  respectively.
subjects factor and subject group (ND vs. CP) asthe be-  Tables 8 and 9 present the subjective questionnaire
tween subjects factor. In addition to statistical analysis, responses for each participant group. Subject JC2 was
establishing a mean difference criterion helps to reduce not asked some of the subjective questions, due to ex-
the chance of a false conclusion based on limited sta- perimenter error. The scanning speed was generally
tistical power or high variation between subjects. We rated faster in the IDA condition as compared to the
expected that while the two subject groups may dif- Self-selected, although in both conditions, a strong ma-
fer from each other on some performance measures, jority of ratings were within 1 point of the “Just Right”
each of the relative hypotheses would hold within each value of 4. Participants generally rated the task to
group. We did not have a specific expectation for how be moderately difficult, or easier, except for one par-
the scan periods would differ between the IDA and the ticipant (DC2) who felt the IDA condition was “Ex-
Self-selected conditions. We did analyze scan period tremely difficult.” Ratings for 6 of 8 participants in
differences, however, in order to assess this difference. the ND Group reflected a definite preference for the
self-selected condition, while this was the case for only
1 CP participant. Two participants in the CP group
4. Results felt that automatic scan period adjustments would be
“Extremely useful,” and none of the subjects felt that
Results for the primary speed and accuracy measures automatic scan period adjustments would be “Not at all
for each subject group are presented in Tables 6 and 7. yseful.”
Across both conditions, participants in the ND Group
averaged 3.68 sec/char, which is equivalent to 3.26 4.1. Performance using | DA-recommended scan
words/min (assuming 5 characters per word), while period
those in the CP Group averaged 9.52 sec/char, equiv-
alent to 1.26 words/min. Selection accuracy averaged Subjectsinthe ND grouptook an average of 3.53 sec-
above 90% for both groups, while timing errors aver- onds to select each letter using the IDA-recommended
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Table 8
Subjective Responses from ND Group. All responses are on a 1-7 scale. For
the scan speed rating, 1 is “Much too slow,” 4 is “Just right,” and 7 is “Much
too fast.” For the difficulty rating, higher values indicate higher perceived
difficulty. For the preference rating, values greater than 4 indicate preference
for the Self-selected condition, and values less than 4 indicate preference for
the IDA condition

IDA Self
Subject Scan Difficulty Speed Difficulty  Preference for
Speed Rating Rating Rating “self-selected”
Rating
JA1 5 5 4 4 6
DAl 3 3 4 4 7
RA1 4 2 5 3 6
AAl 4 1 4 1 7
CAl 5 3 4 4 2
GAl 5 2 4 2 6
SA2 5 5 4 1 6
SA1 5 3 3 2 2
Avg 45 3.0 4.0 2.6 5.3
Table 9

Subjective Responses from CP Group. All responses are on a 1-7 scale. For the scan speed
rating, 1 is “Much too slow,” 4 is “Just right,” and 7 is “Much too fast.” For the difficulty
rating, higher values indicate higher perceived difficulty. For the preference rating, values
greater than 4 indicate preference for the Self-selected condition, and values less than 4
indicate preference for the IDA condition. For the usefulness rating, 1 is “Not at all useful”
and 7 is “Extremely useful”

IDA Self
Subject Scan Difficulty Speed Difficulty  Preference for  Usefulness

Speed Rating Rating Rating “self-selected”

Rating
JC1 5 5 4 4 7 5
JC2 - - - - 3 3
MC1 7 4 4 4 4 4
DC1 4 1 2 1 4 7
DC2 6 7 4 4 1 7
RC1 3 2 4 1 4 4
Avg 5.0 3.8 3.6 2.8 3.8 5.0

scan period. Their average selection accuracy was less consistent than for the ND Group, and ratings for

96%, with a 95% confidence interval of [91.6, 100.4], 2 participants indicate that the IDA scan period may

and they committed an average of 9.5% timing er- have felt a bit too fast for them.

rors [5.6, 13.4]. Both accuracy measures meet the  Overall, in absolute terms, the data suggest that IDA

a priori criteria and provide evidence that the IDA-  recommended a usable scan period for subjects.

recommended scan period was not too fast to be usable

by these sul_)Jegts. Thg subjective ratings are conS|stent4_2_ Performance with IDA- vs. self-sdlected scan

with these findings, since the average scan speed rat- .

ing was slightly above “Just Right”, and the difficulty period

rating averaged only 3.0 on a 1-7 scale. )
Subjects in the CP group took 8.73 seconds to select 4-2.1. Scan period

each letter [6.13, 11.33] with the IDA-recommended Across all 14 subjects, there was a significant differ-

scan period. They averaged 90.3% selection accuracy €nce between the scan period chosen by IDA and the

[80.9, 99.8] and 15.3% timing errors [3.9, 26.8]. While ~ self-determined scan periog & 0.002). The IDA-

not as high as the ND group, this relatively high ac- recommended scan period was consistently faster than

curacy also suggests that the IDA-recommended scan the self-selected scan period, averaging 21.7% faster

period was usable by subjects in the CP group. The CP across all 14 subjects (19% faster for ND Group; 25.5%

Group’s subjective ratings for the IDA condition were faster for CP Group).
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4.2.2. Character entry time

Although the scan period for the IDA condition was
faster, there was not a significant difference in CET with
the IDA scan period as compared to the self-selected
rate, p = 0.088). The general trend was toward slightly
faster CETs using the IDA-recommended scan period,
averaging 9.0% faster across all subjects (5.8% faster
for ND Group; 13.3% faster for CP Group).

4.2.3. Selection Accuracy

Selection Accuracy was relatively high whether the
IDA or self-selected scan period was used. Selection
accuracy averaged 93% for the IDA-selected scan pe-
riod and 94% for self-selected, which was not signifi-
cantly different ) = 0.625).

4.2.4. Timing Eerrors
The amount of Timing Errors committed was not
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in scan period did not lead to significantly more errors,
as both Selection Accuracy and Timing Errors were al-
most identical across the two scan period conditions.
Somewhat surprisingly, the faster IDA scan period did
not yield a significantly faster CET, although CET with
IDA did average 9% faster than CET with self-selected
scan period.

Why didn’t the CETs more strongly reflect the in-
crease in scan period? We explored the relationship
between scan period and CET a bit further, to try to
gain insight into this result. As Fig. 6 shows, CET
did generally improve with faster scan periods, as one
would expect. The relationship is similar across both
scan period conditions, again as one would expect.

But the figure also shows that CET is not unilaterally
determined by the scan period. For example, CETs ata
scan period of approximately 1250 msec ranged from
6.5 to 13.5 sec/char. One factor in this range is the

affected by whether the scan period was recommended time it takes to begin scanning, from when the target

by IDA or selected by the subjegt & 0.663). Timing
Errors with IDA averaged 1.33 percentage points higher
than Timing Errors with self-selected scan period (1.25
pp more for ND Group; 1.33 pp more for CP group).

4.3. Group Differences

Overall, Group ND used a significantly faster scan
period than Group CP (593 vs. 1326 mgee; 0.001),
and had a correspondingly faster CET (3.7 vs. 9.5
sec/charp < 0.001). Members of Group ND tended
to be more accurate than Group CP, but the differences
were small and not statistically significant. Specifi-
cally, selection accuracy for the ND and CP Groups av-
eraged 97% and 91%, respectively=€ 0.066), while
the timing errors averaged 9% and 1586 0.127).

5. Discussion

Our results suggest that IDA can recommend an ap-
propriate fixed scan period for users of single switch
scanning input. In an absolute sense, participants’
speed, accuracy, and subjective ratings in the IDA con-
dition support this conclusion. In relative terms, par-
ticipants’ performance, as measured by CET, selection
accuracy, and timing error, was at least as good for the
IDA-selected scan period as for the self-selected scan
period.

IDA did tend to recommend scan periods that were
significantly faster than subjects’ selected periods,
about 22% faster on average. However, this increase

letter is presented until the first switch hitis made. This
initiation time is included in the measured CET, but is
completely independent of the scan period setting. We
could determine the exact contribution of this factor
by separating time to initiate scanning from the time
to scan to each letter, but that is beyond the scope of
our current analysis. A second factor clouding the
relationship between scan period and CET is the effect
of timing errors. For example, waiting to select the
target letter until the 2nd or 3rd time its row is scanned
adds significant time to the CET. In the extreme case, a
user whoalways waits until the 2nd row scan to select

a letter would have a CET about 5 times slower than
the user who always gets the letter on its 1st row scan
(for a 5-row selection matrix).

The findings reported here must be interpreted within
the limitations of the study’s design. Of the six mem-
bers of the CP group, only four regularly used single-
switch scanning. Subjects only participated in a single
session, which limited opportunity for them to improve
with practice. Subjects were also tasked with transcrib-
ing letters and punctuation marks one-at-a-time from
an unfamiliar display, rather than communicating with
their own personal device. All of these elements reduce
the authenticity of the experimental task.

Two additional differences between the experimen-
tal interface and “real” row/column scanning interfaces
are also worth noting. First, the experimental interface
had a single scan period for rows and columns, and no
additional delay was possible for the first row or col-
umn. For at least one subject in the CP group (DC1),
there appeared to be a real need for an initial delay due
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Fig. 6. CET vs. scan period for all participants under both conditions.

to his extended recovery time between switch presses. needed to understand the conditions under which the
Second, the self-selected condition is an idealized con- rule works, it does provide a useful starting point for
dition, because most row/column scanning systems do selecting a scan period. Applying this rule does require
not provide users with such immediate access to the measurement of a user’s switch hit times during use of
scan period. their scanning system, and we suggest that manufac-
A final methodological note involves the use of a tyrers of such systems provide a means to take these
group who were unimpaired in their ability to press a measurements as needed.
single switch (the ND Group). Given our difficulty in Clinicians should also take notice of the complex re-
recruiting people who use single-switch scanning, the | 4i5nship between scan period and CET. While faster
ND Group was a useful complement to _the smaller CP scan periods often translate into faster CETs, the benefit
Group. In some ways, such as t_he achieved CETs, t,he may not always be as large as expected. Other factors,
ND Group was nofc representative Of the CP. Groups such as accuracy and scan initiation time, can partially,
performance, as might be expected given their physical or even completely, counteract the gain from a faster

differences. However, in other ways, such as accurac o :
y y CET. We suggest that clinicians measure a client’s per-

of performance, and thedative performance under ; q ine th hich ch i
the two scan period conditions, the two groups were Tormance to determine the extent to which changes in
scan period are having the desired effects.

remarkably similar. This suggests that while there is )
no substitute for direct involvement by members of the ~ FOr future development of IDA, the results provide

target population, a group of unimpaired participants Séveral avenues of future study. For a small number

can be a useful way to augment findings from the target ©Of subjects, an initial scan delay might have been very
group, if employed carefully. useful. Learning to identify when someone might ben-

efit from such a delay is an important goal for future
versions of IDA.

6. Conclusions Future work will also focus on the long-term effects
of using IDA. For most subjects, IDA selected a faster

This study demonstrates the validity of a particular Scan period than the subjects chose for themselves.
approach to determining an appropriate scan period for Over an extended period of time, this might result in
single-switch row-column scanning. The apparent ac- faster CET with the IDA-selected condition. Further

curacy of the “.65 rule” for choosing scan period may study across multiple sessions is needed to determine
be a useful result for clinicians. While more work is  the extent to which this might be true.
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