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ABSTRACT

The utility of a handheld device is often constrained by
the battery life, particularly with recent usage patterns
where the device is likely to be powered on at all times.
The display component in these devices is a major
consumer of battery energy and reducing its energy
consumption can significantly enhance its utility. This
primary research explores the impact of emerging
technologies that provide energy-saving display
modifications on perceived ease of use, quality, and
overall user acceptance, and seeks to understand the
tradeoffs between energy reduction and user acceptance
for future interfaces. For our study, twelve handheld
users reviewed energy-adaptive and standard display
interfaces during five scenarios representing frequently
performed tasks. The results show good acceptance of
energy-aware user interfaces. While displays for tasks
involving natifications and menus were deemed
acceptable, primarily due to enhanced contrast levels,
displays for longer tasks involving greater informational
context need additional work.
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ACM Classification Keywords
H5.m. Information interfaces and presentation (e.g., HCI):
Miscellaneous.

INTRODUCTION

The increased proliferation and acceptance of mobile
devices with the handheld form factor (palm organizers
game players, cell phones, MP3 players) has led to their
rapidly becoming one of the key markets of interest for
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computing systems. Since the batteries on these are
typically limited in capacity, reducing the energy
consumption is one of the key challenges in designing
mobile handheld systems.

Among the various components that contribute to the
consumption of electrical energy, the display subsystem
(the electronics associated with the visual representation
of the data generated by the system - namely the display
and the controller) often plays an important role. For
example, Choi et al. report that the display component of
the system consumed close to 60% of the total power of
the system for a handheld device [1]. Furthermore, unlike
some of the other components of the system, display
power consumption has traditionaly been reatively
invariant across technology shrinks making it a likely
greater fraction of thetota power of future systems.

Current approaches to reducing display power
consumption have either focused on aggressively turning
off the entire display when it isnot being used or resort to
designing systems with lower-quality or smaller sized
displays to minimize power. However, new, potentialy
better display technologies, such as Organic Light
Emitting Diodes (OLEDs) [2], are becoming available
that allow lower power consumption when a reduced area
of the screen is in use. Based on the notion that different
workloads and users have different display needs, these
emerging displays can enable energy-adaptive designs
that consume energy only on portions and characteristics
of the screen that are being used by the application or are
relevant to the user. Such designs have been shown to
have significant energy savings (up to a factor of 10) for
longer battery lifein laptops[3].

While such energy-adaptive designs lead to significant
energy savings, they can typically include user-intrusive
changes to the interfaces such as changes to the
brightness, color, and on/off status of sub-portions of the
screen. However, such changes to the user interface have
not been formally studied for their user acceptance. In this
work, we apply the notion of energy-adaptive designs to
handhelds and explore the impact of energy-saving user
interface modifications on perceived ease of use, quality,
and overal user acceptance. To the best of our
knowledge, thisisthe first work to evaluate energy-aware



user interfaces compared to standard screens, with users
of handheld devices. Based on the insights from our
study, we seek to understand the tradeoffs between energy
reduction and user acceptance to identify task scenarios
suited for such displays and to optimize future energy-
aware interface designs.

USER EVALUATION METHODOLOGY

This section discusses the evaluation methodology of the
user study we performed to compare energy-aware user
interfaces with standard display interfaces. The primary
objectives of this test were to evaluate the perceived
quality and acceptability of energy-aware user interfaces
for an OLED-based handheld design compared to
standard handheld user interface designs. A secondary
objective was to determine whether these factors were
influenced by user type (consumer vs. business user).

Participants

Twelve advanced handheld users were recruited internally
from within Hewlett Packard facilities in Houston. All
participants were avid users of the iPAQ handhelds
evaluated in the study. Six participants used their
handheld primarily for personal activities (consumers)
and the other sx used their handheld primarily for work
activities (business users). All participants indicated they
were concerned about battery life on their handheld, with
10 of 12 participants recharging their handheld at least
once a day, and the other 2 recharging at least twice a day.

Procedure

The test consisted of two parts. In the firg part,
participants walked through various scenarios
representative of typical day-to-day use of a handheld
device. The scenarios were placed in the context of a user
making a train journey to meet a customer. Scenario A
involved a mail notification enroute to the train station.
Scenario B involved checking and replying to email in the
train. Scenarios C and D involved note-taking and book-
reading activities on the return journey back home, and
the final scenario involved checking the battery life before
re-docking the handheld for the end of the day.

The users were walked through the various scenarios with
screenshots  representing the individual tasks in the
scenario. The specific screens that the participants
reviewed included a message notification screen, the
“today” screen (the default screen), the today screen with
the start-menu activated, an inbox screen, email message
screens at different points in the scroll bar, a reply menu
pop-up screen, a reply message screen, note-taking
screens with and without text, acrobat reader screens of
different pagesin an e-book, a control-menu screen, and a
battery-check screen.

Two sets of (color) screen shots were considered — one set
representing standard interfaces and a corresponding set
of screenshots representing energy-aware interfaces for
the same handheld. The standard interfaces represented
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Seenario E Control menu 22%
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Trangtions Start menu 40%

Table 1: Power savingsfor energy awar e screens,
compared to standar d screens

the default designs in the PocketPC environment. Our
energy-aware screens were designed in the context of the
user and technology perspectives for our energy-adaptive
iPAQ screen and governed by standard design principles.
One of the key design principles used was to use higher
contrast or graded dimming to and turn off or dim (reduce
the brightness) portions of the screen that we thought
were of lower interest to the user. The design process was
iterated based on feedback from interviews of several
experienced iPAQ users. The individual designs for the
various scenarios had different settings for the level of
dimming and the size of the dimmed region to enable user
responsiveness to these parameters to be studied. The
screenshots for the individual screens are shown with the
discussions in the next section.

For each of these screens, we estimated the power
consumption based on detailed power modeling at Kodak
matched to the specific chemistry of the OLED display
targeted for thiswork. Table 1 shows the power reduction
from the energy-aware user interfaces for each of the
screens. As shown in the table, the energy-aware user
interfaces reduce the display power consumption
anywhere from 22%-88% (factors of 1.3 to 8.3) relative to
the standard interfaces. A more accurate estimate of the
total battery life improvement of the device is dependent
on the actua mix of these screenshots in the usage pattern
of a given user and the time spent on each. However, our
earlier study of screen usage patterns of several typical
users over a long period of time [3] indicate that our
chosen scenarios are very representative of the average
usage patterns and that the relative time spent on the type
of interaction typified by each scenario islikely similar.

The study employed a within-subjects design, and the
order in which the two sets of designs were viewed was
counterbalanced across participants. Following each
screen, participants filled out a series of quality ratings,
which included ratings of text and characters, contrast and
readability, on a 9-point scale, ranging from —4 (very bad
quality) to +4 (excdlent quality). The acceptability of
these screens was also measured in rating scales, ranging
from —4 (completely unacceptable) to +4 (completely



acceptable). After walking through all scenarios on one
set of screens, participants rated overall quality and ease
of use and proceeded with reviewing and rating the
second set of screens.

After completing all scenarios and filling out ratings for
both sets of screens, participants completed a post-task
guestionnaire asking them to indicate the design they
preferred most, to document three aspects of that design
they liked, and to document the main reason they disliked
the other design.

In the second part, participants were debriefed about the
energy saving capahilities of the energy-aware screens
and asked to re-rate the energy-aware screens. Such data,
collected after participants were made aware of the energy
saving potential, is presented in the next section when
significant. During this part of the test, participants were
also presented with aternative energy-aware designs
(shown in Figure 4 in the Discussion section) and asked a
series of conceptual questions about potential energy-
aware designs and future trends in handheld usage.

All the participants used a PocketPC handheld device for
all the tasks and screens. Participants were encouraged to
verbalize their thoughts and the study was videotaped for
later review. The rating scale data were analyzed using
repeated measures ANOVA (Analysis of Variance).

RESULTS

This section discusses the results from our user study.
Table 2 presents a summary and we refer to the relevant
portions in our discussions of the individual screens
bel ow. For brevity, in Table 2, for the data on user ratings
after the debriefing, we present results only for the
screens where there were significant changes.

Based on the quality and acceptance ratings of the
standard and energy-aware interfaces, the various screens
can be broadly classified into (1) screens where the
energy-aware interfaces had higher acceptance compared
to the standard interfaces, (2) screens where the energy-
aware and dandard interfaces had comparable
acceptances, and (3) screens where the energy-aware
interfaces had lower acceptance compared to the standard
interface. Below we discuss these three categories in
greater detail

Data collected from consumers and business participants
was collapsed and presented as one set, as there was only
one factor of marginal statistical significance between the
two user types.

Energy-aware screens with high ratings

Some of the energy-aware designs were rated to be highly
acceptable, even preferable, in scenarios involving (1)
Noatification, (2) reply menu, and (3) start menu. The
standard and energy-aware screens for these three cases
are summarized in Figure 1.
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Notification:  The first scenario presented to each
participant involved display notifications. As seen from
Table 2, overall, the energy-aware design was rated high
in quality and acceptance even before participants were
aware of its energy-saving benefits. Seven out of twelve
participants said they preferred the energy-aware design
to the standard design because the added contrast between
the pop-up message and the background made the
notification message more saient. There were no
statistical differences between the standard and the
energy-aware interfaces for the quality of the screen or its
acceptability. Furthermore, probably due to a celling
effect, there were no statistical differencesin acceptability
of the energy-aware ratings, after the test participants
were informed of the energy saving benefits

Reply menu: The second set of screens related to the
reply pop-up menu screens. Overall, the energy-aware
design was rated high in quality and acceptability even
before participants were made aware of its energy-saving



benefits. Again, nine out of twelve participants
commented that the added contrast between the pop-up
message and the background on the energy-aware design
made the reply message more salient and easier to read
than the standard design. Participant ratings showed that
there was a datistically significant (p = .05) difference
between the perceived quality of the standard design and
the energy-aware (EA) design for sharpness and clarity of
text and characters, athough both designs were rated
highly. However, the results indicated no statigtically
significant difference between the acceptability of the
quality of the standard design and the energy-aware (EA)
design before debrief. Both designs were rated positively
for all measures with means greater than 3.00 for overall
acceptance. Furthermore, there were no differences in
ratings after the participants were made aware of the
energy savings benefits.

Start-menu: The third display set involved reviewing
menus to complete tasks. Although the Start Menu
screens were not rated, all twelve participants reacted
positively to the energy-aware design, most likely because
the area of focus on the screen ishighlighted.

Energy-aware screens with moderate ratings

The next set of screens included those where the energy-
aware interfaces got moderate ratings. These included (1)
the Today screen, (2) Note taking, and (3) the control
menu and battery check screens. Figure 2 shows the
screen shots for these screens.

Today screen: There were no statistical differences
between the standard and energy-aware ratings for the
Today screens, and both were rated highly. Several
participants commented that the added contrast on the
energy-aware design made the text more readable. Other
participants, however, felt that the darker background
created a “depressing” mood. Five of twelve participants
preferred the energy-aware screen with the al-black
background to the dimmed background. In generd,
participants were not passionately opposed to the energy-
aware design, but they preferred the brightness of the
standard version for everyday use.

Notes: With respect to the note-taking screens, there were
no statistica differences in ratings between the standard
and energy-aware ratings. Overall, the energy-aware
screens were rated quite high in quality and acceptahility
before and after participants were made aware of its
energy saving benefits.

Control-menu and battery-check: With respect to the
power control screen, there was only one significant
difference between the standard and energy-aware
interfaces — in the rating of contragts. Table 2 provides
this result. Acceptability ratings were not significantly
different. The energy-aware design of the battery check
screen was rated high in quality and acceptahility before
the debrief, and even higher after participants were made

aware of its energy-saving benefits. These ratings were
higher, and are presented in the “after-debrief” section of
Table 2.

Energy-aware screens with low ratings

Scenarios involving (1) Inbox, (2) Reply-to-message, (3)
Book-read, and (4) Messageread were generally rated
lower for their energy-aware interface compared to their

£ |start < 3:43
(2 Thursday, August 21, 2003
[=] Owner: Gander

=] Tomorrow: Meetin
H00PH-5;00PM {Lai t:)

,»".»”Notes oS 12209 (D

5/25 - Mr. Johnson
- Chedk on PO #000876 From 8{11
- Get cost estimates for equipment

o ppg‘h‘n\uj
é%/ae 33%_
@m&"\w

fo 5"17\ \(\é

\fﬂﬁa@@ﬂ 7| x

Thursday, August 21, 2003

1 High prmnty

Today
Energy-aware

New Edit Tools = /2 New Edit Tools = /2
Notes Notes
Energy-aware
(Bfseicns:  Acs2 Q)
. B W
Connections  Backlight Memory
6
Mode Screen Expansion
Pack
Windows Pow
Media Skin
Chooser
Personal ‘ Syslem‘ Cmnenﬂuns‘ Power
=]
Control menu Control menu
Standard Energy-aware
: Power
Main battery: LiPolymer Main battery: LiPolymer
State: charging State: charging
0 [T 100 0 [T 100%

Elnh tte ypnwer

(o] Tanelf dewe i ot ERETTTEES

uuuuu

on ext:rnal Dower

Elnh tte ypnwer

[o] Tanoff dewe i ot [EYTTTTESS

uuuuu

on ext:rnal Dower

vt I e
Main | Standby Main | Standby
Adjust backlight settings. Adjust hacklight settings
& @
Battery check Battery check
Standard Energy-aware

Figure2: Screenswith moderateratingsfor the ener gy-

awar e interfaces



standard interface. Figure 3 shows the screen shots for
these interfaces.

Inbox: Overall, the energy-aware design of the Inbox
Screen was rated low in quality and was unacceptable,
before and after learning about its energy-saving benefits.
Participants complained about not being able to read all
the messages in their Inbox and were confused about the
purpose of the varying shades of brightness. The results
indicate a statistically significant difference does exist
between the perceived quality of the standard design and
the energy-aware design as well as its acceptance for all
measures. Participants rated the standard design higher for
all measures. All quality ratings for the energy-aware
design were negative values. The energy-aware design
was rated negatively for all quality measures except for
the acceptance of the sharpness and clarity of text and
characters, which received a neutral rating. As seen from
the “after-debrief” section in Table 2, the results indicated
that a statistically significant change in readability of the
energy-aware design existed after the participants were
made aware of the energy saving characteristics, athough
readability was till rated as unacceptable. No other
significant differences existed.

Reply-to-message: Overall, the energy-aware design of
the reply-to-message screen was rated low in quality
compared to the standard design. Participants complained
about not being able to read the entire message without
scrolling.  The results in Table 2 indicate that a
statistically significant difference does exist between the
perceived quality of the standard design and the energy-
aware design for all measures (p « .01 for al three
ratings). Participants rated the standard design higher for
all measures. Contrast level and readahility both received
negative ratings for the energy-aware design, while
sharpness and clarity of text and characters was rated
dightly positive. Acceptability ratings for these screens
also showed a similar trend, with the standard designs
being significantly rated better than the energy-aware
designs. Furthermore, test participants did not change
their ratings even after learning about the energy saving
benefits.

Book-read: These screens simulated reading a book on a
handheld via Adobe Acrobat reader. Overall, the energy-
aware design of the Acrobat Reader Screen was rated low
in quality and was unacceptable even after learning about
its energy-saving benefits. Participants complained about
not being able to read the entire text without scrolling. As
shown in Table 2, the results indicate a dtatigtically
significant difference exists between the perceived quality
of the standard design and the energy-aware design for
contrast level and readability (p = .00 for both). The
energy-aware design received negative ratings for both
contrast and readability while the standard design was
rated more than three points higher for both.
Acceptability ratings showed a similar trend and these
ratings did not change after participants were made aware
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Figure 3: Screenswith low ratingsfor energy-aware
interfaces
of the energy-saving capabilities. At the very end of the
testing sessions, participants were shown less darker
versions of these screens, and their reactions were more
positive. Thisis discussed further in the next section.

Messageread: The final screen to have significant
differences was the message read screen. However, even
though there were statistically significant differences
between the perceived quality of the two sets of screens,



overall, the energy-aware design of the Urgent message
screen was rated fairly high in quality and acceptance
even before participants were aware of its energy-saving
benefits. Furthermore, as shown in the “after-debrief”
results in Table 2, participants were even more accepting
of the energy-aware design after learning of its energy
saving benefits (the statistical difference was now limited
to only one metric) and liked the fact that they could still
read all the text on the screen. Furthermore, several
participants preferred the dark header on the energy-
aware design to the standard version because the added
contrast between the header and the body text helped
divide the page more clearly. Several participants wanted
the title bar at the top of the screen to be more visible.
Acceptability ratings followed a similar trend.

DISCUSSION

In addition to the data summarized in Table 2, to help us
better calibrate some of the trends, participants were
shown several dternate versions of the screens (some
examples shown in Figure 4) at the end of the study and
asked to qualitatively rate them.

Looking at broad themes across our results, we find that
in general, energy-aware user interfaces were accepted by
usars. The main wins were for notifications, start screens,
pull-down menus, power-control tabs, and, more
generally, areas with lower informational context. In
many cases, the added helpful contrast led to energy-
aware interfaces being preferred even without an
awareness of the energy benefits. The energy savings just
for these cases is on average 53%.
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Screens for tasks involving a longer duration or requiring
greater informational context that had low ratings used
gradients for the high informational content. Gradients
were used to highlight specific parts of the screen and
gradually dim the rest.  As seen from the differences
between the Message-read screen and the other screens
(Inbox, book-read, reply-to-message) and from our
qualitative evaluation screens, extremely dark values
dimming were unacceptable and lighter grays were more

acceptable.

Further work needs to be done to determine the optimal
level of dimming for usars. For example, several
participants wanted the option to choose between three
levels of energy-aware settings. In order to provide these
choices, the range of acceptability needs to be determined
by testing a variety of light to mid-dimming values to find
(at a reasonable estimate) the value at which the design
becomes unacceptable to users. Most participants seemed
open to the concept, but true usability cannot be
determined without trying it on an interactive prototype.
Moreover, several participants indicated that the scrolling
highlight was more acceptable for email tasks than for
reading books or long documents. Thus, both these
contexts should be tested to determine whether the
scrolling highlight concept needs to be optimized for each
of these tasks.

In some cases, users were willing to tradeoff some
personal preferences for longer battery life. However, our
results indicate that the common themes that emerged
from our study about user preferences can be leveraged
for better interfaces with greater acceptance and energy
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savings. For example, the desire to see the contents of the
entire screen, the desire to use brightness/contrast or color
to highlight areas of interest, and the desire to be able to
personalize an interface all lead to lower energy while
improving the user experience.

The use of notification messages and other pop-up menus
should be further devel oped to find new ways to integrate
this feature throughout the OS. Our study suggests that
pop-up designs may have larger implications than the
context of saving energy. As previously mentioned,
seven of the twelve participants preferred the notification
and pop-up energy-aware designs to standard designs at
first use. These types of messages may be an area to
demonstrate added value for ease of use beyond the
benefits of reduced power. Interactive versions of these
designs should be tested for performance to determine
whether usability of screens can be enhanced.

Additiona benefits such as increasing readability through
added contrast should be incorporated in future design so
that energy-aware technology can be implemented to
improve usability instead of simply providing a tradeoff.
For example, several participants noted that the scrolling
highlight on the reading screens actually aided them in
keeping their place. More of these opportunities should be
identified to increase the acceptance of the overall energy-
aware designs beyond their primary purpose.

Finally, although the Today screens used in this study
were deemed to be acceptable by participants, they did
not receive overwhelmingly high ratings or reactions —
most participants simply said they could live with it.
Since the Today screen is a very critical part of the OS,
we highly recommend exploring more design options in
the next test session. The response to the al black
background design was encouraging, and this is an area
worth exploring. The Today screen may also provide a
forum for testing notification messages and other pop-up
menus in the next test. Although participants were
generally accepting of the black background for reading
text in the note-taking screens, they had more doubts
about writing on a black background. An interactive
writing task should be tested using this same screen
design in the next session. Another option might be to
test an energy-aware design for the keyboard input.

We are currently working on a follow-up user study that
addresses the points raised in this section. This work
includes prototype designs studied under dynamic
interactive use. Early results indicate that well-designed
interfaces that integrate the dimming to be consistert with
the interactivity can obviate potentia intrusiveness with
frequent changes of brightness during interactive use. For
example, screen inversons (highlighting and contrasting
specific items on a screen) have generally been perceived
positively. Text-minimal screens, such as those of MP3
players, pop-ups and notification messages, appear to
benefit from the use of varying gradients, while text-laded

screens, such as email or acrobat reader screens, were not
aswell received. Further data collection is taking place
at thetime of thiswriting, and will be published.

CONCLUSIONS

As the usefulness of mobile devices is increasingly
constrained by their battery capacities, it will be ever
more important to optimize battery life by reducing the
power consumption of individual components such as the
display subsystem. Traditional user interfaces have not
had to consider the cost of the design on energy or battery
life, but have mainly focused on user acceptance.
However, recent work with emerging technologies like
OLEDs have shown significant energy savings (up to a
factor of 10) in laptop display power by intelligent
energy-aware user interface designs that control color and
brightness of sub-portions of the screen. However, these
studies have not evaluated the designs for user

acceptance.

Our work is the first study that, to the best of our
knowledge, applies the notion of energy-aware user
interface designs to handhelds and explores the tradeoffs
between energy savings and perceived ease of use and
user acceptance metrics. Focusing on common mobile
scenarios with twelve handhed users, we evaluated user
acceptance of energy-aware designs that achieved up to
factor of 8 reduction in energy compared to traditional
interfaces.

Our results show that overall, energy-aware user interface
designs were acceptable. In some cases, the energy-aware
designs were rated to be highly acceptable, even
preferable, in specific situations in which helpful contrasts
were created. Participants who preferred the energy-
aware designs cited improved contrast and more readable
text as reasons they liked the new design. Participants
who preferred the standard version cited too much
darkness as the primary reason they disliked the energy-
aware designs. Almost al participants preferred the
energy-aware designs for pop-up messages (i.e
Notification Screen, Reply Pop Up Screen, Start Menu
Screen) because the added contrast makes the pop-up
more salient.

Those screens in which greater context of information is
required were not as well received by participants. For
example, participants perceived the energy-aware design
for the Acrobat Reader Screen to be extremely difficult
for locating and understanding information than the
standard design. However, at the very end of the testing
sessions, lighter versions of the energy-aware designs
were shown to participants and were unanimously
preferred to the darker versions of the energy-aware
gradients designs for all screens.

Our work identifies that energy-aware interfaces can
actually provide a good combination of energy benefits
and greater ease of use by leveraging features that



improve usability instead of simply providing a tradeoff.
As part of ongoing and future work, we plan to further
study these. Some of the common themes we identified
from our participant responses include the desire to use
contrast to highlight areas of interest, the desire to
personalize an interface, and the desire to see a large
amount of context at a given time. Some interesting areas
of future research include the evaluation of greater use of
notification-style interfaces that facilitate enhanced
contrast, and a more detailed evaluation of dimming
gradients, scrolling interfaces, and energy-aware
configuration settings that maximize user acceptability.
Going further, smilar work needs to be done in user
interfaces beyond displays to include other modes of
communication with the user. Overal, we believe that
such energy-adaptive user interface designs that facilitate
greater user acceptance while concurrently optimizing for
another metric of system interest such as battery life are
extremely promising and are likely to become an
important part of future mobile system designs.
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Notification Notes
Measure Std EA P-val Measure Sd EA P-val
‘ Text/Chars 2.92 3.08 64 Text/ Chars 3.00 250 49
Quality Contrast 267 | 267 1.00 Quality Contrast 317 258 25
Text / Chars 2.83 3.33 27 Text/ Chars 3.08 258 a7
Acceptance Contrast 283 3.08 61 Acceptance | Contrast 3.33 217 09
Today Screen Book-read
_ Text/ Chars 2.67 225 64 Text/ Chars 133 0.25 25
Quality Contrast 2.58 167 30 Quality Contrast 242 | 117 00
Readability 3.00 2.08 25 Readability 233 | 092 00
Text / Chars 3.08 1.83 .19 Text/ Chars 167 017 08
Acceptance Contrg_ft 2.75 1.83 .30 Acceptance Contrast 267 150 00
Readability 2.83 192 27 Readability 250 | -1.25 00
Inbox Battery check
‘ Text/ chars 3.25 -0.42 .00 Text/ Chars 350 333 4
Quality Contrast 325 | -083| .00 Quality Contrast 342 283] 05
Text/ chars 833 | 0001 .00 Text/ Chars 350 | 325| 19
Acceptance | Contrast 317 | -167 .00 Acceptance | Contrast 350 3.00 08
Readability 3.33 -2.00 .00 Readability 3.50 317 17
M essage Read
Text/ chars 3.17 1.42 .00
Quality Contrast 3.58 0.92 oL Data for screensthat had
Readability 3.25 117 00 significant changes after debriefing
Text /chars 3.25 1.58 .01 Inbox (after debrief)
Acceptance Contrast 3.58 0.67 .00 Metric Pre Post P-val
Readability 3.42 1.00 .00 Text/chars 0.00 0.67 51
Reply menu Acceptance Contragt -1.67 -0.08 A2
Text/Chars 3.33 2.92 .05 Readability -2.00 -0.25 .04
Quality Contrast 2.83 3.42 .29 M essage-read (after debrief)
Readahility 3.00 3.33 57 Text/chars 1.58 2.42 12
Text/ Chars 3.17 3.08 78 Acceptance Contrast 0.67 2.33 .02
Acceptance Contragt 2.75 3.00 52 Readahility 1.00 2.17 .08
Readability 2.92 3.42 37 Battery check (after debrief)
Reply-to-message Text/chars 3.25 3.67 .02
Text/ chars 3.17 0.50 .01 Acceptance Contrast 3.00 3.75 .01
Quality Contrast 3.25 -0.83 .00 Readability 3.17 3.75 .00
Readability 2.83 -0.58 .00
Text/ chars 3.33 0.25 .00 Legend: P-va: Vaues <= .05 are significant; Bolded val ues represent cases
Acceptance Contrast 3.25 117 .00 where P-vaueis significant; Std: default screen; EA: energy-aware screen
Readability 2.92 -1.17 .00

Table2: Summary of data from user study

8



