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ABSTRACT 
We present our experiences with evaluating an ambient 
display for the home using two different evaluation 
techniques:  the recently proposed ‘Heuristic Evaluation of 
Ambient Displays’ and an in situ, 3-week long, Wizard of 
Oz evaluation.  We compare the list of usability violations 
found in the heuristic evaluation to the set of problems that 
were discovered in the in situ evaluation.  Overall, the 
‘Heuristic Evaluation of Ambient Displays’ was effective – 
75% of known usability problems were found by eight 
evaluators (39-55% were found by 3-5 evaluators).  
However, the most severe usability problem found in the in 
situ evaluation was not identified in the heuristic 
evaluation.  Because the problem directly violated one of 
the heuristics, we believe that the problem is not with the 
heuristics, but rather that evaluators have minimal 
experience with ambient displays for the home. 
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INTRODUCTION 
We are interested in designing technologies to help the 
network of caregivers, often family and friends, who 
provide the day-to-day care required by elders who wish to 
age in place.  Because these care network members are 
often over-worked and over-stressed, we are exploring the 
use of ambient displays, which have the goal of “presenting 
information without distracting or burdening the user” [2], 
to convey the information that these caregivers need. 

As a result of several months of interviews and group 
discussions with target users, we developed an ambient 
display to assist with the task of disseminating important 
information about an elder to the local members of her care 

network.  We built a working prototype of the display and 
evaluated it in four 3-week long, in home, Wizard of Oz 
deployments to several care network members.  Because we 
were curious about the utility of the heuristic evaluation of 
ambient displays [2], we also conducted a heuristic 
evaluation of the same version of the display with eight 
evaluators using Mankoff et al.’s proposed set of heuristics. 

In this paper, we present our experiences with the ‘Heuristic 
Evaluation of Ambient Displays’ as they compared to the in 
situ, 3-week long, Wizard of Oz evaluation.  We use the in 
situ evaluation to establish a list of “known usability 
problems” and compare these to the violations reported in 
the heuristic evaluation.  Overall, the proposed set of 
heuristics was effective:  eight evaluators found 75% of 
known usability problems (3-5 evaluators found 39-55%).  
We describe the known usability problems that were not 
reported in the heuristic evaluation and suggest why we 
believe they were not discovered. 

THE AMBIENT DISPLAY 
The ambient display that we evaluated is called the CareNet 
Display [1].  It is an interactive digital picture frame that 
augments a photograph of an elder with information needed 
by the friends and family who provide the regular care she 
needs to remain at home.  It extends the idea of the Digital 
Family Portrait by Mynatt et al. [3] to target the local 
members of an elder’s care network who are responsible for 
providing her day-to-day care.  Most users are aged 40-65; 
their comfort and experience with technology vary. 

In the version of the CareNet Display that was evaluated, 
the status of the elder’s meals, medications, outings, 
activities, mood, falls, and calendar were updated 
throughout the day as events occurred.  The appearance of 
the icons on the main view, which represent each type of 
information, change to convey the status of the event (e.g., 
everything is okay, something unexpected happened, etc.).  
Where applicable, the display shows multiple icons of the 
same type (e.g., to represent breakfast, lunch, and dinner, 
three meal icons are used).  The CareNet Display can be 
used as an ambient display, where the user gets a general 
idea of how the elder’s day is going from a casual glance; it 
can also be used as an interactive device where its touch 
screen allows users to get details by touching the various 
icons.  In addition to the details of a particular event, the 
CareNet Display includes five-day trend views, and the user 
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can access events from previous days.  Because the 
information conveyed by the CareNet Display is often 
private in nature, the elder has two means of controlling the 
dissemination of updates.  For example, the elder chooses 
which user can receive which type of information, and she 
can turn off the sharing of an update for any individual 
event.  More about the CareNet Display’s design is in [1]. 

 
Figure 1. Overview of the CareNet Display’s interaction.  The 

main view is shown in the upper right.  Users can learn more 
about an event by touching the icons.  In the illustration, we show 

the detail and trend views for morning medications. 

RESEARCH METHODS 
We conducted two evaluations of the CareNet Display:  an 
in situ Wizard of Oz user study and a heuristic evaluation 
using Mankoff et al.’s [2] proposed heuristics.   

In Situ Evaluation  
In the in situ evaluation, prototypes of the CareNet Display 
were used in three-week long, in-home, Wizard of Oz 
deployments.  A total of 13 people participated in the in situ 
evaluation:  four elders (aged 80-91) who lived at home and 
required regular care and two-three family members (aged 
51-65) per elder who regularly provided the elder with care, 
but did not live with the elder or each other.  Each family 
member had a prototype of the CareNet Display in his/her 
home for the three-week duration (see Figure 2).   

 
Figure 2.  CareNet Display prototype in a participant’s home. 

 

All participants were interviewed before and after the 
deployment, and the nine family members completed a 
mid-study questionnaire about their experiences half-way 
through the deployment.  To collect the information shared 
on the display, a researcher spoke with the elders by phone 
several times per day everyday and updated the displays 
remotely.  Additional details about the evaluation are in [1]. 

Heuristic Evaluation 
Eight evaluators, with a median of 6.5 years of user-
centered evaluation experience (range: 1-14 years) were 
recruited.  The evaluators represented a mix of industry 
practitioners and academic researchers. None of the 
evaluators had prior experience with the set of heuristics 
used in this evaluation.  Evaluators received an email with 
Mankoff et al.’s 12 heuristics for ambient displays, a short 
survey regarding their experiences with heuristic 
evaluations and ambient displays, and a link to a web site 
containing a detailed description of how the display worked 
(including photos of the prototype in example home 
situations).  Evaluators also had access to an interactive 
digital prototype of the display, which was identical to the 
user interface (UI) used in the in situ evaluation, except that 
the elder and information about her was hypothetical, i.e., it 
did not update throughout the day, and evaluators accessed 
it from their own computers via a web browser (i.e., though 
the UI was identical to the in situ prototype, the form factor 
was not a digital picture frame, but rather a web browser).   

Evaluators were asked to read the description of the display, 
interact with the online prototype, and create a list of 
violations based on the heuristics.  Each violation was to 
include a description of the problem and identify which 
heuristic(s) was violated.  Per the original Nielsen 
recommendation [4], evaluators were instructed that the 
violations from all eight evaluators would be aggregated, 
then each evaluator would rate each violation listed in the 
aggregated report.  Though this differs from the method 
used by Mankoff et al., who requested that evaluators rate 
only the violations they identified themselves, it enabled us 
to learn whether or not the evaluators agreed on the severity 
of reported violations.   
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The 12 heuristics used were the set proposed by Mankoff et 
al., and include five of Nielsen’s original heuristics.  They 
are (original Nielsen heuristics are marked with an ‘*’): 
1. Sufficient information design – The display should be 

designed to convey “just enough” information.  Too much 
information cramps the display, and too little makes the display 
less useful 

2. Consistent and intuitive mapping – Ambient displays should 
add minimal cognitive load.  Cognitive load may be higher 
when users must remember what states or changes in the 
display mean.  The display should be intuitive 

3. Match between system and real world* – The system should 
speak the users’ language, with words, phrases, and concepts 
familiar to the user, rather than system-oriented terms.  Follow 
real-world conventions, making information appear in a natural 
and logical order 

4. Visibility of state – An ambient display should make the 
states of the system noticeable.  The transition from one state 
to another should be easily perceptible 

5. Aesthetic and pleasing design – The display should be 
pleasing when it is placed in the intended setting 

6. Useful and relevant information -- The information should be 
useful and relevant to the users in the intended setting 

7. Visibility of system status * – The system should always 
keep users informed about what is going on, through 
appropriate feedback within reasonable time 

8. User control and freedom * – Users often choose system 
functions by mistake and will need a clearly marked 
“emergency exit” to leave the unwanted state without having to 
go through an extended dialogue.  Support undo and redo 

9. Easy transition to more in-depth information – If the display 
offers multi-leveled information, the display should make it 
easy and quick for users to find out more detailed information 

10. “Peripherality” of display -- The display should be 
unobtrusive and remain so unless it requires the user’s 
attention.  User should be able to easily monitor the display 

11. Error prevention * -- Even better than good error messages is 
a careful design which prevents a problem from occurring in 
the first place 

12. Flexibility and efficiency of use * – Accelerators—unseen by 
the novice user—may often speed up the interaction for the 
expert user to such an extent that the system can cater to both 
inexperienced and experienced users.  Allow users to tailor 
frequent actions 

RESULTS 
The measure of a successful heuristic evaluation is that 3-5 
evaluators can find 40-60% of known usability issues with 
a display [5].  Using the heuristic evaluation of ambient 
displays’ proposed heuristics, 3-5 evaluators in this study 
found 39-55% of known usability issues as identified by the 
in situ evaluation1.  Of the eight known usability issues, the 
number of issues reported by a single evaluator ranged from 
zero to three.  Seven of the eight evaluators identified the 
same issue; three evaluators found unique issues (i.e., 
known issues that were not found by any other evaluator).  
When aggregated, the violations reported by all eight 

                                                           
1 This was calculated by enumerating across all possible sets of 
three and five evaluators respectively, then calculating the average 
percentage of issues found per set.  The three evaluators who 
identified the fewest number of known issues identified 12.5% of 
issues, and the three who identified the most identified 75%.  The 
five evaluators who identified the fewest identified 25% and the 
five who identified the most identified 75%. 

evaluators represented 75% of known usability issues (i.e., 
six of the eight known issues were identified).     

The six known usability issues that were identified in the 
heuristic evaluation were addressed by 15 reported heuristic 
violations (i.e., one known usability issue was often 
addressed by more than one heuristic violation).  Two 
known usability issues were not identified at all in the 
heuristic evaluation.  Though the evaluators identified 60 
additional heuristic violations, none of the 60 corresponded 
to known usability issues. 

The types of known usability issues that were identified in 
the heuristic evaluation included the size of items on the 
display (icons and text were too small), the complexity of 
the icons used (too many types of status were represented), 
the bulky nature of the display, and the inclusion of 
unnecessary information.  For example, a known usability 
issue that was also identified in the heuristic evaluation was 
that the “fall” update was unnecessary; it indicated if the 
elder had experienced a recent fall and included a history of 
past incidents.  Both the heuristic evaluators and in situ 
study participants commented that this was unnecessary, as 
it would be conveyed by other means, e.g., a telephone call.  
The in situ study participants also offered what type of 
information could take its place, e.g., “household needs” 
such as a light bulb in the foyer needs to be replaced. 

As mentioned, the heuristic evaluators reported 60 
violations that were not identified in the in situ evaluation.  
Some of these violations identified issues that we felt 
should be addressed in a redesign, for example simplifying 
touch-screen navigation, fixing the aesthetic design of some 
icons, and creating an easier-to-read main view.  However, 
based on our experiences in the in situ evaluation and 
previous studies, there were other reported violations that 
we would not address.  Most of these were violations of 
heuristics 6 and 10: Useful and relevant information and 
‘Peripherality’ of display.  Some evaluators identified 
violations with the types of information placed on the 
display or the intended environment for the display. 
Participants in the in situ evaluation did not raise these 
issues, and in some cases, made comments that would 
directly refute them.  Furthermore, many evaluators did not 
agree on these issues.  The standard deviation of ratings for 
these violations was relatively high, and the severity ratings 
from the different evaluators often ranged from 0-42, 
indicating that evaluators disagreed as to the severity (or 
even existence) of the violations.   

The most severe usability problem discovered in the in situ 
evaluation was missed by all heuristic evaluators; it 
regarded the display’s appearance in low-light conditions 
(see Figure 3).  The display glowed brightly in dark rooms.  
Participants found this to be distracting, particularly while 

                                                           
2 Nielsen’s severity rating scale of 0-4 [4] was used, where 0 is 
“not a usability problem at all” and 4 is “usability catastrophe.” 
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trying to watch a television or go to sleep.  While this issue 
clearly violates heuristic 10:  ‘Peripherality’ of display, no 
evaluator reported it.   

 
Figure 3.  The CareNet Display lost its ‘peripherality’ in a 

dark room.  This was discovered in the in situ evaluation, but not 
the heuristic evaluation. 

 
The other issue discovered in the in situ evaluation that was 
not reported by the heuristic evaluators was that, similar to 
the screens used on many laptops, the display was difficult 
to see from some angles.  This issue also violated heuristic 
10, as there are many situations in which the user could not 
easily monitor the display. 

DISCUSSION 
The set of 12 ambient display heuristics that Mankoff et al. 
[2] proposed were based on the evaluations of two ambient 
displays:  the BusMobile and the Daylight Display.  Both 
were designed for use by undergraduate computer science 
students while working in their department’s computer lab 
on campus.  The BusMobile “indicates how close each 
commonly used bus is to the nearest bus stop,” and the 
Daylight Display indicates “whether it is dusky, light, or 
dark outside.”  When compared to the CareNet Display, 
these displays have very different users, environments, 
usage models, and types of information that they convey. 

Despite these differences, the set of heuristics performed 
well, and basically met the criteria of a successful heuristic 
evaluation.  Interestingly, the issues with the CareNet 
Display that were not discovered by the heuristic evaluators 
violated heuristic #10: ‘Peripherality’ of display.  This 
suggests that the problem was not with the set of heuristics, 
as the problems clearly violated a heuristic.  Rather, we 
believe that two things may have happened.  First, there is 
little published work about evaluations of actual ambient 
displays in the home environment.  That is, evaluators 
simply do not yet have much experience with ambient 
displays in the home.  Second, for at least one of the 
undiscovered issues (the screen not being visible from 
several angles), it may have been discovered had the 

evaluators conducted the evaluation with the actual device, 
rather than through images, descriptions, and an interactive 
prototype accessed via a web browser.   

CONCLUSIONS 
We have presented a comparison of the results of two 
evaluations conducted on the same ambient display for the 
home:  one discount usability method, the recently 
proposed heuristic evaluation of ambient displays, and one 
more involved user study, a three-week long in situ Wizard 
of Oz evaluation.  By comparing the results of the two 
evaluations, we confirmed that the heuristic evaluation of 
ambient displays met the criteria for a successful heuristic 
evaluation.  Based on our experiences, we believe that the 
heuristic evaluation of ambient displays is an important 
evaluation tool for ambient display designers. 
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