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ABSTRACT Pattern languages got their start with Christopher
Recent research suggests design pre-patterns, structured Alexander and colleagues in the field of architecture [2].
collections of evidence-based research and design Alexander proposed patterns as a means of communication
knowledge, provide a useful resource for design activities between the architect and the customer. Design patterns
in emerging application domains. This paper extends have since emerged in many fields including UI design
previous research by exploring the impact of pre-patterns (e.g., [4, 8, 21, 24]) and web design (e.g., [11, 23, 25]).
and tools to support pre-pattern exploration for the domain Some companies also use patterns internally as a standards
of ubiquitous computing in the home. We conducted an tool [15]. One area that patterns have had great impact on is
empirical study of 44 designers engaged in a two hour software design, where the book Design Patterns [10]
concentrated brainstorming and design task for the home of sparked the widespread usage of pattern names for
the future. Our results show pre-patterns are an easily communication ~ within the software development
adopted resource for designers that can impact even the community.

earliest of design activities. We also provide insights for An open question for patterns research is how mature a
future development of pre-patterns based on designer design discipline must be before it can benefit from design
feedback. patterns. Recent research suggests the idea of sharing
Author Keywords design knowledge might also be appropriate for less mature
Design, Design patterns, Digital Home, Ubicomp, design domains, such as ubiquitous computing (Ubicomp)
Evaluation [14]. Chung ef al. coined the term “pre-patterns” to refer to

this structured design knowledge in a nascent design
domain [6]. We seek to extend previous research on pre-
patterns by investigating how designers actually use pre-

ACM Classification Keywords
H.5.2 User Interfaces.

INTRODUCTION patterns in design tasks, how pre-patterns impact early-
When designing, one often encounters problems they have stage design, and how pre-patterns are structured and
seen before and asks: “How am I going to solve it this presented. We also seek to answer the related questions:
time?” In fact, for many problems we come across, How can one evaluate empirically whether a design
someone has attempted to solve a similar problem in the apparatus, such as design patterns, affects early stage
past. Design patterns are a tool for capturing and design? Do pre-patterns positively affect early stage
communicating this insight and experience, creating design?

persistent design knowledge among practitioners in a
community [2-5, 10, 23, 25]. A pattern language is a set of
interconnected patterns that individually describe a
problem with possible solutions and together form a
vocabulary for a design domain.

To investigate these questions, we developed 48 pre-
patterns for the domain of the digital home; we then
designed and conducted an empirical study with 44
designers in 22 two-person design teams. Each two-person
team was asked to complete a two hour design task. Half of
the teams had access to our pre-patterns through a web
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personal or classroom use is granted without fee provided that copies are filled out a questionnaire and were interviewed about their
not made or distributed for profit or commercial advantage and that . . .

. . L experience using the patterns. Each design was then
copies bear this notice and the full citation on the first page. To copy . o .
otherwise, or republish, to post on servers or to redistribute to lists, subjected to a heuristic evaluation by three external expert
requires prior specific permission and/or a fee. evaluators using a set of domain relevant heuristics we
DIS 2006, June 26-28, 2006, University Park, Pennsylvania, USA. developed.
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The most notable result of the heuristic evaluation was the
patterns groups scored better on average (lower mean
number of heuristic violations found). However, they had
less detailed designs on average as rated by our external
judges. We also observed that designers used pre-patterns
for design ideas when it was not clear how to solve a
problem and also used the patterns to find technology to
implement their ideas. Many of the designers used pre-
patterns’ names verbally as short phrases to convey design
concepts to their partner.

In this paper, we first discuss related work. We follow with
a description of our research methodology. Next we
describe how we created our pre-patterns. After that we
specify our study design. We then present and discuss the
results. Finally, we conclude and discuss future work.

RELATED WORK

There is a long tradition of trying to improve pattern
languages through a variety of techniques. Much of this
earlier work relies on peer evaluation of patterns through a
form of group critique in pattern writing workshops [1]. In
addition, researchers have had students who used their
design patterns report back on usefulness and
memorability[4]. There is almost no prior work that
empirically evaluates the use of design patterns in a
controlled manner.

Chung, et al. systematically constructed a set of 45 pre-
patterns classified into four distinct categories and
performed the first empirical test of designers using any
form of patterns [6]. The results they reported, though
somewhat inconclusive, suggested the following impact of
pre-patterns for early design activities:

e Pre-patterns helped novice designers and
designers unfamiliar with an application domain.

e  Pre-patterns helped designers communicate ideas.

e Pre-patterns helped designers avoid some design
problems.

Our objective in following this initial pre-patterns research
is to produce more conclusive evidence of the positive
impact of pre-patterns. To do that, we suggest three
methodological improvements over the prior work:
narrowing the domain, better quantifying measures of the
quality of design output influenced by pre-patterns, and
increasing the number of participants in hope of achieving
statistically significant results.

RESEARCH METHEDOLOGY

This section describes our research methodology in terms
of narrowing the domain and quantifying measures of
quality.

Narrow the Domain

The work of Chung, ef al. used pre-patterns they generated
for the broad class of ubiquitous computing applications.
Their experimental design exercise consisted of building a
location-enhanced information system. We decided to
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consider an emerging, but somewhat constrained sub-
domain of ubiquitous computing—applications for a home
of the future, or the Digital Home. While futurists and
hobbyists have explored and created demonstrations of
computer-enhanced capabilities in the home, this is not a
domain with a long history of widely-deployed successful
systems. Indeed, it is an active area of both research and
commercialization. The Digital Home is also a constrained
domain, focusing mainly on the informal everyday
activities of the family [12, 13].

Better Quantifying Measures of Quality

The Chung, et al. study primarily measured designer
reaction to the use of pre-patterns and their research team’s
qualitative scoring of generated designs. In addition to
gathering qualitative data from the designers and our
observations of their design activities, we also wanted to
gather objective measures of the quality of the design
artifacts and more concrete evidence of pre-pattern
influence on those artifacts. To do this, we had external
evaluators conduct heuristic evaluations of each design.
This is motivated by Mankoff, et al’s work that suggests
heuristic evaluation is an appropriate means to evaluate
designs that have not yet been implemented [16]. We also
recorded more quantitative data on pattern usage through
an instrumented online pattern browser.

PRE-PATTERN CREATION
In this section, we describe our method for creating pre-
patterns and the format of our pre-patterns.

Pre-pattern Content

We developed our 48 pre-patterns for the digital home over
the course of a few months following a similar bottom-up
method as described by Chung, et al [6]. We began by
surveying current academic, research, and commercial
products related to the Digital Home and Ubicomp. We
tried to identify themes or common designs among digital
products or research ideas.

Using this survey and the Ubicomp pre-patterns created by
Chung, et al, we created a list of approximately 70
candidate pre-patterns. For each of these pre-patterns we
wrote a synopsis that characterized the particular problem
the pre-pattern attempts to solve and found real examples
from the research literature or industry in which the
candidate pre-pattern had been used. We examined the
resulting list to gauge their relevance to the digital home
domain. This exercise brought us near the final 48 pre-
patterns.

Creating the content of the pre-patterns was an iterative and
collaborative process. For each pre-pattern we would make
a pass at the content and references. Then other members
of the research team would make comments or changes.
Much of our team has been involved with research and
development in the Digital Home domain for several years.

Simultaneous to creating the content of the pre-patterns,
members of the research team engaged in multiple card sort



activities [22]. We used card sorting to group the pre-
patterns into groups of similarly themed pre-patterns. This
resulted in the creation of 6 groups: Aiding Human
Abilities, Group Communication, Location-Free Access,
Activity Awareness, Privacy, and Usability. Once the pre-
patterns were split into groups, further card sorts were
performed to establish how high or low level pre-patterns
were in relation to other pre-patterns in their respective
group. This resulted in an eventual ordering based on their
relative level of abstraction.

The pre-patterns we created are not final products. The
digital home domain is relatively new and as a result, there
cannot be an expectation of evidence of many good
designs. However, this is why they are called ‘pre-
patterns’.

Pre-Pattern Format

We chose a format for our pre-patterns consistent with
published formats for patterns used in other domains [2, 6,
10, 23]. Some of these pre-patterns can be seen in Figures 3
and 4 at the end of this paper. Each pre-pattern consists of:

o A name and a letter-number pair, where the letter
indicates which group the pre-pattern belongs to. For
example, “A5” means the fifth pre-pattern in the pre-
pattern group A — Aiding Human Abilities. (A5 is
pictured in Figure 4)

e An image that characterizes the pre-pattern’s solution
or the problem it tries to address.

e A synopsis describing the problem the pre-pattern
addresses and hinting at the answer.

e The pre-pattern’s background, which provides the
context and scope of the pre-pattern, and describes any
other pre-patterns that lead to this pre-pattern.

e  The problem that the pre-pattern is addressing.

e  The solution (or solutions) to the pre-pattern’s problem
statement, as well as pointers to other lower-level pre-
patterns that help solve the problem.

e The forces section describes forces or tradeoffs that
need to be considered when trying to fit the pre-
patterns general solution to the specific problems any
one designer may face.

e  [Evidence describes examples of a pre-pattern in use or
examples of the problem the pre-pattern addresses.

e  The literature section lists relevant references.

We found our pre-patterns to be more prescriptive than
descriptive in many cases. While some pre-patterns were
built around three or four solid example solutions, many
only identified themes or issues present in Digital Home
research. For example, some privacy related pre-patterns
could not offer a specific solution, but instead inform the
designer of potential problems that they must solve with
their creativity. While not always providing any specific
answers, we felt the raising of important issues would be

191

significant to seed the mind of designers when initially
considering a problem related to a pre-pattern.

EVALUATION OF PRE-PATTERNS

We wanted to study the impact of pre-patterns for the
Digital Home on designer activities. Specifically, we
attempted to understand how pre-patterns influence design
decisions and activities, how they influence the
communication of design ideas, and lastly, if they aided in
the creation of better quality designs. In this section, we
describe the methodology for the design task as well as our
metrics of evaluation.

Method

Participants. Twenty-two pairs of professional designers
were recruited from design firms and other companies
employing designers in the Seattle area. They were paid
$50/hour for their time. While design experience varied
between groups, all 44 designers had at least two years
experience as a professional designer and experience with
user interface or industrial design practices. They were
randomly split into two groups of 11 teams each.

Procedure. We used a between-subjects design in which
the control group was asked to perform a design creation
task without any external aid and the experimental group
was asked to perform the same task but given access to the
digital home design pre-patterns via a pre-pattern browser.
Throughout the paper we refer to the experimental group as
the patterns group.

The pre-pattern browser consisted of a web site viewed in a
full-screen browser window (as seen in Figure 4). The
layout of our pre-pattern browser was inspired by the
pattern browser on the web site companion for the Design
of Sites [23]. The browser consists of three frames. On the
left side the names of the pre-patterns along with their letter
and number were listed by pre-pattern group. Beside each
pre-pattern is a checkbox users can use to keep track of the
pre-patterns they found useful or relevant. Pre-pattern
descriptions can reference other pre-patterns and the top
right frame of the browser visualizes which pre-patterns
have links to the selected pre-pattern (and which pre-
patterns the selected pre-pattern links to). The bottom right
frame contained the actual pre-pattern description. All the
names of pre-patterns in any of the frames are hyperlinks.
When a pre-pattern name is clicked, its description is
loaded into the main frame and the top frame adjusts
accordingly.

We instrumented the pre-pattern browser so we could
better understand how it would be used in any design task
we studied. By logging each click of a pre-pattern name we
were able to identify which pre-pattern was on the screen at
any given time and for how long'. This logging provided us

! The tool was built within a Web browser, but we disabled
the back and forward buttons of the web browser to make
this knowledge possible.
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Figure 1. Sketch by one design team.

information regarding the number clicks any one pre-
pattern received during a browsing session. In combination
with time stamped, video-recorded sessions, this pre-
pattern-browsing information helped us examine how
designers used the tool and pre-patterns content in design
activities.

Task. Neither the experimental or control group were given
any materials prior to the study. Each team was given 120
minutes to create a design for a digital home application;
specifically, they had to create a solution for a home food
inventory system, including knowing what food a user
currently has and when items are running low, receiving
feedback on their household’s food consumption, and
recipe suggestions based on users’ food at hand. This task
was chosen, not because it was a compelling application for
the digital home, but rather, because it was representative
of previous efforts in the domain and contained many
different elements that were challenging for creating a
usable design. These challenges include diverse users,
strong existing practices, privacy and infrastructural
concerns, and appropriate levels of interaction.

In addition, during the design task the designers in the
patterns group were given access to the digital home design
pre-patterns. Each designer had access via their own
computer terminal. They were familiarized with the pre-
pattern’s content and browser application prior to the task
through viewing a 5 minute instructional video, a 10
minute exploration period, and a simple quiz which
ensured a requisite baseline comprehension of how to
operate the browser.

To prevent uncontrolled variance in the presentations of the
designs, the teams were asked to transfer their final designs
to a standardized presentation form that would be presented
to the evaluators. The presentation form asked them to
describe their solution, its use, as well as any technology it
employed. In addition, they were instructed to sketch any
interfaces or systems they used or created (see Figure 1 for
an example sketch).
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Designer Feedback

After they completed their design, each designer was asked
to fill out a background questionnaire assessing both their
experience as a designer, any prior experience they had
designing for the digital home or Ubicomp domains, or
using design patterns in the past.

In addition to the background questionnaire, the patterns
group was given a questionnaire assessing how the
designers felt about the pre-patterns they used and what
they believed the affordances of these pre-patterns would
be for other designers. This instrument rated their
agreement or disagreement to eight prompts about the
design pre-patterns using a 5-point Likert scale.

Evaluation

To obtain an objective and external evaluation of the
quality of the designs that both experimental groups
created, we had three expert outside evaluators perform a
heuristic evaluation of the designs and score them using
three subjective metrics. We paid each evaluator $500 for
their time.

Generating Digital Home Heuristics

Heuristic evaluation has been shown to be a useful
evaluation methodology in usability [19]. However, we
believe the digital home as a domain presents many new
problems not adequately addressed by any one existing set
of heuristics. For example, while Nielsen’s canonical set of
ten heuristics are appropriate for traditional graphical user
interfaces, they do not address the additional considerations
brought upon by a diverse set of users and their behaviors
that occur in the home.

We compiled a set of heuristics that include Nielsen’s ten,
Mankoff’s modified set of twelve for ambient displays
[16], and Scholtz and Consolvo’s Ubiquitious computing
Evaluation Areas’s (UEA) for ubiquitous computing [20].
After compiling a complete list including all of the above,
we removed those that were agreed to be non-applicable to
the digital home based on three independent reviews by
members of our research team. We then modified the
structure of the heuristics (including the titles) to create a
uniform format without modifying the content.

Further revisions to the heuristic set were informed by two
pilot studies where researchers familiar with heuristic
evaluation used our set of heuristics to evaluate a
hypothetical digital home prototype design. The revisions
included eliminating heuristics that were rated as non-
applicable to digital home applications as well as
consolidating some heuristics that addressed the same
issues. The 28 heuristics that remained were categorized
into eight groups, which were each given a summary that
enabled evaluators to quickly understand what the heuristic
addressed. A final evaluation of the heuristics by a
researcher experienced with heuristic evaluation and the
digital home domain validated the categorization and
format of the heuristic set (an example heuristic group is
shown in Figure 2). The eight heuristic groups are



Trust (C) The technology should ensute personal information stays
personal and should allow users to gain access to and

manipulate that information, if desired.

° The technology should request only information
from the user required to obtain value from the
application; it should mediate other users” and
third-parties’ access to this information.

° The technology should coordinate personal
information transfer with many simultaneous users,
ensuring personal information remains personal.

®  The technology should provide information about
what types of data is being recorded about the user,
how it is being used, and what inferences can the
system draw from this data.

®  The technology should enable users to manage how
and by whom their data is used and allow for
adjustments to be made in the event that their data
is misused.

Figure 2. One of the eight heuristic groups used to

evaluate the designs.

Attention, Adoption, Trust, Conceptual Models,
Interaction, Interface, Appeal, and Application Robustness.

Heuristic Evaluation

For the heuristic evaluation of the designs created by both
our control and patterns experimental groups, we followed
Nielsen’s methodology with some minor modifications
[19]. We employed the use of three evaluators experienced
in heuristic evaluation rather than a larger group of novice
evaluators. In addition, because of the time involved with
performing the evaluations and the limitations of the
evaluators’ memory (it took on average 14 days to
complete the evaluations), we chose to combine the
heuristic violations ourselves.

Each evaluator was emailed instructions to access a
password protected web site that contained instructions and
links to the 22 designs that were to be evaluated. Each
design page consisted of the digitized, standard
presentation form; we scanned in all the sketches and
transcribed all the text that was written by hand. During
this transfer, we did not modify any of the content, but took
out any explicit references to the pre-patterns (e.g., “AS” or
“all privacy pre-patterns apply here”) to keep the
evaluations blind to the study conditions. Each of the three
evaluators were asked to perform a heuristic evaluation
using the digital home heuristics we created and evaluate
each design using the randomized order that we created for
each evaluator. After each heuristic evaluation was
performed on each design, the evaluators were asked to
rate the severity of the violations using a standardized 5-
point severity scale.

Subjective Evaluation: Detail, Completeness, Quality

We had each evaluator perform a subjective evaluation of
each design after performing the heuristic evaluation. They
were asked to rate the detail, completeness, and quality of
each design on a 7-point Likert scale, (e.g., it ranged from
“Very Undetailed — 1” to “Very Detailed — 7” for Detail).
Each evaluator was given a standard definition of each
criterion (see Table 1). The quality metric was used to gain
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How detailed was the
design?

How low-level, readily implementable,
and non-vague are the elements of the
design? What is its depth?

Does the design contain all the
necessary parts that it will need to
work? What is its breadth?

How complete was the
design?

Overall, how good of a solution is the
design?

What is your overall
perceived quality of the
design?

Table 1. The subjective metrics used to evaluate the detail,
completeness, and quality of each design.

a global understanding of the quality of a design and the
detail and completeness metrics were used to validate that
the number of heuristic evaluation issues corresponded to
the number of violations in a design and not the level of
detail or completeness.

RESULTS

In this section, we present our own observations, the
designers’ feedback, and the external results from the
heuristic and subjective evaluations of the designs.

Observations
This subsection presents our observations from video and
pattern usage logs.

Pre-Pattern Reading

Analysis of the pre-pattern access log indicated that on
average, each pattern group viewed an average of 26
distinct pre-patterns. The pre-patterns most heavily viewed
were: “Inventory”, “Home Automation”, “Activity
Monitoring Systems”, “Electronic (family) Message
Board”, “Proactive Health Services”, “Augmenting the
Senses”, and “Memory Aids/Personal Reminder Systems”.

To better understand how much each pre-pattern was used
during the task, we calculated how long each designer
spent viewing each pre-pattern. To do this, we created an
application which would aid us in tracking how long and
when a designer viewed the pre-pattern browser.
Essentially, we went through all the video and recorded
when a participant was reading the screen. We then
correlated this with the pre-pattern log (showing which pre-
pattern was on the screen at that time). From this, we were
able to generate an accurate listing of how long each pre-
pattern was viewed and the duration each group spent
reading the pre-patterns.

On average, each experimental design team spent a
combined 26 minutes reading the pre-patterns; this
represents eleven percent of their total design time. There
was some variation in the amount of time each group spent
reading the pre-patterns (standard deviation of 9 minutes),
and we had one outlier group which only spent 3 minutes
reading the pre-patterns. Additionally, the patterns that
were accessed the most tended to be the ones where the
most time was spent reading.



Pre-Pattern Use

In observing the recorded video sessions for designers in
the patterns group, we developed a coding scheme for each
instance of the pre-patterns being consulted. We identified
four distinct activities:

e Discovery is looking through the set of pre-
patterns to determine what content might be
relevant to the design task. This is mainly quick
browsing done mostly near the beginning of the
design task. For example, one user commented to
his partner, “one thing we should do is just walk
the list of the patterns and flag ones which would
be useful for us”.

e Idea Generation is more goal-oriented, evidenced
by a designer looking through the pre-patterns to
discover ideas which may assist in solving high-
level design problems.

o Issue Clarification is the activity of reading
through a pre-pattern to discover a specific
solution to a specific, articulated problem.

e Re-reference is merely looking back at the pre-
patterns to reference something that the designer
had encountered earlier.

For the few instances where the designer searched through
the pre-patterns without verbalizing their intent, we
attempted to guess their activity based on context. Piloting
this technique with three members of our research group
resulted in a sufficiently high level of inter-rater reliability
for confidence.

Across the eleven pre-patterns design groups there were
103 identifiable pre-pattern references. Of these, Re-
reference and Discovery each accounted for 17% of total
activity. Idea Generation accounted for 31% of pre-pattern
references and Issue Clarification accounted for 35%.

Idea Generation

In the previous section, one of the pattern reading activities
we identified was idea generation. To further investigate
the extent to which pre-patterns influenced the generation
of ideas we reviewed video transcripts of the pre-patterns
groups and coded the number of instances of this behavior.
We only counted an idea generation instance when it was
explicit and verbalized; for example, a designer mentioned
to his partner "in the inventory one, they discuss the guy
who registered the garbage". We also counted how many of
these ideas actually made their way into the final design
document.

We found 98 total idea generation instances in the pre-
pattern groups’ sessions with an average of 8 per design
group (standard deviation of 3.5). Of these verbalized idea
generation instances, 69 were realized in the final design
document (70% of the total idea generation instances).
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SA | A NAD | D SD
1. Idea Generation 7 10 4 1 0
2. Shared Vocabulary 7 13 2 0 0
3. Communicating Knowledge | 6 11 5 0 0
4. More Detailed Designs 6 11 3 2 0
5. More Complete Designs 9 11 2 0 0
6. Higher Quality Designs 3 11 6 2 0
7. Unfamiliar Domain 12 | 8 2 0 0
8. Enjoyable to Use 3 12 3 3 1

Table 2. Results from designer feedback survey. Designers
in the pre-patterns group rated statements about the
affordances of using the digital home pre-patterns using a
Likert scale. Numbers in table indicate how strongly a
designer felt about a statement (SA = Strongly Agree, A =
Agree, NAD = Neither Agree or Disagree, D = Disagree,
SD = Strongly Disagree).

Pre-Pattern Language Use

To understand if the pre-patterns helped to create a shared
design vocabulary for the digital home, we also coded
instances of a designer using a pre-pattern name (either the
entire title — “Inventory” — or the code — “A5”). Here, we
took careful note to only count the instances in which the
term was used to refer to the idea of the pre-pattern, and
not just the pre-pattern itself. For example, a designer
telling her partner, “Look at the pattern Inventory” would
not count as language adoption; whereas “we need
inventory here” would be counted. In addition, while most
deictic motions were used in this fashion, we did encounter
an instance in which the pointing gesture was used to refer
to the solution in a pre-pattern and not just the pre-pattern
itself.

As we were coding it became clear that the number of
instances of pre-pattern language use was not as
informative as the number of groups that adopted certain
terms; this was because after a group member used a
particular term, this term was frequently adopted and used
with regularity in all subsequent referrals to the specified
idea.

We found that 11 different design terms were adopted by
the pre-patterns groups during the study. These terms were
not, however, uniformly adopted by all design teams. In
fact, of the 11, only two terms were adopted by more than
two different groups. These two exceptions include
“Inventory” and “Activity Monitoring Systems”, which
were adopted by nine groups and three groups,
respectively.

Designer Feedback

The post-study questionnaire given to the pre-patterns
groups assessed how the designers felt about using the pre-
patterns in creating a design (results shown in Table 2). We
found that 90% of the 22 designers given the questionnaire
either agreed or strongly agreed that the digital home pre-
patterns would be useful for designing for unfamiliar



Table 3. Results of the heuristic evaluation for each team

domains, creating more complete designs, and aiding in the
creation of a shared design vocabulary for the digital home
domain. In addition, of all the prompts, evaluators were
most negative about the design pre-patterns being
enjoyable to use. Based on their comments, it seems that
this was mainly caused by the difficulty in understanding
the pre-pattern relationship visualization, and the omission
of ‘back’ and ‘search’ functionality in the browser.

External Observations
In this subsection we present the results from our external
evaluators.

Heuristic Evaluation

Prior to our consolidation of heuristic violations, the
external evaluators found 255 issues in the control groups’
designs and 222 issues in the patterns groups’ designs.
Three members of our research team then combined the
violations that were identified by more than one evaluator.
After our consolidation, there were 220 unique issues in the
control group and 183 unique issues in the patterns group (t
> 90%, p=.0696)*. However, if we consider issues for
which the average severity rating (on a scale of 1 to 5 with
5 being most severe) was a 4 or 5, the difference between
the groups decreases (see Table 3 for results).

In addition to consolidating the issues, three members of
our research group categorized the issues into the specific
heuristics they violated; a specific issue could violate more
than one heuristic. Here we found that the patterns group
had fewer “Attention” (t > 90%, p=.0466) and “Conceptual
Model” (t > 90%, p=.0992) heuristic violations than the
control group.

Subjective Judging

The scores for the control group and the patterns group on
Completeness and Overall Perceived Quality were not
statistically different. However, surprisingly, the control
group’s Detail scores were higher (t > 90%, p=.0874)” than
the pre-patterns groups (see Table 4).

DISCUSSION
In this section we discuss the results as they relate to our
research questions.

2 We used a two-sample, assuming unequal variance t-test
using the mean heuristic violations found for each design
pair.

H;:ﬁztsic Hig:ls-ss:;/serity i:‘tller:gg Detail Completeness Quality
Control Mean: 20 Mean: 9.3 Mean: 3.6 Control Mean: 3.9 Mean: 3.7 Mean: 3.6
Group Std: 5.7 Std: 3.379 Std: 0.24 Group Std: 1.0 Std: 0.83 Std: 0.97
Patterns Mean: 17 Mean: 8.5 Mean: 3.6 Patterns Mean: 3.4 Mean: 3.6 Mean: 3.5
Group Std: 4.5 Std: 4.2 Std: 0.28 Group Std: 0.70 Std: 0.90 Std: 0.75
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Table 4. Results of the subjective evaluation for each team.

Effect of Pre-Patterns on Early Stage Design

Our empirical study suggests pre-patterns have a positive
effect on early stage design. The heuristic evaluation of
designs yielded a higher mean score for teams in the pre-
patterns condition (they had on average fewer heuristic
violations identified by the evaluators). This is however
tempered by the result that the two conditions showed no
statistical difference in terms of high-severity issues.
Interestingly, the two conditions received a similar mean
qualitative Quality scores from our evaluators. The fact that
there were less Conceptual Model heuristic violations in
the pre-patterns condition also leads us to believe these
designs are more fundamentally sound.

We argue these results support the conclusion that pre-
patterns do not take away from early stage design
processes; but instead, pre-patterns allow designers to
eliminate more issues early in the design process.

Designers’ Use of Pre-Patterns

Re-reference and Discovery each accounted for 17% of
total activity. Idea Generation accounted for 31% of pre-
pattern references and Issue Clarification accounted for
35%. From this we can see the pre-patterns are not only
effective in aiding in the generation of ideas, but designers
are also able to go back to the pre-patterns to get specific
questions answered.

The analysis of reading time revealed the pre-patterns that
were accessed most heavily were also read for the most
time. In our view, these were the most relevant pre-patterns
to their design task. This suggests the patterns browsing
tool, the hyperlinks between pre-patterns, and the pre-
pattern format were effective in allowing designers to
quickly find patterns relevant to their task while not being
distracted by less relevant patterns.

Structure and Presentation of Pre-Patterns

Among the questions in our post-study questionnaire,
designers most strongly agreed that pre-patterns would be
helpful in unfamiliar domains. This suggests future pre-
pattern languages should continue to include information
about available and relevant technology when discussing
the possible solutions to problems.

We observed designers adopting some of the language of
the pattern names as they performed their design task. This
was particularly noticeable in verbal communication



between the designers. This emphasizes the importance of
properly naming pre-patterns so they form a language as
with traditional design patterns.

Evaluation Technique

Our empirical evaluation technique of having pairs of
designers make rough designs in two hours and having
those designs heuristically evaluated proved useful.
However, there are still some lessons learned from our
approach.

Two hours appeared to be a good time frame for our design
task. A few groups were a little hurried and a few groups
were done early. However, most groups were able to finish
in the allotted time.

The most problematic feature for both the designers and the
evaluators was design detail. Designers had to scope how
much and what kind of detail were appropriate for their
designs. These heavily impacted what kind of heuristics are
appropriate for evaluation. In our case, the evaluators had a
mix of traditional user interface heuristics as well as more
social ones like privacy that affect overall system design.
So we needed our designers to give both interface detail as
well as a complete picture of the overall system. While our
designers provided enough detail for evaluation, it is clear
that a goal of any future study of this nature would be to
increase the amount of detail the designers can provide.

CONCLUSION & FUTURE WORK

In this paper we presented our findings from an empirical
study of the effect of pre-patterns on early stage design.
The patterns groups’ had a lower mean number of heuristic
violations than the control group suggesting pre-patterns
aided in creating higher quality designs.

We also discovered designers quickly began to use pre-
patterns names to communicate design concepts to one
another. Designers were also successful in using the pre-
patterns to help them generate ideas as well as get specific
information they needed for their design.

In future work, we want to build upon these findings by
exploring the effect of pre-patterns on later stages of the
design process beyond early design sessions.
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Forces
The scope of an inventory system is one of the
first design decisions to be made. For the
home an mnventory system could possibly keep
track of a large vanety of objects. Some
different options melude tracking perishables
n the frdge, tracking all food goods, tracking
all ttems purchased, and tracking other
renewable goods ke hght bulbs and batteries.
Some of the considerations that might inform
this choice mnclude the feasibility of tagging or
detecting the ttems and privacy concerns
about what land of goods a particular person
Figure 1. In Microsoft's kitchen in their Home of the Future what food rmight not want tracked,
wou hawe i stock is tracked wia barcodes and RFIDs.

. Another design decision is whether to malke
Synopsis this system one that is accessible away from
Inventory systems allow the user to keep track of items in various the home. An example design would be
locations in the house. checking from the grocery store if there 15 milk

in the fridge on a cell phone, or using some
Background other Location-free Media orF ortable/Cn-
Ifany homes have large storage areas for various food and supplies, demand Interfaces.
including perishables. On a daily basis people prepare food for dinner
and need to know ahead of time both what 13 avalable and what they Some of the privacy concerns that may need
need to get. to be met with an inventory systern is Limited
Access to Personal Data such as what is eaten
and other sensitive ttems purchased. Also, it =
Problem maybe be desired to have Limited Data
People's memory capacity 15 limited, and we often have questions Eetention to prevent analysis of consumption
about the status of our home inventory. Do I need to get tmilke while I patterns. Having a clear Up-Front Value
atn at the store? Do Thave all the ingredients to male this recipe? Proposition is very important as you will wart
How quickly are we consuming this item? An autornated home to balance the value of having such an
mwentory system should help answer those kunds of questions. Home inventory system and the services it enables
mventory solutions may help to support goals related to the Proactive against any consequent tensions with privacy
Health Services pattern, because eating patterns can often be early and user control (see Keeping Users in
indicaters of health-related issues. Clontrol).
Solution Evidence
The problem of answering simple questions about the content of one's  There are no known commercial efforts that
own home inventory is solved by tracking what comes into the home do this kind of home mventory management in
and what 13 consumed or otherwise leaves the inventory. It may also any automated way, though many home
be of interest to knew where in a household a particular itern resides. automation enthusiasts have explored
There are a variety of ways something can be introduced imnto the possibilities. For example, an experimental on-
nventory, through explicit purchase or as a gift from an cutside line home, created by Alex van Es in The
metnber of the household. While certain sensing capabilities explained Ietherlands (see hitp:/fwew icepick. com),
in Augmenting the Senses can be exploited, particularly BFID, it is tracked alot of the consumption in the
important to consider cases in which a single sensing solution will not household. Though this was done more for
suffice, and how to overcome those cases. A fusion of different publicity purposes and is no longer in
sensing modalities should be considered, as is done with current - operation, it did provide a glimpse at the
Scan express supermarkeet self-checkout system that merges barcode practicality of instrumenting the garbage can to Z

Figure 4. An example of a Digital Home Pre-Pattern in the Patterns Browser
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