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This paper presents the results of usability tests of HOPLA (Home Planner), a
computer-assisted design system developed to enable customization of house
designs. The study aimed to verify whether the proposed method allows
non-expert users to configure a house design that meets their expectations in a
limited time. The experiments were carried out in two modes of the tool: M mode
- modification of a proposed design and S mode - configuration of a design from
scratch. The study encompassed two independent experiments carried out on two
continents and examined the impact of cultural differences on the expectations of
non-expert users towards computer-assisted customization of single-family
houses.
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INTRODUCTION
Research on the mass-customization of housing
gained considerable momentum over the last two
decades, due to the use of computational tools. Sev-
eral approaches have been proposed to address the
housing problem and develop design systems to
generate solutions that meet user needs (Duarte,
2001; McLeish, 2003; Huang and Krawczyk, 2004;
Mohamed, 2013; Khalili-Araghi and Kolarevic, 2016).
Whilemost research focused onproposing computer
tools that would streamline the customization pro-
cess, there was less interest in undertaking usability
tests. Parallel to advances in research, practice saw
the development of online configurators by house
builders operating in North America (Living Homes,
Blu Homes, Connect Homes, Pennwest Homes, Toll
Brothers). Contrary to the tools proposed in research,
market tools have mainly focused on presentation

and visualization of the ”customized” products. In
fact, the customization capabilities of such configu-
rators are limited to the selection of finishing mate-
rials and appliances. Most available configurators al-
low users to select from different design models as
in the traditional printed catalogues of designs, while
only a few support minor alterations to the floorplan
or modification of facade elements. This research
sought an alternative approach that aimed to verify
the possibility for generating alternative design con-
figurations. Proposed interactive design tool for the
mass-customizationof house layoutswasused for as-
sessing the potential of non-expert users’ participa-
tion in the configuration of house designs, as well as
their attitude towards design customization in gen-
eral.
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Figure 1
HOPLA interactive
user interface using
multitouch screen.

PARTICIPATORY DESIGN TOOL
For the purpose of this research, HOPLA (Home Plan-
ner) a computer-aided design system for the cus-
tomization of house designs developed by Kwiecin-
ski and Markusiewicz (2018) was adopted. The sys-
tem consists of two core elements: an algorithm
responsible for generating design solutions in re-
sponse to user input, and an interactive interface al-
lowingusers to introducedata and to control thepro-
cess in an intuitive way. The algorithm is based on
a generic grammar, which define meta-design lan-
guage that can be applied generically in a design
domain independently of local specifications (Beirão
and Duarte, 2018). Users interact with the system by
modifying the position of markers representing each
room on a multi-touch screen (Figure 1). The tool al-
lows: to change the layout by modifying the order
of rooms on the screen, to change the size of each
room by rotating the corresponding marker and to
change the outer contour of the building by rotat-
ing a dedicated marker. Additionally, rooms can be
erased or added by removing or placing the corre-
sponding markers in or out of active spaces on the
screen.

The developed design system was designed to
enable configuration of design solutions by its users,
while ensuring that design solutions meet the en-
coded design principles. As such, the tool was de-
signed to provide users with freedom to make modi-

fications, while limiting design possibilities to ensure
compliance with design rules and safety codes at the
same time. Thedesignsmodifiedbyuserswhenplay-
ingwithmarkers on the interactive table are analyzed
and then verified by the design system. Based on this
analysis, the design system generates a design solu-
tion that is presented to the user in the form of an
extruded floor plan displayed on a flat screen. If as a
consequence of a designmovemade by the user, the
layout does not comply with the formalized design
rules, the generative system searches for the config-
uration that is the closest to the user’s input. If the
new design solution does not fulfill the user’s expec-
tations, it can be further changed by modifying the
position of the markers again. The tool allows users
to configure house designs in one of two configura-
tion modes: M mode - modification of the initial de-
sign solution and S mode - independent configura-
tion of a solution.

USABILITY STUDIES
Usability tests of HOPLA with non-expert users (non-
architects) were carried out in 2018 through two in-
dependent experiments, one in the United States at
The Pennsylvania State University campus and the
other in Polandduring theMurator-Expobuilding fair
in Warsaw. The experiment in the US, labelled E02,
took four days and had the participation of 30 peo-
ple and the one in Poland, labelled E03, had the par-
ticipation of 17 people over two days. The experi-
ment E01 was conducted with architecture students
atWarsawUniversity of Technologyand isnot consid-
ered in this paper. Responses to the questionnaires
that participants were asked to fill in after complet-
ing the assigned tasks revealed that among partici-
pantswerepeoplewithprofessional architectural de-
sign skills. As a result, the data corresponding to their
participation were excluded from the analysis. Even-
tually, in this study we analyzed data collected from
12 in M mode and 13 people in S mode, during E02
and from7 inMmode and 8 people in Smode during
E03.

During these experiments, participants were
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able to independently configure the design of a
single-family house using HOPLA in individual ses-
sions. Each session consisted of two parts. In the first
part, the participants were handed over the instruc-
tions for the design task, according towhich they had
to configure a floorplan for a single-family house us-
ing HOPLA. The house was for a given family of four
people, two adults and two children, aged 10 and
14, and situated on a rectangular plot perpendicular
to an access road on the East side, that is, longitudi-
nally along the East-West direction. Participantswere
asked to consider aspects like the location of rooms
in relation to the plot entrance, solar orientation, and
the given house position on the plot.

All participants were randomly assigned to one
of the two configuration modes: M mode - modifica-
tion of a design solution and S mode - independent
configuration of a solution. In the M mode, an initial
design solution was displayed on the interactive ta-
ble screen (Figure 2) and the participants’ task was to
modify the solution. In the S-mode, participantswere
given an empty workspace and the task was to con-
figure the design from scratch. Each participant had
15 minutes to complete the task.

Figure 2
Initial house design
displayed in a
M-mode
configuration.

In the second part of the study, each participant was
asked to provide feedback by filling in a question-
naire. This consisted of several questions using a 5-
point Likert scale, designed with the goal of evaluat-
ing the usability of the tool, the effectiveness of the
design process, and their satisfaction with the final

design solution. It also featured open questions re-
garding general aspects of the developed tool and
the proposed participatory design process. The sur-
veys and configured design solutions were made
anonymous by assigning them unique numbers.

RESULTS ANDDISCUSSION
In this section, the main observations made during
the tests with laypeople are presented, as well as the
analysis of the log files obtained during the tests and
the results of the questionnaires. The results of the
surveys showed that the majority of participants in
the experiment were people aged 18-34. They ac-
counted for 88% and 80% of the people in the sur-
veys conducted in the USA and in Poland, respec-
tively. The remainderwerepeople aged35-49 andno
person over the age of 50 participated in the study.

The survey included questions about previous
experience in designing houses. This question raised
the question among some participants if having de-
signed a house in The Sims could be counted as de-
sign experience. In these cases, they were always
given the sameanswer, that they should answerwhat
they felt. The collected results showed that 36% (E02)
and 27% (E03) of participants determined that they
had previously designed a house. Almost all of them
were aged 18-34, while only one participant over the
age of 35 in E02 indicated that he had previously de-
signed a house. This result shows that playing games
like The Sims can give users the conviction that they
have design experience, thereby signaling the im-
pact of using digital tools simulating the design pro-
cess on their perception of design experience.

Customized Designs
All the participants in both experiments finished the
given task and configured their houses (Figure 3).
Questionnaire answers allowed to analyze the level
of the participants’ satisfactionwith their customized
designs. Participants were asked to evaluate the ele-
ments of the configured design solutions using a 5-
point Likert scale. Comparison of the collected an-
swers for the E02 and E03 (Figure 4) shows that par-
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Figure 3
Table of design
solutions obtained
by participants
during the
experiments
conducted in the
USA (E02) and in
Poland (E03).
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Figure 4
The result of the
survey. Box plots of
satisfaction levels
with the listed
elements of the
project [1-very
dissatisfied, 5-very
satisfied]. On the
left, a summary for
research conducted
in the USA and on
the right in Poland.

ticipants tended to be very satisfied with their de-
sign solution. Their satisfaction with the majority of
the elements of the solutions have median equal to
4 out of 5-completely satisfied. The Krustal-Wallis
test showed that there is not a statistically signifi-
cant difference amongst the medians at the 95,0%
confidence level (P-value=0,956952 for E02 and P-
value=0,548812 for E03). These findings were con-
firmed by participants who additionally answered
the open question: ”Are you satisfiedwith the config-
ured project solution and why?” where most of them
expressed satisfaction with the design and with the
functionality of the tool.

Computer Assisted Participatory Design
Process
The data collected during the experiments allowed
us to take a closer look at the configuration process
of customized solutions using HOPLA. Data regard-
ing the design process was collected in one-second
intervals during design sessions. The collected data

allowed to analyze the process of computer-assisted
co-design in the following categories: time to config-
ure the design solution and change of room configu-
ration.

All participants completed the given design task
within the set time of 15 minutes. Additionally, 92%
and 93% of participants in the E02 and in the E03 ex-
periments, respectively, confirmed in the question-
naire that there was “enough time to configure the
design”. The collected data allowed to compare all
recorded participatory design processes by examin-
ing the number of configured rooms over the con-
figuration time (Figure 5). Graphs illustrate the ba-
sic difference between the configuration in M mode,
where the user modifies an initial design consisting
of 10 rooms, and S mode, where the design has to
be created from scratch. In the M mode, most par-
ticipants maintained a similar number of markers on
the table throughout the entire configuration, except
for the experiment E2.L1.M.10 and the experiment
E3.L1.M.06. The first one is an example of a configu-
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Figure 5
Comparison of the
number of
displayed rooms
during the
configuration
process. On the left,
diagrams for the
experiment
conducted in the
USA, and on the
right in Poland. At
the top, are the
diagrams for the
configuration in the
M mode, and at the
bottom in the S
mode.

ration process, in which the number of roomswas re-
duced at the beginning to add and subtract rooms in
the next steps in order to find the optimal minimum
number of rooms. The second one is an example of
the complete removal of the proposed initial design
solution for independent configuration from scratch,
as it is the case in the configuration in the S mode.

The graphs allow also us to observe the differ-
ence in the rateof reaching thefinal numberof rooms
in the S mode. The steepness of the curve indicates
the speed of configuration expressing the ease of use
of the developed tool and its supporting role in visu-
alizing solutions that the user already had in mind.
During the experiment it was observed that some
of the participants spoke out loud about their next
steps, which wold allow them to achieve the desired
solution.

Participants were asked in the questionnaire to
assess the usefulness of digital tools in supporting
the participatory design of houses. All of partici-
pants confirmed “that tools like HOPLA could help
in searching and finding housing design solutions
fulfilling expectations”. Additionally, usefulness was
assessed using a five-point Likert scale. The me-
dian of the collected rating for the experiments con-
ducted in the USA and in Poland were 5 (very use-
ful) and 4, respectively. Mann-Whitney W-test did
not reveal a statistically significant difference be-
tween the medians at the 95,0% confidence level (P-
value=0,182752). Obtained results indicate the de-
mand from an unprofessional user for tools enabling
computer-assisted co-design in the area of designing
single-family houses.
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Users Customization Expectations

Figure 6
Answers to the
question: when
customizing a
design of your own
house would you
prefer to do it on
your own using tool
similar to HOPLA or
be assisted by an
architect?

The preferences of participants regarding the
method forobtaininga single-family homedesign, as
well as information about the expectations of the re-
spondents regarding the functionality of digital tools
to support the customization of house designs were
examined. The respondents were asked whether
having the ability to configure the house design
(using a tool like HOPLA) would they choose self-
customization or customization assisted by a special-
ist/architect. In the case of both experiments, more
than half of the respondents replied that they would
prefer to configure the house themselves (56% and
67% respectively for E02 and E03) (Figure 6).

Figure 7
Answers to the
question: when
planning your own
house which option
would you choose?

In addition, the respondents were also asked about
the method of obtaining a house project. In the case
of surveys conducted in the USA, the respondents
had the choice between “customization” and “design
by an architect.” In the case of surveys conducted in
Poland, the responses were adapted to local meth-
ods and included: “planning with the use of a con-
figurator,” “a ready / typical design from the catalog,”
and “an individual project (on request) by an archi-
tect.” 71% of the participants in the experiment con-
ducted in the US replied that they would choose cus-
tomization instead of design made by an architect
(Figure 7). In the experiment carried out in Poland,

73% declared that they would choose to use a con-
figurator, while only 7% would choose an individual
project created by an architect.

As part of the survey, preferences regarding de-
sirable functionalities of house design configurator
were also collected. The participants were asked to
order from the least important to themost important
10 listed functionalities of such a tool. The results
of the survey for this issue for the experiments con-
ducted in the USA and in Poland are shown in Figure
8.

For the research conducted in the USA, the
Kruskal-Wallis test revealed a statistically significant
difference amongst the rank medians of the listed
customization possibilities at the 95,0% confidence
level (P-value=0,000072). Pairwise comparison be-
tween the average ranks of the listed customiza-
tion possibilities using the Bonferroni procedure,
revealed a statistically significant difference at the
95,0% confidence level between “building layout
customization” (median rank 8 out of 10-the most
important) and all the other possibilities except for
“site plan customization,” “building technologies se-
lection” and “building form modification.”

In a comparison to the research conducted in
Poland the Kruskal-Wallis test revealed statistical sig-
nificant difference amongst the rank medians (P-
value=0,000001). Pairwise comparison between the
average ranks of the listed customization possibili-
ties using the Bonferroni procedure, revealed a sta-
tistically significant difference also between “build-
ing layout customization” (median rank 9 out of 10-
themost important) and “kitchen andwet rooms fin-
ishing material selection,” “kitchen and wet rooms
appliance selection,” “furnishing selection,” “exterior
finishingmaterials selection” and “facade customiza-
tion”.

Results showed that there was no significant im-
pact of cultural differences on the perception of the
functionality of digital tools to support the co-design
of single-family houses. Participants in both the
experiments conducted in the USA and in Poland
ranked the highest “building layout customization”
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Figure 8
The result of the
survey. Box plots of
ranks of house
design
customization
possibilities [1-less
important, 10-the
most important].
On the left, a
summary for
research conducted
in the USA, and on
the right in Poland.

for which comparison of medians using Mann-
Whitney W-test showed that there could be some
significant difference (P-value=0,0410248), but after
removing the outliers rank (rank 3 in E02), the test
showed that there is not a statistically significant dif-
ference between the medians (P-value=0,0590178).
Additionally, there was not a significant difference
between E02 and E03 medians of the customiza-
tion possibilities that were ranked as the lowest.
The least important functional feature was: “exte-
rior finishing materials selection” (P-value=0,735932
of comparison between E02 and E03 medians),
“kitchen and wet rooms finishing material selection”
(P-value=0,747266), “kitchen and wet rooms appli-
ance selection” (P-value=0,884028), “other rooms fin-
ishing materials selection” (P-value=0,130371), “fur-
nishing selection” (P-value=0,558723) and “facade
customization” (P-value=0,183943). These features
correspond precisely to the type of functionalities of-

fered by current online house configurators.
Results also showed that for tool users in both ex-

periments themost important featurewas to provide
information about the estimated building cost (Fig-
ure 9). Comparison of medians of this feature using
Mann-Whitney W-test showed that there is not a sta-
tistically significant difference between the ranking
of this feature by participants of the experiment con-
ducted in Poland and the USA (P-value=0,225766).
Analysis of the least important customization out-
comes showed some differences between expecta-
tions of the participants in both experiments. Pair-
wise comparison, for the E02 experiment, between
the average ranks of the listed customization pos-
sibilities using the Bonferroni procedure, revealed
a statistically significant difference between “esti-
mated building costs” and two features: “possibility
to order” and “specification of the selected choices”.
Additionally, pairwise comparison showed also that
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Figure 9
The result of the
survey. Box plots of
ranks of house
design
customization
outcomes [1-less
important, 10-the
most important].
On the left, a
summary for
research conducted
in the USA, on the
right in Poland.

medians of these two features were significantly dif-
ferent from the median rank of “estimated building
costs.”

Analogous comparison performed for the results
of the E03 experiment showed significant differences
between “estimated building costs” and two fea-
tures: “environmental ranking” and “possibility to or-
der.” “Environmental ranking” received the lowest
median rank pairwise comparison and displayed also
a significant difference between its median and the
median rank of “estimated maintenance cost” and
“house floor plans”.

CONCLUSIONS
The conducted research confirmed the usefulness of
the proposed computer tool for assisting in the cus-

tomization of two-bay house designs. Usability tests
showed that the proposed tool allows its users to find
a solution that meets their expectations within a lim-
ited time frame. The proposed configuration process
allowed all participants in the experiment to find de-
sign solutions in less than15minutes. All participants
confirmed that tools such as HOPLA could help in
searching for and finding design solutions that meet
the expectations of future residents.

Asking users to modify a design solution con-
fronts them with a design that must be evaluated,
while enabling users to configure design solutions
fromscratchencourage themtofirst imagine their fu-
ture home and then configured and visualized with
the help of the tool. Also, while increasing the flex-
ibility of the tool can increase users’ satisfaction by
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permitting them to fulfill all their expectations, it is
more challenging for the developers of the design
system to guarantee the quality of design outcomes
and compliance with desired design principles.

Most participants in both experiments declared
that they would prefer to use a configurator for the
design rather than other forms of obtaining a single-
family house design, including asking an architect
to design it. Additionally, more than half of the
participants in both experiments stated that they
would prefer to configure a design solution them-
selves rather than have the assistance of a specialist.

Research results did not reveal a significant
impact of cultural differences on the expectations
of non-expert users towards computer-assisted co-
design of single-family houses but did show that
these expectations are different from the currently
available market offer. While for participants in both
experiments the most important feature in the cus-
tomization of houses was the possibility of modify-
ing house layouts, the least important features were
furniture, interior and exterior furnishings materials
selection, which are currently offered to them by the
construction market. Expectations on the results of
configuration were similar in Poland and in the USA,
where information about building costwas ranked as
the first.
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