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Although national and international attention toward the cultural heritage is on a
rise, there is a lack of public attention toward cultural heritage sites. One of the
main problems is the lack of interaction and the visualization of cultural heritage
on the sites. Especially Korean historical architectures are structurally complex
and are not easily understood by common people. To improve the public
awareness of architectural heritages, we propose a model-based diagnosis system
to educate the visitors and tourists. The system is designed to guide the users to
model an appropriate architecture in accordance with the era, location, and the
usage. For the system, we built a robust set of cases based on the ontological
structure we designed especially for architectural heritage education. It basically
enables users to reconstruct buildings intuitively in six steps from bottom to top.
A system evaluation was conducted on the affective, cognitive, operative aspect of
the system at a heritage site. The results show well in terms of cognitive aspect
but was evaluated poorly in terms of the operative aspect.
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INTRODUCTION
As Korea shifts from a developing country to a de-
veloped country, national attention toward the cul-
tural heritage is on a rise. For example, Baekje (AD
892-936) Historic Sites have recently been listed as
one of UNESCO World Heritage and there are ef-
forts to gainpublic attention toward cultural heritage
sites through cultural festivals. While diplomatic and
public relations efforts advance, the cultural heritage
sites as tourist sites are still under poor conditions.
One of the main problems is the lack of interaction

and the visualization of traditional Korean architec-
tures. Today, the base stones are the only compo-
nent that remain along with vague description pan-
els. Just a field of architectural remains does not en-
gage the visitors anddoesnot givemuch information
and context of how the place used to look like. Ko-
rean historical architectures are structurally complex
and are not easily understood by common, meaning
untrained, people. Even after when people visit the
cultural heritage sites with Korean historical architec-
tures, the understanding toward building structures
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is unclear because often, these cultural heritage sites
do not give attention to the architectural structure
themselves.

To overcome the problems of widening knowl-
edge gap between the experts and the common
people, and decreasing public awareness, we pro-
pose a model-based diagnosis system to educate
the visitors and tourists. To develop this system,
we reviewed the benefits of CBR for education,
summarized related systems previously suggested,
and explained the components of Korean architec-
ture. Next, we interviewed the expert to reflect
experts' heuristic knowledge for system implemen-
tation, gathered the historical Korean architecture
cases, and implemented the system. Finally, we ex-
ecuted the system evaluation through user tests for
system enhancement.

BACKGOUND
There have been many researches on the gamifica-
tion of architectural heritage and on ways to edu-
cate the public in virtual environments. For instance,
Champion (2008) made a list of categories of cultural
heritage games which include tourist game, puzzle
games, resource management games, historical bat-
tle games and others. As can be seen, educating the
architectural heritage to the public is being actively
researched to the point where a list of categories are
appearing. Of the categories, the 'puzzle games' is a
game where people solve quests by interpreting re-
mains and epitaphs to reconstruct architectural her-
itage indicating the public's interest toward architec-
tural heritage (Champion 2008). Meanwhile, Juvan-
cic (2008) researched for the optimal interface design
for educating the general public on architecture and
conducted the experiment for the interface design
of eco-spatial education system at a primary school
(Juvancic 2008). The result showed the effective-
ness of interactivity on learning outcomes. However,
there have not been education systems based on the
reasoning of architectural styles nor researches re-
garding the reasoning of architectural styles based
on the usage of the building (such as its purpose),

geographical location, and built period. While the
architecture education systems are researched, re-
searches on digital reconstruction of architecture are
recently on a rise through the advancement of tech-
nology. For instance, Liu (2015) researched about de-
signing a historical architecture based on architec-
tural style rules of a certain period, and Apollonio
(2011) researchedabout estimatingdestructed archi-
tectures based on an architect's pattern book and ar-
chitecture cases (Apollonio 2011). However, there
havenot been education systemandgamification re-
searches for learning architectural heritage (style and
structure) through digital reconstruction. Ontology
is a useful tool to explain an object's concept and
relationship between the sub-elements of the ob-
ject. Ontology of an architecture can be represented
through components, spatial arrangements, mate-
rials, usage or function, and others. Stefano Cursi
(2015) defines the architectural heritage information,
and in order to explain the multiple context of these
information, the Cursi (2015) suggested an ontologi-
cal structure that are at large classified into the arte-
fact knowledge domain and the historical context
domain. Cursi (2015)'s research aims help the experts
in the field of architecture and preservation to share
and obtain information related to architectural her-
itage.

METHODOLOGY
In order to design amodel-baseddiagnosis system to
educate the visitors and tourists. A model-based di-
agnosis tackles the problem of troubleshooting sys-
tems startingfrom a description of their structure
and function or behavior (Vittorio Brusoni, 1998). It
means tracking the causes (faults) is responsible for
a system failure. we first interviewed an expert to in-
vestigate what kind of historical cases to use. Then,
we built a robust set of cases based on the onto-
logical structure we designed especially for architec-
tural heritage education and we derived tasks, corre-
sponding rules and ways to control the rules.
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Figure 1
System Overview.

Knowledge acquisition through expert in-
terviews
An expert interviewed was a researcher from the Na-
tional Research Institute of Cultural Heritage with ex-
perience of 19 years. From interviewing the expert,
we had two findings. First is, since we do not have
access to Chinese and Japanese architecture data in
a given amount of time, we should narrow down the
case library scope to the existing national treasure
architectures from 'after middle age architecture' in-
cluding early, middle, and late eras of Goryeo Dy-
nasty and early, middle, and late eras of Joseon Dy-
nasty. Second is, as the experts do, we should incor-
porate the location of the architecture into our sys-
tem as one of the constraint along with the era and
the usage of the architecture; therefore, the user in-
put information was revised to era, usage, and loca-
tion. For the era, the experts refer to the architectural
styles appearedduring the sameera andestimate the
architectural style of its golden age. As for the loca-
tion, the experts refer to the architectural styles ap-
peared near the site of excavation. To summarize,
we learned that we should narrow down the case li-
brary to existing national treasure architectures and
that we should include the location information as a

constraint as it plays an important role in identifying
architectural styles.

Ontologicalapproach towell-indexedsetof
cases
The ontological structure suggested in this paper
is designed for digital architecture education. As
shown inFigure2, a 'woodenarchitectural heritage' is
divided into three classes which are context, compo-
nent, and style. The context class includes informa-
tion that affects the style of the building such as its
period when built, location of its existence, and us-
age or the function. The components class includes
four of the main parts of a building because Ko-
rean architectural heritages are mainly wooden and
have a precast structure. The four parts represen-
tative at each of their vertical placements are base,
bracket, frame, and roof. For example, on the bot-
tom of the building is the base component that in-
cludes elements such as basestones, steps, and sty-
lobates. Likewise, on the top of the building is the
roof component that includes elements such as dori,
rafter, and rooftile. Lastly, the style class includes all
possible components' types.
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Figure 2
Ontology for
architectural
heritage education.

From the abovementioned classes, we only focus on
the style class since we are designing a system that
can illustrate the building styles. Of the components
under the style class, we use basestone type, sty-
lobate type, column type, bracket type, roof struc-
ture type, and roof type because these elements are
the most deterministic according to the built period,
building's usage, and geographical location which is
the context class in our ontological structure. With
these styles, architects estimate the construction pe-
riod of the historical building or reconstruct historical
remains.

Unfortunately, historical cases of the historical
Korean architectures are not well organized in liter-
atures. We had to obtain the information regarding
historical architecture cases from various sources on-

line and old books. Korean architectural heritages
are mainly wooden and have a precast structure.
This can be divided into four parts according to their
placements and functions: base, frame, bracket, and
roof. Each part is composed of several sub-elements.
Of 14 sub-elements, stylobate, base stone, column,
bracket, and roof structure, especially, have different
styles according to the built period, building's usage,
and geographical location. With these styles, archi-
tects estimate the construction period of the histor-
ical building or reconstruct historical remains. As il-
lustrated in Figure 2, these six components enables
users to reconstruct buildings in six steps starting
with the stylobate (gidan) at the base of the archi-
tecture, base stones (choseok), columns (gidoong),
bracket (gongpo), roof structure (gagu), and ending
with the roof (jiboong).

Tasks and rules to control the rules
At large, there will be seven main tasks where each
task narrows down the list of architectural case ac-
cording to the input or selected information (see Fig-
ure 3). For instance, in Task 1, the cases are narrowed
down according to the initial data input by the user:
era, period, and location. From the remaining cases,
the cases are even more narrowed down according
to the stylobate type selected by the user in Task 2.
This process repeatsuntil Task7where afinal list of ar-
chitecture cases is reconstructed. While the compo-
nents are narroweddown systematically, to theusers,
all components are visually listed.

Each task will be composed of three rules. First
rule will assert specification to the working memory.
Second rule will compare the asserted specification
with the list of cases to find those that match which
are the possible cases. Lastly, if the selected type is
not in the list of cases, then the third rule fires where
the systemprints out a reasonwhy theparticular type
does not work. The tasks will be controlled using the
status slot of the facts. The status will first begin as
(status initial). However, once the narrowing down
using the user input on era, usage, and location is
completed, the cases that remain will have a (status
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Figure 3
Six basic
components for
building case
library and case
example.

considerforstylobate). Once the cases are narrowed
down fromthe stylobate selection, then the caseswill
be asserted as (status considerforbasestone).

IMPLEMENTATION
Using the built cases, tasks, rules, and control meth-
ods, we designed the system GUI and implemented
into a system using JESS for inference engine and
JAVA swing for interface design. Our system, Logi-
Rec, is divided into seven tasks (see Figure 4). The
'User Inputs' panel on top left is the panel that re-
trieves the initial information for the system to run
suchas thebuildingname, the era, theusage, and the
location. When the 'Submit' button is pressed, the

systemwill search for the cases thatmeet the require-
ments. For example, historical cases with the same
era, usage, and location are considered. However,
on the interface is the complete list of all the types
under the architectural component. The panel lo-
catedunder thephrase "RECONSTRUCTYOURBUILD-
ING HERE" is the 'Instruction' panel where the system
and the user can communicate especially to explain
why the selected type is wrong. Below that is the
'Workspace' panel which displays all the choices for
the building components. The 'Check' button veri-
fies whether if the selection is appropriate. On the
bottom is the 'Information' panel which provides ex-
planation for the building componentwith an image.

Figure 4
Tasks and Rules.
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Lastly, below the User Inputs panel is the 'Progress'
panel which shows the progress of the building be-
ing built for user experience and understanding.

The system is designed to guide the users to
model an appropriate architecture in accordance to
the era, location, and the usage. It basically en-
ables users to reconstruct buildings intuitively in six
steps from bottom to top starting with the stylobate
(gidan) at the base of the architecture, base stones
(choseok), columns (gidoong), bracket (gongpo),
roof structure (gagu), and ending with the roof (ji-
boong). The users' selections and the knowledge in
the system (which is the list of all the architectural
cases) are compared to diagnose the selection by
finding the discrepancy between the actual user se-

lection and the ideal selection and informs the users
on why the selection is inappropriate.

SYSTEM EVALUATION
Using the implemented system, we executed the
system evaluation through user test for system en-
hancement. Thequantitative evaluationmethodwas
derived based on the evalution model of MOSAICA
System proposed by Barak (2009) with few adjust-
ments made adding questions about understanding
of architectural heritage and awareness of traditional
culture. The survey questions consist of 13 state-
ments soliciting level of agreement about affective,
cognitive, operative aspect of the system (see Table
1). Four questions are related to the 'Affective' cate-

Figure 5
Developed System.
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gorymeasuringwhether or not operating the system
is interesting, enjoyable, and fun; six questions are re-
lated to the 'Cognitive' category measuring whether
or not the system is educational and provides new
knowledge at its use; finally, three questions are re-
lated to the 'Operative' category measuring whether
or not operating the system is easy to learn and do
not involve technical problems (Barak, 2009). Each
statementsweremeasuredona5point likert scale. In
addition to the quantitative approach, we conducted
interviews togain specific feedbacks for the improve-
ment of our system.

Table 1
System evaluation
questionnaire.

We conducted the user test on the 28th of May in
2016 from 5 p.m. to 6 p.m. on site at Deoksugung
Palace. The participants were randomly gathered on
site as potential system users. A total of 10 tourists
whohave noprofessional knowledge about architec-
tural heritage were asked to reconstruct the building
on site (Deoksugung Palace) by interacting with our
system on a laptop. After completing the task, the

participants answered the questionnaire. When the
evaluation was finished, interviews were conducted
to get feedbacks for system improvement.

RESULTS
From the survey results, wemade a bar graph to visu-
alize which question had a positive rating and which
had negative rating. As shown in Figure 5, ques-
tions with the most positive rating were the ques-
tion 4 under affective aspect and question 8 under
cognitive aspect, which are consecutively, 'exploring
this system improved my understanding of architec-
tural heritage' and 'exploring this system enhances
open-mindedness towards traditional culture'. These
results indicate that tourists had positive response
about learning architectural heritage at the heritage
site and that the system actually helped to improve
their knowledge about traditional culture. On the
other hand, questions with the most negative rating
was the question 9 under operative aspect which is
'this system provides sufficient information of archi-
tectural heritage'. This result indicates that the partic-
ipants had adifficult timeunderstanding the concept
of dividing the architecture into parts and classifying
the architectural styles based on the era, period and
location. The detailed results of the surveys are pre-
sented in Table 2 under positive and negative asser-
tions alongwith the results of the improvement feed-
backs from user interviews.

Figure 6
Results of
questionnaire.

From Table 2, it is easy to see that our system was
evaluated well in terms of cognitive aspect but was
evaluated poorly in terms of the operative aspect. As
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our aimof this systemwas toprovideaneducativeex-
perience and new knowledge to the potential users,
we believe that the aim was achieved at this point of
our research.

CONCLUSION
Thepresent system showspossible component cases
with input data andusers can combine possible com-
ponents and construct possible Korean traditional ar-
chitectures. We hope that this 'model-based diag-
nosis system' will help to overcome the problem of
lack of interaction between the cultural heritage sites
and the visitors. Especially, we hope that his sys-

tem to educate the young adult tourists interested
in Korean cultural heritage. By taking them step by
step to reconstruct buildings intuitively in six steps,
the tourists can understand the structures of archi-
tectures more in detail. Our system allows the users
to explore Korean traditional architectures and guide
them to reconstruct buildings intuitively piling up
the building bottom-up like building with building
blocks. Whether if our system evokes curiosity and
the desire to learn to the users was tested during
the system evaluation; the result showed that the
system performed well in terms of the cognitive as-
pect which measures whether or not the system is

Table 2
Evaluation matrix
and examples of
users’ remarks.
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educational and provides new knowledge at its use.
However, we found out that our system performed
poorly in terms of the operative aspect which mea-
sures whether or not operating the system is easy to
learn and do not involve technical problem. As for
the limitation of our work, we defined the architec-
tural style at a high-level division of era, usage and
location while each could be subdivided further. In
addition, we assumed that buildings we included in
our case library had maintained their original form
instead of the transformed form created while un-
dergoing repair. Therefore, we had to exclude trans-
formed heritages from heritage cases. In response to
the system evaluation, for future works, we intend to
make the system comfortable to use and interesting
by adding the concept of gamification incorporating
the reward system. And to enhance understanding
regarding Korean historical architecture, we plan to
add a section that provides fundamental information
on Korean architectures explaining what each com-
ponents are and that they can be considered sepa-
rately like buildingblocks. Lastly, to improve the tran-
sitionof the screen,we intend to incorporate intuitive
gestures by using pad with a touch screen.
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