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The ongoing trend of residing in compact living spaces has led to an increased popularity of
interlocking joints as a viable solution for both structural design and aesthetic appeal.
However, frequent assembly and disassembly can cause wear and tear, leading to an in-depth
investigation aimed at overcoming obstacles to self-assembly. To tackle this challenge, a
design principle inspired by a three-dimensional interlocking joint has been developed to
improve the portability of furniture panels. Since non-professionals may be responsible for
joint assembly, a user-friendly design is crucial.

This study presents a novel planar interlocking joint system (PIJS) for furniture
panels, which utilizes geometric ornamentation. The integration of geometric ornamentation
in complex joint assembly presents an opportunity to reinstate the popularity of
ornamentation in contemporary times while also preserving its historical and aesthetic
significance.

We have developed five prototypes by integrating the mortise and tenon joint with an
interlocking joint and incorporating a geometric ornamentation guide. These prototypes
employ two distinct geometrical shapes: Quadrangular shapes, including Prototypes A
without geometrical ornamentation, and A; and A with two-dimensional and three-

dimensional geometrical ornamentation, respectively, and a Triangular shape, including



Prototypes B without geometrical ornamentation and B1 with geometrical ornamentation. To
test the effectiveness of geometrical ornamentation guidance in the self-assembly of PIJS
prototypes, we conducted five experimental sessions at Iwate University involving 30
graduate students aged 18-35.

There were two types of experiments: (Case 1) using video recording and (Case 2)
using a brain activity sensor. In Case 1, experiments 1, 2, and 3, participants were asked to
create certain quadrangular shapes using Prototypes A, A1, and A>. During the process of
assembly, the video was recorded to identify the assembly difficulties in quadrangular PIJS
prototypes. The purpose of Case 1 was to investigate the number of errors, instances of
disassembly, and the overall assembly time of the prototypes.

In Case 2, experiments 4 and 5 used Prototypes B and B». To achieve this, the
participants were asked to assemble the prototypes freely and without restrictions. During
the assembly process, each participant wore a brain activity sensor to identify the most
challenging joint part of the PIJS prototype. The data collected from the brain activity sensor
was used to analyze the assembly process.

Following the assembly process of each case, one-on-one interviews and

questionnaire sessions were conducted with participants to validate the data collected from
the video recording and brain activity sensor. The participants were asked to provide
feedback on their experience after the assembly process, including any difficulties they faced
while assembling the prototypes.
The experiment's results were analyzed using the Paired Samples T-Test method to compare
the prototypes with and without geometrical ornamentation. The aim was to determine the
effectiveness of the geometrical ornamentation in improving the assembly process. The
analysis was carried out using statistical software to ensure accurate results.

Overall, the experiment provided valuable insights into the assembly process of the
prototypes and how the process could be improved. The data collected from the brain activity
sensor and the feedback provided by the participants during the interviews and questionnaire
sessions helped to provide a comprehensive understanding of the assembly process.

The findings of the study suggest that the incorporation of ornamentation into a planar
interlocking joint system can facilitate the identification of concealed holes and notches.
Additionally, the study highlights the notion that ornamentation can serve not only as an
element of aesthetic appeal but also as a useful prompt for self-assembly in the context of
complex joint designs. The Planar Interlocking Joint System (PIJS) has been demonstrated
to be advantageous in various domains, with particular relevance to the assembly of furniture.
The present research provides valuable insights into the design of planar interlocking joint

systems and its potential applications across a broad range of domains.
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