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ABSTRACT
In order to face the era of technological disruption and the industrial revolution 4.0, it is necessary to improve the curriculum and educational methods for the Bachelor of Architecture that is friendly for disabilities. Therefore, it is necessary to innovate, research, and apply online and digital technology, architectural computing systems that can be utilized optimally in the Universitas Tarumanagara (UNTAR) architectural education model. UNTAR architectural education must be sensitive and do self-introspection so that it can detect its position during the rapid development of science and technology. Specialized classroom design includes seating position, layout, optimized space, and usage of special computer applications to help students with disabilities in the study and learning process. The methodology approach used Descriptive, experimental, and quantitative methods based on an interdisciplinary approach centralized on psychological methods and designing facilities that support the learning process. The research resulted in designating a position in the classroom that is ideal for a student with disabilities. This position helps them to participate in the classroom efficiently. Equipment such as speakers and an LED TV is placed to help people with disabilities. Transcription software is used to transcribe lecturers in real-time. This research was conducted with the use of compatible software to get optimal results. Several methods and tools are used to support this research to obtain optimal results for the learning process, especially for people who are deaf or have low vision. Audio and visual aspects are prioritized without neglecting other supporting aspects.
Keywords: Disabilities; Innovative Learning; Inclusive-collaborative; Assistive Technology
ABSTRAK
Dalam rangka menghadapi era disrupsi teknologi dan revolusi industri 4.0, perlu dilakukan penyempurnaan kurikulum dan metode pendidikan Sarjana Arsitektur yang ramah bagi disabilitas. Oleh karena itu perlu dilakukan inovasi, riset, dan menerapkan teknologi online dan digital, sistem komputasi arsitektural yang dapat dimanfaatkan secara optimal dalam model pendidikan arsitektur UNTAR. Pendidikan arsitektur UNTAR harus peka dan melakukan instrospeksi diri sehingga mampu mendeteksi posisinya di tengah perkembangan ilmu pengetahuan dan teknologi yang begitu cepat. Desain ruang kelas khusus mencakup posisi tempat duduk, tata letak, ruang yang dioptimalkan, dan penggunaan aplikasi komputer khusus untuk membantu siswa penyandang disabilitas dalam proses belajar dan belajar. Pendekatan metodologi yang digunakan adalah metode Deskriptif, eksperimental, dan kuantitatif berdasarkan pendekatan interdisipliner, terpusat pada metode psikologis dan merancang fasilitas yang mendukung proses pembelajaran. Penelitian ini menghasilkan penunjukan posisi di kelas yang ideal bagi siswa penyandang disabilitas. Posisi ini membantu mereka untuk berpartisipasi di dalam kelas secara efisien. Perlengkapan seperti speaker dan TV LED ditempatkan untuk membantu para penyandang disabilitas. Software transkripsi digunakan untuk mentranskripsi dosen secara real-time. Penelitian ini dilakukan dengan menggunakan software yang kompatibel untuk mendapatkan hasil yang optimal. Beberapa metode dan alat digunakan untuk mendukung penelitian ini agar mendapatkan hasil yang optimal untuk proses pembelajaran, terutama bagi penyandang tunarungu atau low vision. Aspek audio dan visual diprioritaskan tanpa mengabaikan aspek pendukung lainnya.
Kata kunci: Disabilitas; Pembelajaran Inovatif; Inklusif-kolaboratif; Teknologi Bantu
1. INTRODUCTION
 “Mahasiswa Berkebutuhan Khusus/MBK (Students with Special Needs)” or “Penyandang Berkebutuhan Khusus (person with disabilities)” are terms used to describe handicapped students. These students face difficulties when doing certain activities. The specialized tool, environment modification, or alternate technique are used to help these students participate efficiently in the learning and studying process. In the future, these students will be able to participate and be productive citizens in society (Junaidi, 2020, p. 3). The aim of specialized education at study institutions is to improve the learning and to study the process of MBK (Dikti, 2017, p. 3); another aim is to give these students a chance to obtain the equal quality of education as students without handicaps (Ishartiwi, 2010; Praktiningrum, 2010; Smith, 2006).
Inclusive learning is a system that lets all students, regardless of their condition or disabilities to join the same learning environment as general students. Sometimes students with disabilities have a unique talent or potential to be intelligent (Diknas, 2009, p. 2). Innovative learning Models and Assistive technology are used to do inclusive learning. The Specialized design of the classroom is one of the Innovative Learning models. These classrooms let the student with disabilities participate actively in the learning and study process. Research, Innovation, Implementation of Technology, and Computing system are used to support the Innovative Learning Model. Specialized classroom design includes seating position, layout, optimized space, and usage of special computer applications to help students with disabilities in the study and learning process. This research focused on students with hearing disabilities, vision disabilities, and disabled students with the wheelchair.
Persons with Disabilities are every person who experiences physical, intellectual, mental, and sensory limitations for an extended period who in interacting with the environment may experience obstacles and difficulties to participate fully and effectively with other citizens (Indonesia, 2016). However, many people with special needs have high academic potential and motivation to continue their education to higher education.
All disabilities are the inability to do something, but not all of these are disabilities (Hallahan, Kauffman, & Pullen, 2018). The World Health Organization (WHO) defines disability, namely the limitations or inability of a person to perform an activity, usually used at the individual level (Desiningrum, 2016, p. 2).
Individuals with Disabilities Education Act Amendments (IDEA) 1997, which was reviewed in 2004, generally classifies disabilities into three classes, namely: 1) Physical disabilities; 2) Emotional and behavioral disabilities; 3) Intellectual disability, which includes physical disabilities, namely: tunarungu (deaf), tunanetra (blind), and tunadaksa (physical disabilities). Furthermore, those included in emotional and behavioral disabilities are tunalaras (laras disabilities), communication disorders, and hyperactivity. The last one is included in intellectual disabilities tunagrahita (grahita disability), slow learner, unique learning difficulties, gifted children, autism, and indigo (Desiningrum, 2016, pp. 7,8).
Architecture is a complex and dynamic field of science. In its development in the early twentieth century, the relationship between architecture and other fields of science became increasingly loud in architectural discussions. One that is consistently echoed in the architectural context related to the work of the mind/brain, initiated by Juhani Pallasmaa and Harry Francis Mallgrave. During their development, Pallasmaa and Mallgrave sharpened the previous architectural context on the relationship between architecture and empathy (Pallasmaa, Mallgrave, Robinson, & Gallese, 2015), which seeks to sharpen the sensitivity in seeing, hearing, smelling, tasting, and feeling what those with physical limitations feel are generally categorized as physical disabilities. Empathy emphasizes being with other people more than relationships that place other people as manipulative objects (Bullmer, 1975). Architecture and empathy are closely related because studying human empathy as a user of architecture can meet human physical and psychological needs. The relationship between architecture and empathy will produce an emphatic design if you pay attention to the user's feelings towards the design results. This emphatic design will also have a significant impact on people with disabilities. This design is based on observations that aim to identify the needs of the design user, which even in some cases, the design user does not know their own needs (Patria, Putra, & Lukito, 2018).
Based on the experience that has been had by the Bachelor of Architecture Study Program, Universitas Tarumanagara has graduated more than 2 (two) students with special needs with details of 2 MBK for the Deaf in the last 5 years/4 MBK for the Deaf in the last 10 years, 2 MBK for tunadaksa (physical disabilities) in 5 years. T here are challenges and obstacles in the MBK learning process. For MBK with physical disabilities, the problem can be relatively easily solved by providing supporting facilities (ramps, lifts, and activity rooms with dimensions that allow for wheelchairs), however, for communication, there are no problems because people with disabilities can still attend lectures. The reverse condition occurs for the Deaf MBK who can still carry out activities like normal students. However, the Deaf MBK has limitations in understanding how to capture material in audio because of hearing limitations. This research focuses on arranging classrooms to meet the requirements and quality standards for MBK and creating an emphatic design.
2. METHODOLOGY
The method used is descriptive and experimental qualitative methods with an interdisciplinary approach, especially related to psychological studies and the design of facilities that support learning assisted by using specific software to get optimal results. One of the room that will be taken as a sample is the Banjar 7-1 room because it has a capacity of up to 160 students and is equipped with lecture facilities for the Architectural Design Studio. Activities planned to support the objectives of the program for drafting the innovation model development method consist of several stages as follows; 1) Survey the classrooms that will be used as a case study (Banjar 7-1), record the size and area of the room, capacity, layout of tables and chairs, position of lights, speakers, and direction of sunlight; 2) Conducting a Focus Group Discussion (FGD) with the resource persons and MBK who have become alumni, to get input on the difficulties faced while studying; 3) Checking the classroom (building performance) by using specific software, to get a suitable layout (especially for the Deaf & Low Vision); 4) Re-layout the classrooms (simulation of classrooms that respond to the needs of MBK), and add the necessary equipment as the output of the software; 5) Testing/simulation and concluding a prototype design drawing.
In general, the innovation model that will be produced is an Innovative Learning Model in the form of media that can support learning for MBK. The design of the Innovation Model that will be produced to help the learning process for MBK which is equipped with technology and inner space prototypes to help the MBK learning process in improving learning space facilities by designing optimal seating positions, layouts and atmosphere of space, and equipped with applications -applications that support classrooms for MBK. In this research, the focus is on people with hearing disabilities and wheelchair users.
The specifications and characteristics of the MBK will be used as parameters to calculate in full what needs to be considered. It will improve the quality of spatial facilities, including:
a) An acoustic room system that takes reverberation time into account for the deaf.
b) Lighting (for low vision/double vision).
c) Simulation of building performance will make the effectiveness of classrooms and support the limitations of MBK, especially the deaf.
d) Adding additional application features for classrooms according to the needs of the MBK, especially the deaf and low vision.
The method used in this research is to measure the Building Performance Simulation in the MBK Classroom:
1) Center for the Built Environment (CBE)
University of California at Berkeley to produce classrooms that have specifications with characteristics and comfort with MBK hypersensitivity (https://cbe.berkeley.edu/, 2020)
a) Modeling Human Comfort: a detailed analytical model of the physiology of human thermoregulation adapted to human subjective responses, capable of evaluating complex thermal environments
b) Revising Thermal Comfort Standards: development of field-based alternative standards for naturally ventilated buildings.
Building Performance Simulation (BPS) pays attention to thermal comfort associated with reverberation time and mitigation of classroom material strategies. This method is used to get precisely the appropriate classroom design formulation to help deaf people who use hearing aids get optimal reflected sound when the lecturer explains and is not disturbed by the number of external sounds other than teaching sounds closely related to the classroom material formulation.
2) Using DIAlux
DIAlux is a tool for calculating the energy consumption of lighting design projects. The lighting designer can use the software to calculate the energy consumption under the influence of daylight in certain situations. The daylight yield and energy requirements of the planned lighting system for a particular lighting scene are determined by daylight conditions. For low vision MBK, DIAlux is used to calculate the correct lighting simulation for the classroom (https://www.dial.de/en/blog/article/lighting-designer-tom-van-roey-on-DIAlux/, 2020). The following are examples of calculation images using the Building Performance Simulation (BPS) application (https://www.facebook.com/DIAlux.support/photos/DIAlux-evo-5-previewwe-improved-the-dwg-export-with-significant-new-functions-ex/896729610384812/, 2020).
3) Using the Sefaira Plugin on SketchUp
The collaborative software Sefaira Plugin on SketchUp enables design teams to collaboratively and quickly analyze passive and active strategies to optimize building performance. Sefaira Plugin on SketchUp also calculates classroom optimization to suit the needs of MBK characteristics by discussing detailed material formulations and various appropriate classroom design schemes. So, a lighting formulation using DIAlux, will get a specific formulation of walls, floors, and absorption in and outside the classroom (https://sefaira.com/interested-in-a-demo-of-sefaira-architecture/, 2020).
Based on the description above, the design of the Innovation model that will be produced is in the form of a Building Performance Simulation design in the classroom to create an MBK Friendly Classroom (the results are specifications of the wall, floor, ceiling materials, laying windows and lights) using the CBE, DIAlux, and Sefaira. The classrooms used for the case study are the “Banjar 7-1” classroom in the Architecture Study Program, Department of Architecture and Planning, Faculty of Engineering, XYZ University.
3. RESULT AND DISCUSSION
Deaf MBK has limitations in understanding and capturing audio material due to hearing limitations. MBK, which has limited visibility (low vision), is also less comfortable in attending lectures. One of the lecture rooms that will be taken as a sample is the “Banjar” room 7-1 (Figure 1, 2) because it has a capacity of up to 47 students and is equipped with lecture infrastructure for the Architectural Design Studio.
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Figure 1. “Banjar 7-1” classroom plan 
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Figure 2. The atmosphere of the “Banjar 7-1” classroom
As for determining the MBK that will be followed up, those who have the competence to attend lectures at the Bachelor of Architecture Study Program, namely people with Low Vision, Disability, and Deaf.
Table 1. MBK criteria and aspects of architectural elements in architectural studio classrooms

	No.
	MBK criteria
	Aspects of Architectural Elements in the Architectural Design Studio Classroom

	1
	Low Vision
	Visibility

	
	
	Lighting

	
	
	Classroom Materials

	
	
	Configuration

	2
	Disability
	Accessibility

	
	
	Provision of friendly furniture with physical limitations (the position of the studio drawing table)

	3
	Deaf
	Acoustic

	
	
	Visibility

	
	
	Time of Buzz

	
	
	Classroom Desk Orientation     


To support the implementation of innovative learning models for MBK in the Architecture Study Program, Department of Architecture and Planning, Faculty of Engineering, XYZ University, it is determined that the Design of the Innovation Model is used to support innovative learning models, including improving learning facilities with applications that assist students with special needs. Specifically, in the learning process, significantly to improve the quality of spatial facilities in learning for MBK, namely:
a) Building Performance Simulation's measurement method produces classrooms with characteristics and comfort with MBK hypersensitivity, especially for the deaf.
b) The simulation method uses DIAlux for lighting suitable for MBK by calculating the energy consumption of a lighting design project.
c) Use the Sefaira Plugin on SketchUp to calculate classroom optimization to suit the needs of MBK characteristics by discussing detailed material formulations and various suitable classroom design schemes.
d) Precisely formulating classrooms for integrated MBK in the form of standardization prototypes of classroom formulations by calculating material specifications, space organization, lighting, and air conditioning to suit the sensitivity level and needs of the MBK.
In response to the need’s analysis, a blueprint for architectural element formulations was produced for Classrooms in “Banjar 7-1” based on an integrated approach and MBK-friendly as an architectural design studio classroom:
1) Innovative Learning Model/Assistive Technology
Based on the description above, the design of the Innovative Learning Model/Assistive Technology is produced in the form of an Innovative Learning Model with an Inclusive-Collaborative Approach for Students with Special Needs in the Architecture Study Program, Department of Architecture and Planning, Faculty of Engineering, XYZ University, especially people with deaf disabilities
2) Model Specifications
The resulting model is a blueprint of classroom design to support architectural design studio lectures in “Banjar 7-1”.
Table 2. Results of the development of the offline classroom model
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Table 3. The classroom formulation program simulation results
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To support the learning process for the Deaf MBK, an LED TV is added in front of the classroom, which is connected to the Transcribe application on the Mobile Handphone (HP) through the screen mirroring and Chromecast applications, so that the Deaf MBK can follow the lecturer's conversation by reading the text that appears on the LED TV screen.
The analysis results using the assistance of various tools and technology adapted to the “Banjar 7-1” architectural design studio room as a case study resulted in a re-layout of furniture and the ideal position for persons with disabilities in the classroom, as shown in Figure 3.
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Figure 3. The classroom formulation program simulation results
After going through the theoretical analysis process, direct trials were carried out in the classroom. Classrooms are arranged according to theoretical studies. Two rows of tables and chairs at the front are arranged so that persons with disabilities in wheelchairs can Manoeuvre freely in and out of the classroom (Figure 4). In addition to the screen, a LED TV monitor is added that is connected to the lecturer's cell phone so that when the lecturer speaks, the text immediately appears in accordance with what the lecturer said (Figure 5). Thus, lectures in the classroom can be followed by persons with disabilities in wheelchairs or hearing impairments, and students with wheelchair disabilities mingle with other students (Figure 6).
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Figure 4. Corridor paths that allow 
persons with disabilities to use wheelchairs
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Figure 5. For lecturers with disabilities who use wheelchairs, on the left is a LED TV screen that text the lecturer's speech
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	Figure 6. Students with disabilities who use wheelchairs mingle with other students


In addition, this lecture simulation is connected online to the participating students in their respective homes, using the Microsoft teams. What the lecturer said in the classroom also appeared as text on each participant's computer screen at home. The trial was relatively effective; it can still be improved by getting used to the speed and intonation of the lecturers' speech so that the text that appears on the screen is what is being said (Figure 7).
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Figure 7. Online and offline lecture simulation trial process
After conducting an offline class lecture simulation trial, an adjustment was made to the distance of the table and space for easy circulation of wheelchair users. The direction of the opening and the door's width should be changed, as shown in Figure 8. The classroom capacity was reduced to 36 students with the possibility of accommodating 8 students in wheelchairs who have an ideal position to consider visibility, lighting, and reverberation time according to the above analysis (Figure 9).
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Figure 8. The final result of the ideal layout of the classroom is the simulation result of the wheelchair adjustment trial
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Figure 9. The final result is an ideal classroom layout with a capacity of 36 students
4. CONCLUSION
With the assistance of various tools and technologies currently available, as well as the support of knowledge about the character and conditions of people with various disabilities, it can be calculated with sufficient accuracy, methods, placement of tools, and positioning of persons with disabilities in a classroom so that they can attend lectures effectively.

Every individual with a disability, even if they are of the same type, certainly has their uniqueness. For this reason, solutions based on the assistance of layout arrangements and the use of assistive technology still need a few adjustments so that every person with disabilities can participate in lecture activities effectively. This adjustment is also needed taking into account the disability level of each person. For this reason, for every person with a disability, it is necessary to carry out a simulation or trial first before being carried out in actual lecture activities.

In addition to solutions in terms of classroom arrangement and assistive technology, it is necessary to consider the social aspects of life in the classroom and on campus. This is related to persons with disabilities with other students and lecturers and other personalities. The position of persons with disabilities in the classroom does not need to be “privileged” but creates a feeling of being “separated” alone in the corner of the classroom, but instead is arranged to mingle with other ordinary students. It is necessary to create an atmosphere that in taking education, they are the same.

The development of the resulting innovative learning model is expected to be implemented and can help the learning process for students with special needs. The resulting Innovative Learning Model has also been equipped with media that will be used with applications that support classrooms for MBK with a novelty concept so that MBK can attend lectures comfortably, and the Teaching Staff can deliver lecture materials properly to MBK.

Improvements to the solutions offered can, of course, always be carried out. In addition to following lectures clearly, MBKs also hope to interact actively, ask questions, discuss, and even debate with fellow students and lecturers.
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