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Abstract: In recent years, the quality of interaction in amphitheatres and conference rooms has become an 

important concern. Traditional seating solutions often limit comfort and communication between users. 

This paper presents the design of a two-seat modular chair integrating ergonomic features. The proposed 

solution is based on an optimized configuration and a user-centred approach to improve posture, 

accessibility, and interaction. The main objective is to provide an innovative solution that enhances user 

engagement and improves the overall experience in collective environments. 
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1. INTRODUCTION 

 

In the current context, improving learning and 

communication conditions in collective spaces such as 

amphitheatres and conference rooms has become a major 

challenge. These environments accommodate a large 

number of users whose needs in terms of comfort, 

interaction, and performance are often overlooked by 

standardized seating solutions. Poorly designed 

equipment can lead to decreased attention, reduced 

engagement, and lower overall efficiency of interactions.         

Ergonomics, defined as the science that studies the 

interactions between humans and system elements, aims 

to adapt products and environments to human capabilities 

in order to optimize well-being and performance [1]. It 

relies on an interdisciplinary approach integrating 

technical, physiological, and psychological aspects, and 

is part of the “human–machine–environment” system, 

whose objective is to ensure optimal interaction between 

its components [1]. 

In this context, the design of adapted furniture 

becomes a key factor in improving user experience. 

Current solutions in amphitheatres often present 

limitations in terms of comfort, modularity, and 

facilitation of user interaction. These constraints justify 

the development of new user-centred design approaches 

that integrate ergonomic criteria from the early stages of 

product development. 

Thus, this paper proposes the design of a two-seat 

modular chair integrating ergonomic features aimed at 

improving posture, comfort, and interaction between 

users. The objective is to develop an innovative and 

adaptable solution that significantly enhances both user 

experience and the quality of interactions in collective 

environments. 

The scientific contribution of this research consists in 

proposing an integrated ergonomic seating architecture 

that combines modular spatial organization, ergonomic 

posture support, digital learning integration and user 

interaction enhancement within a single design solution. 

Unlike traditional amphitheatre seating focused primarily 

on density optimization, this study introduces a user-

centred engineering approach focused on comfort, 

accessibility and collaborative learning support. 

 

2. ERGONOMIC ANALYSIS 

 

2.1 User needs analysis 

In collective environments such as amphitheatres and 

conference rooms, users are exposed to prolonged sitting 

periods, often exceeding several hours. According to 

World Health Organization, prolonged sedentary 

behaviour is associated with discomfort and decreased 

cognitive performance [2]. Users require seating 

solutions that ensure comfort, proper posture, and 

support sustained attention. In addition, interaction 

between users plays a key role in collaborative learning 

and engagement, as highlighted by Lev Vygotsky’s 

social development theory, which emphasizes the 

importance of social interaction in cognitive 

development [3], as illustrated in Figure 1. 

 

 
 
Figure 1 Vygotsky’s Zone of Proximal Development and 

Scaffolding. 

 

2.2 Analysis of existing seating solutions 

Current amphitheatre seating typically relies on 

continuous rows of fixed desks, which maximizes room 

capacity but presents severe ergonomic limitations. The 

lack of adequate aisles restricts user mobility and creates 

a physical barrier that limits interactive teaching methods 

[4]. Additionally, the absence of dedicated storage for 

bags and winter clothing clutters the workspace, forcing 

students into asymmetric postures that increase lumbar 

strain and muscular fatigue during long lectures [5]. 

Finally, these traditional setups are ill-equipped for 

digital learning; they lack accessible power outlets for 

mobile devices, and distant or angled views of 
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centralized projection screens cause visual fatigue and 

unnecessary cognitive load [6], [7]. 

 

2.3 Ergonomic criteria and constraints 

Ergonomic design must consider several key criteria, 

including posture, accessibility, and spatial organization. 

The proposed project is based on strict compliance with 

European standards to ensure both safety and ergonomic 

performance. The seat and writing tablet are designed 

according to the NF EN 1729 standard, which defines 

reference dimensions to promote a healthy posture [8], as 

shown in Figure 2. In addition, the structural design 

complies with the EN 12727 standard, ensuring the 

strength and durability of seating systems used in public 

environments [9]. Beyond safety compliance, including 

fire resistance requirements defined by EN 1021 [10], the 

project also follows a sustainable eco-design approach. 

The frame, made of high-strength steel, ensures long-

term durability and offers 100% recyclability, allowing 

complete material recovery at the end of its life cycle and 

minimizing environmental impact. 

 

 
 
Figure 2 Top and side views of the modular seating system 

illustrating layout and standardized ergonomic dimensions. 

 

2.4 Human–Machine–Environment system 

Ergonomic analysis is based on the interaction 

between the human, the product, and the environment. 

According to Etienne Grandjean, effective ergonomic 

design requires a global approach integrating these three 

components [11]. In amphitheatres, the environment 

(space constraints, layout), the machine (seating system), 

and the user (physical and cognitive characteristics) must 

be considered simultaneously to optimize comfort and 

interaction. Poor integration of these elements can result 

in reduced usability and user dissatisfaction [12]. 

 

2.5 Design requirements 

Based on the previous analysis, several design 

requirements can be identified. The seating system must 

provide adequate lumbar support, ensure comfort during 

prolonged use, and allow flexibility in configuration. 

Moreover, it should promote social interaction by 

enabling better orientation and communication between 

users. According to Donald Norman, user-centred design 

is essential to create effective and intuitive products [13]. 

Therefore, integrating ergonomic principles from the 

early design stages is crucial to improve both user 

experience and performance. 

 

2.6 Research methodology 

The research followed a user-centred product 

development methodology commonly used in industrial 

design engineering. The study was structured in several 

stages: 

• identification of ergonomic problems in traditional 

amphitheatre seating 

• analysis of user needs based on ergonomic literature 

• definition of technical and functional requirements 

• conceptual design and CAD modelling 

• spatial layout optimization 

• compliance verification with European standards 

This structured design approach allowed the 

integration of ergonomic, architectural and digital 

learning requirements into a coherent modular seating 

concept. 

The adopted methodology follows classical industrial 

product development workflows where problem 

identification, requirement definition and concept 

development are treated as iterative processes. Particular 

attention was given to the integration of ergonomic 

constraints from the early design phases in order to avoid 

costly redesign stages later in the development process. 

The CAD modelling phase played an important role 

in validating spatial clearances, user reach zones and 

accessibility conditions. Digital simulation also allowed 

rapid evaluation of alternative configurations before 

selecting the final DualHub architecture. This approach 

reduces development uncertainty and supports evidence-

based design decisions. 

Additionally, the research integrates principles from 

design engineering, ergonomics and architectural 

planning, reflecting the interdisciplinary nature of 

educational infrastructure design. This type of 

methodology is frequently used in modern product 

innovation processes where user experience represents a 

primary design driver. 
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3. DESIGN AND DEVELOPMENT OF THE 

MODULAR CHAIR 

 

3.1 Spatial reorganization and accessibility 

The first major outcome of our user-centred approach 

is the spatial reorganization of the amphitheatre layout. 

To resolve the mobility constraints associated with 

traditional seating, the proposed design introduces a 

modular "island" configuration. Continuous rows have 

been replaced by independent two-seat modules 

separated by lateral and frontal aisles of approximately 

80 cm. This specific dimension complies with 

established architectural accessibility standards, ensuring 

fluid movement and allowing students to enter or exit 

without disrupting their peers [4]. Furthermore, this 

decentralized layout breaks the traditional physical 

barrier between the stage and the audience. By allowing 

instructors to circulate freely among the student modules, 

the space fosters a closer proxemics relationship and 

actively supports collaborative, student-centred teaching 

methods [14]. 

 

3.2 Architecture of the Two-Seat module 

The physical solution developed is a compact module 

with a total length of 1000 mm, specifically dimensioned 

to accommodate two users comfortably while optimizing 

the room's seating capacity [15]. The core structure 

consists of a modular tubular frame. As shown in in 

Figure 3, this adaptable chassis is designed to be installed 

across diverse architectural configurations, including flat 

floors, inclined surfaces, and tiered seating (gradins). 

This modularity makes it a highly versatile solution for 

amphitheatre renovations. Furthermore, to improve user 

posture and comfort compared to traditional hard seating, 

the seat and backrest incorporate padding. This design 

choice aims to reduce physical discomfort during 

prolonged lectures, ensuring a better overall learning 

experience [16]. 

From a structural engineering perspective, the tubular 

frame configuration was selected due to its favourable 

stiffness-to-weight ratio and manufacturing simplicity. 

Tubular steel structures are widely used in public 

furniture due to their mechanical resistance, fatigue 

durability and ease of maintenance. 

The modular construction also allows potential future 

upgrades without redesigning the entire structure. 

Components such as seating pads, electrical modules or 

storage elements could be replaced independently, 

increasing the long-term adaptability of the product. 

An important aspect in the design of integrated 

educational furniture is compliance with electrical safety 

and ergonomic standards. The proposed module 

considers basic protection measures such as cable 

management, protected socket positioning and impact-

resistant enclosure design. Furthermore, the electrical 

components should comply with European safety 

standards for educational environments, ensuring safe 

operation under intensive daily use. These considerations 

contribute to risk reduction, increased product reliability 

and safe interaction between users and integrated 

technological features 

 

 
 
Figure 3 Isometric view of the DualHub seating illustrating 

the tubular frame and ergonomic seating. 

 

3.3 Ergonomic storage solutions 

To directly address the issues of workspace clutter 

and postural constraints identified in our preliminary 

analysis, the module integrates a dual-zone storage 

system. Anthropometric principles dictate that adequate 

legroom and a clear primary work zone are essential for 

maintaining a neutral seated posture [5]. Consequently, 

the design separates personal storage into two distinct 

areas: a secure lower compartment located beneath the 

seat pan intended for heavy luggage such as backpacks, 

and an accessible secondary space under the desk 

specifically designed for bulky winter garments. This 

strategic distribution of storage not only frees the writing 

surface from obstructions but also prevents the 

asymmetric torso twisting that typically occurs when 

students are forced to place belongings on their laps or 

adjacent seats [17]. 

 

3.4 Physical connectivity and digital integration 

To support the digital transformation of higher 

education, the central element of the two-seat module 

features a smart console providing essential physical 

amenities. It includes secure cup holders, standard 220V 

power outlets, and modern USB-A and USB-C ports. 

Providing continuous power directly addresses the 

operational constraints of students who rely heavily on 

mobile devices, ensuring their equipment remains 

charged throughout the day [18], as illustrated in Figure 

4. 

 

 
 

Figure 4 Electrical enclosure. 
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Beyond physical connectivity, the user experience is 

enhanced by the conceptualization of a dedicated cloud-

based application. Rather than relying on complex wired 

connections, this software operates on a session-based 

synchronization model, akin to modern interactive 

response systems. Instructors manage course materials 

via a centralized drive and generate a dynamic QR code 

or a specific session PIN at the beginning of the lecture. 

By authenticating through this system, students receive 

the live presentation directly on their personal screens. 

Bringing the educational content into the user's primary 

field of view eliminates the visual fatigue caused by 

distant or angled projectors [6], while simultaneously 

minimizing the "split-attention effect" and lowering 

cognitive load [7]. 

 

3.5 Global amphitheatre layout and capacity 

analysis 

To maximize the benefits of the two-seat module, the 

global layout of the amphitheatre has been entirely 

redesigned to prioritize user flow and minimize academic 

disruption. Traditional continuous row configurations 

create domino-effect disturbances when a single user 

moves. To resolve this, our proposed plan organizes the 

modules in distinct blocks separated by a dual-aisle 

system. First, a secondary service aisle with a clear space 

of 600 mm is maintained between consecutive rows of 

modules. This specific dimension was chosen to ensure 

enough space for users to exit discreetly for urgent 

matters without causing physical or auditory disturbances 

to an entire row [4]. In addition to these secondary 

passages, primary circulation and evacuation corridors 

ranging from 800 mm to 1200 mm are integrated to 

segment the blocks. These primary pathways ensure 

rapid emergency evacuation, fluid multi-directional 

movement for larger groups, and provide adequate space 

for instructor circulation [14], as illustrated in Figure 5. 

 

 
 

Figure 5 Global floor plan illustrating the module blocks 

and the dual-aisle system. 

 

It is important to note that this optimization, focused 

on comfort and fluid interaction, involves a necessary 

trade-off in spatial efficiency. Compared to traditional 

high-density continuous seating, this proposed layout 

results in an estimated reduction of approximately 20% 

in the room's total seating capacity. However, this limited 

loss is fully justified by the significant gains in individual 

comfort, auditory quality, visual ergonomics, and the 

overall enhancement of the collective learning 

environment [19], as shown in Figure 6. 

 

 
 

Figure 6 3D visualization of the redesigned amphitheatre 

demonstrating improved accessibility. 

 

We also present an example of a conference room 

that we have modelled in compliance with current 

standards in ergonomics, circulation, and safety, as 

illustrated in Figure 7. As illustrated below, this layout 

optimizes movement flow while ensuring user comfort. 

 

 
 

Figure 7 Top-Down Floor Plan Visualization illustrating 

modular configuration and circulation pathways. 

 

A complete 3D visualization of the conference room 

is presented in Figure 8. 

 

 
 

Figure 8 Isometric 3D CAD Render of the complete 

conference room design with multi-level seating. 

 

3.6 Materials and Manufacturing Considerations 

The selection of materials for the proposed DualHub 

seating system was guided by criteria such as structural 
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strength, durability, user comfort and environmental 

sustainability. The main supporting structure is based on 

tubular steel profiles, selected due to their high 

mechanical resistance, long service life and cost 

efficiency compared to alternative materials such as 

aluminium alloys or composite structures. 

For the seating surfaces, ergonomic padding made 

from high-density polyurethane foam could be 

considered, providing adequate comfort during extended 

learning sessions while maintaining shape stability over 

time. The writing surfaces and storage elements could be 

manufactured from laminated compact boards or high-

pressure laminate (HPL) panels, materials frequently 

used in educational furniture due to their resistance to 

wear, scratches and cleaning agents. 

From a manufacturing perspective, the structure 

could be produced using conventional industrial 

processes such as CNC tube cutting, robotic welding and 

powder coating. These technologies are widely available 

and allow repeatable quality while maintaining 

reasonable production costs. The modular philosophy of 

the design also allows prefabrication of subassemblies, 

reducing assembly time and simplifying transportation 

and installation. 

Economic considerations also represent an important 

factor. Although the initial production cost may be 

slightly higher than traditional fixed seating systems, the 

modular design allows replacement of individual 

components instead of entire units, reducing maintenance 

costs over the product lifecycle. This approach supports 

long-term economic sustainability and aligns with 

circular economy principles applied in product design. 

Future development stages should include detailed 

cost modelling, supplier analysis and evaluation of 

manufacturing scalability in order to validate the 

economic feasibility of large-scale implementation.  

 

4 DISCUSSION 

 

The proposed DualHub seating system offers several 

advantages compared to traditional amphitheatre seating. 

First, the modular configuration improves accessibility 

and reduces disturbances during user movement. Second, 

the ergonomic design improves posture and reduces 

physical fatigue during prolonged use. Third, the 

integration of digital connectivity supports modern 

hybrid learning environments. 

The advantages of the DualHub concept can also be 

analysed from a product engineering perspective. 

Compared to monoblock seating structures typically used 

in amphitheatres, the modular approach allows 

incremental implementation and easier maintenance. 

Individual modules can be replaced without affecting the 

entire seating system, which reduces operational 

downtime and maintenance costs. This approach follows 

modern product lifecycle engineering principles where 

adaptability and serviceability represent key performance 

indicators. 

From an ergonomic engineering standpoint, the 

proposed solution also addresses the problem of static 

posture associated with traditional seating. By 

introducing improved clearances, accessible storage 

areas and optimized desk positioning, the design 

contributes to maintaining neutral joint positions and 

reducing musculoskeletal stress. These improvements 

may contribute to better long-term user well-being and 

improved learning efficiency. 

Another important aspect is the psychological impact 

of spatial organization. Research in environmental 

psychology suggests that spatial configuration influences 

communication behaviour and perceived comfort. By 

breaking continuous seating rows into smaller clusters, 

the DualHub layout may encourage micro-interaction 

between users while maintaining individual personal 

space. This balance between privacy and interaction is 

essential in modern collaborative learning environments. 

However, several limitations must be acknowledged. 

The proposed layout reduces seating capacity by 

approximately 20%, which may represent a constraint for 

institutions prioritizing maximum occupancy. 

Additionally, the current research is limited to conceptual 

and CAD development without physical prototyping or 

experimental ergonomic validation. 

Despite these limitations, the concept demonstrates 

strong potential for improving user comfort and 

interaction quality in educational environments. 

 

 

5. CONCLUSION AND PERSPECTIVES 

 

This paper presented a comprehensive ergonomic 

approach to redesigning collective learning 

environments, specifically focusing on amphitheatres and 

conference rooms. By addressing the physical, cognitive, 

and spatial limitations of traditional continuous seating, 

the proposed two-seat module offers a modern, user- 

centred alternative. The integration of a modular tubular 

frame with ergonomic padding, coupled with a dual-zone 

storage system, effectively resolves common postural 

constraints and workspace clutter. Furthermore, the smart 

central console and its companion cloud-based screen-

sharing application seamlessly bridge the gap between 

physical comfort and digital accessibility, significantly 

reducing cognitive load and visual fatigue. At the macro 

level, reorganizing the amphitheatre layout with a dual-

aisle system fosters fluid movement and minimizes 

academic disruptions. While this spatial optimization 

requires an estimated 20% reduction in total seating 

capacity, the trade-off is fundamentally justified by the 

substantial improvements in user well-being, interaction 

quality, and overall pedagogical efficiency. 

The main contribution of this study lies in 

demonstrating how industrial design methods can 

improve educational furniture by integrating ergonomics, 

modularity and digital interaction within a single product 

architecture. 

The results of this research also highlight the 

importance of integrating industrial design 

methodologies into educational infrastructure 

development. Instead of treating furniture as a secondary 

architectural element, this study demonstrates that 

seating systems can actively influence learning 

efficiency, interaction quality and spatial usability. 

The DualHub concept illustrates how engineering 

design, ergonomics and digital integration can converge 

into a single coherent product solution. Such approaches 
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may represent a future direction for educational 

equipment design where adaptability, sustainability and 

user experience become primary performance criteria. 

A key next step is implementing the DualHub 

concept in real educational settings. Future work should 

assess spatial and electrical compatibility, installation 

logistics, and factors such as institutional acceptance and 

long-term maintenance to enable practical deployment. 

 

6. FUTURE RESEARCH 

 

Future research will focus on the transition from 

conceptual design to experimental validation of the 

proposed DualHub seating system. A first research 

direction involves the development of a functional 

prototype in order to validate the ergonomic assumptions 

and spatial optimization principles considered during the 

design phase. Physical prototyping would allow the 

evaluation of structural stability, user comfort and real 

interaction patterns. 

Another important research direction concerns 

experimental ergonomic validation through user testing. 

Future studies may include posture analysis, comfort 

assessment during prolonged use and evaluation of user 

movement efficiency within the proposed modular 

layout. Such investigations could provide quantitative 

data regarding fatigue reduction, accessibility 

improvement and learning environment quality. 

Further work should also investigate the economic 

feasibility of the proposed solution, including 

manufacturing processes, material selection and cost 

optimization strategies. In addition, sustainability 

evaluation through lifecycle thinking could be 

considered, particularly regarding durability, modular 

replacement of components and end-of-life recyclability. 

Finally, future developments may explore the 

integration of smart features such as embedded power 

supply systems, digital connectivity modules or adaptive 

configurations responding to different teaching scenarios. 

These directions could transform the DualHub concept 

from a static furniture solution into an adaptable learning 

infrastructure aligned with the requirements of modern 

educational environments. 
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