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Abstract. In recent days product design and review cycles are considerably 
held to many constraints and requirements. One of the main requirements re-
gards the usability of solutions and the impact that design choices have on final 
users. Therefore, it is becoming crucial to anticipate human factors concerns in 
the preliminary phases of product development process. Also, since human fac-
tors affect the users subconsciously and influence the decision making in a sig-
nificant way, they need to be enabled to observe the users while interacting with 
the product in real-time. In this framework, the platform that the human factors 
expert and the users use plays a vital role in influencing the human factor as-
sessments and evaluations. Latest developments in Extended Reality opened the 
way toward the possibility to conceive new simulation platforms that allow ex-
perts to deeply explore the products in real-time through collaborative and in-
teractive environments before the physical mockup of the product. The purpose 
of this paper is to outline a Mixed Reality (MR) tool in the field of aircraft inte-
rior design to demonstrate it as a potential co-creative platform for involving 
human factor experts in the loop while the task is ongoing. An MR multi-user, 
co-located, collaborative and interactive environment of an aircraft galley is de-
veloped where the HF specialist and flight crew member can co-exist to visual-
ize the real scale model of the galley and perform an operational task. Such co-
creative tool is foreseen to execute usability tests during design review phase 
and reduce time, costs of product development cycle while meeting the user re-
quirements. 

Keywords: Mixed Reality, Human Factors and ergonomics, co-creation, design 
review 

1 Introduction 

Engineering design advancement demands problem-solving approach besides its re-
straints, especially in human factors [1]. A successful product design usually depends 
on combining a number of information from different areas and should meet the func-
tional and aesthetic level alongside being manufactured by the right process at a good 
price [2]. Design review is a challenging phase for all the actors in the process from 
engineers, manufacturers to human factor experts and customers. Over the last few 
decades, there is a lot of heed towards Human Factors and Ergonomics (HF/E) disci-
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pline which focuses on how people interact with tasks, equipment, technologies and 
environment from a unified context of science, engineering, design, technologies and 
management. Industrial design is indeed concerned with all the human aspects of 
machine-made products and their relationship to people and environment [3]. Thus, 
the aim of Human Factors is to understand and evaluate these interactions and opti-
mize the human and system efficiency, effectiveness, safety, health, comfort and qual-
ity of life. Ultimately, the human factors methods are designed to improve overall 
human well-being and system performance [4] promoting human-centered approach. 

The adoption of such human-centered approach is a major challenge for companies 
since the product development process is an important and complex business process. 
In order to compete in technologically advanced markets, designers have to consider a 
lot of factors such as strict schedules, budgets, lifecycle concerns, inclusiveness and 
social impact [5]. Human factors input is ultimately seen as giving products a compet-
itive advantage by helping to develop products in short time periods without com-
promising the quality level [6] [7]. Usually, the HF/E aspect arrives after the physical 
mock-up of the product however, with communication difficulties.  

Design review is an important step for any product development to move from one 
stage to the next [8]. It is incorporated to evaluate the factors designers have to con-
sider. Typically, reviewers are from diverse disciplines acting as key users, customers, 
engineers and experts who need to collaborate in order to optimize the process. Thus, 
the environment in which they collaborate may also have an impact on people’s abil-
ity to interact and provide feedback. Users of a product often alter along aspects such 
as vision, hearing, strength, reach etc. These features are to be considered highly 
when reviewing a product or design. When HF/E are considered during the design 
process, it is to improve the usability and reliability of the product. Design Reviews 
have nowadays evolved to be designed and carried out in simulated environments 
rather than real settings with prototypes in order to enhance and anticipate product 
development in terms of time and cost. 

Such simulated environments can be computer generated real or imaginary system 
that can enable a user experience it and perform operations by showing effects in real 
time [9]. Rapid advances in Computer Science and new devices have paved a way 
towards Extended Reality (XR) to be an enabling technology to build realistic simu-
lated environments for users to collaborate and interact. XR serves as an umbrella 
term for Virtual Reality (VR), Augmented Reality (AR) and Mixed Reality (MR) and 
act as a platform to co-create for generating ideas and directly building solutions [10]. 
These technologies have proven to help users to collaborate, interact, visualize and 
co-create on a single platform to perform tasks such as design reviews, pre-design 
analysis, task analysis, usability testing and product evaluation. Thus, here a possibil-
ity can be recognized for integrating a HF expert and an end user on a single platform 
to study the human views during the design review prior to manufacturing of a prod-
uct.  

In this context, we describe the design and development of a multi-user co-located, 
collaborative and interactive Mixed Reality (MR) software tool in the aircraft cabin 
interior design review domain. This tool allows the potential final user acting as a 
crew member to be co-located with Human Factor expert performing tasks of visual-
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izing, interacting with galley and observer respectively. In this type of collaborative 
environment, the expert is expected to evaluate metrics such as task analysis, visual 
comfort and usability. 

This research is part of a greater project aiming at supporting the hypothesis that 
Mixed Reality improves the efficiency and efficacy of user centered design through 
the creation of co creation platforms (H1). In particular, in this paper the authors de-
scribe a simulation platform developed to test the specific hypothesis that “Collabora-
tion and co-location in MR can favor the evaluation of Human Factors in interactive 
environment in real time” (H2). It has been observed that the product evaluation ses-
sions in VR are usually performed by experimental sessions in which potential users 
are immersed in Virtual Environments representing the future system of product to be 
manufactured and are asked to interact with it. The human factors expert intervenes 
after the simulated interaction session to collect the information about the usability 
and to highlight the issues with the designed components or subsystems. The main 
idea presented in this paper is to develop a platform to co-locate an observer of the 
scene directly in the virtual scenario providing him with the same perceptual capabili-
ties of the user herself or himself in real time. In this view a platform has been con-
ceived and a scenario of a specific product in an industrial field characterized by a 
long development cycle have been proposed to answer the following questions: 

RQ1 Which system architecture and which scenario can be used to implement the 
collaborative and co-located features? 

RQ2 Which parameters could be used to evaluate the effectiveness of the platform 
against the hypothesis? 

As part of the preliminary study of the main research project, in this paper the RQ1 
is answered while the RQ2 is under development. Therefore, in the following para-
graphs the technical set up and interaction design will be described.  

2 The context of study 

Product development cycle of a user driven products design is referred as a process 
that begins with analysis of potential user groups and collection of user’s require-
ments [11]. Different methods are then used to review the pre-design solutions and to 
estimate if these actually meet the intended user’s needs. On one hand, design valida-
tions aim to ensure that products conform to defined user needs and intended uses. On 
the other hand, human factors validation is considered as a part of design validation 
specifically evaluating the product’s user-interface to confirm that the product can be 
used effectively by intended users. Design reviewing is an iterative process and in-
cludes time-taking and expensive prototypes to validate by several stakeholders, in-
cluding the human factors. Traditionally, physical mock-ups are used to associate a 
HF expert in evaluating the tasks which is accumulated at the final stages of devel-
opment process risking delays in unveiling design problems for designers and human 
factors, which is also not cost and time-effective. Hence, it is crucial to involve HF/E 
through the design review procedure to help and augment the process.  
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Human factors practitioners follow user-centered design approach as their design 
philosophy in evaluating the interactions between the users and the tasks and envi-
ronments. [12-14]. An example of integrating human factor in to design process in the 
field of aeronautics concerning the design process of head mounted displays has been 
made by Dominique et al. [15]. 

 An aircraft passenger cabin represents a significant human factors challenge relat-
ed to both passengers and cabin crew. Human factors principles usually associated 
with the flight deck are now being applied to examine human performance functions 
and ensure that cabin crews and passengers are able to do efficiently what they need 
or want to do.  

In general, HFE input to product development has intended to be focused on meth-
ods such as direct observations, task analysis, usability issues etc. [16]. Task analysis 
is used in evaluation of existing systems in identifying design problems by defining 
the task or activities a user will be performing with the product [17]. The International 
Standards Organization (ISO) defines usability as being: “the effectiveness, efficiency 
and satisfaction with which specified users achieve specified goals in particular envi-
ronments” [18]. Usability issues are nowadays considered crucial in the product crea-
tion process with many organizations. User, Task, System and environment are the 
main components of usability and a good design often is defined in terms of interac-
tion between these four factors [19].  

The challenge of integrating human factors during the design process of a new 
product development is to enhance usability and reliability of the product. Eventually, 
this integration enables developers to perceive and understand what end users can and 
cannot do compared to the tasks they will be required to perform once the product is 
manufactured and operational. A number of studies have been published distinctly on 
integrating HF/E during design review process and proposing Virtual Reality for mul-
ti-user environments. But, seldom have proposed an innovative co-creative platform 
for involving HF/E with final users/designers during the design review process to 
validate the product from human perspective and evaluate aspects such as usability 
and task analysis.  

 
2.1 System design and Simulation Tools for Assessment 

In project CASTLE, a VR solution has been adopted in validation of cabin design 
solutions through human-centered approach. Each cabin item design like aircraft gal-
ley, lavatory, cabin interior etc. is simulated to a real scale 3D immersive environment 
and is presented to potential users to visualize the design and provide their feedback 
in order to improve the design [21]. While single person perspective has been general-
ly adopted, in this paper we elaborate a case study for a multi-user co-located, collab-
orative and interactive cabin item design review. 
 The XR technology with its hardware has made promising evolution towards 
achieving these elements to a simulated ambiance. Especially, MR which allows real 
and virtual elements to interact is capable to manipulate both physical and virtual 
objects [10]. [10] has proposed that a MR device such as a See-through display for 
example, Microsoft HoloLens can be suitable for developing elements to collaborate, 
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interact and improve user experience. However, there are few attempts to build a co-
located and collaborative MR environment between two MR devices, Microsoft Ho-
loLens2, presenting as a platform for design review solution. The following section 
hence illustrates such a study in the field of aircraft cabin item design validation. 

3 Field study application: Aircraft Galley  

The application study is built upon a scenario representing a design review setting. 
Such scenario is displayed in a MR environment which is populated with the 3D in-
teractive model of a new conceived Galley of a Regional Aircraft. The Galley is the 
part of the Aircraft where food and drink are stored and where the crew members 
operate to prepare the in-flight service. Two users with different roles are enabled to 
share the scenario. One user act as a crew member/flight attendant and the other as an 
observing human factors expert. The observable factors are related to usability and 
ergonomics including interaction with the objects and reachability of the surfaces. 
These functions are to be examined by the human factors expert in order to evaluate 
tasks and usability in the environment. As described in detail in section 3.2, software 
application is built which allows the crew member to perform a task in Mixed Reality 
naturally interacting with selected parts of the model and the human factors expert to 
observe the scene and evaluate the quality of interaction in real time Hence, two users 
can share the scene in a collaborative and co-located approach while wearing two 
Mixed Reality head mounted displays.  

3.1 Mixed Reality platform development 

The whole scenario is built in a 3D software, UNITY version 2019.4 LTS for Mi-
crosoft HoloLens2. The workflow begins with the 3D model acquisition from the 
designers. This 3D model of the aircraft galley is collected and analyzed in a CAD 
modelling software, Rhinoceros 3D for aspects such as surfaces and normals so as to 
export to desired file formats to Unity 3D. On Unity, all the necessary features like 
hand interaction, grabbable feature, co-located collaboration are developed. 

Thanks to the Mixed Reality Tool kit (MRTK), a cross- platform tool kit developed 
by Microsoft to help developers for easy app modelling. MRTK features range from 
eye-tracking, hand tracking to UI controls and can be integrated to Unity to build the 
application effortlessly. 

Three main functions are designed to simulate the interaction with the water jar: a) 
pointer selection from MRTK configuration profile, b) collider and c) attaching the 
necessary interaction scripts for performance. In HoloLens2, interaction with game 
objects happens with pointers which can be near or far pointers. As the name sug-
gests, near pointers are used for objects very close to the user like in the case of the 
water jar. For grabbing and placing the water jar, firstly the water jar has been sepa-
rately imported to Unity 3D scene as a child of the main galley model and a box col-
lider has been adopted to define the shape of it.  An inbuilt Object manipulator and 
Near Interaction grabbable scripts are added to the water jar game object so as to trig-
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ger the interaction with it. Finally, to make the user recognize the gesture they make 
in a Mixed Reality environment, hand tracking has been enabled. A hand mesh dis-
plays the rendered mesh of the hand overlapped on the user’s hand as shown in the 
Fig. 1. 

Other parameters such as Spatial Awareness, Target Scale (Room scale), Display 
Option (Occlusion), Pulse Shader Spatial Mesh Prefab have been adjusted to make the 
Mixed Reality application performance higher. In order to develop shared experiences 
for both users, the target scenario has been studied to define the features required in 
the environment. Hence, a 3D environment using a MR device, Microsoft HoloLens2, 
with one-to-one sharing experiences has been determined according to the aircraft 
galley scenario. The collaboration will be synchronous and the physical environments 
are similar. 

 

 
 

Fig. 1 Hand Interaction with water jar 

 
 

 

 

 
 
 
 

Fig. 2 Hand Mesh profile as visible in the application 
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Fig. 3 Interaction function. 

Multi-user is nothing but sending messages between computers or devices. For exam-
ple, when user1 in the aircraft galley moves the water jar, this command or the posi-
tion of the water jar will be sent from user1 over through the server to user2 screen. 

 
Fig. 4 Multi-User architecture 

According to the above description, a networking (for server) and anchor sharing (for 
position) procedure has been adopted to develop the application. Firstly, networking 
solution is connected to the existing UNITY project. Photon Unity Networking (PUN) 
has been chosen for its fast, reliable and easy multiplayer framework. Azure Spatial 
Anchors are considered for the project which are updated to the project through Soft-
ware development kits (SDK’s). Azure Spatial Anchors are points of interests which 
are used to attach the content to physical locations. They represent a physical point in 
this world that persists in the cloud network. Thus, PUN connects the two HoloLens 
to share the local position of the virtual content in 3D space whereas Azure updates 
the position of the users in real time in the shared space. 

C# scripts are attached to add respective features to the game objects. A debug 
window is placed in the same scene beside the galley which logs all the behaviors and 
shows real time update of the program. In order to represent the users, a sphere prefab 
has been instantiated to record the movements and position of the other user in the 
MR environment. The galley model prefab is instantiated on both HoloLens through a 
shared plane where the model is placed. A table anchor designed will align the plane 
for both users in their physical environment. Finally, 4 button prefabs are placed in 
the scene below the debug window which configures the azure session as shown in 
Fig. 5. Both Azure and PUN are configured through Account ID’s and Access Keys 
specially dedicated for this project.  
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Fig. 6 Multi-User Framework 

3.2 Task Execution. 

Firstly, User1 enacting as crew member wears the Microsoft HoloLens2 and launches 
the galley application. Second user enacting as the HF expert, wears a second Mi-
crosoft HoloLens2 and starts the galley application. As primary user, the user enact-
ing as crew member starts the Azure session by clicking on the button ‘Start Azure 
Session’ and the debug window logs these steps to show errors, if any. Then, the crew 
member creates and shares the azure anchor by clicking on the respective buttons 
which create the anchor at the location of the table anchor and store the information 
and shares the anchor ID with other users in real-time respectively. Once the anchor is 
shared, the HF expert starts the azure session to connect to the resource and down-
loads the anchor information from the shared ID by clicking on ‘Get Azure Anchor’. 

Fig. 5 The Aircraft Galley scene with Debug Window and Buttons. 



9 

The crew member will be able to interact with the water jar and other parts of the 
galley with the hand mesh prefab displaying information of the hand tracking. Crew 
member picks up the water jar and places it on the galley platform and repeats this 
task. The human factor expert in the same environment can visualize the entire sce-
nario to evaluate the task performance, reachability and usability functions of the 
application. 

 

 

 

4 Conclusion and Future works 

The illustrated study attempts to elaborate an Extended reality (XR) environment as a 
co-creative platform for collaboration and interaction between users promoting col-
laborative decision making during a design review.  

A product development process usually is a lengthy and convoluted procedure with 
numerous disciplines being involved to make the end result a success. Thus, their 
prevails a necessity to verify the designs in every step of the phase before it is physi-
cally manufactured. Especially, Human Factors and Ergonomics (HFE) evaluations 
are playing a vital role in order to study the behavior of human beings in the product 
environment with the tasks and tools. In this process, there exists a necessity to in-
volve a Human Factors (HF) expert in design review way before physical mock-up of 
the product in order to derive the task analysis and evaluate the interactions for over-
all human well-being and reduce time and costs. Virtual environments serve as a sub-
stitute to physical mock-ups with notable reduction of costs and time. 

From the past years, simulated 3D environments in the form of digital mock-up’s 
are rising to provide visualization solutions of the product in the concept design 
phase. Particularly, the XR technologies are stretching their way to co-create value 
experience with product. These technologies offer high potential to virtually visualize, 
collaborate and interact for a user-centric experience. In addition, with how the covid-
19 situation is playing out, there is more emphasis than ever to find efficient ways to 
work and collaborate, making the push for suitable virtual replacements of the envi-
ronment just as strong as the real ones. 

Fig. 7 Two users collaborating by wearing Microsoft HoloLens 
and interacting with virtual water jar. 



10 

 To this extent, this paper outlines a software application built with Mixed Reality 
(MR) technologies for Microsoft HoloLens2 in the aircraft interior design validation 
solutions. An Aircraft galley item has been taken in to account to design a multi-user, 
co-located collaborative environment involving two users acting as a crew member 
and a human factors expert. Both users access the MR environment of the aircraft 
galley through Microsoft HoloLens2 and the crew member performs the task of pick-
ing the water jar from the shelf of the galley and placing it on the platform. The HF 
expert visualizes the entire scenario and analysis the task and usability factors of the 
galley and the human. The features of visualization, task analysis, reachability and 
usability are to be studied from such an environment. 

 This kind of MR applications which provide a means to work synchronously in 
both physical and virtual domains reducing domain transition costs and new aspects 
to design review solutions can bring substantial emergent benefits to the design pro-
cess. For the future works, the main project will continue with the selection of the 
parameters to evaluate the effectiveness of the platform. Firstly, the platform will 
need to be refined and the data about its usability will be based on subjective evalua-
tions collected through participants to experiments and through standard tools as, for 
example the 5 points Likert scale-based SUS (System Usability Scale). In this phase 
mainly subjective parameters can be used even if objective parameters such as the 
time needed to perform a task, e.g., grabbing the jar and positioning it on the shelf of 
the galley, can be used as a reference objective measure. Moreover, the impact of 
these systems on the overall efficiency and efficacy on the product development 
phase should be evaluated in order to evaluate the actual benefits brought by the vali-
dated technology. Dealing with a new design, it is not easy to gather such data. Nev-
ertheless, discussion with manufacturers and designers will be at the base of such 
evaluation phase. 

Acknowledgements: The work presented in this paper has received funding from the 
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