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Background and Related Work

Research

We observed that certain sensory stimuli have a calming effect on the human body and can help
reduce stress, anxiety, and the perception of pain. The scents of orange and lavender, in particular,
demonstrated a relaxing effect and contributed to an enhanced sense of well-being.

Additionally, it was observed that calm, familiar sounds as well as nature sounds such as rain, the
sound of the ocean, or birdsong create a soothing atmosphere. These auditory stimuli can help
alleviate feelings of anxiety and make pain feel subjectively less intense.

The results suggest that the targeted use of scents and soothing sounds can have a positive impact
on both emotional and physical relaxation.

Introduction

Research shows that the environment in healthcare facilities has a significant impact on patient well-
being and recovery. Sterile and impersonal environments can increase stress and anxiety, especially
in children prior to medical procedures. Studies using the Modified Child Dental Anxiety Scale
(MCDAS) report anxiety prevalence rates between 13.3 % and 29.3 % [1].

Introducing calming visual elements such as nature imagery, colors, and familiar environments can
help reduce psychological stress and improve emotional comfort. In this context, digital technologies
such as projection systems and virtual reality are increasingly used to create immersive and engaging
environments. These technologies aim to distract patients from anxiety, pain, and medical
procedures, thereby improving the overall patient experience.

Concepts
Provide here all relevant concepts related to the topic(s) of the project
Healing environments in hospitals

According to the principles of Evidence-Based Design (EBD) intoruced previously, a “healing
environment” is defined as a physical space where the interaction between patients, staff, and the
environment actively results in positive health outcomes [2]. Rather than passive background for
medical procedures, the physical setting is now more often recognised as both a “tool and healer”
that can support the welness process through psychophysiological effects [3]. To transform sterile,
standard clinical waiting rooms into a functioning healing environment, some core environmental and
psychological factors must be adressed.

Sensory overload and mitigating surroundings stressors

The traditional concept of the healing environments relies on minimizing ambient stressors that
causes anxiety. Hospitals and clinics are elementally filled with environmental stressors, including
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unfamiliar medical equipment, harsh lightning, lack of privacy [4]. Excessive clinical noise from
paging systems, alarms and voices are also source of distress [5]. In some clinical units, equipment
noise levels can reach up to 90 dB(A), which is equivalent to the threshold where hearing loss can
begin [6]. These uncontrolled acoustic environments disrupt rest, increase blood pressure, and
heighten feelings of helplessness [7]. To effectively stop this sensory overload, spaces must be
designed with acoustic comfort in mind. Providing sound-absorbing materials, such as specialized
acoustic panels or ceiling tiles significantly reduces noise propagation and lowers the stress for bith
patients and staff [8], [9].

Privacy and control

Another psychological contributor to hospital-induced anxiety is the patient's loss of control over their
unfamiliar surroundings. When patients feel they have lost control over every sesnory input or task, it
triggers cognitive, affective and physiological consequences that can strongly interfere with
treatment and recovery [10]. Providing patients with the ability to take control over their immediate
environment - such as adjusting lighting, temperature or sound - restores their autonomy and act as a
powerful buffer against stress [11], [12]. Additionaly, traditional waiting areas usually lack adequate
privacy; for instance , overhearing clinica conversations at a reception desk is a frequently cited
stressor [13]. Providing a semi-enclosed, private sanctuary shields the patients from the
unpredictable nature of a shared waiting room, restoring a sense of security [14].

Multisensory experience: Scent, Visuals, Light

An advanced healing environment utilizes multisensory, non-pharmacological interventions to
regulate patient emotions, such as:

e Color and Light interaction:

The color and type of light around us have a big impact on how we feel [15]. Research shows that
light that changes or moves creates much stronger emotional feelings than light that stays the same
[16]. Scientists have found that using green or blue-green light along with slow, guided breathing -
specifically one breath every 5 seconds - helps the body relax [17]. This effectively increases Heart
Rate Variability (HRV) and quickly lowers feelings of stress or tension waiting in a room [18].
Additionally, looking at nature or pictures of landscapes is a great distraction that easily keeps
people's attention and helps them feel more peaceful [19].

e Scent stimulation

Our sense of smell is connected directly to the parts of the brain that handle emotions, so certain
scents can quickly change how we feel. Studies show that smelling specific scents, especially orange
and lavender oils, works like a natural way to relax the body [20]. When these smells are used in
dental waiting rooms, they greatly lower anxiety and help patients feel much calmer and happier
while they wait for their treatment [21].

In summary, an effective healing environment must address these diverse sensory needs
simultaneously. By integrating acoustic control, lighting, calming scents, and architectural privacy, a
space can actively counteract the depersonalization and fear often felt in hospitals, calming the
patient before they ever reach the doctor's room.

Digital distraction therapy
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Digital distraction therapy is increasingly used in healthcare to help patients cope with stress, anxiety,
and pain. The idea behind distraction therapy is to shift the patient’s attention away from medical
procedures or discomfort [22]. Examples include:

e Virtual Reality (VR) headsets which have been shown to significantly reduce anxiety and pain
perception in pediatric patients during medical procedures [23], [24].

e Interactive walls and projection systems have been implemented in hospitals to create
engaging environments that distract patients and improve emotional comfort [25], [26].

* Digital games and immersive environments have been explored as effective tools to increase
patient engagement and reduce perceived stress in healthcare settings [27].

These findings highlight the importance of distraction as a mechanism for reducing anxiety. However,
many existing solutions rely on screens or wearable devices. This project builds on these insights by
creating a more immersive, non-wearable environment that integrates distraction into the
surrounding space.

Virtual reality/Smart glasses

Virtual Reality (VR) and smart glasses provide immersive or augmented visual experiences directly in
the patient’s field of view. VR technology is widely used in healthcare to reduce anxiety by immersing
patients in virtual environments.

Al-Nerabieah et al. (2020) [28] evaluated the impact of VR eyeglasses in a dental waiting room and
found that their use significantly decreased anxiety levels in children aged 6-10 years. While VR
offers high levels of immersion, it requires wearable devices, which may be uncomfortable or
impractical in some healthcare situations. VR demonstrates the strong impact of immersive
environments on anxiety reduction. However, the reliance on wearable devices introduces limitations
in hygiene, comfort, and usability. This project takes inspiration from the immersive aspect of VR,
while eliminating the need for wearables.

Cocoon environments

Cocoon environments are designed to create a protected and calming space around the patient. The
idea of a cocoon is to reduce the feeling of being in a clinical hospital environment and instead
provide a sense of safety, comfort, and privacy. In healthcare design, a cocoon concept often uses
visual elements, lighting, or digital technology to surround the patient with soothing stimuli. This can
help reduce stress, anxiety, and sensory overload during hospitalization. Examples include:

e Immersive projection environments that transform spaces into calming scenes, such as nature
or abstract environments, have been shown to reduce stress and improve emotional well-being
in healthcare settings were successfully tested in this study [29].

* Soft lighting systems combined with visual environments, such as natural or familiar imagery,
can create a more relaxing atmosphere in patient rooms and improve emotional comfort were
tested by this study [30].

» Enclosed or semi-enclosed relaxation spaces can provide patients with a sense of privacy and
safety, reducing external stimuli and contributing to lower stress levels were explored by [31]

These concepts form the foundation of the proposed solution. By combining immersion, multisensory

EPS@ISEP - https://www.eps2026-wiki6.dee.isep.ipp.pt/



Last update: 2026/05/21 23:32 report:soa https://www.eps2026-wiki6.dee.isep.ipp.pt/doku.php?id=report:soa

stimulation, and a semi-enclosed structure, the cocoon integrates the most effective elements
identified in the literature. This allows the design to create a controlled, calming environment that
enhances both emotional comfort and anxiety reduction.

Products

Market Analysis - Healing Spaces
Competitor Landscape There are several established companies focusing on transforming hospital
environments through immersive and sensory design solutions.

Key Players

Direct Competitors

Philips Healthcare - Ambient Experience

What they do: Philips Healthcare [32] is a market leader in creating immersive healthcare
environments by integrating dynamic lighting, video projection, and sound into treatment spaces such
as Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) rooms.

Strengths: Highly professional and medically certified solution, seamlessly integrated into hospital
architecture, with proven impact on reducing patient anxiety.

Weaknesses: Extremely expensive and primarily focused on diagnostic environments (MRI, CT rooms),
making it less accessible for everyday patient rooms or long-term care settings.

Qwiek (Qwiek.up)

What they do: Qwiek [33] is a Dutch company that develops mobile projection systems designed for
use in healthcare environments, particularly in elderly care and hospitals. The system projects
calming visuals, such as nature scenes, onto walls or ceilings to create a more relaxing atmosphere
for patients.

Strengths: Mobile and easy to use, allowing the device to be moved between rooms. The system is
accessible and requires minimal setup, making it suitable for various healthcare settings.

Weaknesses: The device is a standalone floor unit, which takes up space in already crowded
environments. In addition, the level of interactivity is limited, offering mainly passive visual
experiences with minimal user engagement.

This solution demonstrates the potential of projection-based environments but lacks immersion and a
sense of personal, enclosed space, which our cocoon concept aims to provide.
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Indirect Competitors & Substitutes

SyncVR Medical

What they do: SyncVR Medical [34] is a Dutch company that provides Virtual Reality (VR) solutions for
healthcare. Their platform offers immersive VR experiences designed to reduce pain, anxiety, and
stress during medical procedures, particularly in pediatric and clinical settings.

Strengths: Highly immersive experience that effectively distracts patients from medical procedures.
Proven to reduce anxiety and pain perception. The system is relatively portable and can be used
across different departments.

Weaknesses: Requires wearable VR headsets, which raises hygiene concerns in shared environments.
Some patients may feel uncomfortable or disoriented when using VR. In addition, setup and
supervision are often required, making it less practical for continuous or large-scale use.

This highlights the limitations of wearable VR solutions in healthcare, reinforcing the need for
immersive, non-wearable environments such as the proposed cocoon concept.

Projects

Market Trends

Evidence-Based Design (EBD)

Hospitals are increasingly designed based on scientific evidence showing that the physical
environment influences patient recovery, stress levels, and overall well-being. Design elements such
as lighting, color, and visual stimuli are used to create more supportive healing environments. An
example of this approach can be seen in the Princess Maxima Center for Pediatric Oncology, where
the environment is specifically designed to improve patient experience.

Research [35] shows that the physical hospital environment directly influences patient recovery,
stress levels, and overall well-being.

Staff Shortages & Efficiency

Healthcare systems are increasingly facing staff shortages, creating a demand for solutions that can
support patient care without requiring constant supervision. Technologies that help calm, distract, or
engage patients can reduce the workload on healthcare professionals.

Design interventions and environmental solutions can reduce patient stress while simultaneously

improving workflow efficiency, helping to relieve pressure on healthcare staff [36].

Comparative Analysis

To determine the most effective solution for reducing anxiety in children, various existing
technologies and approaches were analyzed and compared. This comparison focuses on key criteria
such as immersion, comfort, hygiene, ease of use, and feasability in healthcare settings.
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VR Headsets offer a highly immersive experience by completely blocking out the real world and
placing the user in a virtual environment. This can help reduce anxiety and stress, and research [37]
shows that VR can be effective in distracting children during medical procedures. However, VR also
has a number of disadvantages. In shared environments such as waiting rooms, hygiene is a concern,
as the headset must be cleaned after each use. Some children may also feel uncomfortable wearing a
headset, especially if they are already anxious. Furthermore, the time required to set up and reset the
device makes it less practical for multiple users.

Smart glasses or Augmented Reality (AR) glasses are an innovative solution that combines digital
elements with the real world. They are lighter than VR headsets and allow the user to remain aware of
their surroundings while still interacting with virtual content. On the other hand, this technology is still
relatively expensive and has not yet been widely adopted in healthcare. The level of immersion is also
lower than with VR, making this technology less effective as a distraction. Therefore, AR glasses are
currently less suitable for these types of applications.

Projection-based environments create immersive images on walls or surfaces without requiring the
user to wear a device. This makes them highly accessible, hygienic, and user-friendly for multiple
children. However, the experience is less immersive compared to other solutions. Children remain
aware of the waiting room, which can reduce the calming effect. Furthermore, there is a lack of a
sense of a personal or protected space, which is important for children with anxiety symptoms.

Multisensory cocoon (our solution) combines various sensory elements, such as visuals, sound, scent,
and gentle movements, into a single environment. It creates a semi-enclosed space that gives
children a sense of security and reduces external stimuli. Compared to other options, the cocoon
offers a better balance between immersion and comfort. No wearable devices are required, making it
more hygienic and easier to use in shared environments, while the combination of multiple senses
promotes relaxation and distraction. The main downsides are that it requires physical installation and
that the design is more complex compared to simpler solutions. However, these challenges are
acceptable given the benefits the cocoon offers. Furthermore, the cocoon can be designed to be
inclusive and accessible to all users, for example by making the seats removable and integrating a
small ramp, allowing children in wheelchairs to easily enter and use the system.

To support the comparison, a decision matrix was created using key evaluation criteria. Each solution
was scored from 1 (low) to 5 (high). Table 1 provides the result.

Table 1: Comparative table of solutions

Solution Immersion |Comfort |Hygiene |Practicality Feasability |Total
VR Headset 5 2 2 2 3 14
AR Glasses 3 2 2 2 2 11
Projection 3 4 5 4 4 20
Cocoon 4 5 4 4 3 20

Although projection systems and the cocoon achieve similar total scores, projection-based solutions
lack the ability to create a personal and protected environment. For children experiencing anxiety, a
sense of safety and reduced external stimuli is essential.

The cocoon provides a semi-enclosed, multisensory environment that enhances both emotional
comfort and immersion. By combining the advantages of projection systems with a protected spatial
design, the cocoon addresses the key limitations of existing solutions.
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Therefore, the multisensory cocoon is considered the most suitable solution for reducing anxiety in
pediatric healthcare environments.

Summary

Provide here the conclusions of this chapter and make the bridge to the next chapter.

Based on the state-of-the-art analysis, it can be concluded that existing solutions such as Virtual
Reality, Augmented Reality, and projection systems each offer specific advantages in reducing
anxiety in healthcare environments. However, none of these solutions fully combine immersion,
comfort, hygiene, and practicality.

The selected approach combines projection-based visualization techniques, multisensory stimulation,
and a semi-enclosed spatial design to create a controlled and calming environment around the
patient.

Key components of the system include a short-throw projector, integrated speakers, a scent diffuser,
ambient lighting elements, and a supportive seating structure within an enclosed shell.

This solution was chosen because it provides an optimal balance between immersion, comfort,
hygiene, and practicality. Unlike VR systems, it does not require wearable devices,making it more
suitable for shared healthcare environments. Compared to projection-only systems, the enclosed
structure enhances the sense of safety and reduces external stimuli, which is essential for reducing
anxiety in children.

Therefore, the proposed concept is an evidence-based multisensory cocoon that combines the
advantages of existing technologies while addressing their limitations.

The next chapter will focus on the project management approach, describing how the project was
structured, planned, and executed throughout the development of the cocoon concept.

[1] R.Salvato S.De Giorgio R.Gatto S.Caruso A.Montedori |.Abraha S.Pagano E.Lupatelli G.Lombardo
S.Cianetti, 2017. Dental fear/anxiety among children and adolescents. A systematic review. European
Journal of Paediatric Dentistry, 18, pp.121-130.

[2], [11], [13], [14], [19], [25], [30] H.S.M. Kort J. van Hoof E. Morales E.R.C.M. Huisman, 2012.
Healing Environment: A Review of the Impact of Physical Environmental Factors on Users. Building
and Environment, 58, pp.70-80.

[3], [4], [5], [6], [7], [8], [10], [12], [15], [31] Ann Sloan Devlin, Allison B. Arneill, 2003. Health
Care Environments and Patient Outcomes: A Review of the Literature. Environment and Behavior, 35,
pp.665-694.

[9] Anabel Ternes Noha El-Bassiouny Sara Hamed, 2017. Evidence-Based Design and Transformative
Service Research application for achieving sustainable healthcare services: A developing country
perspective. ScienceDirect, 140, pp.1885-1892.

[16], [17], [18] Jianghe Xu Xinyu Deng Yi Wang, 2025. The Impact of Color—Light Interaction Design
in Hospital Waiting Areas on Emotional Relaxation. Proceedings of CISAI '25, ACM Digital library,
pp.1085 - 1092, ISSN 2214-7853.

[20], [21] L. Deecke, P. Johren S. Lehr G. Marwinski J. Lehrner, 2005. Ambient odors of orange and
lavender reduce anxiety and improve mood in a dental office. ScienceDirect, 86, pp.92-95.

[22] Maartje de Graaf Thirza Hiwat Anouk Neerincx, 2021. Social Robot for Health Check and

EPS@ISEP - https://www.eps2026-wiki6.dee.isep.ipp.pt/


https://pubmed.ncbi.nlm.nih.gov/28598183/
https://www.sciencedirect.com/science/article/pii/S0360132312001758
https://indigenouspsych.org/Discussion/forum/Health%20Care%20Environment%20and%20Patient%20Outcomes.pdf
https://indigenouspsych.org/Discussion/forum/Health%20Care%20Environment%20and%20Patient%20Outcomes.pdf
https://www.sciencedirect.com/science/article/pii/S0959652616315025?casa_token=XYT18M5DupQAAAAA:1KuFZK9COs1DiUNQNAZh0TYJndPQlV1lBDy8tGIFunZX6ympnVdltwU66pDGh0IS7yoW0T_-Gwc
https://www.sciencedirect.com/science/article/pii/S0959652616315025?casa_token=XYT18M5DupQAAAAA:1KuFZK9COs1DiUNQNAZh0TYJndPQlV1lBDy8tGIFunZX6ympnVdltwU66pDGh0IS7yoW0T_-Gwc
https://www.sciencedirect.com/science/article/pii/S0959652616315025?casa_token=XYT18M5DupQAAAAA:1KuFZK9COs1DiUNQNAZh0TYJndPQlV1lBDy8tGIFunZX6ympnVdltwU66pDGh0IS7yoW0T_-Gwc
https://dl.acm.org/doi/10.1145/3773365.3773537
https://dl.acm.org/doi/10.1145/3773365.3773537
https://www.sciencedirect.com/science/article/pii/S0031938405002660
https://www.sciencedirect.com/science/article/pii/S0031938405002660
https://dl.acm.org/doi/10.1145/3450614.3463413

Last update: 2026/05/21 23:32 report:soa https://www.eps2026-wiki6.dee.isep.ipp.pt/doku.php?id=report:soa

Entertainment in Waiting Room: Child’s Engagement and Parent’s Involvement. ACM Digital Library,
pp.120 - 125.

[23] Jeroen S Legerstee Bram Dierckx Manon H | Hillegers René M H Wijnen Johan M Berghmans
Pieter F A de Nijs Lonneke M Staals Elisabeth M W ] Utens Robin Eijlers, 2019. Systematic Review and
Meta-analysis of Virtual Reality in Pediatrics: Effects on Pain and Anxiety. Anesthesia \& Analgesia,
129, pp.1344-1353.

[24] Xiao-li Chen PhD Qin Zhang BN Wen-yan Yao MM Rong Qiu MM Yun Hua MM, 2015. The Effect of
Virtual Reality Distraction on Pain Relief During Dressing Changes in Children with Chronic Wounds on
Lower Limbs. Pain Management Nursing, 16, pp.685-691.

[26], [29] Wei Wei Yuhang Xu Bing Zhao Yujun Ding Hongyi Li, 2023. Effects of immersion in a
simulated natural environment on stress reduction and emotional arousal: A systematic review and
meta-analysis. Frontiers in Psychology, 13, pp.1058177.

[27] LuShun Zhang Li Cheng MeilLin Zhu YaXuan Wang Yi Cheng Jiao Chen LanXin Zhang JingXin Yan
JiaXin Wu, 2022. The Effectiveness of Distraction as Preoperative Anxiety Management Technique in
Pediatric Patients: A Systematic Review and Meta-analysis of Randomized Controlled Trials.
International Journal of Nursing Studies, 130, pp.104232.

[28], [37] Chaza Kouchaji Nada Bshara Laith Alsabek Amer Owayda M-Nour Alhalabi Zuhair Al-
Nerabieah, 2020. Effectiveness of using virtual reality eyeglasses in the waiting room on preoperative
anxiety: A Randomized Controlled Trial. Perioperative Care and Operating Room Management, 21,
ScienceDirect, pp.100129, ISSN 2405-6030.

[32] Philips, 2026. Philips Ambient Experience.

[33] Qwiek, 2026. Qwiek.up for Healthcare Professionals.

[34] SyncVr Medical, 2026. Improving care with Virtual Reality.

[35] Nicole Witowski, 2025. How Design in Clinical Spaces May Influence Health Outcomes.

[36] Judy Rollins, 2004. Evidence-based hospital design improves health care outcomes for patients,
families, and staff. Pediatric Nursing, 30, pp.338-339.

From:
https://www.eps2026-wiki6.dee.isep.ipp.pt/ - EPS@ISEP

Permanent link:
https://www.eps2026-wiki6.dee.isep.ipp.pt/doku.php?id=report:soa

Last update: 2026/05/21 23:32

https://www.eps2026-wiki6.dee.isep.ipp.pt/ Printed on 2026/06/03 18:45


https://dl.acm.org/doi/10.1145/3450614.3463413
https://pubmed.ncbi.nlm.nih.gov/31136330/
https://pubmed.ncbi.nlm.nih.gov/31136330/
https://www.sciencedirect.com/science/article/pii/S1524904215000314
https://www.sciencedirect.com/science/article/pii/S1524904215000314
https://www.sciencedirect.com/science/article/pii/S1524904215000314
https://pmc.ncbi.nlm.nih.gov/articles/PMC9869155/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9869155/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9869155/
https://www.sciencedirect.com/science/article/pii/S002074892200061X
https://www.sciencedirect.com/science/article/pii/S002074892200061X
https://www.sciencedirect.com/science/article/pii/S2405603020300443
https://www.sciencedirect.com/science/article/pii/S2405603020300443
https://www.philips.nl/healthcare/consulting/experience-solutions/ambient-experience
https://webshop.qwiek.eu/products/qwiek-up
https://www.syncvrmedical.com/nl/
https://www.definitivehc.com/blog/design-considerations-in-patient-and-clinical-areas
https://www.researchgate.net/publication/8206315_Evidence-based_hospital_design_improves_health_care_outcomes_for_patients_families_and_staff
https://www.researchgate.net/publication/8206315_Evidence-based_hospital_design_improves_health_care_outcomes_for_patients_families_and_staff
https://www.eps2026-wiki6.dee.isep.ipp.pt/
https://www.eps2026-wiki6.dee.isep.ipp.pt/doku.php?id=report:soa

	Table of Contents
	Background and Related Work
	Research
	Introduction
	Concepts
	Healing environments in hospitals
	Digital distraction therapy
	Virtual reality/Smart glasses
	Cocoon environments

	Products
	Key Players
	Direct Competitors
	Indirect Competitors & Substitutes


	Projects
	Market Trends

	Comparative Analysis
	Summary



