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Abstract

This article cross-checks universal design and ecological design in the context of media accessibility (with an emphasis
on audio description, captions, audio subtitling, sign language interpreting, touch tours), aiming to identify practices that
adhere to both design approaches. Following a literature review, a theoretical commentary is presented. Therein, each of
the seven universal design principles (Connell et al. in The principles of universal design, 1997. https://projects.ncsu.edu/
design/cud/about_ud/udprinciplestext.htm) is assessed in the light of ecological design. Three different outcomes are found
when connecting universal design and ecological design principles: (1) certain universal design principles overlap with
ecological design principles; (2) others are divergent with ecological design principles and (3) some are complementary,
that is, they are unrelated but may be reconcilable. Universal design principles one and two (equitable use and flexibility in
use) are harmonious with principles of ecological design in several ways. Principles three (simple and intuitive use), four
(perceptible information) and seven (appropriate size and space) remain seemingly unrelated to ecological design principles,
though they could be reconciled if certain changes were undertaken. Principles five (low physical effort) and six (appropri-
ate size and space for approach and use) of universal design could be antagonistic with ecological design in some regards.
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1 Introduction

Universal design was first coined by architect Ronald Mace
[23] and is generally understood to be “the design of all
products and environments to be usable by people of all
ages and abilities to the greatest extent possible” [5]. The
principles of universal design were conceptualised at the
Center for Universal Design at North Carolina State by
Connell et al. [5]. Though subsequently adapted to different
domains and disciplines (see, for instance, universal design
for learning [35] and universal design for ergonomics [30]),
the original seven principles have remained consistent and
widely deployed. They are: (1) equitable use, (2) flexibility
in use, (3) simple and intuitive use, (4) perceptible informa-
tion, (5) tolerance for error, (6) low physical effort and (7)
appropriate size and space for approach and use.
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Firstly, in the context of media accessibility (MA), uni-
versal design is a broadly applied paradigm, often alluding
to the notion that accessible products benefit a vast array of
users and not just the intended end users [38], in this case,
people with sensory disabilities. Examples from the MA
literature often allude to the use of captions by foreign lan-
guage learners and people in noisy environments, and, more
recently, the wider use of audio description (AD) for its cog-
nitive and linguistic benefits [25]. However, such applica-
tions of universal design have received criticism because
media access services shifting or broadening target to users
without impairments may risk a process of re-erasure by pri-
oritising the needs of normative and able-bodied people [9].
That is, captions can indeed be useful for language learners,
but the needs and requirements from their primary users
should prevail when producing them. Similar risks have
been identified in a scenario where creative approaches to
MA may compromise their ultimate access goal: “art over
access” [10].

Secondly, universal design incorporates the idea that
the product in question is to be created without the need
for adaptation or specialised design, that is, it is “born
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accessible” [32]. In this regard, several authors have fur-
ther discussed the fact that “conventional” [40] or “tradi-
tional” media access services—meaning “exclusive; neu-
tral; non-auteur; third-party and post-hoc” [10]—are at odds
with these principles. Particularly, Udo and Fels [41] and
Romero-Fresco [36] acknowledge that “traditional” captions
and audio description (AD) are not examples of universal
design because they are not created with the creative team.
Following this logic, director-led [42] media access, inte-
grated media access [11] and accessible filmmaking [36]
would better fit the universal design paradigm. Moreover,
Greco [13] points out that the uncritical application of uni-
versal design to MA may overlook proactive, user-centred
and participatory approaches, which are increasingly advo-
cated for in the scope of media access service provision (see
[7]1). Bearing these ideas in mind, the present article will
include commentary on traditional, integrated and partici-
patory media access services and the application of both
universal design and ecological design principles therein.

The present article is structured in two main parts: first,
the terminology and principles of ecological design are pre-
sented through a literature review. Second, each of the seven
universal design principles [5] is discussed in detail—in the
context of MA—in relation to the principles of ecological
design from the literature review. In this sense, the article
replicates the structure of Udo and Fel’s [41, 42] studies,
which question the adherence of television subtitles and AD,
and traditional live AD to the principles of universal design,
respectively. Our study reflects on how each of the universal
design principles adhere to, are complimentary to or diverge
from principles of ecological design, by seeking examples
from media access services. The ultimate aim of the article
is to fill a research gap on the intersection between universal
design and ecological design in the scope of MA. Similar
theoretical proposals have been conducted in engineering
[29] and industrial design [44], from which this paper draws
inspiration. The precise research questions that guide this
study are: How do universal design principles relate to those
of ecological design? How to combine them in the scope of
MAZ? The conclusions of the article will circle back to this
question.

2 Literature review: principles of ecological,
green, sustainable or eco-design?

Before introducing the steps followed for the literature
review, it is necessary to present a preliminary discussion on
the terminology of ecological, green or sustainable design.
Before the turn of the century, Pauline Madge [24] already
found a number of terminological nuances in this regard. In
historical terms, the “ecological” terminology dates back
to the early days of the environmental movements (1960s
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and 1970s) and has been utilised ever since as an umbrella
term. Sustainability also stems from the 1970s and is origi-
nally related to the capacity of the ecosystems to absorb the
environmental effects of human activities. As for “green”,
it became the “buzzword” of the 1980s [24]. Most recently,
the Sustainable Development Goals adopted by the United
Nations in 2015 and, more precisely, goal 12 (Ensure sus-
tainable consumption and production patterns), have mainly
adapted the “sustainable” terminology. Nonetheless, for this
paper, “ecological design” will be employed (1) to make the
most of its broadness in meaning and (2) because it is the
most frequently used term in the literature review. For our
purposes, it refers to “any form of design that minimises
environmentally destructive impacts by integrating itself
with living processes”, and as “effective adaption to and
integration with nature's processes” [43].

The first challenge in comparing ecological design prin-
ciples with those of universal design is that, unlike the latter,
the set of principles of ecological design is not uniform:
since the 1990s, there have been several proposals stem-
ming from different areas. As a result, a literature review
was necessary to identify principles that could be applica-
ble to MA as well. To narrow down the search, “ecological
design”, “green design” and “eco-design” + “principles”
were searched in the Article title field within the Web of Sci-
ence and Scopus databases. The resulting publications were
assessed, as well as the references from these publications.

The literature review purposely leaves out certain pro-
posals that relate mostly to specific disciplines. This is the
case of Krusche, Althaus, Gabriel and Weig-Krusche’s [21]
design principles for ecological building construction or
eco-architecture, Benyus’ [3] proposal of “biomimicry”, the
biophilic design proposal [19] and Mitsch and Jorgensen’s
[28] principles for ecological engineering. A review of these
proposals deriving from different disciplines is presented
below (Table 1), in chronological order. This table largely
overlaps with the one presented by Apul [2] in her own lit-
erature review.

In her literature review, Apul [2] recognises three main
themes within the overall ecological design principles:
human dimension, learning from nature (biomimicry) and
incorporating nature. As explained in the coming sections,
the human dimension will be the most “comparable” one
between universal design and ecological design, as “[s]Jome
key words and ideas included within this theme are beauti-
ful, creative, socially just, healthy, respectful, educational,
value-driven, including stakeholders in the design process
and meeting the needs of humans”. The “biomimicry”
dimensions—energy source, mass and energy flow, etc.—
have thus far been less explored within the scope universal
design and MA.

As an introductory note, the principles of ecological
design that more closely relate to universal design stem from
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Table 1 Ecological design principles (updated from Apul, 2010, 149-150)

Authors

Terminology

Design principles

McDonough and Braungar [26]

Bergen, Bolton and Fridley [4]

Anastas and Zimmerman [1]

Design for sustainability

Ecological design
(originally, ecological
engineering)

Green design (originally,
green engineering)

Shu-Yang, Freedman and Cote [37] Ecological design

McLennan [27]

Van der Ryn and Cowan [43]

Hossain and Ahmad [17]

Sustainable design

Ecological design

Design for the environment

(1) Insist on rights of humanity and nature to co-exist in a healthy, supportive,
diverse and sustainable condition

(2) Recognise interdependence

(3) Respect relationships between spirit and matter

(4) Accept responsibility for consequences of design

(5) Create safe objects of long-term value

(6) Eliminate the concept of waste

(7) Rely on natural energy flows

(8) Understand the limitations of design

(9) See constant improvement by the sharing of knowledge

(1) Design consistent with ecological principles

(2) Design for site-specific context

(3) Maintain the independence of design functional requirements
(4) Design for efficiency in energy and information

(5) Acknowledge the values and purposes that motivate design

(1) Designers need to strive to ensure that all material and energy inputs and
outputs are as inherently non-hazardous as possible

(2) It is better to prevent waste than to treat or clean up waste after it is formed

(3) Separation and purification operations should be designed to minimise
energy consumption and materials use

(4) Maximise mass, energy, space and time efficiency

(5) “Output-pulled” versus “input-pushed”

(6) Embedded entropy and complexity

(7) Targeted durability, not immortality

(8) Design for unnecessary capacity or capability (e.g. “one size fits all”’) solu-
tions should be considered a design flaw

(9) Minimise material diversity

(10) Integrate local material and energy flows

(11) Design for commercial “afterlife”

(12) Renewable rather than depleting

(1) Meet the inherent needs of humans
(2) Move towards resource sustainability
(3) Maintain ecological integrity

(4) Emulate natural ecosystems

(5) Eliminate natural debt

(6) Protect natural habitat

(7) Increase environmental literacy

(1) Respect for the wisdom of natural systems: The Biomimicry principle
(2) Respect for people: The human vitality principle

(3) Respect for place: The ecosystem principles

(4) Respect for the cycle of life: The “seven generations principle”

(5) Respect for energy and natural resources: The

conservation principles

(6) Respect for process: The holistic thinking principle

(1) Solutions grow from place

(2) Ecological accounting informs design
(3) Design with nature

(4) Everyone is a designer

(5) Make nature visible

(1) Ensure sustainability of resources

(2) Ensure healthy inputs and outputs

(3) Ensure minimal use of resources in production and transportation phases

(4) Ensure minimal use of resources during use

(5) Ensure appropriate durability of the product and components

(6) Enable disassembly, separation and purification

(7) Ensure appropriate training program for all stages of individuals in the
value chain in order to enhance consciousness about environment
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the works of Shu-Yang et al. [37]—initially envisaged for
urban planning, industrial parks and networks, architecture
and products and Van der Ryn and Cowan’s [43] principles,
from the field of architecture. Taking into consideration all
of the cited works in the literature review, the following
sections focus on each of the principles of universal design
individually in an attempt to reconcile both visions in the
context of MA.

3 Principle one: equitable use

“The design is useful and marketable to people with diverse
abilities” [5].

As Udo and Fels [41, 42] also highlight in their articles,
the equitable use principle is perhaps the most prominent
and “defining” principle in universal design. It is also one
that directly applies to MA. In this regard, audiovisual prod-
ucts, cultural events and art venues are to be enjoyed by
all. Additionally, the guidelines for the first principle indi-
cate that segregation and stigmatisation of users are to be
avoided,' and that the design will be appealing to all users.
Most relevant for our purposes, they highlight the need to
provide the same means for all users—either identical or
equivalent. Though this has been a largely applicable notion
in MA, even appearing in definitions of AD, the notion of
providing an “equivalent” experience for people with dis-
abilities has received some criticism [14, 20], as the medi-
calist implication is that an individual needs “fixing”. None-
theless, in the context of MA, the equitable use principle has
been advocated for in the switch from traditional post-hoc
access services, totally removed from the creative team, to
integrated access services [11] and participatory approaches
[7]. Greco [12] reconciles both approaches in the concept
of poietic design, an approach where the “design process is
a co-construction where makers and users, as well as other
agents, must work together”.

An applied case study of MA products which are market-
able to audiences with and without disabilities are “open”
access services, which are delivered to the entire audience
and not just the “intended” end users: open AD, open cap-
tions and, most frequently, surtitles, among others. Recent
examples in AD can be found in Thompson’s [39] blind-
ness gain proposal, Dokumaci’s [8] stop-time as a rule of
description and Lopez et al. [22] enhanced audio description
project, which provided AD for all audience members and
thus “removed the potential segregation generated by the

! One could, however, agree that certain access service provisions—
involving, for instance, the booking of a sign language interpreter or
AD for only one function—have traditionally limited the equitable
use principle, as explained further in Sect. 4, devoted to the flexibility
in use principle.
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fact that in traditional AD only visually impaired audience
members wear headphones in the cinema”.

The question here is how these conditions relate to eco-
logical design. When cross-checking equitable use with eco-
logical principles, a near-exact match is found in Shu-Yang,
Freedman and Cote‘s [37] principle one: “meet the inher-
ent needs of humans”; McLennan’s [27] second principle:
“Respect for people—The human vitality principle”, if the
focus is placed on the appealing qualities of the product or
service.” More generally, this principle relates to the over-
all “human dimension” theme distinguished by Apul [2] in
her literature review of ecological design principles. This
leads us to the conclusion that universal design is perfectly
compatible with ecological design when it comes to the first
principle.

In practice, an additional argument that stems from uni-
versal design which has been applied to accessible filmmak-
ing [36] is that “born accessible” [32] products and services
require less resources in the long run, as such products do
not need to be “amended” to suit the needs of users at a
later stage. These resources are often cited to be monetary
or related to human resources, but they too involve natural
resources.

4 Principle two: flexibility in use

“The design accommodates a wide range of individual pref-
erence and abilities” [5].

The guidelines for the second principle highlight the need
of providing a choice of methods to use the product or ser-
vice. In MA, some frequent access service choices are sub-
titles and transcriptions of video and audio materials; audio
introductions in replacement of printed programmes; AD or
touch tours instead of visual access to stage performances,
etc. Regarding the flexibility of these provisions, several
authors have called into question access services that are
only offered on restricted dates, particularly in the context
of the scenic arts. For instance, AD may only be offered in
one or two sessions per run of a show. In this regard, tech-
nological developments such as semi-live pre-recorded AD
and automatically cued AD may be able to enhance flex-
ibility in use as their implementation becomes widespread
[16]. Udo and Fels [42] propose another alternative in this
sense, the “on-demand” approach to AD (or sign language
interpreting), where users are able to fix a date to attend a
performance.

2 In this regard, it is unclear to what extent “open” access services
meet the needs of audiences that are not their main target, or whether
“open” access services require fewer natural resources than tradi-
tional access services.
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In this regard, on-demand approaches and, above all,
“reusable” access services meet several of the cited eco-
logical design principles: “move towards resource sustain-
ability” [37], “respect for energy and natural resources:
The conservation principle” [27], “ensure minimal use of
resources in production and transportation phases” [17] and
“maximize mass, energy, space and time efficiency” [1].
Considering this, the principle of flexibility does fit with
ecological design principles.

Another guideline from this principle which is particu-
larly relevant to media access services refers to the adapt-
ability to the user’s pace, in other words, personalisation
and participatory approaches. In terms of personalisation,
Orero [33] outlines several features that can be personalised
in the scope of AD: narratives, sound tracks, reproduction
rate and language. This personalisation shift would, indeed,
make the “one size fits all” approach to media access inva-
lid. Granted their many benefits, if personalisation efforts
are cross-checked with ecological design principles, some
discrepancies arise. Though personalisation can meet the
“design for site-specific context” principle [4], there is the
argument to be made that personalisation may also be more
resource intensive.

In terms of participatory approaches, however, univer-
sal design and ecological design principles may very well
find common ground. The growing practice of including
the users’ input in the design of MA products and services
connects with ecological design principle “everyone is a
designer” [43]:

“Ecological design suggests a deeply participatory
process in which technical disciplinary languages and
barriers are exchanged for a shared understanding of
the design problem. Ecological design changes the old
rules about what counts for knowledge and who counts
as knower”.

Taking into consideration all of the mentioned factors,
flexibility in use mostly adheres to ecological design princi-
ples, though personalisation efforts in the future should take
resource consumption into consideration during the design
of the product.

5 Principle three: simple and intuitive use

“Use of design is easy to understand, regardless of user's
experience, knowledge, language skills, or current concen-
tration level” [5].

Importantly for the purposes of MA, guidelines of the
simple and intuitive use principle recommend that the
design eliminates unnecessary complexity, accommodates
diverse ranges of literacy and language skills, introduces
information by importance and is consistent with user’

expectations and intuition. In this regard, AD and captions
are generally understood to be easy to use once activated,
but, at times, it is the steps of activation and deactiva-
tion that may be hindering [41]. In this regard, designers
should not only provide accessible products that are easy
to understand and use, but also ensure that users can find
accessibility features easily.

Regarding the point about expectations and intuition,
very many recent studies in MA have purposefully been
user-centred. These studies have focused on preferences
and opinions, as well as lexical and syntactical compre-
hension, speed of delivery, etc. [6]. Increasingly, experi-
mental studies have taken a more central role in MA [14,
34]. To the best of our knowledge, user-centred studies in
MA have not yet considered ecological principles and sus-
tainability within their research topics or processes. The
present special issue will hopefully serve as a stepping
stone towards this aim.

Circling back to our original questions, on the one hand,
simplicity and ease of use are not prevalent notions in eco-
logical design principles. On the other hand, simple designs
do tend to be less resource-intensive. Here, we propose an
analogy between a necessary wariness towards “art over
access” [10] with one towards “sustainability over access”.

6 Principle four: perceptible information

“The design communicates necessary information effec-
tively to the user, regardless of ambient conditions or the
user's sensory abilities” [5].

The guidelines of the forth principle can be applied to
MA quite literally, particularly, “[u]se different modes (pic-
torial, verbal, tactile) for redundant presentation of essential
information”; “[m]aximize "legibility" of essential informa-
tion” (...); [p]rovide compatibility with a variety of tech-
niques or devices used by people with sensory limitation
[5].This principle somewhat overlaps with the guidelines of
“flexibility in use”, especially when it comes to the differ-
ent methods of use, and the discussion of personalisation in
Sect. 4 is also relevant here. In the context of MA, Udo and
Fels [42] recognise that it is the director’s responsibility (or
the creative team’s, or that of the designers of a product or
service) to “decide the method and style of that communica-
tion”. This is not only the vision advocated for in director-led
accessibility, but also in accessible filmmaking [36] and in
integrated accessibility [11].

The perceptible information principle does not, however,
appear to be clearly related to any of the ecological design
principles from the literature review. This does not mean that
the principle is irreconcilable with ecological design. For
instance, we may come up with complimentary guidelines:
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Use different modes (pictorial, verbal, tactile) for
redundant presentation of essential information pri-
oritising the most sustainable option.

Or

Provide compatibility with a variety of techniques or
devices used by people with sensory limitation prior-
itising the most sustainable option.

The most sustainable option here would entail “eliminat-
ing the concept of waste”, “relying on natural energy flows”
[26] and “design for efficiency in energy and information”
[4], that is, biomimicry themes in ecological design [2]. It
is true that, at face value, using different modes to present
information or increasing personalisation options inher-
ently requires more resources. However, the principle of
perceptible information does not need to be opposed to eco-
logical design principles: they can work together and they
can be combined, as demonstrated by the two above cited
guidelines.

7 Principles five, six and seven:
tolerance for error, low physical
effort and appropriate size and space
for approach and use

“The design minimises hazards and the adverse conse-
quences of accidental or unintended actions” [5].

“The design can be used efficiently and comfortably, with
a minimum of fatigue” [5].

“Appropriate size and space for approach, reach, manipu-
lation and use regardless of body size, posture or mobility”
[5].

Principles five, six and seven are grouped together
because they are the most far removed from typical media
access services, as Udo and Fels [41] and [36] also recognise
that they were envisioned with a different type of accessibil-
ity in mind. In general terms, we find a dichotomy between
the fifth and sixth principles and a common understanding of
the “natural design” [43], which may not be the most tolerant
for error or it may be physically demanding.

In terms of tolerance for error, misunderstandings and
errors of miscommunication in AD and captions [41] are to
be avoided by hiring trained professionals and by gathering
and consecutively applying feedback from users. Though not
envisioned for MA and, again, seemingly unrelated to this
field, we do find two examples from the ecological design
principles that could evoke tolerance for error: “Designers
need to strive to ensure that all material and energy inputs
and outputs are as inherently non-hazardous as possible” [1]
and “Create safe objects of long-term value” [26]. However,
this parallel is certainly not evident.
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In terms of the low physical effort and appropriate size
and space for approach principles, it is worth clarifying that
AD, captions, audio introductions and audio subtitles are to
follow standards and recommendations for comfort, com-
prehension and, again, ease of use. In our case, low physical
effort and, more specifically, low cognitive effort and thus
reduced cognitive fatigue can be linked to appropriate size
and number of words per minute in captions, good qual-
ity post-production mixing for AD or programmes in easy
language. Furthermore, physical settings (such as theatre
venues, cultural heritage sites and natural parks) do require a
guaranteed level of physical comfort [41], as does the place-
ment of sign language interpreters in live events, and the
hardware that is utilised to activate and follow access ser-
vices. Though with a slightly differently nuance in meaning,
“efficiency” is a keyword here that may help us reconcile
universal design with ecological design: “design for effi-
ciency in energy and information” [4]. Yet again, it is worth
clarifying that this ecological design principle does not refer
exactly to the same notion of that of universal design.

As for the seventh and last principle—appropriate size
and space—we feel compelled to cite the expanding practice
of personalisation in media access services yet again. This
principle may be applicable to the choice of changing the
size, position and colour of captions and the option to alter
the reproduction rate of AD, just to name a few. Nonethe-
less, and as a final remark regarding the last set of universal
design principles, the ultimate responsibility in terms of sus-
tainable practices should not be a burden placed on people
with disabilities and other beneficiaries of universal design.

All in all, and considering the convergences and discrep-
ancies between universal and ecological design, a proposal
of possible applications merging both visions in MA could
involve:

(1) a “respectful” design that meets the “inherent needs of
users” [37] in the form of participatory approaches [7], also
alluding to the ecological design principle that “everyone is
a designer” [43];

(2) “born accessible” [32] products and services (inte-
grated AD [11], accessible filmmaking [36]) that also antici-
pate production or design strategies that consume the least
possible amount of natural resources;

(3) “reusable” access services, such translation templates
for AD [18] or semi-live pre-recorded and automatically
cued AD [16];

(4) the incorporation of the addenda “prioritising the most
sustainable option”, “aiming for the most efficient option in
terms of energy and information” [4] and “maximising mass,
energy, space and time efficiency” [1] to universal design
guidelines whenever possible, as exemplified in the fourth
principle of universal design;

(5) a degree of caution to avoid prioritising “sustainabil-
ity over access” whenever ecological design principles are
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applied. For example, providing AD in a live event does con-
sume more resources than not offering the service at all, but
sustainability should not come at the expense of accessibility
service users. The suggestion here is for audiovisual produc-
tion companies, cultural venues, heritage sites, etc. to reduce
their carbon footprint elsewhere, in an effort to respect the
Convention on the Rights of Persons with Disabilities.

8 Conclusions

The present theoretical contribution serves as an exploration
of a “universal ecological design” paradigm in the scope of
MA. Its conclusions point to two universal design principles
(one and two) closely overlapping with principles of ecologi-
cal design, while others (three, four and seven) seemingly
remain unrelated. The unrelated nature of the perceptible
information principle and ecological design, for instance,
could be settled by merging guidelines or creating comple-
mentary ones. Lastly, principles five and six of universal
design could be antagonistic with ecological design, though
this poses an opportunity for development and further reflec-
tion from proponents of both designs.

A shared feature of universal design and ecological design
that we hope sticks in MA and beyond is that of “prevention
instead of treatment”. This overarching principle is fostered
by the involvement of end users in MA designs, as advocated
for in participatory approaches to media access services [7].

An aspect which has not been discussed thoroughly in
this article, but that would deserve further attention, are
the implications of one particular principle of ecological
design in relation to universal design: “design for unneces-
sary capacity or capability (e.g. “one size fits all”’) solutions
should be considered a design flaw” [1]. The ecological
impact of personalisation in MA could be a subject of con-
cern in our field going forward. Another possible avenue of
research that may well be worth exploring is the testing of
sustainable MA services with users.

Ultimately, this study has found five possible applications
of a “universal ecological design” in MA. Among them,
ecological practices in MA could include “upcycling” (for
instance, reusing time-codes when producing an AD in sev-
eral languages) [31] and translating template AD files [18].
In keeping with a critical lens, the burden of minimising the
use of natural resources should, however, never be placed
on people with disabilities and, generally, on the quality of
media access services.
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