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Purpose: Due to the COVID-19 pandemic, museum have increased their exploration of digital 

means to reach their audience. Museums are obliged to ensure that digital initiatives 

are in alignment with legal standards and guidelines for accessibility. By redesigning 

an existing online exhibition, this capstone project explores how museums can design 

online exhibitions for more accessible learning experiences. 

Theory: I adopted the learning theory Universal Design for Learning, as guidance during the 

development process. 

Method: The project adopts a design study approach, using the interaction design lifecycle 

model to design and evaluate the online exhibition. The model consists of four phases: 

discovering requirements, designing alternatives, prototyping, and evaluating.  

Results: Based on insights from the design process, the study has resulted in an interactive 

prototype (available at https://designforlearning.wixsite.com/pda699), as well as 

fifteen guidelines for the design of accessible online exhibitions. The guidelines have 

been grouped into four principles:  

1. Design for equal access. Ensure that visitors are able to perceive, process, and 

navigate the content.  

2. Design for equal understanding. Present information on the right level of 

comprehension, using appropriate communicational means and structural 

layout. 

3. Design for equal engagement. Ensure that visitors can experience, connect, 

and interact with the content based on their own needs and preferences.  

4. Establish internal practices for accessibility. Develop the resources, 

knowledge, and priorities needed to promote accessible learning throughout 

the design process. 
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Introduction 

In 2011, the European Commission employed the recommendations on the digitization and online 

accessibility of cultural material and digital preservation (European Commission [EC], 2011). Since 

then, a majority of the member states in the European Union have started initiatives to digitalize their 

cultural material (EC, 2018). The commission has set up an expert group on digital cultural heritage 

(EC, 2017), and 27 of the member states have signed a declaration for cooperation on advancing 

digitization of cultural heritage (EC, 2019). At the time of writing, the COVID-19 pandemic still 

impacts lives and businesses globally, accelerating the digital transformation even further. Since 

national restrictions and reduced opening hours have limited museums’ abilities to reach the audience 

using traditional means (Network of European Museum Organisations, 2021), many have explored 

digital alternatives, such as online exhibitions, digital live events, and increased social media presence 

(International Council of Museums, 2020). With this rapid digital transformation follows new 

possibilities for accessing and experiencing culture and learning. However, it also comes with the 

question of whether all visitors are equally included in this transformation. Museums are obliged to 

ensure that digital initiatives are in alignment with legal standards and guidelines for accessibility. 

Within the European Union, member states are required to ensure that all public and mobile 

applications comply with the European standard for web accessibility (Directive (EU) 2016/2102, 

2016).  

Sweden is in the forefront of digitalization, ranking 2nd out of the 28 members states of the European 

Union (EC, 2020). However, challenges remain to ensure that all citizens are equally included in this 

process. An official study reveals a considerable digital divide in access and use of Internet services 

between persons with and without disabilities in Sweden (Begripsam, 2020). Further, approximately 

one out of three of the publicly run cultural institutions in Sweden state that their websites do not 

comply with the international standard for web accessibility, WCAG, or that they do not know if that 

is the case (Swedish Ministry of Culture, 2016). State parties of the United Nations are legally obliged 

to ensure that everyone has equal access to cultural life and lifelong learning (Convention on the 

Rights of Persons with Disabilities, 2007). Issues with accessibility in digital museum initiatives may 

exclude certain visitor groups to take part of important opportunities for culture and learning.  

While there are several studies and guidelines on how to ensure accessibility in physical museum 

exhibitions, studies on accessibility in a digital museum context remain limited. Studies on the use of 

technology in museums tend to either exclude the accessibility perspective entirely or focus on how 

digital tools can be used to increase the accessibility of the physical visit. Through this study, I aim to 

understand how museums can design more accessible and inclusive learning experiences in online 

exhibitions. To explore the research topic, I have formulated two research questions: 

RQ1: What design aspects should be considered when developing online exhibitions for visitors with 

a wide range of abilities? 
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RQ2: What procedural measures should museum incorporate in their day-to-day practice, to support 

the development of accessible online exhibitions?   

The research is based on a design study approach in a Swedish museum context. In the project I have 

applied design practices for user-centred and Universal Design for Learning (UDL) to redesign an 

existing online exhibition created by the Museum of World Culture, a publicly run museum in 

Gothenburg. Based on the findings from the design process and evaluation, I have developed fifteen 

guidelines for the design of accessible online exhibitions. My hope is that these guidelines can support 

museum producers and designers in their work, and open up online exhibitions to a wider and more 

diverse audience.  

The prototype of the redesigned online exhibition is available at: 

https://designforlearning.wixsite.com/pda699 
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Literature review 

In this section, I will explore literature related to accessible learning in physical and online exhibitions. 

I will describe the current state of accessibility in museums, how museum accessibility is impacted by 

digitalization, and strategies for accessible exhibition design.  

Accessible learning in museums 

As members of the United Nations, state parties are obliged to ensure that each citizen has equal 

access to cultural life and lifelong learning, regardless of any physical, mental, intellectual, or sensory 

impairment (Convention on the Rights of Persons with Disabilities, 2007). As facilitators of cultural 

and educational experiences, museums play an important role in providing unique learning 

opportunities. The Swedish Museum Act states that public museums shall work to promote 

knowledge, cultural experiences, and free opinion formation (Museilag, SFS 2017:563). Several 

studies suggest that museums have the potential of providing opportunities for informal and lifelong 

learning (e.g., Fristrup & Grut, 2016; Gutwill, 2018; J. Kim et al., 2016). Though multiple definitions 

exist, informal learning typically refers to learning that occurs outside a formal classroom setting, for 

example when practicing hobbies, taking part of organized activities, or visiting institutions such as 

museums (Gerber et al., 2001). The learner in these settings is mainly motivated intrinsically and 

manages and controls their own learning (Eshach, 2007). Studies suggest that the informal nature of 

museums allows visitors to act as active agents that shape their own learning experience (Dooley & 

Welch, 2014), provides visitors with new perspectives (Mujtaba et al., 2018), and triggers their natural 

curiosity (Schweibenz et al., 2015). This may lead to learning impacts that last for years, making 

museums important providers of opportunities for lifelong learning (MacFadden et al., 2007; Salmi et 

al., 2015).  

While museums hold the potential of providing informal and lifelong learning, learning in museums 

does not simply happen as a visitor enters the facilities. Museums’ ability to provide a positive 

learning experience is dependent on the type of learning they support, and how. For example, hands-

on activities, narratives, play (Andre et al., 2017), freedom of choice (Shaby et al., 2019), culturally 

meaningful experiences, and a multi-modal approach to learning (Weiland, 2015) are some factors that 

studies suggest for providing positive and engaging learning in museums. Further, to ensure that these 

opportunities are available to everyone, museums need to consider how they can provide learning 

experiences that are accessible. The Swedish Museum Act (Museilag, SFS 2017:563) state that public 

activities in museums shall be accessible for everyone and adapted to the different prerequisites of the 

visitors. Accessibility may be defined as the “extent to which products, systems, services, 

environments and facilities can be used by people from a population with the widest range of 

characteristics and capabilities, to achieve a specified goal in a specified context of use” (International 

Organization for Standardization, 2011, p. 1). Traditionally, accessibility has focused on providing 

barrier-free experiences in the physical environment (Persson et al., 2014). In museums, physical 

accessibility has improved significantly compared to other areas, through improvements such as 
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access ramps and wheelchair accessible toilets (Mesquita & Carneiro, 2016; Rocha et al., 2020). 

However, accessibility also requires access to sensory alternatives, for example audio descriptions, 

information in braille, or possibilities to touch museum objects or replicas (Argyropoulos & Kanari, 

2015; Mesquita & Carneiro, 2016), as well as understandable and inclusive language (Blunden, 2017; 

Kjeldsen & Jensen, 2015). Today, numerous guidelines provide detailed advice on how to design for 

accessibility in physical exhibitions (see for example The Smithsonian Guidelines for Accessible 

Exhibition Design (Smithsonian Accessibility Program, 2012), Universal Design Guidelines for Public 

Programs in Science Museums (NISE Network, 2007), and The Cultural Participation of People with 

Disabilities or Impairments: How to Create an Accessibility Plan (Lisbon City Council, 2020)). 

However, during the past decades the concept of accessibility has grown to include web accessibility 

(Persson et al., 2014). As early as 1997, the W3C World Wide Web Consortium launched the Web 

Accessibility Initiative (W3C, 1997). At the launch of the initiative, the director and inventor of the 

World Wide Web, Tim Berners-Lee, proclaimed that “As we move towards a highly connected world, 

it is critical that the Web be usable by anyone, regardless of individual capabilities and disabilities” 

(W3C, 1997, para. 3). This leads us to an important aspect of accessibility, namely that the concept 

accessibility commonly refers to equal access for persons with disabilities (Henry et al., 2014). 

Approximately 15.6%, or almost 1 of 6, of the world population are estimated to have some form of 

disability (The World Health Organization, 2011). Hence, to understand what is meant by accessibility 

one must also understand what is meant by disability.  

Models of disability  

Disability is a complex concept, with various explanatory models that have shifter in popularity 

throughout history. The World Health Organization (WHO, 2001) suggests that the medical model of 

disability explains disability as a problem of the individual. Disability occurs due to personal 

limitations in functional abilities, which are to be managed by medical treatment to cure or adjust the 

person. Contrasting the medical model is the social model, which is described by the WHO (2001) as 

a model that explains disabilities as socially created problems. Since the conditions are created by the 

social context, equal participation requires adaption of the social environment, rather than the person. 

The model adopted by the WHO is the biopsychosocial model, which integrates the medical and 

social model. The model suggests a dynamic approach to disability, where an individual’s health 

condition is interdependent on the function of the body, situational activities and participation, and 

environmental and personal factors (WHO, 2001). Similarly, Persson et al. (2014) argues that our 

abilities vary in different context, and change over time, and that disabilities therefore must not be 

viewed as static qualities. In Sweden, the National Board of Health and Welfare (n.d.) differentiates 

between funktionsnedsättning [impairment] and funktionshinder [disability]. An impairment is defined 

as a permanent or temporary reduction in physical, mental, or intellectual ability. A disability, on the 

other hand, is defined as the limitation that may occur in the relation between a person with an 

impairment and their context, and is generally considered to be caused by poor accessibility. A similar 

definition is adopted by the United Nations, who state that “persons with disabilities include those who 

have long-term physical, mental, intellectual or sensory impairments which in interaction with various 

barriers may hinder their full and effective participation in society on an equal basis with others.” 
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(Convention on the Rights of Persons with Disabilities, 2007, p. 4). While there are some differences 

between the definitions and models, all except the medical model have one thing in common – to some 

degree they argue that disability occurs in relation to a context. In other words, a person may become 

disabled when the context does not meet their abilities. This is where accessibility comes into the 

picture. Persson et al. (2014) suggest that the way environments, products, and services are designed 

can impact whether a person may participate or not. However, when designing for accessibility, there 

are a few areas that are important to keep in mind. First, all persons are more than their physical, 

mental, and intellectual abilities. We also have different goals, dreams, hobbies, skills, etcetera. It is 

important to be aware that by focusing only on reduced physical of cognitive ability, we may develop 

a limited, fragmented, and possibly stereotypical representation of a person (Mylonopoulou et al., 

2020).  

Second, disability and normality must not be viewed as two ends of a spectrum. As Shakespeare 

(2008) states, we all go through a spectrum of physical, sensory, intellectual, and mental changes, 

from childhood and as we age. We all have limitations and are likely to go through periods of life with 

illness, injuries, and different levels of dependency and interdependency. Shakespeare (2008) suggest 

that the idea of normality as equal to able-bodied, distinct from disabled bodies and minds, is a myth 

and a misleading idea. Hence, we must be careful not to contrast disability with normality. 

Third, as emphasized by the WHO (2011), persons with disabilities are by no means a homogenous 

group. Though disabilities are often categorized into groups, such as visual or cognitive impairments, 

the experience for people within these groups are highly diverse (Henry, 2007). For example, though 

color blindness and total blindness are both visual impairments, they may result in very different 

experiences (Henry, 2007). Even with the same condition, people still have different characteristics, 

preferences, and ways of managing their disability (WHO, 2011). As a designer, it is therefore 

important to be aware of any misconceptions one might have about the users, and to not assume that 

one or a few individuals represent a whole group.  

Finally, though accessibility is commonly used in relation to disability, it is important to be aware that 

other factors also impact whether an individual has access in a certain context. For example, an 

analysis by the Swedish Agency for Cultural Policy Analysis (2017) suggests that gender, age, 

educational level, socioeconomical factors and geographical location are all factors that impact 

whether an individual participate in cultural activities. Different factors may also interplay and impact 

each other. For example, the risk for digital exclusion increases if a person with a disability is also 

male, have a low income, and/or is unemployed (Begripsam, 2020).  

Usability for all 

Based on a literal interpretation of the term accessibility, one may naturally conclude that accessibility 

is merely about the ability to provide access. This interpretation is reflected in the definition of 

accessibility stated by the WHO, in which it is stated that accessibility is “the degree to which an 

environment, service, or product allows access by as many people as possible, in particular people 

with disabilities.” (2011, p. 302). However, as stated by (Rappolt-Schlichtmann & Daley, 2013), equal 
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access may not necessarily provide equally engaging museum experiences. The European Union 

adopts the slightly different definition provided by the International Organization for Standardization 

(ISO, 2011), which describe accessibility as the “extent to which products, systems, services, 

environments and facilities can be used by people from a population with the widest range of 

characteristics and capabilities, to achieve a specified goal in a specified context of use” (ISO, 2011, p. 

1). Despite the similarities between the definitions, ISO (2011) differs from the definition by WHO by 

suggesting that accessibility is more than mere access. Instead, accessibility is also about making a 

service usable. Usability describes how well an interactive product supports the user’s ability to 

perform a certain task in an enjoyable, easy, and effective manner. A product or service with high 

usability is effective, efficient, safe, has good utility, and is easy to learn and remember how to use 

(Sharpe et al., 2019). The relationship between usability and accessibility is highlighted in a study on 

user involved evaluation of web accessibility by Rømen and Svanæs (2012). The researchers found 

that although a website may be possible to access by persons with disabilities, it may contain usability 

issues that make it practically impossible for this user group to perform the desired tasks in an 

enjoyable, easy, and effective manner. Due to this, the authors argue that definitions of accessibility 

should include “usability for all”. This means, that to provide fully accessible solutions, the designer 

must take into consideration the experience as a whole, including usability issues.  

From physical to online exhibitions 

In a survey of 600 European museums, 99% responded that they had been closed for at least some 

period during the COVID-19 pandemic (Network of European Museum Organisations [NEMO], 

2021). During October and November of 2020, when the survey was conducted, 70% of the museums 

were closed for the first or second time. While this has highly impacted both the number or physical 

visitors and the financial situation for museums in Europe it has also led to an increase in the online 

activities of museums (NEMO, 2021). Globally, museums are increasing their provision of digital 

services, such as online exhibitions and collections, digital live events, learning programs and social 

media presence (International Council of Museums, 2020). In Europe, 93% of the museums reported 

an increase in online services due to the COVID-19 pandemic (NEMO, 2021). The same pattern can 

be seen in Sweden, where museums have increased their digital presence and have prioritized 

digitalization and online dissemination of their collections during the shutdowns (Sveriges Museer, 

2020).  

Understanding online exhibitions 

As of today, there is no commonly agreed upon definition of online exhibitions. In the literature, the 

term is often used interchangeably with terms such as virtual museum, digital exhibition, museum 

website or e-museum (Biedermann, 2017; S. Kim, 2018; S. Kim & Hong, 2020). Different studies 

may also use the same term to describe different concepts. For example, some studies use the term 

digital or virtual exhibition to describe digital elements of physical exhibitions, such as interactive 

displays or virtual reality devices (e.g., Barbieri et al., 2018; Ch’ng et al., 2019; Vavoula & Mason, 

2017), while others only include web-based exhibitions in the definition (e.g., Biedermann, 2017; S. 

Kim, 2018; Ying et al., 2019). Hence, the concept is highly complex, and may cover a wide range of 
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technologies and dissemination strategies. In order to manage this complexity, and to delimit the scope 

of the project, I have determined a set of criteria that describe how online exhibitions are defined in 

this particular study. These criteria are based on the definition by Schweibenz (1998): 

• The online exhibition should consist of a collection of digital objects that are logically 

related. This separates online exhibitions from online archives or -libraries with collections of 

unrelated objects.  

• The objects and information are presented using a variety of media and is flexible toward 

visitors’ needs and interests. This means that visitors should be able to access the exhibition 

in multiple ways, and that standalone representations, such a video recording of a guided tour, 

is not by itself considered an online exhibition.  

• Lastly, the exhibition can be disseminated all over the world. For the sake of this study, this 

means that exhibitions are accessible online.  

Henceforth, I will use the term online exhibition, to ensure that the concept is not confused with digital 

elements of physical exhibitions.  

The promise of online exhibitions 

The digital media offers new ways of presenting museum content and disseminating it to the world. 

However, a major challenge in the development of online exhibitions is the difficulty of how to 

translate the touch and feel, atmosphere, and emotional connection of a physical experience to a digital 

alternative. Several researchers argue that online alternatives cannot replace the experience of visiting 

the physical exhibition and encountering real, original objects (e.g., Biedermann, 2017; Żyła et al., 

2020). Others argue that online exhibitions should not be seen as competitors or replications of the 

physical exhibitions. Instead, these authors suggest that the web is a unique medium, different from 

the physical museum environment, and that virtual experiences should consider and leverage the 

strengths and weaknesses of this specific medium (Mateos-Rusillo & Gifreu-Castells, 2017; Bowen, 

2000). The following sections explore these strengths and weaknesses, and the opportunities and 

challenges that the digital media pose for accessible learning.  

Providing multimodal experiences 

A commonly described strength of online exhibitions is that the digital format offers new and diverse 

ways of presenting and interacting with museum content (e.g., Gran et al., 2019; Katz & Halpern, 

2015). It offers ways to interact with objects that are often out of limit when fragile pieces are locked 

in behind glass, for example by allowing visitors to rotate and zoom in to experience objects in detail 

(Bonis et al., 2013; Katz & Halpern, 2015; S. Kim, 2018). Further, the digital format allows museums 

to present content and information using multiple content formats (Bonis et al., 2013; Katz & Halpern, 

2015). By offering multiple ways to perceive information, such as through video, text, 3D models, and 

audio, online exhibitions can allow visitors to retrieve and understand information according to their 

own needs and requirements (Wang et al., 2011). Using multiple senses also has a positive impact for 

learning (Zapatero Guillén, 2011). It is also suggested that online exhibitions have the potential of 

creating more interactive and engaging experiences, compared to traditional museums (Bonis et al., 
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2013; S. Kim, 2018).  For example, virtual reality (interactive, computer-generated 3D environments 

(Zapatero Guillén, 2011)) and gamification (“the use of game design elements in non-game contexts” 

(Deterding et al., 2011, p. 1)) in online exhibitions are highlighted for their potential of supporting 

immersion, multisensory experiences, interactivity, and engagement, thereby stimulating learning 

(Wang et al., 2011; Zapatero Guillén, 2011). However, it is important to be aware of how different 

media impact the accessibility of an online exhibition. For example, while virtual reality solutions 

have the potential of supporting museum visitors with motor impairments, by providing alternatives to 

physically inaccessibility areas of a museum site (Guttentag, 2010), they may also cause accessibility 

issues if they require that the user is able to move around, make precise or fast movements, or use two 

hands with ten fingers (Hamilton, 2018). Further, virtual reality is often assumed to be a visual 

medium, which may cause accessibility issues for visitors with visual impairments (Hamilton, 2018). 

Hence, while online exhibitions may offer visitors the ability to experience museum content using 

multiple formats, it is also important to be aware of any accessibility issues that may arise from the 

various formats.   

Adaptation and personalization 

A challenge for providing accessible learning in a museum context is the diversity in background 

knowledge, strengths and weaknesses, and goals or the visitors (Rappolt-Schlichtmann & Daley, 

2013). The learning needs and behaviors may differ significantly depending on whether a person visits 

an online exhibition alone, together with others, or in a school context (Antoniou et al., 2013). By 

providing visitors with personalized or adaptable content, online exhibitions may offer solutions that 

are suited for a more diverse audience. Personalization may involve customization of content based on 

the needs and preferences of the visitor, but also of interaction types and interfaces (S. Kim, 2018). An 

example of user-controlled personalization can be found in Europeana, the platform for digitalization 

of European cultural heritage (Previtali, 2019). The platform offers users the possibility to save and 

manage favorite contents and create their own personalized galleries.  

Apart from allowing visitors to personalize the content themselves, innovative solutions include the 

use of artificial intelligence (AI) and machine learning (ML) to adapt the content. An example of how 

these solutions may be implemented is described by Bonis et al. (2013). They present a virtual 

representation of an exhibition, where the user navigates and interacts with art content in a 3D 

environment. Based on how the user interacts with content in the exhibition, the solution uses machine 

learning techniques to develop a model of the user and personalize the content presentation 

accordingly. Further, Pisoni et al. (2021) reflect on the possibilities of using AI to improve 

accessibility in digital cultural heritage. In their literature review, they identify several possible areas 

where AI may be used to automatically generate and present content that is adapted to the various 

abilities and needs of the visitors. However, as the researchers describe, the use of AI and ML comes 

with both possibilities and challenges. A major challenge is that the use of these technologies requires 

careful ethical considerations regarding fairness, accountability, and transparency. Pisoni et al. (2021) 

argue that the area of AI requires more research. 
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The virtual contact zone 

By leveraging the interactive aspects of web-based technologies, museums face new possibilities for 

communication with and between their audience. The social context differs significantly between the 

digital and physical museum dimensions. S. Kim (2018) describe physical museums visits as social 

activities, which are impacted by the contact with friends, family, other visitors, or the museum staff. 

In digital landscapes, the social dynamic of museums changes, as visitors generally take part of online 

exhibitions individually (S. Kim, 2018). However, while the visitor may be physically alone as they 

connect to online exhibitions, the digital dimension offers alternative means for communication and 

social interaction. The Web 2.0 refers to the development of the web from a one-way communication 

tool to a collaborative architecture of web-based tools and services that open up for user-contributed 

content, social interaction, and online collaboration (Cooke & Buckley, 2008). Pulh and Mencarelli 

(2013) argues that this transition also changes the dynamic of the relationship between museums and 

their visitors. Social media offers museums a two-way dialogue with their audience, and digital 

platforms may offer visitors the opportunity to communicate with each other, provide feedback, 

manage information, and even produce their own museum content. Several initiatives provide 

examples of how user involvement may be incorporated in the context of online exhibitions. 

DigitaltMuseum, an online platform for public museums in Norway, allows users to comment on 

digitalized objects, ask questions to the responsible institution, and share objects on social media 

(Gran et al., 2019). Further, users can manage and contribute to the content by correcting and 

complementing information about the objects, or create their own public collections of objects. In an 

online exhibition about the Spanish Civil War, the developers dedicated a part of the exhibition to 

virtual testimonies, where visitors could record their own stories, in an attempt to stimulate public 

participation (Carreras & Mancini, 2014). Purkis (2017) argues that these collaborative digital spaces 

may function as virtual contact zones, where a diverse audience may share and take part of each 

other’s stories. Through these platforms, museums can provide democratic means of allowing 

culturally diverse individuals to speak for themselves, listen to others, and connect on an emotional 

and personal level.  

However, these new possibilities for social interaction in museums also comes with challenges. 

Though the social features of DigitaltMuseum open up for a possible dialogue with visitors, analysis 

of user interaction on the platform reveal that the amount of user interaction varies significantly 

between collections. Further, user contribution and interaction may increase the workload for museum 

professionals, and cause impatience and frustration among visitors if they do not receive response 

from the institutions within the expected time (Hylland, 2017). Similarly, Stewart and Marcketti 

(2012) found that museums may not have the capacity to update and maintain their online 

communication platforms to a satisfying level. Further, increased user contribution may distort the 

balance in authority between museums and visitors, reshaping the very identity of the museums and 

possibly undermining their legitimacy (Pulh & Mencarelli, 2013). Hence, museums should consider 

the level and type of user contribution allowed in their online exhibitions, and how to allocate 

resources to maintain a sufficient and satisfactory dialogue with the visitors.  
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Reaching further and wider 

One of the most commonly described benefits of online exhibitions is their potential of overcoming 

the spatial-temporal limitations of physical museums, making content available to the whole world 

(e.g., Bonis et al., 2013; S. Kim & Hong, 2020; Shimray & Ramaiah, 2015). Since the digital format is 

not dependent on the physical limitations of the museum, advocates argue that online exhibitions can 

make it possible for visitors to experience objects and historical sites that are otherwise unavailable 

(e.g., Howell & Chilcott, 2013; Previtali, 2019). For example, Previtali (2019) describes a virtual 

reconstruction of an archaeological site of the San Clemente Church in the Italian town Albenga, 

founded by the Romans in 181 B.C. For safety reasons tourists are not able to access the site, and 

heavy rains and floods pose a significant threat to the preservation of the site itself. Through a mobile 

application, visitors may explore the site through interactive 3D models, 360° panorama images, and 

informational content such as text and images. This allows visitors to explore an otherwise 

inaccessible site, and provides new opportunities for preservation of cultural heritage.  

Further, online exhibitions are assumed to make content available to a larger and more diverse 

audience (Bertalya et al., 2014; S. Kim & Hong, 2020; Stewart & Marcketti, 2012). During year 2020, 

the Swedish network for museums compared the number of physical visits with digital visits for the 

first time and found that the number of digital visits (206 million) largely outnumbered physical visits 

(8.4 million) (Sveriges Museer, 2020). Though it is important to note that these numbers may not 

represent the normal visitor pattern, due to the extraordinary circumstances of the COVID-19 

pandemic, it does signify that digital museum may in fact reach a larger audience online. However, 

few studies have been conducted on whether online exhibitions lead to increased visitor diversity. One 

of few studies on the topic found that the audience of a Norwegian digital museum was largely 

dominated by adults between 40-60 years old with higher education, that women were 

overrepresented, and that visitors outside the capital city as well as ethnic and national minorities were 

underrepresented (Gran et al., 2019). This pattern is similar to that of the physical museums, where 

women, people with a relatively high average age, higher education, and those who live in 

metropolitan areas tend to be overrepresented (Swedish Agency for Cultural Policy Analysis, 2014). 

This raises the question of how much digital access to museums actually contribute to diversity. Foley 

and Ferri (2012) suggest an explanation to the issue, in which they argue that technological solutions 

are shaped by the norms and patterns of exclusion of the analog society. Since the online context is 

part of a larger social context, the norms of that social context are often replicates and sometimes even 

exaggerate in the online context. To tackle the problem, they argue that the design process must take 

into consideration the larger social, historical, and cultural context, and integrate practices for 

accessibility throughout the process. Hence, while online exhibitions may have the potential of 

providing opportunities for learning to a more diverse audience, their contribution to diversity thus 

depend on how well the design manages the norms that prevail in the rest of society.  

Designing for accessible learning 

To ensure equal access to learning and cultural experiences, museums need to consider how they can 

ensure that their services are accessible for visitors with a wide range of abilities. Throughout the past 
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decades, various approaches have been developed to address the issue of inaccessible design. The 

following sections explore examples of how these approaches have been used in a museum context, 

and how they may be applied to improve the accessibility of online exhibitions.  

Universal and inclusive design 

An influential approach for accessibility is universal design, which may be defined as “The design of 

products and environments to be usable by all people, to the greatest extent possible, without the need 

for adaptation or specialized design” (Connell et al., 1997). The Center for Universal Design has 

declared seven principles for universal design, each followed by a set of guidelines, that may be 

used to guide the evaluation and design of products and environments (Connell et al., 1997): 

• Equitable use. The design is useful, secure, and appealing to people with diverse abilities, and 

does not segregate or stigmatize any particular user groups.  

• Flexibility in use. The design allows users to choose their methods of use, to support a wide 

range preferences and abilities. 

• Simple and intuitive. The design is easy to understand, regardless of literacy and language 

skills, background knowledge, previous experience, or level of concentration.  

• Perceptible information. The design makes it possible for users to effectively take part of 

information, regardless of their sensory abilities or possible conditions.  

• Tolerance for error. The design minimizes the risk for errors and reduces the negative 

consequences of executed errors.  

• Low physical effort. The design can be used efficiently, without fatigue or discomfort.  

• Size and space for approach and use. The design ensures use and manipulation regardless of 

the user’s mobility or physical features.  

The concept is closely related to design for all, and the concepts are often used interchangeably 

(Persson et al., 2014). Similar to the universal design approach, design for all suggest that a product 

should be designed to be usable by a range of people that is as wide and diverse as possible (Persson et 

al., 2014). As such, both universal design and design for all go beyond accessibility for persons with 

disabilities to inclusion for all, regardless of ability. However, the growing population of people with 

disabilities is a strong motivator behind the idea (Mace et al., 1996), and the approach plays an 

important role in policies and regulations related to accessibility for persons with disabilities. The 

United Nations’ Convention on the Rights of Persons with Disabilities (2007) argue that state parties 

should develop standards and guidelines that promote universal design. This call is reflected in the 

Swedish disability policy, where the principle of universal design is stated as one of the four main 

national goals (Prop. 2016/17:188). 

Inclusive design provides a slightly different focus, and may be defined as “The design of mainstream 

products and/or services that are accessible to, and usable by, as many people as reasonably possible 

[…] and to the greatest extent possible without the need for special adaptation or specialized design.” 

(British Standards Institute, 2005, p. 4). At first sight the definition of inclusive design is largely 

identical to that of universal design. However, Persson et al. (2014) argue that the main difference 
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between universal design and inclusive design is determined by the phrase “reasonably possible” 

which, according to them, suggests that there are cases where full inclusion is not achievable with 

reasonable means. Similarly, Suwannawut (2019) suggest that, at least on a conceptual level, a 

universally designed product should be usable by literally everyone, regardless of physical or 

cognitive differences, whereas the inclusive design process may start by focusing on a limited target 

group and then expanding gradually to include more users.  

In museums, the universal and inclusive design approaches have been used in various ways to explore 

how to design more accessible museum experiences. Ruiz et al. (2011) used the principles of universal 

design in a design study to develop what they refer to as “multimedia guides for all”. They describe 

multimedia guides for all as mobile devices that make use of different media, such as text, images, 

video, and audio, to guide the visitor through the museum. The device provides subtitling, sign 

interpretation, audio description and navigation, and ways to adapt visual features through 

magnification and contrast modifiers. The study provides insights in how universal design may be 

used to design devices that provide equal access to people with or without disabilities.  

Further, Hutchinson and Eardley (2021) explore how audio description may be used in museum audio 

guides to provide more inclusive experiences. Audio description is a method of translating visual 

information into rich and vivid auditory descriptions, originally produced for people who are blind or 

partially sighted (Hutchinson & Eardley, 2021). Standard audio guides are typically designed to 

accommodate a sighted audience, meaning that separate solutions are created for visitors with visual 

impairments. However, Hutchinson and Eardley (2021) found that audio guides with audio 

descriptions provide equally enjoyable and emotionally engaging experiences for sighted participants 

as standard audio guides. Further, audio descriptions had a positive impact on visitors’ ability to recall 

visual content from the exhibition. The study suggests that rather than designing separate or excluding 

audio solutions for museum visitors, the inclusive design approach may be used to provide solutions 

that may be used by a wider range of visitors.  

Research on the use of universal and inclusive design in museums mainly focus on how to support the 

physical visit. However, the examples provide useful guidance on how to provide design solutions that 

consider a broader spectrum of people, that may also be useful in a digital context. Further, although 

the approaches do not specifically take learning into consideration, the second example suggest that 

inclusive design may be used to develop solutions that support equal learning experiences.  

User-centered design 

User-centered design focuses on understanding and meeting the actual needs of the users (Sharpe et 

al., 2019). A central aspect of a user-centered design process is that it adopts some level of user 

involvement, as a way of understanding their characteristics and behaviors. The focus on the users is 

established early on in the process, and remain central for the duration of the development through 

continuous evaluation (Sharpe et al., 2019). The degree of user involvement may vary largely in 

different projects, from online interventions to fully integrated members of the design team (Sharpe et 

al., 2019). Participatory design, also referred to as co-design or co-creation, is a user-centered design 
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approach that is based on the idea that the intended target user of a design should have power to 

impact the design. This means that those who will use a design solution are involved in the ideation, 

co-creation, and decision-making activities that concern the design (Pisoni et al., 2021). Taffe and 

Kelly (2020) argue that participatory design projects may serve an important role as a mean for 

empowering communities to take an active role as decision-makers in the design process. The focus is 

often placed on providing an inclusive design process rather than inclusive products, although 

accessibility is often mentioned as expected or desired outcomes.  

Several studies have explored how participatory design may be used in a museum context, to provide 

more accessible products and a more inclusive design process. Chick (2018) involved participants with 

visual impairment in a co-production process for the development of a museum exhibition. The aim 

was to explore how intellectual access can be improved for visitors with visual impairment, and 

thereby contribute to the existing body of knowledge on inclusive exhibition design. The visitors were 

part of a versatile design team and were included in co-creation and co-assessment sessions, resulting 

in a multi-sensory exhibition. Similarly, Hollinworth et al. (2016) explored how museums can provide 

more interesting, meaningful, and fun experiences to a wider visitor group, by involving people with 

learning disabilities in participatory design of multisensory interactive art.   

Different levels of involvement have different advantages and disadvantages. As discussed on 

previously, when designing for accessibility it is important to be cautious not to make simplifying, 

stereotyping, or faulty generalizations about the target audience. Although a user-centred design 

approach does not explicitly require that accessibility or learning aspects are taken into consideration, 

user involvement can support the designer by helping them identify any misconceptions that they may 

have about the target users (Sharpe et al., 2019). However, though user-centered design is crucial for 

understanding the users, it is important to be aware that a high level of user involvement can lead to 

higher levels of conflicts and workload, (Subramanyam et al., 2010), and may cause participants to 

experience discomfort and a lack of clarity in the design process (Taffe & Kelly, 2020). Hence, the 

level of involvement needs to be considered in relation to the conditions of the design project. 

Universal Design for Learning 

As the name indicate, Universal Design for Learning (UDL) has its roots in universal design (Rose 

& Gravel, 2010). UDL is a framework that ties together the principle of universal design with research 

and practice from the learning sciences. The framework is based on the assumption that accessible 

information in itself does not necessarily provide accessible learning. With the aim of providing 

learning experiences that are based on the individual needs of the learner, UDL highlights three 

principles for the design of accessible learning environments (Rose & Gravel, 2010): 

• Principles 1: Provide multiple means of representation. To provide accessible learning 

experiences, it must first be possible for the learner to perceive and take in the information. 

This means that information should be sensory and linguistically accessible, but information 

must also be presented in a way that makes it understandable.    
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• Principle 2: Provide multiple means of action and expression. The second principle for 

UDL focuses on ways of making it possible for the learners to express themselves and act 

based on what they have learned. This may be done, for example, by allowing them to express 

themselves using different media, setting up appropriate goals, or make it possible for them to 

plan and monitor their development. 

• Principle 3: Provide multiple means of engagement. The factors that shape a learner’s 

interest in a subject may differ markedly from person to person. To ensure that a learner 

maintains the motivation required to attend to and take in information, a learning situation 

therefore needs to offer different ways of stimulating engagement. This involves different 

means for sparking initial interest in a subject, but also about sustaining interest over time, and 

allowing the learner to regulate and shape their own learning. 

Each principle provides a set of guidelines with related checkpoints that may be mixed and matched 

according to the content area, context, and specific learning goals to support the design process 

(CAST, 2018). For an overview of the principles with their related guidelines, see Figure 1 below 

(visit https://udluidelines.cast.org/ for a full description).  

Figure 1 

Universal Design for Learning 

 

Note. Overview of the principles and guidelines of the Universal Design for Learning 

framework by the organization CAST. 

Though the UDL framework is rooted in a formal learning context, Rappolt-Schlichtmann and Daley 

(2013) argue that the framework may also be used to guide the design of accessible learning 

experiences in informal learning settings, such as museums. For example, Knochel et al. (2018) 

explored how multiple means of representation (Principle 1 of UDL) may provide a more inclusive 

learning environment in museums. To do this, they provided 3D-models as tactile alternatives and 

complements to the otherwise largely dominating visual and verbal information in museums, as a way 
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of improving the learning experience for visitors with visual impairments. Johnson (2018) provides a 

similar example, where the principles of UDL were used to design of a multisensory art exhibition, 

which allowed visitors to interact with art objects through sight, smell, touch, and hearing. However, 

the UDL frameworks also highlights the importance of providing information that does not only 

ensure sensory and linguistic access, but that also helps learners make sense of the content. This may 

for example be done by highlighting concepts of specific importance, or by supporting information 

with visual information that help visitors track their development (Rose & Gravel, 2010). An example 

of how this principle may be implemented in a museum is suggested by Rappolt-Schlichtmann and 

Daley (2013), who describe the digital museum display “Fish Farming”, an educational game designed 

not only to provide sensory access, but to also support understanding. This was done by supporting 

information with visual elements, highlighting critical patterns and insights, and offering 

visualizations that allowed visitors to track their development. According to the authors, this also 

made it easier for the visitors to develop strategies and regulate their behavior in the learning 

environment (Principle 2). 

However, a challenge when adopting the UDL framework in informal learning environments such as 

museums is the difficulty of setting appropriate learning goals. Rappolt-Schlichtmann and Daley 

(2013) argue that learning goals are fundamental when designing for UDL, and that appropriate goal 

setting is of high importance for engagement and motivation. However, museums lack formal 

evaluation, and need to manage a highly diverse audience, with different goals, background 

knowledge, and abilities. As an alternative, Rappolt-Schlichtmann and Daley (2013) suggest that the 

learning environments may be designed in a way that makes it possible for the visitors to identify and 

set their own learning goals. By adopting this strategy, the UDL framework can be adapted to an 

informal learning context, thereby providing museums with a single framework that combines 

approaches for both accessibility and learning.  

Web accessibility guidelines 

The framework for Universal Design for Learning, principles for universal and inclusive design, and 

user-centered design approaches all provide guidance for the design of accessible learning experiences 

in a museum context. However, the digital trend in society is reshaping the way museums design 

exhibitions and present their content. As a result of the recommendations on the digitization and online 

accessibility of cultural material and digital preservation (European Commission [EC], 2011), member 

states in the European Union are increasing their effort in digitalization and dissemination of cultural 

material (EC, 2018). As museums move towards a stronger digital presence, new aspects need to be 

considered to ensure that accessibility is provided in all aspects of the organization. Since their launch 

in 1997, the Web Accessibility Initiative (WAI) has provided support for digital accessibility by 

developing the Web Content Accessibility Guidelines (WCAG) (W3C, 1997). The WCAG provides 

guidance on how to make web content more accessible for a wider range of people with disabilities 

(W3C WAI, 2018). These guidelines have had a huge impact on legislation on web accessibility, and 

are currently adopted by the European Union in the Harmonised European Standard EN 301 549 

(European Telecommunications Standards Institute [ETSI], 2018). The WCAG consist of 13 
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guidelines that are grouped into four fundamental principles that state that web content should be 

perceivable, operable, understandable, and robust (W3C WAI, 2018). An overview of the principles 

and guidelines can be seen in Figure 2 below.  

Figure 2 

Web Accessibility Guidelines (WCAG) 

 

Note. Overview of the principles and guidelines of the Web Accessibility Guidelines (WCAG), 

by the Web Accessibility Initiative.  

Each guideline comes with a set of testable success criteria with three conformance levels: A (lowest), 

AA, and AAA (highest) (W3C WAI, 2018). For example, the WCAG states that the minimum contrast 

ratio for texts should be 4.5:1 (success criterion 1.4.3), that all functionalities should be operable from 

a keyboard (success criterion 2.1.1), and that the design should provide explanations of unusual words, 

idioms, and jargon (success criterion 3.1.3). Another central aspect of the WCAG is compatibility with 

assistive technologies (success criterion 4.1) (W3C WAI, 2018). Assistive technologies are hardware 

or software components that are used to increase the accessibility for an individual (ETSI, 2018). For 

example, a person may use a visual reading assistant to change the font, size, color, or other visual 

appearance of text and images, or a screen reader to translate textual information to synthesized 

speech. A person may also use various ways to navigate and interact with a website. For example, a 

person may rely on keyboard navigation, alternative keyboards or pointing devices, or voice input 

(ETSI, 2018).   

The WCAG provide robust, technical guidelines on how to improve web accessibility. Yet, in a study 

from 2005 on the accessibility of international museum websites, the authors found that only 20% of 

the websites complied with web accessibility criteria (Petrie et al., 2005). And, as described in the 

Introduction, one of three Swedish museums state that their external website does not comply with the 

international standard for web accessibility, WCAG 2.0 level AA, or that they do not know if this is 

the case (Swedish Ministry of Culture, 2016).  
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Though there are several studies on how to improve the accessibility of physical museums, research on 

how to design accessible online accessibility of museums remain sparse. However, one study, by 

Sorrell et al. (2017), made use of the WCAG guidelines to design an online exhibition with an 

accessibility perspective. The online exhibition was created as a separate solution for visitors with 

visual impairment, as an alternative to visiting the original, physical exhibition. However, though the 

WCAG provides guidance on how to improve web accessibility, compliance with web accessibility 

standards may not be enough. Studies suggest that only half of the accessibility issues that a person 

with a disability may encounter online are covered by WCAG success criteria (Power et al., 2012; 

Rømen & Svanæs, 2012). Others suggest that web accessibility standards are not sufficient as they do 

not take into consideration personal factors such as the users’ skills, intentions, and context 

(Lewthwaite, 2014), or how expectations shaped by previous online and real-life experiences impact 

the perceived web accessibility (Aizpurua et al., 2013). To include these aspects, a user-centred 

approach may be needed. The study by Sorrell et al. (2017) did include certain user involvement. 

However, the users were only included at the final steps of the development. As Norman (2013) states, 

good design starts by understanding the problem that the design is trying to solve. This is done by first 

identifying the needs, capabilities, and behaviors of the users (Norman, 2013). Since little attention is 

given to these aspects in the study by Sorrell et al. (2017), it raises many questions about what the 

users might expect and desire from an online exhibition. What needs is the exhibition trying to fulfil, 

and is an online exhibition a desirable way of meeting these needs? As the authors themselves discuss, 

another option may have been to ensure that the physical exhibit itself was made more accessible, for 

example by providing 3D-models of the content, or by offering special tours (Sorrell et al., 2017). 

Finally, the solution was evaluated with only two participants, which raises questions about how 

transferable the results are to other contexts (Sorrell et al., 2017). Hence, more knowledge and 

guidance are needed on how to design accessible learning in online exhibitions that goes beyond web 

standard compliance. 
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Project description 

In this study, I aim to understand how museums can design online exhibitions that provide a more 

accessible and inclusive learning experience. To explore the research topic, I adopt a design study 

approach by evaluating and redesigning an existing online exhibition. In this section I will first 

describe the design context of the project. I will then describe the general process and each step taken 

in the development process. Last, I will go through the ethical considerations that apply to this project. 

Design context 

To explore the research subject, I based the research on an existing online exhibition created by the 

Museum of World Culture in Gothenburg, Sweden. As a publicly run museum, the legal requirements 

of the museum incorporate all aspects of the research aim: accessibility, learning, and technology.  

• First, as a publicly run museum, the Museum of World Culture is required by the Swedish 

Museum Act to ensure that its’ public activities are accessible to everyone (Museilag, SFS 

2017:563).  

• Further, the Swedish Museum Act states that publicly run museums shall promote knowledge, 

cultural experiences, and free formation of opinion (Museilag, SFS 2017:563).  

• Lastly, the museum is one of the four museums that are part of the government agency 

National Museums of World Culture. This agency is specifically required to promote the use 

of new technology to develop all aspects of their activities (Förordning med instruktion för 

Statens museer för världskultur SFS 2007:1185).   

The existing online exhibition, Crossroads, is a digital complement to a physical exhibition with the 

same name, which explores the development, exchanges of ideas, collisions, and conflicts that arise 

when humans and worlds meet (National Museums of World Culture, 2019). The exhibition targets 

youths and adults, and is one of the museum’s permanent exhibitions (National Museums of World 

Culture, 2016). In 2012, the museum developed a generic web application that has since been used to 

create online exhibition, including the digital version of Crossroads (National Museums of World 

Culture, 2017). Figures 3 and 4 on the next page show the start page of the exhibition, as well as an 

example of an exhibit section. The original version of the online exhibition is available at the 

following web address (last retrieved August 25, 2021): http://korsvagar1.varldskulturmuseet.se/ 

Due to the restrictions and recommendations that followed the COVID-19 pandemic, all research had 

to be performed remotely. This included all user research, design activities, and evaluation.  
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Figure 3 

Start page of Crossroads 

 

Note. The start page of the original version of the online exhibition Crossroads. 

Figure 4 

Exhibit section in Crossroads 

  

Note. An example of an exhibit section in the Crossroads exhibition. 
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Design process 

With the purpose of learning more about the measures museums can take to ensure a higher level or 

accessibility in their online exhibitions, this study adopts a design study approach. The idea behind 

design studies, as described by Cohen et al. (2018), is that the artificial characteristics of a laboratory 

setting may give rise to a gap between research and practice in complex, real-world settings. Instead, 

design studies focus on solving authentic problems in a natural setting (Cohen et al., 2018). This 

design project adopts the four activities of the interaction design lifecycle model, which can be seen 

in Figure 5 below. The model follows an iterative process, where results from the early stages of the 

process are continuously updated based on lessons learned during subsequent activities (Sharpe et al., 

2019). The model includes the following four activities (Sharpe et al., 2019):  

• Discovering requirements, where the focus is to understand the target users, the problem 

space, and to define what should be designed.   

• Designing alternatives, where the goal is to start exploring ideas for solutions that meet the 

requirements.  

• Prototyping, where conceptual solutions are developed into interactive design solutions, that 

can be used for evaluation. 

• Evaluating, where the design is tested to ensure usability. 

Figure 5 

The interaction design lifecycle model. 

 

Note. Adapted from Interaction Design: Beyond Human-Computer Interaction (5th ed., p 52), 

by H. Sharpe et al., 2019.  

The model incorporates a user-centered approach, through its early focus and involvement of users, 

which is crucial to help designers create solutions that support actual needs, and identify any 

misconceptions about the users (Sharpe et al., 2019). Although a participatory approach, where users 

are involved as part of the design team, may provide a more inclusive design process, the constraints 

of the project limited those possibilities. First, a high level of user involvement increases the level of 

workload for the participants (Subramanyam et al., 2010). Without the possibility to offer participants 

compensation for their work, finding participants who were willing to invest the time and work needed 

would likely have been difficult. Further, the COVID-19 pandemic limited the possibilities to meet 

physically to hold design workshops and work together. Hence, managing a participatory project 
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would likely have caused logistical issues that would be difficult to solve withing the scope of the 

project. However, users were involved throughout the project, from understanding the requirements to 

evaluation, through interviews, focus groups, and user evaluation.  

At each step of the process, I have referred back to the framework for Universal Design for Learning 

(UDL). As described in the literature review, several approaches exist that provide guidance for 

accessible design, each with their own strengths and weaknesses. However, the UDL framework is 

particularly suitable for the museum context, as it combines the accessibility perspective with a 

learning perspective. Further, it provides a flexible set of guidelines that may be adapted and used 

differently based on the context (Rose & Gravel, 2010). Throughout the design process, the UDL-

guidelines have been used to guide reflection over how different design choices may impact the 

accessibility.  

In the following sections I will describe the activities taken in all stages of the interactive design 

process. Note that although the stages are presented in a linear order, in practice they were approached 

in an iterative manner.  

Discovering requirements 

Requirements specify how a design should behave and perform (Sharpe et al., 2019). In this section I 

will mainly focus on the design activities that were targeted specifically on identifying and capturing 

requirements. However, the requirements have been continuously updated throughout the design 

process, based on insights from the design and evaluation activities. The adopted methods used to 

explore the problem space can be grouped into the following four main activities: 

• Document analysis 

• User research with museum visitors 

• User research with museum employees  

• Creating personas 

Document analysis 

Reviewing documents, such as standards, manuals, or policies, can be a way of identifying any 

regulations that may govern the design (Sharpe et al., 2019). The Swedish Agency for Participation 

(n.d.) and The Agency for Digital Government (n.d.) provide summaries of national and international 

laws and regulations related to accessibility. This includes Swedish laws, European Union laws, and 

treaties of the United Nation that impact the design. Throughout the design process I have 

continuously returned to the document analysis to ensure that the design decisions are in alignment 

with the relevant laws and regulations.  

International laws and regulations 

First, the United Nations’ Convention on the Rights of Persons with Disabilities (CRPD, 2007) 

states that persons with disabilities have equal right to accessible information (Article 9), cultural life 

(Article 30), and education (Article 24). This includes access to cultural materials and activities in 
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accessible formats, and access to places for cultural performance such as museums. The CRPD (2007) 

also states that state parties should promote the principle of universal design in research and 

developments of goods, services, equipment, facilities, standards, and guidelines. The convention has 

also had an impact on other legislation, such as the European Web Accessibility Directive, (EU) 

2016/2102 (2016). As museums move towards a stronger digital presence, new aspects need to be 

considered for museums to oblige to these legal requirements in a digital context. Since September 

2018, all public sector bodies in Sweden, including publicly run museums, are legally required to 

adhere to the European Web Accessibility Directive. This directive states that all websites and mobile 

applications of public sector bodies should comply with the Harmonised European Standard EN 

301 549 on accessibility requirements for ICT products and services (Directive (EU) 2016/2102, 

2016). This standard builds on the Web Accessibility Guidelines (WCAG) by the Web Accessibility 

Institution, which is described in more detail in the literature review. With some exceptions, the 

standard states that public state bodies in the European Union should comply with WCAG 2.1 at the 

conformance level AA (ETSI, 2018). The member states of the European Union are obliged to ensure 

that the necessary laws, regulations, and administrative provisions are in place to comply with the 

directive (Directive (EU) 2016/2102, 2016). The following section will describe how the directive has 

been implemented in Sweden, and other national laws and regulations that govern the design work. 

Figure 6 below shows an overview of the relationships between the international laws and standards 

that impact the design work.  

Figure 6 

International laws and regulations 

 

Note. Relationship of how international laws and regulations impact national laws that govern 

the design of accessible online exhibitions. 
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National laws and regulations 

The Swedish law that implements the European Web Accessibility Directive is the Act on the 

Accessibility of Digital Public Services (Lag om tillgänglighet i digital offentlig service, SFS 

2018:1937). The law states that services and information provided by public actors through websites 

or mobile applications must be accessible in accordance with the European Web Accessibility 

Directive. Since the National Museum of World Culture is a public actor, this means that the digital 

services they provide should comply with WCAG 2.1. Several other laws and regulations govern the 

accessibility work by museums in Sweden. Since 2015, the Swedish Discrimination Act declares that 

insufficient accessibility is a form of discrimination. This means that a person with a disability has 

been subjected to discrimination if they have been put in a disadvantageous position compared to a 

person without the disability, because an establishment (such as company, social institution, or a 

museum) have refrained from employing the necessary accessibility measures (Diskrimineringslag, 

SFS 2008:567) 

Further, the Regulation on the Responsibility of State Agencies for The Implementation of the 

Disability Policy declares that all state agencies shall design and conduct their activities based on the 

national goal of the Swedish Disability Policy (Förordning om de statliga myndigheternas ansvar för 

genomförande av funktionshinderspolitiken, SFS 2001:526). The goal of the Swedish Disability 

Policy is to achieve equal living conditions and full participation in society for people with disabilities, 

based on the UN CRPD. (Prop. 2016/17:188). To reach the goal, the policy declares four main focus 

areas:  

• The principle of universal design.  

• Existing accessibility issues.  

• Support and solutions to increase individuals’ independence.  

• Prevention from discrimination.  

The Swedish law also governs the accessibility and understandability of the language used by state 

agencies, including the National Museums of World Culture. This is done through the Swedish 

Language Act, which states that the language used by state agencies should be cultivated, simple, and 

comprehensible (Språklag SFS 2009:600). Further, agencies should support and promote the use of the 

five official Swedish minority languages (Finnish, Yiddish, Meänkieli, Romani Chib and Sami) as 

well as the Swedish sign language. Apart from laws and regulations that govern how all agencies in 

Sweden should work to ensure accessibility, there is also a specific law about how publicly run 

museums should operate. The Swedish Museum Act defines what constitutes as a museum and 

describe their purposes and responsibilities (Museilag, SFS 2017:563). The act states that the publicly 

run museums in Sweden should promote knowledge, cultural experiences, and free opinion formation. 

Further, museums are legally obliged to ensure that they are accessible for everyone, and adapted to 

the various conditions and needs of the users. Last, the National Museums of World Culture are 

governed by specific regulations that apply to them specifically. The Regulation with Instructions 

for the National Museums of World Culture includes regulations that state that the museums should 

be relevant for all people in society, reaching a large geographical area (Förordning med instruktion 
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för Statens museer för världskultur SFS 2007:1185). Further, the museums should promote the use of 

new technology to develop all aspects of their organization. Figure 7 below shows an overview of the 

national laws and regulations that in some way govern the design of online exhibitions at the National 

Museum of World Culture.  

Figure 7 

National laws and regulations 

 

Note. National laws and regulations that govern the design of accessible online 

exhibitions at the National Museum of World Culture in Gothenburg. 

User research - museum visitors 

Since the museum visitors are considered the main users of the online exhibition, understanding this 

user group was central to the project. This required thorough research to understand the participants 

views and experiences from accessible learning in museums and online exhibitions.  

Participants 

Eleven participants were included in the user research. To ensure accessibility for as many people as 

possible, the design process should involve participants with a wide range of abilities (Henry, 2007; 

Rømen & Svanæs, 2012). However, limitations in resources such as time and money often impact how 

many participants it is possible to involve in a project (Henry, 2007). A possible solution in these 
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scenarios is to focus on the user groups that will likely be most impacted by the design (Henry, 2007). 

Due to the restricted time of the project, the recruitment focused mainly on reaching the following user 

groups: 

• Participants with visual impairment. Museums today are highly dominated by a visual 

culture, where environments, architecture, exhibitions, and descriptions focus on a sighted 

audience (Chen & Chou, 2020). Other sensorial opportunities are generally limited, which 

creates sensorial barriers for persons with visual impairments in museums. Further, a Swedish 

study on digital exclusion suggested that barriers for Internet use are highly connected to level 

of vision (Begripsam, 2020). 

• Participants with dyslexia. Text labels play a central role in exhibition production, and 

remain one of the most commonly used means of communication in museums (Parry & 

Williams, 2007; Ravelli, 2006). For small museums with limited resources, text labels are 

often the only available medium for presenting exhibition information (Bennett, 2019). For 

visitors with dyslexia, the dominant use of text-based information may prevent full and equal 

participation (Rappolt-Schlichtmann & Daley, 2013). According to the previously mentioned 

Swedish study, dyslexia is also connected to increased digital exclusion (Begripsam, 2020). 

• Seniors over 60 years old. Disabilities become increasingly more common as we age. 

Approximately 46% of people over 60 years old have some disability (United Nations 

Population Fund & HelpAge International, 2012), compared to 15.6% of the whole population 

(World Health Organization, 2011). A survey of the museum audience in Sweden revealed 

that visitors over 75 are considerably underrepresented in museums (Swedish Agency for 

Cultural Policy Analysis, 2014). However, the visitor group around the age of 65 is instead 

highly overrepresented. The authors of the survey argue the group over 75 may not be 

physically able to visit museums as much as previously due to decline in mobility (Swedish 

Agency for Cultural Policy Analysis, 2014). Hence, this may be one of the groups that would 

benefit most from an accessible, well-designed digital alternative to a physical exhibition.  

Participants were recruited through membership organizations and social media support groups for 

persons with visual impairments, dyslexia, and seniors. The study involved elven participants in total: 

six participants with some form of visual impairment, three participants with dyslexia, and four senior 

participants. However, as Henry (2007) points out, although disabilities are often grouped into various 

categories, such as visual or cognitive, people’s experiences may be highly diverse. Therefore, it is 

important to be cautious when grouping people with various backgrounds, goals, and needs into the 

same categories. Figures 8-10 below show the gender distribution among the participants, user groups, 

and the tools and strategies used by participants to navigate online. Be aware that there is some 

overlap between the groups. For example, certain visitors were both over 60 years old and had some 

sort of visual impairment. Note also that some participants used multiple navigational tools or 

strategies, and that some participants also had additional disabilities, such as hearing or mobility loss. 

The average age or the participants were 55, with a median age of 57. Informed consent forms were 

sent out and signed digitally before each session. 
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Figure 8 

Number of female and male participants. 

 

Figure 9 

Number of participants per user group. 

 

Figure 10 

Use of navigational tools and strategies 

 

Data collection methods 

Each session lasted 60-75 minutes and consisted of three sections: 

• A semi-structured interview.  

• Observation using think-aloud protocol.   

• Follow-up questions.  

Participants were able to take a 5–10-minute break after half of the time to reduce fatigue, as 

suggested by Henry (2007). 

The rationale for choosing semi-structured interviews is that they allow enough openness for in depth 

exploration of an issue which is relatively unfamiliar to the researcher, while keeping the interview on 

track and allowing some degree of comparability between the respondents, through the consistent 

interview schedule (Cohen et al., 2018). The interview covered the participants’ personal relationship 
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to museums, accessibility and learning in museums, and online exhibitions. The interviews were in the 

participants’ native language (Swedish), but have been translated to English for reporting purposes. 

Further, observation using the think-aloud technique was used to evaluate the existing online 

exhibition, Crossroads, from a user-centered perspective. Since people are not always aware or able to 

articulate their true needs and problems, observation can help the designer understand the user 

(Norman, 2013). Observation can provide crucial insights about the users’ context, tasks, and goals 

(Sharpe et al., 2019). The think-aloud technique is tool used during observational studies to better 

understand the participant’s though process when interacting with a product (Sharpe et al., 2019). The 

participant is asked to think aloud about what they are doing, what they experience, and what they 

think during the observation (Sharpe et al., 2019). The participants of this study were asked to explore 

the exhibition while sharing their screen and describing their thought process. Finally, the participants 

were asked a set of follow-up questions about the experience of visiting the online exhibition. 

The data was documented using video, audio and screen sharing recording as well as note taking. This 

decision was taken for two reasons. Since this was the main users of the online exhibition, the data 

collected from these participants would lay the foundation for the whole design project, and would 

contribute to the main results of the study. Due to this the need for accuracy and detail in the data was 

judged as high. Second, in addition to the semi-structured interview, this session also included 

observation. During observation, the researcher is not only interested in what a person is saying, but 

also what the participant is doing (Sharpe et al., 2019). Video recording allow for a more unfiltered 

record of behavior, facial expressions, gestures, or other details that may otherwise be difficult to 

capture (Sharpe et al., 2019). However, it is important to be aware of any changes in behavior that this 

method of recording the session may have had on the participants. The ethical consequences of the 

decision will be described under Ethical Considerations. 

A consideration when conducting interviews is whether to rely on full verbatim transcription of not. 

While close transcription provides a high level of detail and accuracy in the data, it is also very time-

consuming (Cohen et al., 2018). Due to this, Cohen et al. (2018) argue that researchers should 

consider whether full verbatim transcription is necessary in relation to the time required. An 

alternative approach is to summarize the findings in the data and perform selective transcription of 

important quotations (Cohen et al., 2018). In this study I relied on the second approach, due to the time 

restrictions of the project.  

Data analysis 

To analyze the data, I conducted a thematic analysis by creating affinity diagrams. Thematic 

analysis is an inductive approach used to identify recurring patterns in the data, commonly used to 

analyze qualitative data (Sharpe et al., 2019). The affinity diagram is a technique for thematic analysis 

where notes of findings, observations, or ideas (often in the form of sticky notes or a digital 

equivalent), are grouped together based on similarity. The diagram emerges and grows gradually as 

the researcher or designer explores the data. The process is useful for identifying themes, but also for 

creating an overview of the data. This is an important part of the thematic analysis, to identify any 

general narratives or discrepancies in the data (Sharpe et al., 2019). For this study, I created two 
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affinity diagrams. The first is based on the data from the semi-structured interviews, and second is 

based on the data from the think-aloud session and their related follow-up questions.   

Results from the semi-structured interviews 

Figure 11 below show the affinity diagrams from the semi-structured interviews.  

Figure 11 

Affinity diagram 1 

 

Note. Affinity diagram of the thematic analysis of the data from the semi-structured interviews 
with the museum visitors. 

The first theme that appeared in the data was visitors’ conceptualization of museums. Museums are 

defined as physical places that offer knowledge, learning and new perspectives, but also for 

multimodal experiences and human stories. Several participants describe how museums are connection 

to emotional experiences, and triggers inspiration, engagement, and motivation, as well as relaxation 

and well-being. Another important characteristic of a museum is that they are open to everyone, 

regardless of your background and your abilities. There is high diversity in how and why people visit 

museums. Some have a close relationship to museums and visit them several times a month. As one of 

the participants describe it: “How come I visit museum… It’s just a part of who I am”. Other visitors 

have a more casual relationships to museums, and mostly visit them during holiday trips to new 

locations. For some, the museum visit is a social experience, where sharing and discussing the 

experience with others is central, while others prefer to explore the museum alone. Understanding how 

visitors conceptualize and view museums provided insights on the diverse relationships and 

expectations that exist among the museum audience.  
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In relation to learning, the participants highlight several factors that provide good learning 

experiences in museums. Again, the use of stories in museums is brought up as a factor that supports 

learning. Taking the concept even further, certain visitors express a preference for human and personal 

stories as a technique for presenting information. Further, a general narrative or coherent outline that 

guides the visit is mentioned as an example of a good museum experience. Others, however, express a 

preference for free exploration, guided by clearly distinguishable themes that allow them to quickly 

decide if they wish to explore the exhibit further or move on the next theme. Other factors that are 

highlighted for good learning experiences is interactivity and the ability to ask questions.  

Further, there appears to be a connection between good learning experiences and accessible learning 

experiences. The participants express diverse preferences in how to access the content and information 

in museums. Well produced audio guides or guided tours are highlighted by many, as well as 

multimodal experiences such as built environment, tactile experiences, non-textual visual content, and 

the use of audio and even smell to enhance the experience. However, several participants describe 

issues connected to the domination of visual and text-based information in museums. One of the 

participants describe their experience: “It starts with a whole wall of text that you have to read to 

understand what you’re seeing. And I don’t read it, so then I just burn through the exhibition quickly 

[…] and don’t really get that much out of it”. Lack of audio description, tactile alternatives, text 

summaries, as well as poor lighting, stressful audio, or physical barriers are other areas that cause 

issues in accessibility in museums.  

The participants generally have little experiences from online exhibitions. The most common reason 

for not visiting online exhibitions is that there is little knowledge about their existence and where to 

find them. The participants suggest several strengths of the digital medium, where one of the major 

benefits is that you do not have to visit the museum physically. Further, online exhibitions may be 

more comfortable, allowing visitors to explore the content in their own pace and in more detail. The 

ability to zoom in to view objects in detail and from different angles may in some cases provide more 

accessible experiences. As one of the participants describe: “In front of the computer, with good 

images, I can actual perceive more than I would have if I were standing in front of a reflecting glass 

display”. Participants also highlight, however, that this requires high quality images.  

The online exhibitions may also offer new usages, such as for educational purposes, or the possibility 

to prepare before a visit. However, visitors also describe a number of concerns regarding the use of 

online exhibitions. Some examples are that the medium requires digital literacy, and that it may be 

isolating. The main concern however is that the online exhibition involves fewer senser, and that it 

therefore may be difficult to create an engaging experience, and an emotional connection to the 

material.   
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Results from the think-aloud session 

Figure 12 below show the affinity diagrams of the think-aloud session and follow-up questions.  

Figure 12 

Affinity diagram 2 

 

Note. Affinity diagram of the thematic analysis of the data from the think-aloud sessions and 

follow up interviews with the museum visitors. 

The think-aloud sessions provided several useful insights regarding design considerations for an 

accessible learning experience in online exhibitions. First, participants describe various different 

interaction and navigation strategies and preferences, which shape their interaction with the 

exhibition content. This included using different assistive technologies or adaptions of the material and 

different navigational strategies. Some participants go through the material systematically and 

thoroughly in a sequential order, whereas others move around more freely in the exhibition. Whereas 

some would like to see more interactive elements, others would prefer a more passive way to take part 

of the content. As one of the participants states: “In this solution, you can’t just lean back and follow 

along. Something like that would be positive. Being able to choose a guided tour as an alternative to 

clicking around yourself.”. Hence, the solution should include support for different ways to interact 

with the exhibition. This includes support for different assistive technologies, keyboard navigation, 

clear labels, and use of conventions.   

Further, participants express a need for multimedia alternatives for accessing the information, to 

support different sensory and cognitive needs and preferences. The current interface is dominated by 

text and still images. Examples of alternative ways to present the information include introductory 

videos, audio guides, audio descriptions, alternative texts, text images, high quality images, and 

infographics and symbols. The font style, size, and contrast of the text is described as good. However, 

headings and labels are sometimes difficult to understand. The text is both described as rather boring 

and formal, as well as good and pedagogical. Suggested improvements involve brief text summaries 

and bolded keywords.  
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Several participants express a confusion regarding the purpose of the exhibition. They argue that it is 

difficult to understand what the overall theme is, and what you are supposed to do in the exhibition. It 

is also difficult to understand how different parts of the exhibition are connected. Participants argue 

that they would like introductory information in various formats, summaries, and visual information 

that make it clearer what information is about, and how information is related. However, several 

participants also describe the importance of not only receiving information on a superficial level. 

Instead, they express a wish to explore content on a deeper level. Hence, the exhibition should use 

information hierarchies to allow visitors to take part of the information of different levels, and to 

make the relationships between levels of information apparent to the visitor.  

Although some participants expressed curiosity and engagement in the exhibition, several described a 

lack of engagement and connection to the material. Again, human stories were highlighted as an 

engaging and motivational factor. One of the participants describe: ”I like exhibitions where you get to 

follow a person from the beginning to the end. […] When it gets personal”. Further, participants 

described a need for a more visually attractive experience, engaging language, and interactive 

elements. The current solution offers speech synthesis, which is highly appreciated by many. 

However, a majority of the participants state that they would prefer a human voice for a more 

engaging experience. One of participants reflected on the use of synthesized speech by stating that it 

“feels like they don’t really care, even if they do”. 

Several participants describe needs and preferences for adaptability of the exhibition content. This 

involves being able to change the contrasts and colors, size of fonts and other content, and pace and 

voice of the audio guide. Others would like to see more language options, and the ability to take part 

of information in easy read format (text that is written and formatted to make it easier to read for 

people with reading difficulties (Englund & Sundin, 2008)).  

User research - museum employees 

For this project, the main target users are the visitors of the online exhibition. However, as Sharpe et 

al. (2019) suggest, other users than the target user, with different roles and characteristics, may also 

interact with the product, or be involved in the development of the product. At the Museum of World 

Culture, multiple roles are normally involved in the development of exhibitions, including for example 

exhibition producers, project leaders, and pedagogues. Due to this I included museum employees in 

the user research, to better understand the context under which exhibitions are normally produced, and 

how the responsible personnel approach accessibility, learning and digitalization.  

Participants 

Six museum employees were included in the user research; three exhibition producers, one project 

leader, and two pedagogues with focus on digital management. Unfortunately, the exhibition producer 

of Crossroads and the developer of the web application used to create the digital version of the 

exhibition were no longer employed at the agency at the time that the research was carried out.  
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Data collection methods 

Data was collected through semi-structured interviews with six museum employees. The 

interviewees were invited to participate and informed about the study through e-mail contact. Six of 

the nine museum employees that were contacted agreed to participate in 30-60 minutes long 

interviews. The interviews covered the process of producing museum exhibitions at the National 

Museums of World Culture (NMWC), as well as attitudes and strategies for accessibility, learning, 

and online exhibitions at the NMWC. The questions were adapted based on the role and experience of 

the interviewee. Due to the COVID-19 pandemic, the interviews were carried out remotely using the 

video conference tool Zoom. The interviews were recorded using note taking. The decision to not 

document the data using audio or video recording was taken based on the principle of data-

minimization (Hård af Segerstad et al., 2017), which will be described further under Ethical 

Considerations. However, it is important to be aware of the consequences this may lead to in terms of 

detail and precision.  

Data analysis 

The data from the interviews was analyzed using the same strategies as for the data from the user 

research of the museum visitors. That is, thematic analysis and the affinity diagram technique. 

Results 

Figure 13 below shows the affinity diagram of the thematic analysis.  

Figure 13 

Affinity diagram 3 

 

Note. Affinity diagram of the thematic analysis of the data from the interviews with the 

museum employees. 
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One of the main themes in the data is the role of learning at National Museums of World Culture. 

While factual knowledge is central in the museums, several interviewees highlight the importance of 

providing new perspectives, new insights, and to support reflection. Further, certain levels of 

appropriately applied interactive and participatory elements are suggested as means to provide a 

rhythm, raise curiosity, and increase engagement in the exhibition. Another recurring theme is the 

balance between narratives and free exploration as ways of supporting learning in museums. Museum 

objects are connected to real stories, and real events. By connecting to these stories and exploring the 

real context in which they were produced and used, the objects may come alive to the visitor. 

Narratives may also provide an overall structure that guides the visitor through an exhibition in a 

sequential and logical order. However, as one of the interviewees explains, the attitude towards 

narratives has changed over time. During certain periods, narratives have been considered unmodern. 

Instead, the focus has been on free exploration, where the visitor should be able to choose their own 

path. This trend can be noted in both the physical and online version of the Crossroads exhibition, 

which does not provide a predetermined path for visitors to follow. One of the participants suggests 

that there has been a recent shift back towards a more narratively focused way of designing 

exhibitions. However, the interviewee also adds that a risk of the narrative approach is that it may add 

a non-authentic layer of unity to unrelated content.  

Related to accessibility, the interviewees describe several areas that they are working with to improve 

accessibility, as well as areas that need improvement. The interviewees suggest measures such as 

adapting content to suit the intended audience, providing information in multiple languages, adding 

captions to videos, and improving text readability without oversimplifying the actual topic or message 

of the exhibition. A concern regarding accessibility is that the aim of designing for everyone may 

result in a design that does not suit anyone. One interviewee discusses the possibility of allowing 

different means to approach the same topic. Rather than trying to create content that is meant to suit 

everyone, the same topic may be approached using various means such as interactive elements, audio, 

and different types of texts for different visitor groups, etc. Another interviewee refers to the Universal 

Design for Learning framework as a possible approach to improve accessibility in their digital 

pedagogical material, by for example allowing students to adapt how content is presented according to 

their own needs and preferences. One participant expresses the need for more guidance in the area. In 

general, participants appear to have some level of both awareness and knowledge in the area, although 

slightly fragmented.     

Lastly, the museum employees describe both advantages as well as concerns related to online 

exhibitions. There is a belief that the new medium may allow the museum to increase its geographical 

accessibility and reach a new audience. However, the current web application for designing online 

exhibitions is described as unmodern, inflexible, and difficult to manage. Further, the process of 

designing online exhibitions is not taken as seriously as the design of physical exhibitions. When 

designing physical exhibitions, a team of people who are experts in diverse areas work together to 

create a fulfilling experience for the visitor. The translation of a physical exhibition to a online 

exhibition rarely receives the same attention or resources. These factors make it difficult to design 
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usable and accessible exhibitions. A major concern that was previously highlighted by the museum 

visitors was the issue of lack of engagement in online exhibitions. This concern was also highlighted 

by the museum employees. The participants reflected on the risk of losing the authenticity, 

atmosphere, and the emotional connection to the topic, objects, and stories of the physical exhibition. 

Some argue that a online exhibition needs to have some physical or spatial element to be an exhibition 

rather than just an archive of digitalized material. However, a majority argue that online exhibitions 

should leverage the strengths and uniqueness of the digital medium, rather than trying to replicate the 

physical exhibition. The participants highlight, for example, the strengths of multimedia solutions to 

present information, interactive elements such as games, and search functionalities. Further, the online 

exhibitions could potentially have a social benefit, as it may increase the social contribution from 

visitors, allow them to tell their own stories, and increase the interaction with and between visitors. 

The translation of a physical exhibition may also focus on selected parts of the exhibition that are 

specifically suited for a digital format.  

Personas 

A persona is a description of a typical user, that is based on a synthesis of a number of real users 

(Sharpe et al., 2019). They normally include a name, picture, and characteristics such as 

demographics, motivations, goals, and expertise levels in specific areas (Henry, 2007). The purpose of 

personas is to bring requirements to life, guide decision-making, and remind designers of the real 

people that will be impacted by the design (Sharpe et al., 2019). In this project, four personas were 

developed: one for museum employees, and one for each of the three target groups in among the 

museum visitors. Figure 14 on the next page show the personas designed for this project.   
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Figure 14 

Personas 

Note. The personas developed and used in the project. One persona was developed for each 

participant group.  

Designing alternatives 

In the second phase of the Interaction Design Lifecycle Model, the designer starts to explore different 

design alternatives that may meet the requirements. In the early stages of a design project, this is 

typically done by describing the solutions on a conceptual level, successively moving toward a more 

concrete model of the solutions (Sharpe et al., 2019). Norman (2013) explains conceptual models as 

simplified explanations of how a design works. Metaphors are powerful tools used to conceptualize 

initial design ideas (Sharpe et al., 2019). The digital landscape is full of metaphors from the physical 

world, such as “desktop”, “trash can”, “shopping cart”. An effective interface metaphor helps a user 

understand a new or unfamiliar design by allowing them to draw on previous experiences and 

knowledge from a more familiar domain. Another simple technique to start exploring ideas for 

possible solutions is sketching (Löwgren & Stolterman, 2007). Sketching is helpful to stimulate 

creative thinking, structure one’s thinking, and identifying strengths and weaknesses with the solution. 

Externalizing ideas also support communication with others and open up for evaluation (Löwgren & 

Stolterman, 2007).  

Based on the user research and document analysis, I started to explore different possibilities to 

redesign the Crossroads exhibition. I developed several interface metaphors and made sketches for 
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each metaphor to explore different types of interfaces, interactions, and informational structures. 

Figure 15 below shows some examples of the sketches, based on the metaphors used to develop the 

initial conceptual models of the design. 

Figure 15 

Sketches 

 

Note. Example sketches of initial solutions for the redesign of the Crossroads exhibition. 

Throughout the design process, a designer will have to make numerous decisions about alternative 

designs, features, and characteristics (Sharpe et al., 2019). To move forward in the design process, I 

needed to decide which aspects of the design alternatives to move forward with, and which 

alternatives I should disregard. One way of making informed choices is to get feedback from the users 

and stakeholders on the design alternatives (Sharpe et al., 2019). With experience and insight in 

administrative and operational context of the museum, employees at the National Museums of World 

Culture were invited to share their thoughts on the feasibility, suitability, and desirability of the design 

alternatives. To get feedback I held a focus group interview with seven employees. The focus group 

interview is a type of group interview, where participants from a specific target user group focus on a 

certain topic (Sharpe et al., 2019). The aim is to identify the views and experiences of the group rather 

than the individual, and hence, the dynamic interaction between the participants is at the center of 

attention (Cohen et al., 2018). During the session, the participants reviewed the sketches of the initial 

conceptual models, and provided feedback and suggestions for improvements. The discussion revealed 

several aspects that were important to take into consideration when deciding on a design solution. 

Based on the feedback I was able to assess which elements of the solutions were suitable, which were 

not, and what aspects were missing in the current alternatives. This made it possible to find a direction 

on how to develop the design further.  

For example, the session helped me identify issues with feasibility among the solutions. Certain 

solutions would have required adaption of existing material or production of new material, or would 
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be technically difficult to implement. To fit the operational constraints of the institution, the quality of 

the experience must be weighed against the time and resources required to implement the solution. 

Further, one of the design suggestions were focused on the use of human stories to communicate the 

museum content. Based on the user research, it appears that the human stories play an important role 

for engagement and motivation to learn in a museum. People seem to have a strong interest in how 

stories, objects, exhibits, etc. are connected to humans, and their life. However, during the interview, 

the museum employees pointed out that caution must be taken when telling stories about someone 

who cannot tell their own story, such as people who are dead, from other parts of the world, or other 

cultures. If not, there is a risk that the stories fall into stereotypes, oversimplifications, or cultural 

appropriation. A possible solution may be to make use of the social dimension of the digital medium, 

and allow visitors to tell their own stories.  

Another issue that was identified in certain design suggestions was the risk of oversimplification. The 

participants stated, that although it is important to ensure that visitors are not overwhelmed by the 

amount and complexity of information, it is also important that the digital alternative does not only 

provide a reduced and simplified version of the exhibition. This is in alignment with the results from 

the user research with museum visitors, where several participants described the importance of being 

able to explore information of different levels of difficulty and detail. Hence, the discussion helped me 

return back to an understanding of the needs and expectations of the users.  

Lastly, the participants also discussed how a physical exhibition would be represented in a digital 

version. The participants proposed that a possibility could be to focus on translation of the underlying 

values and ideas that shape the exhibition, rather than the physical attributes. That way, the vision, 

experience, and messages of the exhibition may be communicated through means more suitable for the 

digital medium.  

Based on the feedback from the museum employees, I was able to develop the ideas further. To do 

this, I created wireframes of some of the main pages of the design (see Figure 16 on the next page). 

Wireframes describe the information architecture of individual pages or screens of a design solution 

(Rosenfeld et al., 2015). They may be used to capture the conceptual idea of the solution, while adding 

more structure, content and controls that move the solution to a more concrete manifestation of the 

design (Sharpe et al., 2019). Based on these wireframes, I was able to continue working towards a new 

design of the online exhibition.  

  



 

38 

 

Figure 16 

Wireframes 

 

Note. Wireframes of the initial conceptual ideas of solutions for the redesign of Crossroads. 

Prototyping 

Prototypes are interactive manifestations of a design, that may be used to evaluate a design concept.  

They allow the designer to externalize and communicate their ideas, and users to interact with the 

design. This is often useful to identify misunderstandings, issues in technical feasibility, and to get an 

understanding of the user experience the design provide. A prototype may be created on a continuum 

from low-fidelity (e.g., paper prototypes) to high-fidelity (e.g., digital, code-based prototypes) (Sharpe 

et al., 2019).  

To design a testable solution, I needed to find a prototyping alternative that suited the conditions of the 

project. Hence, the prototype needed to be designed in a way that made it possible to evaluate it 

remotely and by participants from all user groups: museum employees, participants with visual 

impairment, dyslexia, and seniors. This turned out to be slightly problematic. Today, interactive digital 

prototypes may be created quickly and without the need of programming skills, using web design tools 

such as Figma, Adobe XD, or Sketch. However, these prototyping tools assume vision, as they are not 

compatible with assistive technologies such as screen readers or keyboard navigation (Li et al., 2021; 

Shinohara et al., 2016). Hence, to ensure that participants who use such assistive technologies are able 

to evaluate the design, a prototype has to be designed using some kind of programming language 

(Miao et al., 2016). Building a website from scratch requires time and skills that are out of scope for 

the project. Due to this, I decided to design the prototype in the web builder Wix, which is a drag and 
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drop solution for building websites without manual coding. Though this provided a less time-

consuming solution, it restricted the design to the functionality and interactions that were supported by 

the web builder. As stated by Miao et al. (2016), during the early stages of a design process, evaluation 

is primarily performed to explore the concept of the design, rather than the implementation. A 

consequence of using the web builder to develop the prototype was that it naturally requires that some 

focus be pushed from concept to implementation. However, I determined that this trade-off was 

necessary, as it was crucial for the aim of the project not to exclude participants from certain target 

groups.  

Figure 17 below shows the information architecture of the prototype. The prototype consists of five 

main parts: The start page, themes, subthemes, individual objects, and adaption settings. Since the 

design is a prototype, rather than a fully implemented solution, all parts of the exhibition has not been 

implemented. In the following sections, I will provide some examples of how the feedback from user 

research has been implemented in the prototype, to support a more accessible learning experience. The 

full prototype is available at the following web address: https://designforlearning.wixsite.com/pda699. 

Be aware that since this is a prototype, some functionalities are not implemented. In some cases, the 

design displays features that should ideally be implemented in production, but that were not possible 

or desirable to complete within the scope of the project. For example, while the prototype displays the 

possibility to choose between different languages, it was not practically and technically possible to 

translate the content within the time range allocated for the project.  

Figure 17 

Information architecture 

 

Note. The information architecture of the prototype.  
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Example 1: Multimodal overviews 

On the start page, the first thing that the visitor meets is an overview of the exhibition. In the original 

version of the exhibition, the start page consists of a text introduction and an illustrated map of the 

physical exhibition, containing shapes in various colors that represent different sections of the 

exhibition. Participants argued that it was difficult to get an overview of what the exhibition would be 

about, and that the visual appearance was unmotivating and unintuitive. Further, the lack of modal 

alternatives to textual information made it difficult for visitors both with and without dyslexia to 

engage with the content. Though the solution did provide the possibility to listen to a synthesized 

audio playback of the text, most participants agreed that a human voice would provide a more 

engaging experience. Hence, the new design of the prototype focus on allowing visitors to both 

perceive the information and to experience an atmosphere and emotional connection to the content, 

using various modalities. As shown in Figure 18 below, the start page present content in various 

formats, like text, video, audio, images, and graphics such as maps, symbols, and diagrams. The 

strategy of providing representations of the content in different formats is recurring in throughout each 

section of the exhibit. In certain parts of the exhibition, appropriate video or audio material were not 

available. In an implemented solution, these alternatives should ideally be available in all sections of 

the exhibition. 

Figure 18 

Start page 

 

Note. The start page of the prototype. Information is presented using images, text, video, 

audio and graphics. 
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While the various modalities of the exhibition offer different ways of perceiving the content, the goal 

is that they should not only translate the information of one modality to another, but to also translate 

the experience from one modality to another. For example, the audio presentation of the content is not 

merely a synthesized audio playback of the text, but a recording of a human voice, that is meant to tell 

a story in a way that leverages the strength of that particular medium. However, due to the time 

limitations of the project I had to rely on pre-recorded video and audio material provided by the 

museum. Though the videos and audio clips were produced to present the Crossroads exhibition, they 

were not adapted for the online exhibition. This created certain discrepancies between the information 

provided by the video and audio material and the additional content of the online exhibition. Neither 

did the material offer caption, transcripts, or audio description. Further, as described by the museum 

employees during the user research, it is important that the solution is feasible for the museum. 

Producing audio and video alternatives for all the content of the online exhibition requires investment 

in time and resources, that the museum may not have. Hence, museums may need to prioritize audio 

and video production for the content of the exhibition that carries most importance for the emotional 

experience and connection, rather than merely factual or navigational information. For these 

information types, museum may have to rely on speech synthesis.  

Example 2: Adaptivity 

Moving forward, the visitor is able to 

choose to explore the various themes of 

the exhibition. To support the visitor’s 

decision, they are presented with a brief 

overview of the different themes, 

presented using text, an image, and 

graphic elements (see Figure 19). 

The observant reader may wonder how 

visitors with a need for auditive 

information would choose between the 

various themes. First, it is of course 

important that all content is accessible for 

visitors who use their own assistive 

technologies, such as speech readers. 

However, as the user research 

demonstrated, not all users use assistive 

technologies or strategies for adapting 

online content, although they would 

benefit from alternative means for 

presenting the content.  

Figure 19 

Themes 

 

Note. An overview of the first three themes 

presented on the start page of the exhibition. 
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To support the needs and preferences of all visitors, regardless of the adaptive strategies they use, the 

prototype shows examples of how the visitor should be able to adapt the content based on their own 

needs, without the need to use their own assistive technologies. On each page of the online exhibition, 

a floating action button is available (see Figure 20), which opens up adaptivity setting (see Figure 21).

Figure 20 

Floating button for the adaptivity settings. 

 

Figure 21 

Adaptivity settings. 

 

The adaptivity setting allows visitors to display and hide different content types and features, to ensure 

that the information is presented according to their needs and preferences. Hence, if the user prefers to 

listen to audio alternatives of text information, or require audio description of visual content, they can 

simply add those features to the interface. Customization options suggested by participants in the 

study include the ability to  

• edit the color and contrast in the exhibition, for example by allowing visitors to switch 

between dark and light mode 

• display/hide audio features, video material, and sign interpretations. 

• change the text font 

• display text information in easy read format 

• present information using text only 

• customize size of text and other visual content  

• adjust the volume and pace of audio and video material 

• choose the voice of the audio guides 

• choose between multiple languages. 

Be aware that these are just example of adaptation strategies, based on feedback from the specific 

participants of this study. Other users may highlight other features. Hence, the adaptation settings may 

need to be updated, as the museum learns more about their visitors.   
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Example 3: Levels of information 

As described in the example about multimodal overviews, participants described a need for 

introductory information in multiple formats. In the think-aloud sessions of the existing exhibition 

version of Crossroads, several participants argued that it was difficult to understand the purpose and 

overall theme of the exhibition and its various sections. In the exhibition, all content is presented as 

equally important and difficult. The lack of brief summaries meant that the visitors either lacked 

enough information to review their possible options in the exhibition, or that they had to review vast 

amounts of information to determine whether an option is relevant for them or not. Hence, the online 

exhibition should provide brief text summaries, and introductory video- and audio presentations, 

supported by images, infographics, or symbols. This does not only apply to the start page, but also to 

get an overview of what the individual themes are about. By providing introductory summaries, the 

visitor can choose whether they wish to explore a theme further, or move on to another. Further, the 

background knowledge of the visitors may differ significantly from person to person and theme to 

theme. According to Universal Design for Learning, appropriate background information is crucial to 

ensure that learners have the foundation they need to assimilate new knowledge (Grogan & Ruzik, 

2000). Hence, easily accessible overviews can support learners with various backgrounds.  

However, both museum employees and 

visitors described the importance of 

being able to explore content on a deeper 

level. By providing informational 

hierarchies, the visitor can choose a level 

of engagement and complexity that is 

appropriate to them. To allow visitors to 

choose which sections of the exhibition 

they wish to explore further, the 

information is presented on different 

levels (see Figure 22). First, descriptive 

headings and subheadings are used to 

show the hierarchy of information, and 

divide the information into different 

segments, and give the visitor an 

overview of what each section is about. 

Second, each theme provides a brief 

preamble, that provide a text summary of 

the content. If this summary catches the 

visitor’s attention, they may choose to 

explore the content further, by engaging 

with the main content. 

Figure 22 

Example of informational hierarchies in the 

prototype. 
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The visitor may then choose to go further into the main content, to explore subthemes or individual 

objects. For the interested visitor, the last section of the page presents additional related content that 

explains concepts in more detail. This information is not necessary to understand the main message of 

the theme, but can provide a deeper understanding.  

Evaluating  

Evaluation plays an important role in understanding how usable a design solution is, and how it 

impacts the users’ experience (Sharpe et al., 2019). However, to ensure that the design solution is 

usable to a wide range of people it is also important to evaluate the accessibility of the solution 

(Henry, 2007). As stated in the previous section, automatic evaluation tools (AET) may be useful to 

understand the general accessibility of the design (Foley, 2011). However, comparisons of 

accessibility evaluation methods suggest that AETs are not able to identify all accessibility issues of a 

website (Foley, 2011; Hassanzadeh & Navidi, 2010; Kumar & Owston, 2016). For example, AETs are 

not able to recognize whether language or other content is understandable (Foley, 2011; Hassanzadeh 

& Navidi, 2010). Therefore, the literature suggest that this evaluation method should be complemented 

by methods that take into consideration the subjective experiences, needs, and expectations or the 

users (Foley, 2011; Hassanzadeh & Navidi, 2010; Kumar & Owston, 2016). Henry (2007) argue that 

usability evaluation methods are useful to evaluate usable accessibility that goes beyond technical 

aspects to understand how usable the solution is to a wide range of people. In this study, the evaluation 

included both museum employees and museum visitors. The participants were consulted continuously 

throughout the design process, as well as for evaluation of the final prototype. First, I will describe the 

continuous evaluation, and then move on to the formal evaluation of the final prototype.  

Continuous evaluation 

Evaluation with museum employees was conducted during two stages of the design process. The first 

session took place in the early stages of the design process, to guide the direction of the design. This 

session is described in more detail under “Designing alternatives”. The second session will be 

described in the subsequent section. In addition to the evaluation with the museum employees,  I 

evaluated the solution with museum visitors in two stages of the prototyping process. First, I 

conducted a focus group interview in the early stages. The interview session included six participants 

from the Swedish Retinitis Pigmentosa (RP) Association. Retinis Pigmentosa is the name of a 

collection of eye diseases that causes light sensitivity, impaired night-vision, and loss of vision (The 

Swedish RP Association, 2013). At the time of the session, the prototype consisted of a first draft of 

the start page. The session helped identify immediate errors in the design, such as missing text 

alternatives or labels. It also helped identifying desired features or aspects of the design that could be 

improved for increased accessibility. Again, the importance of audio description with a human guide 

was highlighted as crucial for equal access. One participant argued that it would provide a more 

personal experience if they knew who the guide was, and that the different audio guides in the 

exhibition were recorded by the same guide. Further, the participants suggest that it would be possible 

to adapt the content early on during the visit, such that you as a visitor are able to choose the type of 

content and how it is presented.  
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I also utilized screening techniques and web accessibility tools to examine how my design decisions 

impacted accessibility and complied with the WCAG. Screening techniques such as adaptive 

strategies, assistive devices, and assistive technologies can be used to identify potential accessibility 

issues early on in the design process. Eliminating obvious issues before formal testing can make the 

user involved evaluation more focused and efficient (Henry, 2007). This project employed several 

screening techniques, including keyboard and screen reader navigation, and emulator add-ons. Further, 

I also used web accessibility tools such as the WebAIM contrast checker, and the automatic evaluation 

tool (AET) WAVE. AETs scan the underlying code of a website to identify any deviations from a 

specific set of guideline checkpoints (Hassanzadeh & Navidi, 2010; Kumar & Owston, 2016). These 

tools are useful for getting a quick overview of the general accessibility of a website and to understand 

how well the site complies with accessibility standards (Foley, 2011). 

Evaluation with museum visitors  

The final evaluation with museum visitors was conducted at the end of the design process. This 

evaluation was done to understand the usability and accessibility of the design, as well as to 

understand advantages, issues, and areas for improvement for accessible learning in online exhibitions.  

Participants 

In total, 13 participants took part in the evaluation. Nine of them had also been part of the evaluation 

of the original exhibition during the user research, and four were new participants. 

Data collection methods 

The 45-minute session consisted of a think-aloud protocol section, in which the participants were 

asked to explore the exhibition while describing their thought process, followed by a short follow up-

interview. During the interview, the participants were asked to describe their experience in relation to 

accessibility and learning.  

Data analysis 

The data was divided into two categories. The first was based on data related to the possible benefits 

and advantages that the solution may have on accessible learning in an online context. The second 

described possible issues, and areas for further improvement.  

Results 

One of the aspects that is mostly highlighted as an improvement in the online exhibition is the 

increased use of multimedia alternatives. Several participants express an appreciation for the ability to 

choose between video, audio, images, symbols, infographics, and text information. Further, the ability 

to combine information types, such as text and symbols or audio and images, is also highlighted as a 

benefit. Participants described that this possibility make it easier to get an overview and understanding 

of the content, but also that the combination of media makes the experience more engaging, inspiring, 

and motivating. One participant also pointed out that although the combination of different media may 

be more engaging, it is also important that they are not dependent on each other, since it may not be 

possible for all participants to perceive all content. The ability to listen to a real person, rather than a 
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synthetic voice, was also described as a major improvement by several participants. Providing an 

image, name, and role of the person was also described as a benefit to make the experience more 

personal and engaging.  

Further, the navigation was generally described as easier by participants. A participant who used a 

screen reader and keyboard navigation described how the use of alternative texts, clear headings, and 

appropriate labels supported the navigation. Another participant, who used screen magnification and 

high contrast technology when navigating the content, expressed appreciation for the clearly 

demarcated areas and consistency in layout, contrasts, and font sizes.   

Finally, the adaptation feature was described as a strength. Though it was not functionally 

implemented in the prototype, the participants described how they would benefit from the suggested 

adaptation possibilities and also provided suggestions on adaptations possibilities that they would like 

to add. These suggestions were further implemented in the final version of the prototype.  

As stated in the previous section, the multimedia representation of the content was one of the areas 

that participants highlighted as an advantage. Several participants described that they would like to 

take part of even more video and audio material. They also described the importance of adapting the 

content to suit the online exhibition. Though participants expressed appreciation for the video and 

audio content, they again highlighted the importance of providing good audio descriptions. One 

participant reflected on the importance of adapting content to the intended target audience. They 

argued, that although the written language in the exhibition generally was more engaging and 

understandable, it may not attract a younger audience. 

Allowing users to view objects closer than in physical museums, and review them from different 

perspectives, had been expressed by many as a possible advantage of the digital media. Due to 

limitations in the web builder, the ability to magnify images was limited. Several participants 

expressed a need to magnify images more than what was currently allowed in the prototype. Further, 

the image quality did not always live up to the expectations of the participants.  

Finally, two areas were highlighted as possible areas to provide better learning experiences. First, 

some participants describe that although the exhibition provide a good overview of the content, they 

would also like the possibility to explore content on a deeper level. Second, the exhibition may 

provide more interactivity for a more engaging learning experience. For example, the map is 

highlighted by many as an asset. However, several participants described how they expected to be able 

to select different parts of the map as a way of exploring the exhibition.   

Evaluation with museum employees 

To understand how well the solution met the expectations and needs of the museum, I evaluated the 

design with a group of museum employees.  

Participants 

Three employees were involved in the evaluation: one exhibition producers, and two pedagogues. 
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Data collection methods 

Data was collected through on online focus group interview. To record the participants’ reaction to the 

prototype, I relied on video and audio recording, as well as note taking. The new prototype was used 

as a prompt for the discussion.  

Data analysis 

Again, the data was divided into one category for data related to benefits and advantages for accessible 

learning in online exhibitions, and one category that for issues and areas for further improvement.  

Results 

The participants highlighted both advantages as well as areas that require further consideration for 

improved accessibility and learning. First, the participants reflected on several aspects that may be 

applicable to provide good conditions for learning in a museum context. One such area is the potential 

of multimedia representation of information. The possibility of providing information in a meaningful 

manner using different media is described as positive, as it makes it possible for people to learn based 

on their own needs and requirements. By balancing different media and providing an overview of the 

different selection, the learner is free to manage their own learning. They also see potential for 

pedagogues who want to use the material to ensure that a wide range of students can use the material. 

Another aspect that participants describe as useful for learning is the ability to adapt how the content is 

presented. One participant has explored the Universal Design for Learning framework for a project on 

accessibility in digital learning material, where a bearing idea has been to allow the learner to select 

and deselect the type of media presented in the user interface. This may provide the opportunity to 

combine multiple senses, for example by listening to an audio presentation while watching related 

visual material or following along in the text. They also argue that it may be used to improve 

concentration as it makes it possible to remove distracting content. 

One area that requires consideration is how material would be presented across different devices. 

Currently, the prototype is designed for computers only, where the user is provided with a clear and 

balanced overview of their different choices for accessing information. For future iterations of the 

prototype, it would be necessary to reflect on how to provide a similar overview on a mobile entity 

with a smaller screen. Another consideration on how to present information is the different text levels. 

The solution uses different heading levels and font styles to create levels and hierarchies in the text. 

The participants argue that the use of different levels in the text is something that they could work 

more with within the museum, to make it easier for learners to understand how information is related. 

However, in some cases, the different stylings of the headings and paragraphs create a somewhat 

unorganized expression, which may make it difficult for users to navigate the content.  

The solution may also be improved by providing more interactive elements, improved guidance, 

possibilities for the user to reflect on the content and what they have learned, and possibilities to 

engage deeper with the content. However, one of the participants reasons that an increased level of 

detail may sacrifice the ability to get an overview of the information, which in turn may impact the 
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accessibility. The designer must consider how these trade-offs impact the final solution in relation to 

the message the exhibition should convey.      

Ethical considerations 

To support an ethical research process, several measures were taken. The following sections describe 

how the project handled informed consent, data and security, and precautions taken to protect 

participants from harm.    

Informed consent 

Informed consent forms were sent out and signed digitally before each session to those who had 

expressed an interest in participating in the study. Informed consent includes a) that participants 

should be capable and competent enough to make informed decisions about their own participation, 

b) that the participation is voluntary, c) that participants are fully informed about the conditions of 

the study, and d) that the information is fully comprehensible (Diener & Crandall,1978, as cited by 

Cohen et al., 2018). In the beginning of each session, participants were again briefed about the 

conditions for their participation and were offered the possibility to withdraw, ask questions, or 

comment on those conditions. 

Competence  

First, to take part of the study, participants had to confirm that they were at least 18 years old. This 

precaution was taken to assure that participants possessed the maturity needed to make a competent 

and informed decision about their own participation.  

Voluntarism 

Participants were informed about the study from membership organizations and support groups 

through newsletters and social media posts. This means that participants themselves could voluntarily 

choose whether to contact the research project to express their interest in the study or not. Further, the 

informed consent form described that all participation was voluntary, and that participants were free to 

withdraw their consent and have their data removed at any time, without giving a reason why.  

Full information 

The consent form should cover several factors to ensure that participants are fully informed about the 

conditions of their participation. The following aspects were explained in the informed consent form, 

based on recommendations from Sharpe et al. (2019): 

• Purpose and procedures of the study.  

• Expected benefits. 

• Right to voluntary participation and withdrawal. 

• Data confidentiality and anonymity.  

• Contact information.  
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Comprehension 

Participants should not only be fully informed about the conditions of the study, but should also be 

able to fully comprehend the information (Diener & Crandall,1978, as cited by Sharpe et al., 2019). 

Considering that participants included persons with various disabilities, it was crucial that the 

information was presented in an accessible manner. The language of the form was phrased, structured, 

and graphically formatted according to guidelines for accessible and understandable texts by Begriplig 

text (2019) and Forsberg (2017). Further, the form was formatted to ensure compatibility with 

assistive technologies such as screen readers, according to (Englund & Sundin, 2008).  

Data and security 

One consideration during the research was how to record the interviews and evaluation sessions. 

Audio and video recording may be considered as obtrusive, constraining, or even threatening to the 

participants, but may yield more accurate and complete data (Cohen et al., 2018). Further, the 

principle of data-minimization suggests that researchers should try to minimize possible harm caused 

by data collection by only retrieving the data that is directly related to the research questions Hård af 

Segerstad et al. (2017). This requires careful consideration about the trade-offs and consequences of 

the possible ways to record the data. As museum employees were considered a secondary user group, 

the data collected from this user group did not require the same level of detail and precision. Further, 

video material may be used to personally identify the participants and was not judged as necessary to 

answer the research question. To minimize the amount of personal data collected from the museum 

employees, and keep the interview less formal, I hence decided to not record the sessions using audio 

or video. Instead, I relied on note taking to record the sessions. However, the data collected from the 

museum audience was documented using note taking as well as video, audio and screen sharing 

recording. This decision was based on the higher need of accuracy and detail of the data, as well as the 

fact that these sessions included observation, where user behavior, facial expressions, gestures, and 

other details may be crucial to understand the users. Due to the possible issues of confidentiality and 

privacy that this decision could cause, several measures were taken to ensure that the data was stored, 

analyzed, and reported in an ethical manner. The recordings were stored on a password-protected, 

private computer, and anonymized notes were stored on servers within the University of Gothenburg. 

The data was analyzed locally on the same private computer. No personally identifiable has been 

included in the report. While certain quotes have been included these do not contain personally 

identifiable information. Since the quotes have been translated from Swedish the risk for traceability is 

judged as very low. All raw data was deleted once the results had been reported and published. The 

participants were informed about how their participation would be recorded, stored, and handled 

through the informed consent form.  

Protection from harm  

Ethical research requires that researchers consider and minimize possible negative effects that the 

research may have on the participants (Cohen et al., 2018). Harm includes causing physical pain or 

injury, psychological or emotional damage, material loss or damage, damage to reputation or status, or 

damage to a project that participants are involved with (Hammersley & Traianou, 2012). Certain 
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disabilities may in some cases lead to an increased risk of fatigue, for example due to medications, the 

extra effort of managing an assistive technology, or the disability itself (Henry, 2007). To decrease the 

risk of fatigue, and thereby the risk of physical harm, participants were offered a 5–10-minute break 

after half the session to decrease the risk of fatigue, as suggested by Henry (2007). Participants were 

also informed that they could pause the session at any time if the needed additional time to rest. Since 

participants took part of the research remotely in the comfort of their own home, using their own 

equipment, the risk of physical harm was evaluated as low.  

Several measures were taken to reduce the risk of psychological or emotional harm. First, certain 

questions, for example questions about physical features, may be considered as sensitive (Cohen et al., 

2018). While some people may speak openly about their disability and accessibility, the same situation 

may be highly uncomfortable to others (Henry, 2007). In these situations, Cohen et al. (2018) suggest 

the use of less formal, open-ended, in-depth interviews to enable self-disclosure. Throughout the 

project, open-ended questions were used, and were phrased in a way that allowed visitors to choose 

whether they would like to discuss their disability or not. Further, the interviews were opened with less 

sensitive, easier questions, which is suggested by Cohen et al. (2018) as a strategy to make participant 

feel more at ease. Before the think-aloud session participants were informed that they would visit an 

online exhibition while sharing their screen. The participants were also informed that this session was 

not meant to evaluate their performance or behavior, but that the goal was to evaluate the exhibition. 

This information was meant to reassure participants that any issues that occurred were signs of poor 

exhibition design, and that they were not to blame for any of these issues. However, people tend to 

blame themselves when they encounter issues with technology, even in situations when it has been 

explained to them that the problem is due to the design (Norman, 2013). Therefore, ensuring complete 

protection from harm may be difficult. Hammersley and Traianou (2012) argue that harm may never 

fully be removed from research. Instead, harm should be minimized by careful judgement of what 

constitutes harm. While the goal was to reduce the risk that the think-aloud session would lead to 

psychological or emotional harm for the participants, negative feelings such as discomfort, 

nervousness, frustration, or self-consciousness are likely to be part of the user experience when 

interacting with poor design. To avoid negative experiences and long-lasting harm, I debriefed 

participants after each session, assured them that their contribution is valuable and useful, and allowed 

them to explore how their feedback was implemented in the prototype. My hope is that these measures 

allowed participants to leave the sessions with a positive state of mind.  
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Discussion and recommendations 

Throughout this design project, my aim has been to understand how museums can design online 

exhibitions that provide learning experiences for a wider and more diverse audience. I have applied the 

user-centred interaction design lifecycle model and the Universal Design for Learning (UDL)-

framework to redesign the online exhibition Crossroads, by the Museum of World Culture. The 

process has led to valuable insights on how to design online exhibitions that not only provide equal 

access, but also offer equal usability, learning, and emotional engagement. Based on these findings, I 

have developed four design principles for accessible learning in online exhibitions.  

1. Design for equal access. 

2. Design for equal understanding. 

3. Design for equal engagement. 

4. Establish internal practices for accessibility. 

The first three design principles are connected to RQ1, and the last principle is connected to RQ2. 

• RQ1: What design aspects should be considered when developing online exhibitions for 

visitors with a wide range of abilities? 

• RQ2: What procedural measures should museum incorporate in their day-to-day practice, to 

support the development of accessible online exhibitions?   

Each principle comes with a number of guidelines to support decision making throughout the design 

process (see Figure 23). 

Figure 23 

Design guidelines for accessible learning in online exhibitions. 
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Principle 1: Design for equal access 

To ensure accessible learning in online exhibitions, it must first be possible for all visitors to access 

the content in the exhibition. To design for equal access is to shape online exhibitions in a way that 

gives all visitors the opportunity to take part of the content. This includes ensuring that it is physically 

and sensory possible for visitors both to perceive and process the content in the exhibition, as well as 

navigating the exhibition to reach and interact with the content.   

Guideline 1.1 Display information using multiple modalities 

Online exhibitions have the potential of allowing visitors to retrieve and understand information 

according to their own needs and requirements, by presenting information in different format, such as 

through video, text, 3D models, and audio (Wang et al., 2011). However, the participants in this study 

describe how the dominant use of text and still images in physical and online exhibitions still causes 

accessibility issues. The participants continuously express diverse needs and preferences in how to 

access content and information in museums. This is closely related to guideline one and two of the 

UDL framework. Guideline one states that learning environment should provide multiple options for 

equal perception. Guideline two relates to the use of language and symbols, and includes 

recommendations on how to illustrate information using multiple media (CAST, 2018). These 

guidelines are based on neurocognitive theories about how our brains’ recognition networks make 

sense of sensory stimuli from our surroundings (Rose & Strangman, 2007). For example, our ability to 

understand spoken or written language is dependent both on our ability to physically perceive sensory 

stimuli, as well as on our neurological ability to recognize patterns from previous experiences. Hence, 

our ability to learn is dependent on our ability to perceive as well as interpret information (Rose & 

Strangman, 2007). To ensure accessible learning for all visitors, online exhibitions should provide 

diverse means for visitors to perceive and interpret the content. This first guideline may be a rather 

intuitive one; if a person is blind, alternatives for visual information is clearly needed. Ensure that 

visitors can choose between different content types to access information, such as video, audio, 

images, symbols, infographics, and text information. Further, provide translations between different 

sensory information, for example by ensuring that images and videos provide audio descriptions and 

text captions, and that audio material is transcribed.  

Guideline 1.2 Ensure that information is distinguishable 

Apart from ensuring that information is available through various modalities, the information must 

also be presented in a way that makes is possible to distinguish. For example, a text alternative to 

audio information is not an accessible alternative if the text is too small to read. In a museum context, 

several participants describe issues with undistinguishable content, such as text with poor contrast, 

images with poor quality, or audio guides with low voice volume. Guideline 1.4 of WCAG provide 

valuable guidance on how to ensure that content is distinguishable, for example by setting a minimum 

contrast ratio and providing criteria for the use of background audio (W3C WAI, 2018). However, 

certain aspects described by participants in the study are not covered by the WCAG. For example, 

since visitors are not able to physically visit the museum to experience the objects in the collections, 
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images play a central role to present content in online exhibitions. As highlighted by several authors in 

the field, the digital media offers new ways to experience objects in higher detail, by allowing visitors 

to rotate and zoom in (Bonis et al., 2013; Katz & Halpern, 2015; S. Kim, 2018). Several participants 

described how digital representations of objects may also allow them to experience the objects in ways 

that may not be possible in a physical exhibition, where objects are often presented in glass displays. 

However, to ensure that visitors with visual impairment can fully appreciate the objects, it is crucial 

that images and video material are of high quality, that it is possible to enlarge images to allow visitors 

to explore the objects in detail, and that visitors may view objects from different angles.  

Guideline 1.3 Support diverse navigation styles 

From the think-aloud sessions, it was clear that participants adopt highly various means to navigate the 

content. Several participants used assistive technologies or adaptions such as speech readers, 

magnifiers, or software to control the contrast. Others rely solely on keyboard navigation, and do not 

use the computer mouse. Checkpoint 4.2 of UDL argues that learning environments should be 

developed to optimize access to tools and assistive technologies (CAST, 2018). However, the 

checkpoint provides little guidance on how to ensure this optimization. For this, the WCAG provides 

thorough information. For example, the guidelines describe how to programmatically code elements 

online in a manner that is logical for visitors who use speech readers and keyboard navigation (W3C 

WAI, 2018). However, the interviews and observations also point toward a strong relation between 

accessibility and usability when supporting navigation using assistive technologies. For example, the 

use of conventions and consistency in interaction design help users predict where elements will be 

located on a page, how they work, and what they may look like (Krug, 2014). These design 

considerations may improve the usability for all, but the results from this study suggest that for visitors 

who use assistive technologies they may be the difference between an enjoyable and frustrating user 

experience. For example, browsing a website using magnifying software can make it more difficult to 

get an overview of the structure of the page. Adopting conventions and consistency, such as locating 

the menu at the top of the page or placing recurrent design elements in the same location on each 

subpage, may support the navigation for the specific user group. This strengthens the claim by Rømen 

and Svanæs (2012) that accessibility should consider “usability for all”, that allows all users to 

perform desired tasks in an enjoyable, easy, and effective manner. Other factors that may support the 

navigation when using assistive technologies are the use of visually demarked areas, consistency in 

font size, and contrasts. Sufficient contrast may either be achieved by using dark foreground on bright 

background or vice versa. Consistent contrasts means that the design does not switch between those 

different states within the same webpage. In other words, the foreground should either always be 

darker than the background or always be brighter. This means that visitors who rely on tools to adjust 

the contrast does not have to switch back and forth between different contrast settings.   

However, it is important not to assume that everyone who may benefit from the use of assistive 

technologies actually uses it. Barriers that limit the use of assistive technologies include factors such 

as cost (Boot et al., 2018; Yusif et al., 2016), ease of use, stigma (Yusif et al., 2016), and lack of 

knowledge and awareness about assistive technologies (Boot et al., 2018). Hence, although the design 
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should support the use of assistive technologies, it should also support users who do not. For example, 

users who prefer audio over text information but who do not use speech readers, may benefit from a 

built-in option to listen to the information. Further, visitors may use different devices to access the 

online exhibition, such as laptops, smartphones, or touch pads. Hence, the design should be reviewed 

to ensure equal accessibility across devices. To conclude, online exhibitions should be designed to 

allow visitors to access information across devices, with or without the use of assistive technologies, 

navigational tools, or adaptations.  

Guideline 1.4 Allow visitors to customize how content is displayed in the 

exhibition 

Visitors of physical and online exhibitions display highly diverse abilities, needs, and behaviors 

(Antoniou et al., 2013; Rappolt-Schlichtmann & Daley, 2013). This becomes a challenge when 

designing exhibitions that provide accessible learning for a diverse audience. Customization of content 

allows visitors to adapt the interaction types and interface appearance based on their own needs and 

preferences (S. Kim, 2018). Throughout the study, the ability to adapt the content of the exhibition is 

highlighted by several participants, both among the museum employees and the museum visitors. 

Adaptation may be done either by changing the appearance and presentation of content in the 

exhibition, or by allowing visitors to choose whether to display or hide various content types. One of 

the museum employees referred back to the framework for Universal Design for Learning as an 

approach to improve accessibility, by allowing visitors to select and deselect the type of media 

presented in the exhibition. This refers to checkpoint 1.1 of UDL, which describes how a learning 

environment may offer visitors ways of customizing the display of information (CAST, 2018). It is 

also implicitly related to checkpoint 7.3, minimize threats and distractions (CAST, 2018), as it allows 

visitors to reduce the amount of irrelevant and excessive stimulus, thereby allowing more focus on the 

actual learning experience. Further, adopting built-in possibilities for visitors to adapt the content may 

support visitors who do not use assistive technologies, as described in Guideline 1.3.  

However, the UDL framework is based on universal design, which suggests that, when possible, 

products should be usable without the need for adaption (Connell et al., 1997). Hence, the default 

design should allow access to as many visitors as possible, without the need for customization. For 

example, as described in the literature review, audio guides with audio descriptions may provide 

equally enjoyable learning experiences for sighted visitors as for visitors with visual impairment 

(Hutchinson & Eardley, 2021). To conclude, exhibition producers should first consider whether 

separate content types or presentations for distinct visitor groups are needed, or if there are ways to 

design the online exhibition in a way that does not require special adaptions by the visitor. However, 

the ability to adapt how content is presented should be provided when one single solution cannot 

provide for the individual needs and preferences of the visitors. 

Principle 2: Design for equal understanding 

While the ability to physically perceive, navigate and adapt the content is fundamental to allow 

museum visitors to access the online exhibition, these factors does not ensure that visitors understand 
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the content. As stated in principle 1 of the Universal Design for Learning-framework, information 

should be presented in a way that not only makes it sensory and linguistically accessible, but also 

understandable (CAST, 2018). Understandable is also one of the fundamental principles of WCAG 

(W3C WAI, 2018). The following guidelines provides support on how to design for equal 

understanding. This includes providing information on the right lever of comprehension, using the 

right means for communication, and structuring the content in a way that makes sense for the visitors.  

Guideline 2.1 Provide multimodal summaries and introductory information 

Throughout the project, the need for introductions and summarizing information was highlighted by 

several participants. The lack of introductory information appeared to make it difficult for visitors to 

develop the general understanding needed to make decisions about how to interact with the content. 

The idea that lack of appropriate background knowledge can make it difficult for learners to assimilate 

new knowledge, is an important assumption of the UDL framework (Grogan & Ruzik, 2000). The 

assumption is closely related to a constructivist view of learning, which assumes that prior experiences 

shape how a person perceives and process new information (Falk et al., 1997). One possible solution 

to provide visitors with the necessary background information, is the use of brief text introductions 

and summaries of longer texts. Text summaries are useful for those who are interested in getting a 

brief overview of a topic, but may also support users who wish to engage in more excessive 

exploration of a topic, as it provides them with background knowledge that can help them assimilate 

the more detailed information (Forsberg, 2017). However, the dominant use of text-based information 

may cause accessibility issues for certain visitor groups, such as visitors with dyslexia (Rappolt-

Schlichtmann & Daley, 2013). Hence, background knowledge should ideally be presented using 

various means, such as brief introductory videos, audio presentations, images, infographics, or 

symbols. By leveraging different media to providing an overview of a theme or different options in the 

exhibition, the learner is free to determine if they wish to explore the topic in more detail or move on 

to a more relevant topic. Allowing visitors to shape their own learning is an important aspect of 

informal and lifelong learning (Dooley & Welch, 2014; Eshach, 2007). Hence, by making it easier for 

visitors to determine their own learning path, museums can provide important opportunities for 

lifelong learning. 

While it is important to help visitors get a brief overview of the content in the exhibition, both 

museum employees and visitors express a need for the possibility to engage deeper in a topic if 

wanted. As will be described further in principle 3, both too difficult and too simple learning 

experiences may have a negative impact on a learner’s motivation (Rose & Strangman, 2007). By 

providing different levels of difficulty, visitors may choose to engage in the content on a level 

appropriate for them. Englund and Sundin (2008) suggest that information should be presented such 

that it starts simple and gradually increases the difficulty level. By structuring information in visual 

and logical hierarchies, the design can make it easier for user to understand the levels of importance 

and detail of the content (Krug, 2014). The user research also made it clear that clear and informative 

headers are crucial to get an overview of the various sections of the exhibition. As the WCAG argue, it 

is also important to ensure that headers are programmatically labeled correctly, to ensure that persons 
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who use speech readers or other assistive technologies can navigate the content and understand the 

depth level of each section (W3C WAI, 2018). To conclude, the online exhibition should leverage 

various means to allow visitors to get an overview of the content and activate necessary background 

knowledge, and allow various levels of difficulty and depth. 

Guideline 2.2 Ensure understandable language 

To ensure that visitors can take part of the content in the exhibition, the language must not only be 

distinguishable but also understandable. The Swedish language act states that the language used in the 

public sector must be cultivated, simple, and comprehensible (Kulturdepartementet, 2009). Both 

visitors and museum employees pointed out areas that they experience affect the comprehensibility of 

the content. First, the participants described the importance of adapting content to the intended target 

audience, as well as the online format. Further, they pointed out specific areas of importance, such as 

the length of texts, word choice, visual material to strengthen text content, appropriate use and 

phrasing of headings and labels, and the graphical layout of the information. The art of communicating 

in a comprehensible manner has been described and research in numerous studies and guidelines. A 

study on accessibility in museum labels reviewed previous research and recommendations, and 

evaluated the accessibility of museum labels in 33 Danish museums (Kjeldsen & Jensen, 2015). Based 

on their findings, they provided the following eight recommendations: 

• Keep texts short. 

• Use only one learning objective per paragraph. 

• Avoid hyphenation. 

• Split compounds if possible.  

• Keep jargon to a minimum. 

• Avoid officialese.  

• Use active and passive voice purposefully.  

• Remember to whom you are writing.  

Several other resources provide insights on how to ensure understandable language. Guidelines one 

and two of the UDL framework, “Language and symbols”, and “Comprehension”, suggest measures 

such as clarification of vocabulary and symbols, supporting text material with alternative formats, 

such as images or diagrams, and highlighting key concepts, big ideas, and patterns (CAST, 2018). 

Further, the WCAG provide guidance on how to ensure that web-based text content is readable and 

understandable (W3C WAI, 2018). This includes for example ensuring that the web page language is 

programmatically identifiable and providing explanations of unusual words and abbreviation. It also 

suggests that simpler alternatives to text written on advanced reading levels are available (W3C WAI, 

2018). This is in alignment with suggestions provided by participants to allow visitors to choose to 

display information in easy read format. Lastly, the Swedish national association for people with 

intellectual disability, aphasia association, dyslexia association, and autism and Asperger association 

were involved in a national project to develop guidelines for readable and understandable texts 

(Begriplig text, 2019). The project employed a mixed-methods approach with a variety of qualitative 
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and quantitative methods, involving over 100 participants with various backgrounds (Johansson, 

2019). The findings were summarized into 19 guidelines for comprehensible texts, which covers both 

graphical layout, text structure, phrasing, and the use of alternative formats to support the texts. Apart 

from the guidelines, the report also argues that the text should be adapted to the intended target 

audience, and that the writer should consider the purpose and message of the text (Begriplig text, 

2019).  

While the research and guidelines related to understandability generally refer to written texts, several 

considerations may also be applied to language in audio and video. For example, audio and video 

material may benefit from recommendations such as to keep jargon to a minimum, focus on target 

audience, and enhance key concepts and big ideas. Lastly, as pointed out by Kjeldsen and Jensen 

(2015), it is important to be aware that simplification of the language of a text is not the same as 

oversimplification of the actual message. As stated in the previous guideline, online exhibitions should 

still allow visitors to explore content on a deeper level. The aim is not to reduce the content, but to 

allow all visitors equal opportunity to learn about complex, rich, and meaningful topics on their own 

conditions.  

To summarize, exhibition producers should ensure that the language used in written text, audio, and 

video is understandable but not oversimplified. This may be done by consider the graphical layout of 

the text, the linguistic characteristics, target audience, and how texts may be strengthened by 

alternative formats such as illustrations, comic strips, or diagrams. 

Guideline 2.3 Allow visitors to develop a general narrative 

Several participants described that museum exhibitions may sometimes be overwhelming and lack the 

guidance needed to assimilate the provided information. A general narrative is described as an 

example of a good museum experience, as they provide a coherent outline that guides the visitor 

through the exhibition. Stories are powerful tools for learning, since they provide a basic structure to 

information that helps learners develop a sense of understanding and meaning (Brumana et al., 2018; 

Dirksen, 2016). They usually involve sequenced, chronological events, which provide a logical 

structure to information. Further, stories leverage existing mental frameworks, which facilitates 

encoding and recollection (Dirksen, 2016). Hence, a linear storyline may provide a logical structure 

that guides the visitor through the content in a way that helps them make sense of the information. 

Some participants in the study expressed a preference for clearly distinguishable themes that allow 

them to choose their own path in the exhibition, rather than a linear storyline. Further, as one of the 

museum employees describes, there is a risk that a linear storyline functions as an artificial layer that 

creates a false sense of coherency in the exhibition. However, although some visitors may prefer free 

exploration over a predetermined order of exploring the content, a general overview may still be 

necessary to support visitors’ understanding of the general purpose of the exhibition, and how the 

information is related. Madsen and Jensen (2021) present a possible solution, inspired by open-world 

games. While open-world games provide a general narrative, they allow players to choose whether to 

follow a structured storyline or explore the game freely to shape their own path. In their study, Madsen 
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and Jensen adopt criteria for the design of open-world games to exhibition design, with on a focus on 

allowing visitors to define their own narrative based on general simple thematic that allowed visitors 

to identify the overall purpose of the exhibition. While the approach has been adapted specifically for 

the design of physical exhibitions, it may have the potential of bridging the gap between linear 

narratives and free exploration in online exhibitions.  

Principle 3: Design for equal engagement 

As stated by one of the museum producers, providing accessible and understandable information may 

not be the main issue when designing online exhibitions. Instead, the difficult part may be how to 

ensure equal sense of atmosphere, engagement, and emotional connection. Several participants 

described a lack of motivation and connection to the museum content in the original online version of 

Crossroads. As stated by Rappolt-Schlichtmann and Daley (2013), equal access to museum content 

may not be the same as equally engaging experiences. Hence, the principle for the design for equal 

engagement is about allowing visitors to experience, connect, and interact with museum content based 

on their own needs and preferences, in ways that make them motivated to learn. 

Guideline 3.1 Use different modalities to provide equally engaging experiences 

One of the main findings in the study is that the use of multiple modalities in online exhibitions is not 

only about allowing visitors with various background the ability to access the information, but about 

allowing them access to experiences. In this aspect, the museum context is special compared to more 

formal learning environments. While knowledge and learning are important, emotional experiences, 

curiosity, inspiration, and human stories are described by participants as core factors for a positive 

museum experience. Hence, when allowing visitors to access content using different modalities, it is 

not only about translating information between various channels, but about translating experiences. An 

example is the use of speech synthesis to translate text material into audio. While this solution allows 

visitors to access the same information, a synthesized audio translation of written text may not provide 

an equally engaging experience. Similarly, a transcription of the speech from a video may not 

communicate the same vivid experience as the original video material. Since the Universal Design for 

Learning-framework and WCAG do not specifically focus on informal learning environments like 

museums, the guidelines do not cover this specific issue. Based on the interviews and observations in 

the study, it is clear that different ways of presenting information have different qualities, strengths, 

and weaknesses. To leverage the potential of the various formats, an exhibition producer should 

consider how the same experience may be communicated across various modalities, rather than 

focusing on how information can be translated from one format to another. This can be achieved by 

reflecting on the vision of an exhibition section. This may include for example what the visitor should 

learn from the exhibition, what they should think and feel, and how they should react based on what 

they have experienced. For each modality, such as video, audio guides, text, and images, the producer 

may then reflect on how the content should be shaped to best communicate this vision. For example, 

rather than providing a synthesized text to speech translations, audio guides that are specifically 

produced for an audio format, with a human voice, image, name, and role of the person behind the 

voice are described as more personal and engaging. Similarly, compared to brief photo captions, rich 
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and vivid audio descriptions of museum objects are described as crucial to provide equally enjoyable 

and emotionally engaging experiences for persons who are blind or partially sighted. Along with 

further user research and the right resources, these types of considerations could support exhibition 

producers in their design choices on how to provide equal engagement using multiple modalities.  

Guideline 3.2 Provide flexible learning goals 

A challenge when designing for accessible learning in physical museum exhibitions is that the visitors 

may have highly diverse motives and goals for their visit (Rappolt-Schlichtmann & Daley, 2013). The 

same appears to be true in online exhibitions. The participants express highly diverse behaviors, 

knowledge, preferences, and interests. These differences may impact an exhibition’s ability to 

motivate the visitors, since motivation depends on personal factors such as the proximity between the 

level of skill and challenge, perceived relevance, and the learner’s ability to control the learning 

environment (Rappolt-Schlichtmann & Daley, 2013). Hence, to provide equally engaging experiences 

it may be difficult to state just one or a few learning goals that should apply to all visitors. Instead, as 

Rappolt-Schlichtmann and Daley (2013) suggest, the learning environments may support visitors by 

allowing them to identify and set their own learning goals. One example of this is that learning 

environments may offer information on various levels of difficulty, which allows visitors to choose an 

appropriate level, as described in guideline 2.1. Further, interactive elements such as games may 

provide challenges with diverse themes and levels of difficulty.  

Guideline 3.3 Leverage the power of storytelling 

Apart from using a general narrative to provide structure to the information in the exhibition, several 

participants described the importance of stories to support engagement. Specifically, visitors appear to 

have a strong interest in human stories, and the connection between exhibition content and human 

lives. Research does suggest, that apart from supporting understandability and recollection, stories can 

have a positive impact on learning due to their ability to stimulate engagement. Stories often present 

information in a way that triggers emotional arousal, which in turn appears to have a positive impact 

on knowledge acquisition (Glaser et al., 2009). Narrative-centered learning also provide motivational 

benefits by encouraging self-efficacy, presence, and perception of control (McQuiggan et al., 2008). 

The fundamental elements of a narrative may be described as a) somebody (an agent), b) who makes 

something happen (an event), c) which leads to a change of the situation (Palombini, 2017). Since 

stories are connected to some agent, often a person, stories have the potential of stimulating a sense of 

personal connection, empathy, and identification with the material. The learner may also develop a 

sense of relationship and interaction with the protagonist, which can help maintain their interest over a 

longer period of time (Glaser et al., 2009).  

To conclude, when designing online exhibitions museum producers may want to consider how to 

describe the human stories behind museum objects. Allow visitors the possibility to explore the 

context in which an object was produced and used, and specifically the lives of the people connected 

to the objects, following the narrative structure of an agent, an event, and change. However, as 

described by one of the participants, caution must be taken not to fall into stereotypes, simplifications, 

or cultural appropriation when telling stories about those who are not able to speak for themselves. 
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This leads us to the next guideline in which we will describe means for visitor interaction and 

contribution.  

Guideline 3.4 Provide diverse means for visitor interaction and contribution 

As described in the Literature review section of this thesis, online exhibitions have the potential of 

supporting interactive and participatory activities, such as game-based elements, user-contributed 

content, social interaction, and online collaboration. These factors have been highlighted throughout 

the study as contributors to engaging and positive museum experiences. As described by museum 

employees, when applied appropriately, interactive and participatory elements may provide a sense of 

rhythm to the exhibition, raise curiosity, and increase engagement. This claim is strengthened by a 

literature review on the design of accessible cultural heritage (Pisoni et al., 2021). They argue that that 

learning in cultural heritage sites, such as museums, is an active process that depend on active 

participation and visitor interaction with content and with other visitors. For example, the review 

suggested that interactive elements such has game-like features may support more engaging 

experiences, as well as prolonging visitors’ interaction with museum content.    

Further, both museum employees and visitors describe different possibilities for visitor contribution 

and communication. By allowing visitors to share their own stories, museums may increase social 

inclusion and leverage storytelling without the risk of strengthening stereotypical believes or other 

issues associated with telling stories about others. Some visitors also highlight the importance of being 

able to discuss content with others, as well as being able to ask questions to experts to learn more 

about a topic. This is closely related to the concept of Web 2.0 described in the literature review. 

These new collaborative possibilities open up a two-way dialogue between museums and their 

audience (Pulh & Mencarelli, 2013), allow visitors to contribute to museum content (Carreras & 

Mancini, 2014; Gran et al., 2019), and provide democratic means for a diverse audience to 

communicate with others and share their own stories (Purkis, 2017). However, while interactive and 

collaborative elements may have a positive impact on engagement and learning, these elements should 

consider the diversity of the visitors. The participants in the current study display a high diversity in 

abilities and preferences regarding interactivity in museum exhibitions. Visitors may differ in their 

preferred level of activity, social interaction, difficulty, and freedom in exploration. While some need 

or prefer textual information, others may need or prefer other means for interaction and collaboration, 

such as audio, video, or images. Similarly, visitors use various strategies and assistive technologies to 

interact with the content. Hence, exhibition producers should ensure that interactive and participatory 

elements, such as game-like features, quizzes, or the ability to comment or ask questions about 

museum content, are equally accessible, usable, and engaging for all visitors. The UDL framework 

states that learning environments should provide multiple means for action and expression (Principle 

2) (CAST, 2018). For example, the framework suggests that learners should be able to communicate 

what they have learned using multiple media such as text, audio recordings, web applications, music, 

illustrations, and physical manipulatives. Further, the environment may support the learner by 

providing aids such as spellcheckers or calculators. However, as Rappolt-Schlichtmann and Daley 

(2013) state, the UDL-framework is developed based on a formal learning context. In museums, 
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visitors are generally not motivated to learn and communicate what they have learned though a 

curriculum or formal evaluation. Hence, Rappolt-Schlichtmann and Daley (2013) argue that learning 

environments should allow visitors to identify and set their own learning goals. To conclude, 

interactive elements should not only support various means for interaction, navigation, 

communication, and contribution for the sake of evaluating pre-determined learning goals. Instead, it 

is again about ensuring that interactive elements provide equally engaging experiences, that allow 

visitors to learn in a way that suits their needs, abilities, preferences, and learning goals. Therefore, 

museum producers may want to consider how interactive elements can be designed to provide flexible 

learning experiences, or how to allow visitors to choose between diverse interactive elements, 

designed to attract and suit different visitors.  

Principle 4: Establish internal practices for accessibility 

While design guidelines may support the production of accessible online exhibitions, the ability to 

meet these guidelines depends on whether the organization promotes accessibility in the development 

process. To design online exhibitions for accessible learning, the right processes, resources, 

knowledge, and priorities need to be in place within the organization. Principle 4 focuses on the 

procedural measures that museums may want to consider incorporating in their day-to-day practice, to 

develop a design process and organizational culture that promotes accessibility.  

Guideline 4.1 Select technological solution based on high fit for purpose 

Throughout the research project, it has become clear that the context in which an online exhibition is 

produced is highly complex. The design process is shaped by expectations from the audience, legal 

requirements, resources, and is often restricted by an original, physical representation of the 

exhibition. Meanwhile, technological solutions such as virtual reality (VR), artificial intelligence (AI) 

and Web 2.0 offer new ways for visitors to engage with museum content. As Howell and Chilcott 

(2013) describe, there is a risk that enthusiasm over these innovative technologies take over the design 

process in a way that compromises the actual message and content of the exhibition. If a technological 

solution is selected first, accessibility and usability goals may need to be adapted to the technology, 

rather than the other way around. As described in the literature review, although these innovative 

technologies provide new possibilities for the design of online exhibitions, each solution comes with 

several drawbacks. For example, VR-solutions may result in accessibility issues for certain user 

groups (Hamilton, 2018), AI requires careful ethical considerations (Pisoni et al., 2021), and the use of 

collaborative Web 2.0 elements may increase the workload for museum professionals (Hylland, 2017).  

It is therefore recommended that the choice of technological solution for an online exhibition should 

be guided by how well they communicate the exhibition message in a way that support accessibility 

and usability for all. This includes both accessibility and usability for all visitors as well as for those 

who will manage the online exhibition. For example, museum employees describe the current system 

for online exhibitions as unmodern, inflexible, and difficult to manage. Further, during the focus group 

evaluation with the museum emplyees, the participants discussed the importance of feasibility. A 

solution must take into consideration the reality of those who will produce and maintain the exhibition, 

and ensure that factors such as the time, workload, and technological expertise are considered.   
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The choice of technological solution also depends on the relation between the physical and digital 

exhibition. Mateos-Rusillo and Gifreu-Castells (2017) and Bowen (2000) argue that online exhibitions 

should not attempt to recreate the physical attributes of the exhibition, but instead focus on the 

strengths of the digital medium. This view is shared by several of the museum employees, although 

others argue that online exhibitions should possess some physical or spatial characteristics. To ensure 

that the exhibitions are produces in a manner that provides a positive user experience, some 

participants argue that the translation of a physical exhibition to a digital format should focus on the 

underlying vision, values, and ideas of the exhibition. Another solution is to focus on selected parts of 

the exhibition that are better suited for a digital format. Regardless, the approaches are similar to that 

of Guideline 3.1, and how experiences may be translated between various modalities. Again, the 

vision of the exhibition, such as what visitors should learn, think, feel, and do based on what they have 

experienced, should be central for the translation from a physical to a digital medium.  

To summarize, a museum should ensure that the process of designing an online exhibition focus on the 

reality of those who will produce, maintain, and visit the exhibition. Instead of letting the 

technological solution guide the process, the focus should be on how well the technology fits the 

purpose of the exhibition. This means that the choice of technology is guided by how well they 

communicate the vision of the exhibition in a manner that is usable, accessible, and feasible.  

Guideline 4.2 Establish the necessary resources for accessibility 

Accessibility in an online exhibition requires the right competence, guidance, and resources are 

available within the organization. The findings of this study reveal that online exhibitions are shaped 

by a complex landscape of disciplines and perspectives. Online exhibitions emerge at a fascinating 

intersection between arts, history, learning, technology, interaction design, and accessibility. Further, 

to meet the various needs, preferences, and abilities of its diverse audience, an online exhibition may 

consist of a large variety of information types, such as video material, texts, images, audio guides, 

graphical elements, and interactive features. To ensure that each information type is functional, usable, 

accessible, and aesthetically pleasing, a great diversity of knowledge and skills is needed. The study 

suggests that there exists an awareness and will to improve accessibility within the museum 

organization. However, more guidance and knowledge are needed. Interaction design is a 

multidisciplinary process (Sharpe et al., 2019), and the complex process of exhibition design requires 

knowledge from various domains (Chen & Chou, 2020). Competences that are suggested as necessary 

for exhibition design include domain/field experts (historians, art experts, etc.) (Leporini & Norscia, 

2008; Micoli et al., 2020), educators (Antoniou et al., 2013), content designers (Micoli et al., 2020), 

web designers, coordinators, and accessibility experts (Leporini & Norscia, 2008). Three main 

findings in the study are the importance of well-produced audio description, understandable language 

in the exhibitions, and high quality visual content to support verbal information. As these features are 

crucial for an accessible learning experience, specific domain experts such as audio description experts 

and experts on accessible writing are likely needed.  

The need for a diverse skill set may be met through a combination of hiring new resources and by 

ensuring that existing staff have the awareness, competence, guidance, and resources necessary. 
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Englund and Sundin (2008) argue that it is important that all employees that are responsible for 

producing and managing website content receive fundamental education on accessibility. Further, they 

argue for the importance of ensuring that accessibility becomes a part of the organizational culture. 

This means that accessibility should be incorporated in policies, strategies, and business plan, and that 

there is an awareness and sense of a common goal among management and employees (Englund & 

Sundin, 2008). The importance of ensuring that accessibility is part of the organizational culture is 

noticeable from the user research with the museum employees. This is exposed both by the lack of 

guidance described by the participants and the low priority of online exhibitions. While the physical 

exhibitions are guided by a formal project plan, and are produced by multidisciplinary teams, online 

exhibitions rarely receive the same attention or resources. To ensure equally engaging learning 

experiences, online exhibitions and accessibility must receive higher priority. 

Guideline 4.3 Involve users with a wide range of abilities 

Throughout this design project, the framework for Universal Design for Learning and the WCAG have 

provided crucial support for design decisions. However, guidelines for accessible design does not 

provide insights regarding users’ context, behaviors, needs, and goals. Instead, the most valuable 

insights have come from interaction with the users. A user-centered design process, that adopts some 

level of user involvement, focuses on understanding and meeting the actual needs of the users (Sharpe 

et al., 2019). The type and level of involvement may vary significantly in user-centered design 

projects. However, some sort of observation and think-aloud technique is recommended, as it is often 

difficult to verbally describe how one behaves and reacts, and why (Sharpe et al., 2019). Other 

techniques, such as interviews and questionnaires, may be used to complement the findings or 

generate measurable results.  

The interview and evaluation sessions in this study were crucial as a reminder that the design 

ultimately will impact real people with highly diverse needs, dreams, preferences, and interests. The 

design decisions you make are about them, not about conforming to certain guidelines or standards. 

The user involvement also made it clear that conformance to accessibility standards does not 

necessarily mean that an online exhibition can provide equally engaging learning experiences. This is 

in alignment with previous studies on the relation between accessibility and usability by Rømen and 

Svanæs (2012) and Power et al. (2012). These studies suggest that websites may comply with web 

accessibility standards, and be physically and sensory possible to access but still generate severe 

usability issues for persons with disabilities. Hence, user involvement is crucial to ensure that online 

exhibitions are not only accessible for all, but also usable for all. Further, as a designer it may be 

difficult to step out of one’s own perspectives and ways of interpreting the world. As stated by O’Neil 

(2008, p. 29) “True empathy means being aware of the limits of empathy and the need to learn from 

witnesses”. User involvement helped to broaden the perspective, by demonstrating the highly diverse 

interactive techniques, adaptive strategies, and assistive technologies visitors may use, and how these 

factors impact the behaviors, needs, and learning experience. Finally, although one may never fully be 

able to escape faulty stereotypes, involving users with various backgrounds in the process does help in 

identifying certain misconceptions or gaps in knowledge about the target users.  
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Users may be involved at various stages of a design project. However, as Krug (2010, p. 32) describes 

it “Start earlier than you think makes sense”. He suggests that you start off early, by evaluating your 

own and others existing solutions, to make sure that you do not repeat mistakes in your new solutions. 

In the early process of the design project, you may also want to evaluate your rough ideas and plans 

before you move forward. That way you avoid having to fix a problem once it has already been 

implemented, which will be far more expensive and difficult (Krug, 2010).  

To develop an online exhibition that provides equally engaging learning experiences for all visitors it 

is crucial to understand who the visitors are, how they behave, and what their goals are. And there is 

no shortcut when it comes to understanding the users. Ideally, the design process should involve 

participants with a wide range of abilities. However, all visitors have a unique set of abilities, 

strategies to manage their abilities, preferences, and goals. To cover all possible variations, one would 

have to involve every single person in the world, which is of course neither possible nor desirable. As 

suggested by Henry (2007), a solution may be to prioritize the right target users as well as highest 

impact. For example, if an online exhibition is aimed at a senior audience, it may not be necessary to 

involve youths. Further, some groups may be more impacted by your design than others. Lastly, even 

if a project limits the possibilities to involve the desired number of users, just involving one or a few 

users is better than not involving any.  

Guideline 4.4 Incorporate accessibility as a continuous process 

While it is important to incorporate accessibility throughout the process of developing an online 

exhibition, the work with accessibility is not over once the exhibition is launched. As described by 

Rieger et al. (2019), inclusion in museums is not a product but an ongoing complex process of critical 

reflection, making mistakes, revisiting decisions, and asking questions. This has become evident 

during the process of designing and evaluating the prototype. The knowledge required to develop 

fulfilling and accessible online exhibitions stretches over numerous different domains. And as stated 

previously, it will most likely not be possible to include participants from all possible visitor groups 

during the actual development process. Hence, there is always more to learn about the visitors and 

there are always areas of the design that may be improved. 

Further, technologies and research on online exhibitions, learning, and accessibility are continuously 

developed, and trends in society and museums change. For example, a new version of the WCAG, 

WCAG 2.2, is expected to be released during 2021 (W3C WAI, 2021b), and a draft for WCAG 3.0 is 

already in process (W3C WAI, 2021a). This means that the conditions and requirements for accessible 

learning in online exhibitions are constantly evolving. Hence, strategies and plans for accessibility 

must be integrated within the organization to reflect these changes. Further, employees must receive 

continuous training in how to deliver accessible solutions, to ensure that the museum possess the 

necessary skills and resources. 
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Limitations 

This study focuses on the design of accessible online exhibitions. However, it is important to be aware 

that the results are based on a sample of people with highly personal abilities, preferences, and 

characteristics. The involvement of other participant groups may have generated other insights on how 

to design for accessibility in online exhibitions. Further, it is important to remember that the study 

explores online exhibitions in a Swedish context. Museum employees and visitors in other parts of the 

world may approach and view online exhibition differently compared to the participants in this study.     

Another possible limitation is self-selection bias. Though the recruitment strategy focused on reaching 

a specific audience, participants themselves volunteered to participate in the study. Since participants 

may choose to volunteer based on various personal motives, samples based on voluntary participation 

may not necessarily represent the wider population (Cohen et al., 2018). The sample may also have 

been impacted by the fact that recruitment and participation were carried out online, which requires 

that participants possess sufficient levels of computer and digital literacy. Online participation may 

also have impacted how participants with visual impairment perceived and evaluated the prototype. 

Results from a study on methods for design evaluation suggest that tactile paper prototypes help 

participants with visual impairment create a better overview of a design solution in comparison to 

high-fidelity prototypes, and that local tests are preferred over remote test (Miao et al., 2016). Hence, 

more research is needed to cover additional user groups, design strategies and geographical and 

cultural contexts. 
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Conclusion 

As museums move towards an increased digital presence, the need to ensure that their digital services 

are equally accessible grows. This design study aims to understand how museums can design more 

accessible learning experiences in a digital context, by reshaping their design process and 

organizational procedures. The research ties together a user-centered process with insights from design 

processes for accessible design, learning theories, and guidelines for web accessibility. Further, it 

provides an example of how the Universal Design for Learning-framework can benefit the design of 

museum exhibitions in a digital context. By involving stakeholder from the museum, as well as 

visitors with a wide range of needs, preferences, and abilities, I have been able to land on four 

fundamental principles for the design of accessible online exhibitions. First, museums need to ensure 

that their online exhibitions are physically and sensory possible to access, by ensure that visitors are 

able to perceive, process, and navigate the content. Second, information should be presented on the 

right level of comprehension and by using appropriate communicational means and structural layout, 

to support equal understanding of the content. Third, to ensure equal engagement, online exhibitions 

should ensure that visitors are able to experience, connect, and interact with the content based on their 

own needs and preferences. Last, an accessible design process requires that the organization has the 

resources, knowledge, and priorities required to establish internal practices that promote accessibility 

throughout the design process. Be aware that the guidelines are not meant to replace frameworks for 

legal requirements such as the WCAG guidelines. However, unlike the general guidelines of the 

WCAG, these guidelines are developed specifically for a museum context. Hence, my hope is that the 

guidelines can support museums in their design process, by highlighting areas that are of particular 

importance when designing online exhibitions.  

However, the guidelines proposed by this study should not be seen as final or static. Instead, they may 

be continuously adapted and updated as museums learn more about the users and the context. Again, 

inclusion is a complex process that requires continuous efforts (Rieger et al., 2019). This study has 

merely scratched the surface of the considerations needed to design equally accessible online 

exhibitions. Nevertheless, my hope is that it can help others identify areas for future research, and 

motivate them to contribute to the body of knowledge needed to ensure that the unique learning 

experiences of museums are accessible for all.  
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