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ABSTRACT 

Blind and visually impaired people are among those who require very specific types of assistive 

technology. This type of technology has been a research and development focus for decades. As 

technology has matured, more affordable and practical solutions have entered the market. 

Unfortunately, this has not resulted in a very positive trend in terms of acceptance or adoption. Our 

research on usability and user experience indicated that there is a need to extend standardized 

questionnaires when evaluating assistive technology. This paper details the development of an 

evaluation model with extended contexts that can be used with cooperative assistive technology 

aimed for blind or visually impaired people and their caretakers. We present our evaluation setting 

and procedure for the model. The development of the model is based on testing, literature review, 

expert interviews, and discussions. The extended contexts should also contribute towards the trend 

of modularity with standardized user experience questionnaires.  

1.  INTRODUCTION 

Those who suffer from visual impairments face major challenges to their daily life, as they suffer from adverse 

effects to their performance in many situations (Bhatlawande et al, 2014). Projections show that there were around 

38.5 million blind and 237.1 million people with moderate or severe visual impairment in 2020. These are expected 

to triple to 114.6 million and 587.6 million by 2050, respectively. This means that a significantly higher number 

of people will need Assistive Technologies (AT) in the future. (Bourne et al, 2017). Improving mobility and 

navigation of Blind and Visually Impaired People (VIP) has and continues to be one of the main areas of research 

and development focus when it comes to AT. This is reflected with the fact that an important societal goal is to 

help VIP remain independent and integrated to the society, which in turn will improve their quality of life. (Calder, 

2009; Bohwmick and Hazarika, 2017.)  

The problem with AT in general has been that people with disabilities are not keen to adopt them and 

discontinuance rates tend to be high. While there are VIP who use the latest technology to help them in various 

tasks, research has shown that many barriers and reasons still exist why the acceptance for these technologies is 

so low. (Riemer-Reiss and Wacker, 2000; Roentgen et al, 2008; Paajala and Keränen, 2015; Gori et al, 2016.) 

Developing products for VIP is a continuing challenge. Developers themselves have generally reported positive 

results from end users when testing new technologies (Bhatlawande et al, 2014). However, according to Roentgen 

et al. (2008) many these products fail to meet the needs of visually impaired. Calder (2009) and Riemer-Reiss et 

al. (2000) outline difficulties of designing AT products with a lasting effect to the market, as it is hard to match 

user requirements of a constantly evolving ecosystem of products and VIP who can often have multiple disabilities 

and very specific needs. Varity of technology, such as type of sensors used, also add to challenge of development 

AT with longevity, as advances in technology can make even proven solutions either obsolete or undesirable. A 

good example of this is the arrival of affordable smartphones. (Roentgen et al, 2008; Islam et al, 2019.) 

The research for this paper started with a need to evaluate usability and User eXperience (UX) of a new AT, 

which was a prototype level system of an Electronic Travel Aid (ETA) developed for VIP (Chaudary et al, 2020). 
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A unique aspect of this system is that it relies on cooperation between users. It has a multimodal interface that 

works over the internet of things (IoT) relying on both haptic and vocal communication. Caretakers, which can 

include friends and family, use an application on a device that shows them the field of view of the VIP through 

smartphone camera that is placed on the chest of the VIP. Users can communicate vocally, but navigational 

assistance is mainly provided through haptic feedback to the white cane using a simple set of vibrations. In a case 

where the primary caretaker is unfamiliar with the area, they can request help from another caretaker, who can in-

turn help the VIP to navigate through that. Our initial strategy was to use a standardized UX questionnaire for the 

evaluation and chose meCUE 2.0 from Minge and Thüring (2018). Testing was done with several VIP who carried 

out navigational tasks with the system and completed questionnaires along with interviews. This gave us valuable 

insight (Chaudary et al, 2020). However, further research in the topics of usability and UX revealed that it would 

be prudent to extend our evaluation methods to capture more holistic understanding of specific needs and issues 

related to VIP and their caretakers. For example, the use of the system relies on cooperation of two or more people, 

so it was important for us to capture the impact that has on UX of all users. 

This paper represents an extended usability and UX evaluation model that is suitable for a cooperative AT 

intended for VIP and their caretakers. The paper is organized, as follows. Section 2 discusses the related research 

on ETA for VIP, and usability and UX evaluations in general. Section 3 introduces our research model including 

extended contexts for VIP and describes the evaluation setting and procedure. Section 4 concludes the paper. 

2.  RELATED WORK 

The first part of this section looks at the research related to AT for VIP. In the second part, focus is on usability 

and UX evaluation methods focusing on standardized questionnaires and additional UX evaluation contexts.  

2.1  Electronic Travel Aids for Blind and Visually Impaired 

VIP mainly use two kinds of AT: primary and secondary. Primary technology includes more widely adopted 

products such as the traditional white cane. Secondary technology consists of many product categories and includes 

ETA to help VIP with navigation and with sensing of the near environment (Loomis et al, 2007; Cardillo and 

Cademi, 2019). Islam et al. (2019) divide ETA into three categories of sensor-, computer vision- and smartphone-

based. According to Islam et al. (2019) all categories have been very active in terms of product development, so 

there is a lot choice and variety. Today many VIP also own a standard smartphone and can use variety of apps, 

such as BlindSquare, RightHear and Be My Eyes that also supplement their needs (Avila et al, 2016; Be My Eyes, 

n.d.; BlindSquare, n.d.; RightHear, n.d.). 

The truth is that there have been many barriers that have inhibited the adoption of ETA. The products used to 

be cumbersome, unreliable, expensive, and not widely available (Roentgen et al, 2008; Kim and Cho, 2013). 

Ongoing miniaturization, maturity and rapid advancements of technology, availability and lower costs have 

removed many of these barriers (Cardillo and Cademi, 2019). Another problem is that majority of VIP are elderly 

and often have other cognitive and physical disabilities. According to Ojamo (2018) estimated 69 percent of VIP 

in Finland are at least 65 years old or older and 57 percent are 75 years old or older. Elderly tend to be laggards in 

adoption of new technologies, but emerging young-elderly are showing much higher adoption rates (Mostaghel, 

2016). Research also indicates that younger people with disabilities are more willing to experiment with AT, as 

they are often very goal and task orientated, and look to improve independence and performance (Ripat and 

Woodgate, 2017).  

Roentgen et al. (2012) mention that individual needs and preferences are important factors determining the 

adoption and the use of ETA over time. Other factors that can act either as facilitators or barriers included goals 

and expectations, requirements, functions, functionalities, features of the product, and also environmental factors. 

Research shows that many VIP are also willing to collaborate and communicate with other people when 

completing navigation or orientation related tasks (Balata et al, 2012, 2014). The Be My Eyes application is a good 

example of volunteer community-based AT that helps VIPs and is used widely (Be My Eyes, n.d.).  

2.2  Usability and User Experience 

For the purpose of this research, ISO 9241-210 (ISO, 2010) provides adequate definitions to both usability and 

UX. Essentially UX is defined, as “A person’s perceptions and responses resulting from the use and/or anticipated 

use of a product, system or service” (ISO, 2010). UX includes, for instance, “user’s emotions, beliefs, preferences, 

perceptions, behaviours, psychological and physical responses that can occur before, during and after the use”. 
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It is also “a consequence of brand image, presentation, functionality, system performance, interactive behaviour 

and assistive capabilities of the interactive system, the user’s internal and physical state resulting from prior 

experience, attitudes, skills and personality, and the context of use”. In addition, usability is defined as “the 

effectiveness, efficiency and satisfaction with which specified users achieve specified goals in particular 

environments”. (ISO, 2010.) There are many valid definitions for UX besides the given one, Bevan (2009) explains 

that different interpretations of UX can lead to different scopes and measures, while different emphasis on usability 

or UX can lead to different concerns. Vermeeren et al. (2010) are of an opinion that usability and UX are intervened 

and that UX subsumes usability. Arhippainen (2009) sees usability as an interaction experience that is surrounded 

by different contexts that contribute to the overall UX through the interaction. Both Arhippainen (2009) and 

Vermeeren et al. (2010) indicate that UX evaluation methods should be augmented with usability dimension.  

Research also show that it is important to capture UX over time, as views on UX tend to change as time passes. 

Feng and Wei (2019) differentiate between first-time and long-term UX. Those product qualities that provided 

positive initial experience may not be those motiving for longer use. Familiarity, functional dependency, and 

emotional attachment are the main temporal forces that impact the experience over time. (Marti and Iacono, 2016; 

Karapanos et al, 2009). Roto et al. (2011) suggest four time periods when to capture UX. These are: Anticipated 

UX before the usage, Momentary UX while experience the use, Episodic UX when reflecting on the experience 

and finally Cumulative UX when recollecting memories from multiple periods of use. Evaluation methods for 

each period can be quite different. Standardized UX questionnaires can be used to capture at least Episodic UX 

and Cumulative UX (Marti and Iacono, 2016). 

There are many usability and UX methods in the market that can be used to evaluate variety products from 

different angles (Chung and Sahari, 2015). Some of the methods are free to use, while other require payment. Since 

last decade, few standardized UX questionnaires have emerged. AttrakDiff, UEQ and meCUE are currently used 

in academic research and Diaz-Oreiro et al. (2019) provided a systematic literature review for them. They noted 

that by far the most popular is AttrakDiff, as it was first to the market in 2003. However, UEQ has surpassed it in 

2017 and 2018, while MeCUE remains a relative newcomer. The benefit of using standardized questionnaire is 

that they are easy to use and economical, while considered reliable and valid measuring methods. However, Diaz-

Oreiro et al. (2019) conclude that in over sixty percent of the cases between one and five additional methods were 

used to complement a standardized questionnaire. SUS (System Usability Scale), a standardized usability 

questionnaire introduced by Brooke in 1996, was used often. 

AttrakDiff (Hassenzahl et al, 2003) and meCUE (Minge and Thüring, 2017) both evaluate hedonic and 

pragmatic dimensions of UX. In addition, meCUE considers emotional dimension and has a wider perspective on 

acceptance. MeCUE is also a modular approach to a standardized UX questionnaire. It is currently more 

comprehensive than AttrakDiff because it was developed with the latest research in mind. The purpose was to 

make a single standardized questionnaire that would address key components of UX (Minge and Thüring, 2017). 

MeCUE questionnaire is now on its second incarnation and has four modules that focus on different UX 

dimensions. First two modules focus on perception of instrumental and non-instrumental qualities, respectively. 

The third module is about emotions and the fourth module focuses on consequences of use. The fifth module is 

used for overall evaluation. While the questionnaire is comprehensive, it is still missing certain aspects of UX. 

Missing dimensions include perceptions of acoustic and haptic quality, and trustworthiness of the system and 

received information. In addition, the questionnaire focuses on interaction with a technical device and does not 

consider interpersonal relations and social influences of UX. (Minge and Thüring, 2018.) 

Additionally, we identified several UX contexts from research that would be suitable for VIP and collaborative 

situations. These contexts were either missing or only partially implemented in standardized questionnaires. 

Starting with the issue of trust. Forster et al (2018) show that trust is an important precursor of for acceptance of 

technology. Petrie and Bevan (2009) consider safety and trust from usability perspective. They are concerned 

whether the system safety is about protecting the user or whether the user trusts the system to behave as intended. 

Schrepp and Thomaschewski (2019), when validating additional scales for UEQ, consider trust from more safety 

perspective and have dependability as a separate scale measuring trust in a similar manner defined by Petrie and 

Bevan (2009). UEQ+ is more recent version and a modular approach to UEQ (UEQ+, n.d.). The questionnaire 

introduces several new scales that are relevant measures for AT. Trustworthiness of content, haptics, acoustics, 

and adaptability of the product are measures that can provide insight to VIP using AT. (Schrepp and 

Thomaschewski, 2019). In addition, Arhippainen (2009) presents several additional contexts that are missing from 

many current usability and UX evaluation methods. These include social, physical and culture contexts. The 
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culture context is about the habits and rules the user has, but also habits and rules of others, and even differences 

between people from different countries. Social contexts are essentially about presence of other people, sharing 

the experience, and having to deal with distractions, such as phone calls during the interaction of the product. 

Physical contexts focus on environment itself where the interaction takes place. It can include aspects such as 

weather or differences between indoor and outdoor lighting. (Schilit, 1995; Arhippainen, 2009.) 

 3.  CAT UX EVALUTION MODEL FOR VIP 

This section focuses on the development process of our UX evaluation model. The CAT UX Evaluation Model 

for VIP (Cooperative Assistive Technology User Experience Evaluation Model for Blind and Visually Impaired 

People) is shown in Figure 1. The dotted lines represent methods developed by other authors (Brooke, 1996; Roto 

et al, 2011; Minge and Thüring, 2018). Our main contribution is the Extended Contexts. These contexts are 

explained in more detail. We also give an example of our evaluation setting and procedure for its use.  

 

Figure 1. The CAT UX Evaluation Model for VIP 

After our initial evaluation of the prototype system with meCUE 2.0 questionnaire (Minge and Thüring, 2018), 

we came to conclusion that a more holistic perspective might benefit the further development of the system 

(Chaudary et al, 2020). This meant evaluating both VIP and caretaker’s perspectives in more detail. Karapanos et 

al. (2009) make clear that time is a significant factor on how users experience and evaluate systems. This led us to 

incorporate periods of experience into the evaluation model, as described by Roto et al. (2011). In addition, Minge 

and Thüring (2018) explain that their questionnaire intends to be an efficient, but not a comprehensive, method of 

capturing key aspects of UX. As it is a common practice to supplement standardized questionnaires, we started to 

look for other suitable methods (Diaz-Oreiro et al, 2019). Usability was identified, as one of the important issues 

that was not covered in detail by meCUE 2.0. To rectify this, we decided to add the SUS (Brooke, 1996) model, 

as it is widely used in academia and industry, and has proven to be both reliable and valid (Brooke, 2013). We also 

identified several other factors specific to AT intended for VIP and their caretakers. These were categorised under 

four Extended Contexts: Trust, Social, Physical and Culture. 

Findings from the literature review and our interviews with experts lead us to develop several extended contexts 

to capture aspects that were not presented in more standardized UX questionnaires. The factors in each context 

were chosen because they were associated with UX of VIP or a part of social UX with their caretakers. Extended 

Contexts (Fig. 1) were implemented in a separate questionnaire. Each factor in a context extends the questionnaire 

with 2-4 additional questions. These contexts could be expanded further, but we made a choice between specificity 

rather than comprehensiveness. It was also considered that there was a need to limit the number of factors to avoid 

too many items in the questionnaire. 
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3.1  Trust, Social, Physical and Culture contexts 

Trust context is concerned with the trust between the users and whether they have trust in the system itself. Forster 

et al. (2018) show trust as a separate from user UX and refer to the method develop Jian et al. (2000) that is often 

used to measure trust between people and systems. They consider trust, as prerequisite for acceptance of 

technology. While this is the case, we consider trust from the UX perspective and present it here more as a category 

of similar items rather than as a measure. However, thematically the context does group similar items together that 

try to answer specific questions related to trust or confidence. 

It was important to understand, if VIP feels that they can safely use the system to navigate from one location 

to another or whether a caretaker thinks that the system is dependable enough to help them guide VIP in their 

destination. We also wanted to know whether the users felt safe using the system and how much confidence they 

had in technology employed. The system should also feel dependable and trustworthy. So that VIP does not 

stumble on obstacles because of delays in communication or turn in a wrong direction when receiving information. 

Trustworthiness of information and dependability of the system are similar described by Schrepp and 

Thomaschewski (2019).   

Schilit (1995) identified three environmental categories that impact the interaction of a product. The first two 

deal with social conditions, such as being alone or with others and changing social situation. The third one is about 

physical environment where the interaction occurs. Nicólas and Aurisicchio (2011) explained that five types of 

contexts are often mentioned in research: physical, social, cultural, situational, and temporal. In this study, we 

decided to use three separate contexts: social, physical, and cultural. Temporal is presented with periods of 

experience (Roto et al, 2011), while we felt that the situational context did not apply with our evaluation needs. 

However, understanding UX differences with work and leisure activities or between goal- and action-mode should 

be included when necessary.  

Social context is about differences when experiencing an interaction with products in the presence of others or 

alone (Nicólas and Aurisicchio, 2011). Interactions with people and various social distractions can have significant 

effect on UX. Battarbee and Koskinen (2004) observed that people create, elaborate and evaluate experiences 

together with other people and that this UX can be different from that they would have alone. Co-experience aims 

to capture important interactions and collaborations between people, as a part of expanding UX evaluation.  

Physical context deals with UX in the physical environment and when there is change in locale. Traditionally 

computers were used in rather unchanging office environment, but this has changed significantly with mobile 

mobility (Schilit, 1995). Physical environment can hamper the use of a product. For example, the quality of 

pavement or many obstructions can make it difficult for VIP to traverse the terrain. Noises and sounds can reduce 

the user attention on the product. Weather conditions and different seasons can change the UX considerably. In 

addition, things like the level of lighting or temperature might make it difficult to use a product and therefore make 

the use experience worse. (Forlizzi, 2008; Nicólas and Aurisicchio, 2011.) 

Culture context is about users having different backgrounds, values, habits, and rules that can influence the UX 

of a product. According to Ripat and Woodgate (2011) some AT users may identify with a disability culture that 

can contain a shared set of beliefs, values, and behaviours. While users have their own habits and rules, it is 

important to consider the larger view that considers differences between work or organizational cultures, current 

level and availability of technology in a country, what type of products are favoured, and more general acceptance 

products in culture or sub-culture. (Arhippainen, 2009; Nicólas and Aurisicchio, 2011.) 

3.2  Evaluation setting and procedure 

The evaluation setting and procedure is shown in Figure 2. This is an example that is loosely based on our own 

requirements. Each evaluation consists of three participants. Participant 1 and 2 are interacting with the system for 

the first time. Participant 3 can be somewhat familiar with the situation and the system but knows the location 

particularly well and therefore acts as a location expert. Participants are familiarized with the system and then 

complete two navigational tasks. Variety of methods is used to capture different aspects of UX at specific points 

of the evaluation. Data is collected from all participants, as shown in Figure 2. The other methods, such as semi-

structured interviews, were selected, as they were suitable for this test setting.  
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Figure 2. The Evaluation Setting and Procedure 

4. CONCLUSIONS 

This paper presents The CAT UX Evaluation Model for VIP (Cooperative Assistive Technology User Experience 

Evaluation Model for Blind and Visually Impaired People). This model can be used as an example on how to 

evaluate AT with VIP. It is suitable for prototype systems and can be adapted to evaluate AT in the market. The 

original plan was to validate the evaluation model in March and layout those findings also in this paper, but because 

of Covid-19, we were unable to conduct the required tests. The evaluation setting and procedure we describe in 

the paper should be considered as an example. It is how we wanted to capture more holistic evaluation of UX in 

this very specific setting. We acknowledge the fact that longer evaluation in a real-life, might capture even more 

temporal issues than a short testing session and should be pursued when possible.  

In future, there will be significantly more people who suffer from blindness or visual impairments who require 

AT to function in a society. It should be noted that significant differences exist on how well visual impairment and 

its related issues have been handled in different regions of the world. This impacts the availability of AT and 

supporting technology. Regardless, there have been many attempts to develop AT for VIP, but these have not been 

widely adopted. The only notable exception to this is the low-tech, but popular White Cane, which is widely in 

use and has not been replaced with newer solutions even though there have been many attempts. As technology 

has matured, we expect to see many more attempts to create good AT for people with various disabilities. When 

it comes to AT for VIP, one development related problem seems to be with the evaluation of prototypes. 

Evaluations often seems to incorporate standardized methods but fail to consider other contexts related to VIP. 

This has resulted in very positive evaluations, which is not reflected in the actual adoption or continued use of AT. 

Our Extended Contexts highlights several important and specific factors related to UX of VIP. These additional 

contexts can be used to supplement standardized methods, such as meCUE 2.0 and SUS. We feel that this also 

contributes towards the trend of modularity in standardized UX questionnaires, as it allows evaluators to design 

their own questionnaires by choosing which modules to include depending on a specific context. We believe that 

modularity should be explored further. Our model and its Extended Contexts would benefit from further validation.  
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