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There is a misperception, often perpetuated in the HCI community that it is always better to get work accomplished faster. This emphasis on speed is especially problematic when trying to improve usability for the widest possible range of users, as is the goal of accessibility. This paper discusses various relationships between time, efficiency, and accessibility. It then presents various design guidelines that can help to improve efficiency for the widest possible range of users.
1. Introduction
Since measures of effort are difficult to determine, many researchers focus on measures of time to complete a task and/or measures of the number of steps to complete a task (where it is assumed that reducing the number of steps will speed things up). There is a naive assumption (supported by various HCI models such as GOMS) that reducing time to complete a task also reduces the effort required to complete a task and thus increases efficiency. While this may be true for some users for some tasks (through some reductions in time) it is not true for many users with accessibility issues. Rather than being a linear relationship, this accounts for only a portion of one side of a hyperbolic relationship. Furthermore the coordinates of this relationship can be considerably different for different users.

Many people with special needs will have to take longer due to their need to use interfaces that may take longer to use (e.g. using a screen reader may take longer than a sighted reader would typically take) thus what is efficient is relative to the user (which is covered by the "in a specified context of use" in the definition of usability). 

At some point increasing speed will reduce accuracy which will in turn reduce efficiency. However, many researchers continue to focus more on designing for speed or decreasing the number of required steps (because of GOMS and the Keystroke model) rather than on designing to help get the job done. Time spent interacting with a computer is only one of a number of factors involved in efficiency. This is especially true, when savings on computer interaction time are paid for by increasing the amounts of time the user needs to think about what to do next.
Various users are more comfortable with a slow, careful, step by step approach than with a quick approach that has them "leap large obstacles in a single bound". Fear of making mistakes can make a system seem inaccessible to some people (a result of negative achievement motivation). Besides, satisfaction is part of usability and thus of accessibility.

There already exist a number of specific accessibility computer software and hardware guidelines that involve time. This paper introduces additional guidelines and more general guidance based on an accessibility-oriented analysis of various concepts related to efficiency.
2. Accessibility, Usability, and Efficiency
2.1 Definitions

ISO/DIS 9241-171
 defines accessibility as "usability of a product, service, environment or facility by people with the widest range of capabilities." It also states that "The concept of accessibility addresses the full range of user capabilities and is not limited to users who are formally recognized as having a disability. The usability-orientated concept of accessibility aims to achieve levels of effectiveness, efficiency and satisfaction that are as high as possible considering the specified context of use, while paying particular attention to the full range of capabilities within the user population."

ISO 9241-11
 defines usability as, the "extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use." It then defines 3.5 context of use as, the "users, tasks, equipment (hardware, software and materials), and the physical and social environments in which a product is used."

ISO 9241-11 states, 
· "Measures of efficiency relate the level of effectiveness achieved to the expenditure of resources. Relevant resources can include mental or physical effort, time, materials or financial cost. For example, human efficiency could be measured as effectiveness divided by human effort, temporal efficiency as effectiveness divided by time, or economic efficiency as effectiveness divided by cost."
· "Efficiency is measured by relating the level of effectiveness achieved to the resources used. For example temporal efficiency can be defined as the ratio between the measure of effectiveness in achieving a specified goal, and the time it takes to achieve that goal. Similar calculations can be made with respect to efficiency in the use of mental or physical energy, materials or financial cost."
Despite the various qualifications regarding the concept of efficiency, various people focus on the expectation that efficiency needs to be measured in terms of absolute speeds.

The US Technical Advisory Group to the ISO committee responsible for ISO 9241-171 commented
 on definition of accessibility in 2nd CD 9241-171

· "The definition used for accessibility creates many problems and is technically incorrect. The most vexing problem is that of efficiency. If the population of disabled users is narrowly drawn, it might conceivably be possible to achieve a level of efficiency not substantially different from that achieved by all other users who are not members of that disability sub-group. However, the population of disabled users will not be narrowly drawn.

· "This standard, likely to become a European regulation, appears to require the software developer to somehow magically obviate the disability. It is akin to saying that, because my psychomotor skills limit my typing speed to a below-average 20 words per minute, the Word Processor software should somehow enable me to achieve the average efficiency, say 50 words per minute. 

· "Nor is it clear how the software is to be evaluated in regard to usability for multiple user groups. Presumably the software designer would be required to anticipate use by any disabled user group. Current estimates of the number of user groups range as high as 150. This would appear to require that software would need to be tested for effectiveness, efficiency and user satisfaction for each user group. It seems entirely likely that the number of groups will not remain constant and that there will be additions. Neither does the standard address how conflicting user-group needs are to be addressed." 
This comment, which has been rejected by the ISO committee developing 9241-171, is symptomatic of an over emphasis on speed. It ignores the importance of the context of use and the limited scope of dealing with only temporal and not human efficiency. It focuses on a particularly bad measure to use with regards to accessibility, due to the considerable variance between users and between media types.
2.2 Existing Guidelines
While simplistic measures, such as time to perform a single action, are easy to measure in a laboratory, they are of little help to developers. Heuristic guidelines are easier to administer and less costly, and can be effective if they provide specific guidance for particular situations
. The guidelines in ISO 9241-171 are examples of such guidance. However, ISO 9241-171 provides only a limited amount of temporal related guidance. 

Temporal guidance in ISO 9241-171 relates to task efficiency, control efficiency, and media related input.
Task efficiency related guidance focuses on allowing the user to minimize the interactions necessary to complete tasks. However, it does not speak to the reality of interactions between multiple tasks being performed on the same page.
· Optimize the number of steps required for any task

· Provide accelerator keys for frequently used features 

Control efficiency related guidance focuses on giving the user control of the timing of interactions.
· Enable user control of timed responses

· Allow warning or error information to persist

· Enable user control of time-sensitive presentation of information

· Provide non-animated alternatives to animations

· Enable users to stop, start and pause animations

· Enable users to replay, rewind, pause and fast or jump forward animations

Input related guidance focuses on specific accessibility-related technologies for traditional keyboard and pointer inputs. The keyboard efficiency related guidance is largely based on Vanderheiden's research
.
· Enable sequential entry of multiple (chorded) keystrokes 
· Provide adjustment of delay before key acceptance 
· Provide adjustment of same-key double-strike acceptance 
· Provide adjustment of key repeat rate

· Provide adjustment of key-repeat onset

· Allow users to turn key repeat off
· Provide adjustment of delay of pointer-button-press acceptance

· Provide adjustment of multiple-click parameters for pointers
· Provide adjustment of pointer speed

· Provide adjustment of pointer acceleration
By considering this organization of these temporal related guidelines, it can be seen that there may be considerable need for additional guidance.

The ISO/IEC JTC1 Special Working Group on Accessibility is evolving a comprehensive set of user needs
. Some of the needs it includes are similar to those already mentioned, including the need of some users:

· to fully operate product that does not require simultaneous actions

· to have ability to replay information in order to accurately perceive and understand it
· to be able to complete actions and tasks within the time allowed via
· having much more time to read messages
· having the ability to either extend time limits or turn off timeouts
· planning their actions in advance
JTC1 SWG-Accessibility's User Needs Summary also deals with some of the problems of complex systems by recognizing that some users need:

· to have steps for operation minimized and clearly described
· information and feedback to be "salient," and "specific" rather than subtle or abstract in order to understand it
· cues to assist them in multi-step operations
· to have simple interfaces that only require them to deal with the controls they need with advanced or optional controls removed in some fashion
This last set of guidance highlights that some users have different needs from other users. In particular, it identifies a conflict between the need for simple (minimized) operations and the need for complex (detailed) operations.

2.3 Design for All vs. Design for Specific Disabilities

The ISO 9241-171 definition of accessibility takes a design for all approach by specifying that accessibility is for "people with the widest range of capabilities". While it meets the needs of many different users with different types of disabilities, it avoids taking a "medical model" approach and singling out particular groups of users as having particular needs. This doesn't allow developers to disregard the needs of certain groups of potential users.

Accessibility research often focuses on making accessible interfaces for individuals with specific needs. By limiting the intended user population, these research systems can utilize designs and technologies that might not be suitable for wider ranges of users.

Thus, the results of this research seldom provide guidance on how to make systems accessible by "people with the widest range of capabilities"

This paper focuses on guidance that can be used to improve the accessibility of all types of systems, including those with and (if there are any) those without special needs. It recognizes that, "To achieve usability the designer must go beyond the design of these individual components and include the design of how these components interact. Usability involves the combined functioning of all components of a system. Usability is high when all components work well together producing the extra benefits of their synergy."

It also recognizes that there is a need to consider the usability of the development as well as the usability of the resulting system that is being developed. In multimedia systems development, there are usually at least two distinct groups of people whom the developer needs to consider. ISO 14915-1
 refers to these groups as information providers (often the people sponsoring the development of a system) and information recipients (the typical "end users").
  Likewise, "to ensure that e-learning system is usable, it must also be effective in meeting the instructor’s pedagogical objective."
 In this case, the instructor fulfills the role of the sponsor.

Thus, we need to recognize that multiple efficiencies may be involved: end-user efficiency vs. sponsor efficiency vs. developer efficiency. As already discussed, developer efficiency can be enhanced by usable guidance. Sponsor efficiency can be enhanced by getting end users to use the system, and thus is highly dependent on end-user efficiency. The remainder of this paper focuses on end-user efficiencies.

3. Accessibility-Related Temporal Considerations
3.1 Avoiding time dependencies
Since the performance of a person is generally worse if the task must be done under externally imposed time constraints whether actual or simply inferred by the user, "the design of any interaction should, wherever possible, allow every step to be carried out at the user’s own pace."
 This need for working at one's own pace is especially important for people with special needs.
The need to avoid time dependencies appears in a wide range of accessibility guidelines, in addition to the ISO 9241-171 guidelines recommending systems to enable users to control the timing of various time related interactions. 
ISO 9241-20 advises that because users with cognitive difficulties may need additional time to perform certain activities, the speed of interaction should be adjustable by the user.

Section 255 of the Telecommunications Act requires systems to, "Provide at least one mode that does not require a response time. Alternatively, a response time may be required if it can be by-passed or adjusted by the user over a wide range."

Section 508 of the Rehabilitation Act requires that, "At least one mode of operation and information retrieval that does not require fine motor control or simultaneous actions and that is operable with limited reach and strength shall be provided."

3.2 Personal differences in user needs and performance
When developing mainstream systems, it is important to be aware of the range of cognitive and other diversities "even amongst those without clinical dysfunction."

For example there is a considerable variance in reading rates. "The reading time could be calculated for various speech rates. When a user is advanced, he or she might use a faster rate, such as 360, 380, or 400 words per minute (wpm) or even faster. However a novice user might use a slower rate, such as 180 or 200 wpm."
 
Average performance varies considerably between media
: 

· Read at 250 wpm for average, but can be up to 500 to 700 wpm



· Hear at 280–400 wpm 



· Speak at 150–180 wpm

· Write at 25–35 wpm

While this variance between "average" users is considerable, the variance between "people with the widest range of capabilities" is enormous. When sensory substitution is used to make systems accessible to users with special needs, this variance is so large as to invalidate any research based on timing of interactions under ideal conditions with "average" users.

Task specific differences also affect performance in a variety of ways:

· "Mouse use can make up between 31% and 65% of computer operation time. Effective use of pointing devices, however, requires precise motor control and dexterity. In situations where accurate cursor control is not possible, GUIs become inaccessible in many ways. … Although alternative methods of interaction with GUIs exist, these methods may be inappropriate or simply too slow for effective interaction."

· "It was also shown that the temporal nature of auditory feedback, especially feedback of longer durations, can temper the effectiveness of auditory feedback, alone and in combination with other feedback forms, when investigating target highlight time, a measure of feedback effectiveness."

· Vitense, et al. observed that subjects wait until the presentation of an earcon (length 1.9 sec) finishes before completing the task.

· "As reading appears to be more tiring during prolonged video interaction with the e-learning system, it is appropriate to concentrate more important contents at the beginning, eventually highlighting their priority through graphical cues. The hierarchical structure of subjects must also be highlighted: this is very effective both from the conceptual point of view and in order to exploit and stimulate student’s visual memory."

In addition to considering the various accessibility-related user needs identified in JTC1 SWG-Accessibility's User Needs Summary, it is important to recognize that the needs and capabilities of individual users will change over time.
 
"In general, as people grow older their abilities change. This process of change includes a decline over time in the cognitive, physical and sensory functions, and each of these will decline at different rates relative to one another for each individual. This pattern of capabilities varies widely between individuals, and as people grow older, the variability between people increases. In addition, any given individual’s capabilities vary in the short term due, for example, to temporary decrease in, or loss of, function due to a variety of causes, such as the effects of drugs, illness, blood sugar levels and state of arousal."

Rather than trying to deal with all the combinations of possible needs together, it is important that strategies be developed to deal with needs on a more individualized basis. 
 However, we need to ensure that all of these results will still work together.
A variety of different cognitive characteristics, including domain expertise, thinking style (personality types), attention and perception, and motivation are important determinants of the success of an individual in completing a given task." 
 
3.3 Differences in attention and perception
Attention and perception are highly related. Attention deals with whether or not an individual is sensing external factors (such as the current state of a user interface) that are relevant to completing some task. Perception deals with how the individual interprets and understands these external factors.
There is a common expectation that users will attend to a given task and as part of this attend to the state of the user interface. As a result of this expectation, serious consideration is seldom given to difficulties due to lack of attention, even for systems designed to be used in highly multi-tasking work environments.
Cognitive impairments can pose serious constraints on various aspects of attention, leading to a number of recommendations including
:

· "Present the user with just one ‘thing’ at a time, which will avoid the user erroneously devoting time and cognitive resources to processing irrelevant information."
· "If the nature of the interaction requires the user to attend to some ‘critical’ information at a particular time/location, appropriately obvious highlighting should be employed to ‘grab’ the users’ attention. These issues become emphasized in situations where selective attention must be maintained over periods of more than just a few minutes."
· "Many scenarios, where the user is required to do more than one ‘thing’ at a time, can simply demand more cognitive resources than are available. Declines in the efficiency of divided attention, however, can mean that, even if the tasks involved demand no more than the resources available, they may not be allocated appropriately."

The views of what perception involves range from a very limited concept of physiological responses to external stimuli to very complicated concepts involving modeling of perceived reality. Each of these different views of what perception involves can provide guidance for developers. 

“People perceive total situations, not isolated sensory inputs. The perceptual process ‘puts it all together’ in a way that helps people understand what is occurring in the world.” 
 Thus, perception is seen to be related to a user's context of use. Perception is influenced by sensation. If an input is never perceived (as in the case of a blind user not being able to see a picture) then information is missing. Where information is not perceived, the user may fill in this gap based on information from the current context of use.

Developers need to consider the possibilities of both valid and invalid perceptions. The combination of invalid perceptions with appropriate reasoning will result in a variety of slips
 (as in Garbage In - Garbage Out). Bailey
, Preece
, and others provide various examples of perceptual errors and illusions. While most people focus on what is perceived, it may be equally important to consider what is not but that was meant to be.

Misperceptions can arise from experiences, contexts, and/or cues. People lacking past experience may not even be aware of things that others will readily perceive. Perception can attempt to match experiences to inputs at variety of granularities. If the wrong level of granularity is used, an input may fail to be perceived correctly. Failures to perceive can occur because context provides certain expectations that are stronger than the actual inputs that are sensed. Missing, conflicting, or misleading cues may lead to misperceptions. For example, it is believed that people recognize complete words by their distinctive shapes and that the loss of this cueing when all letters are capitalized creates perceptual difficulties in reading
.

Given an understanding of these factors, the developer needs to ensure that:

· the user’s attention is engaged

· the user has the appropriate capacity and context to be able to perceive

· the perception will be accurate / unambiguous

· the experience will be helpful in perceiving additional experiences
An additional perceptual consideration, is the effect of the user's perception of the flow of time. Task and information complexity influences the perception of time, which in turn influences "the manner in which we structure both problems and their subsequent resolution." 
   This internal perception of time can have a greater importance than the actual external flow of interactions.
3.4 Personality differences
Personality differences influence the way individual users perceive and respond to different situations.

Jung identified eight basic types of personality
 that, combined into pairs, define four dimensions for measuring personality:

· extroversion [E] vs. introversion [I]

· sensation [S] vs. intuition [N]

· thinking [T] vs. feeling [F]

· judging [J] vs. perceiving [P]

Some types {thinking, feeling, judging, and perceiving] have been found to be equally distributed in the general population. However, not all types are equally distributed:

· 75% of the population are more extroverted than introverted

· 75% of the population are more sensory than intuitive

Likewise, individual groups may have significant differences from the general population. Tognazini
 found that 75% of computer professionals were more intuitive than sensories (the opposite of the distribution in the general population) and that the percentage of intuitives was as high as 90% in one major computer company.

The difference between extroverts [E] preference for breadth and introverts [I] preference for depth can effect the content and order of information presentation. Extroverts will prefer to receive or provide a general overview before going into further detail. This may even involve a preference to work on a number of tasks at a time. Introverts will prefer to treat one function or task thoroughly before moving on to another.

The difference between extroverts [E] preference on interaction and introverts [I] preference for concentration can effect the chunking of information that is presented. Extroverts will prefer smaller chunks of information that support a wider variety of navigation paths between one another. Introverts will not find small chunking necessary and may find the increased need for navigation to be a distraction. 

The difference between sensories [S] preference for step by step instructions and intuitives [I] preference for holistic understanding can effect the design of systems and the need for help and tutorial material. Sensories will prefer detailed step by step instructions and procedures and may even require intermediate feedback to assure them that they are correctly performing tasks. General conceptual models are of little use to sensories. Intuitives will prefer having a good understanding, which may include a conceptual model, of what needs to be done and then being allowed to do it in the manner that they best see fit. 

The difference between judges [J] preference for closure and perceivers [P] preference for continuation can affect the response to the frequent evolution of a system. Judges may prefer specific feedback that acknowledges the success of individual actions. Perceivers may often be satisfied that a lack of error messages indicates that actions have been successful.

People can be both motivated towards some things (including situations) and away from others. According to McClelland people may be motivated either to succeed or to avoid failure
. People with very strong achievement motivations may need additional assurances that they are being successful / not doing something wrong, beyond the typical level of feedback, which can increase the overall time it takes them to interact with a computerized task. Otherwise, systems not providing this enhanced level of feedback may be considered as inaccessible to people.
3.5 The relationship of speed and usability

The various considerations discussed above provide a basis for considering the true relationship between speed and usability. The traditional assumption is that increasing speed, increases efficiency, which in turn, increases usability. While this can be true for all users some of the time, it is not true for most users all of the time. Speeding up can increases the risk of errors, "by turning off conscious control mechanisms."
 It can also increase stress and other factors which can lead to decreased user satisfaction.

Thus, rather than being a linear relationship, improvements in usability due to increased speed of performing a task account for only a portion of one side of a hyperbolic relationship, as illustrated in Figure 1. While improvements may be initially experienced, after some point (that can be considered the usability peak) they lead to decreases in overall usability due to decreased effectiveness and user satisfaction. The location of this usability peak is crucial to whether or not speed improves usability. 

[image: image1]
Figure 1. The relationship of speed and usability

The coordinates of a speed-related usability peak can be considerably different for different users. Figure 2 illustrates the usability peaks for two different users. The higher peak on the right represents a typical user who can gain considerable benefit from speed increases through a sizable range of improvements. The lower peak on the left represents a user with special needs who only benefits from a limited types and amounts of speed improvement, before further increases in speed result in a decrease of usability.

Figure 2. Usability peaks for different users
4. Designing for Accessible Efficiency
4.1 Designing for the complexity of tasks

Many HCI and accessibility-related research studies utilize and advocate designs that focus on a single, rather simple task. However, real world systems often allow the user to perform a variety of complex tasks on a single screen. We, therefore, must consider the implications that, whether or not simplicity is desirable, it is not feasible in many systems.

ISO 9241-110
 recognized that it could not recommend that the user should only be presented with information relevant to the current task, because most interfaces support a number of different tasks. As a result it recommends:
· "The dialogue should present the user with information related to the successful completion of the task. The needs of the task determine the required quality, quantity and type of information to be presented."
· "The dialogue should avoid presenting the user with information not needed for the successful completion of relevant tasks. The presentation of inappropriate information could lead to decreased task performance and unnecessary mental workload."
Complex tasks involve many user decisions as well as many human-computer interactions. Using a single "gross" measurement of total task completion time can mask the effects of individual components leading to task completion.
 As discussed previously, saving time on interactions does not necessarily increase overall efficiency if it results in increased time being required for user decisions. Even if time is saved if the method of this saving (such as increased effort being required by the user in decision making) leads to increased frustration, then decreases in user satisfaction may lead to overall decreases in usability.

Simplified tasks may not support learning of how to accomplish more complicated versions of the same task. Thus, saving time on simple versions may cost extra time and frustration on more complicated versions.

Rather than trying to oversimplify tasks, our primary aim should be to minimize the cognitive effort. 
 We should also aim to reduce "other undesirable aspects of task execution, such as stress, cognitive workload, disorientation, frustration."

From an accessibility perspective, the users most affected by complexity are those with cognitive disabilities. The two main prescriptions for better meeting their needs are simplicity and consistency. If simplicity is not possible, as with many systems used by a wider audience, then we need to focus on consistency. 

A consideration of consistency can lead us to the realization that if some complex versions of a task require a given number of steps to complete them, then it might be desirable for all versions of the task to involve the same number of steps. This sounds like heresy, since it is advocating increasing complexity. However, it does not suggest that all users need to complete all of these potentially unnecessary steps – but rather it suggests that users be able to complete the task in this manner. Once the most complex scenario is identified and designed, then various techniques can be added to improve the usability / accessibility for different users. This approach may lead to more versions of more tasks being accessible for trainable users with cognitive disabilities, as well as for users who like to follow a smaller number of routines in a step by step manner.

Consistency can be achieved by analyzing scenarios in terms of interaction design patterns and then generalizing these patterns to design similar sets of interactions. Interaction design patterns can address
 

· very large-scale issues that comprise a user's complete task

· the style of a certain part of the interaction 

· low-level questions of user interface design that look at individual user interface objects (whether virtual or physical).
Interactions start with some form of computer output that indicates to the user that the computer is ready to take processing requests from the user. As a task proceeds the computer will continue to interact with the user via a range of different outputs, which include a number of individual components that serve a variety of purposes including:

· information on the status of the application,

· information on the current location within the application,

· information about what user actions will be permitted at this time,

· displaying, inputting, and/or editing content,

· providing control objects with which to interact.

The user must attend to and perceive the output. Once an output is perceived, the user must decide what to do next. This includes selecting between alternatives to decide on what action to take and then deciding how to take this action. While the result of this is the user providing input to the computer, it may be important to also document major types of user processing that is required (since these may have their own accessibility related issues).
User inputs to the computer can involve:
· manipulating information

· activating computer processing functions

· navigating through information and functions (including searching, browsing, and other navigational issues)

An interaction pattern can be created by analyzing a scenario in terms of computer outputs, user inputs (attended to perceptions), user decisions, user outputs which become computer inputs, and computer decisions which lead to further computer outputs. By comparing patterns for similarities, it is possible to assign similar designs to similar patterns.
4.2 Designing for ease of navigation

Once the most complicated interaction patterns are developed, additional design should be performed to provide assistance in using these patterns, including design techniques to simplify their use, where appropriate. These techniques can provide usability improvements by helping users to understand the structures of the interface and of interactions that can be performed at this point in the interface and by helping users to navigate through the interface and the interactions.  Care needs to be taken that the use of these techniques is optional and non-intrusive.

Takagi et. al. provide the following suggestions for designing such help: 

· "Appropriate heading tags help blind users to build their mental model of a page by providing quick access to each part of the page."

· "Users almost never sit listening to speech output passively. They move and jump in a page by using various types of jump keys that are built into voice browsers. They create their mental models of the pages through this process and try to logically navigate through pages to get to their target information. This "time-oriented aspect" of usability is crucial to achieve voice usability, but current (accessibility) checkers do not consider this aspect."

· "In Section 508 of Rehabilitation Act, it says that a method shall be provided that permits users to skip repetitive navigation links. … Skip-links can offer great usability, but it is hard to maintain all skip-links so they work perfectly. …. It is necessary to maintain two elements, the link and the corresponding destination anchor to keep these links working."

4.3 Designing for Efficiency

The following guidelines summarize the above approach and can help provide accessibility-related efficiency: 
· Provide the user with all relevant information by making it easy to identify current system state, progress, commands, and options available

· Use consistent content and interaction structures

· Provide navigation aids including:

· noninvasive scaffolding that avoids distracting the user

· mechanisms for search by indexing, keywords or natural language

5. Conclusion
Design for All is by its very nature a holistic activity. This paper reinforces that usability, as defined by ISO 9241-11, and accessibility, as defined by ISO 9241-171, are also holistic concepts. Whenever attempting to improve usability or accessibility, it is necessary to consider all the elements of usability / accessibility and not try to claim improvement based on considering only one of the elements or sub-elements of usability / accessibility.
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