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ABSTRACT

This paper examines applying human factors principals to future Amateur Radio designs in order to facilitate a new wide-ranging design philosophy in order to provide older users with enhanced technological support that improves their Amateur Radio operating capabilities and enjoyment. Particular emphasis is placed on whether human factors principals are fully considered that meet the needs of older Amateur Radio users. The scope of this design review is necessarily wide ranging and includes: human factors, cognitive performance, introduction of wide-ranging design principals, new technological considerations and design research methodologies. Initial consideration is given to understanding what it means to be an older user and the changes that occur with the aging process. Older user requirements are examined in relation to achieving wide​-ranging design solutions and the way in which human factors methodology can be used to supporting new wide-ranging design goals. Based on this principal, special attention is given to the present lack of wide-ranging design criteria as especially applied to mobile and handy-talkie (HT) Amateur Radio  designs, considering how human factors issues should be reflected in new product design and context of use beyond the radio panel controls and keypad to the end user interacting environment. This paper does not propose specific direction based on primary research findings but argues for a more ‘Wide-Ranging Design Philosophy’ with regard to the current approaches designers and manufacturers adopt and the effects that design decisions have particularly on Older Amateur Radio Operators. This paper also argues that when effective and flexible human factors methodologies and new wide-ranging design criteria are integrated into the initial product development process, wide-ranging benefits to a wider-user population can maximize Older Amateur Radio Operator inclusion as opposed to exclusion which presently exists as a result of Amateur Radio equipment manufacturers attempt to incorporate new technological advances in their products without considering Older Amateur Radio Operators needs.

________________________________________________________________________________________________
1.0_ Introduction

Few governments maintain detailed demographic statistics of their Amateur Radio Operator populations, aside from recording the total number of licensed operators. The majority of amateur radio operators worldwide reside in Japan, the United States, Thailand, South Korea and the nations of Europe. Only the governments of Yemen and North Korea currently prohibit their citizens from becoming amateur radio operators. In some countries, acquiring an Amateur Radio License is difficult because of the bureaucratic processes or fees that place access to a license out of reach for most citizens. Most nations permit foreign nationals to earn an amateur radio license, but very few Amateur Radio Operators are licensed in multiple countries.(source Wikipedia)
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	Number of amateur
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 Japan
	1,296,059
	1.012
	1999
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 United States
	738,497
	0.239
	2011
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 Thailand
	176,278
	0.275
	2006
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 South Korea
	141,000
	0.288
	2000
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 Germany
	75,262
	0.092
	2007
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 Republic of China
	68,692
	0.296
	1999
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 Canada
	69,183
	0.201
	2011
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 Spain
	58,700
	0.127
	1999
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 United Kingdom
	58,426
	0.094
	2000
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 Russia
	38,000
	0.026
	1993
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 Brazil
	32,053
	0.016
	1997
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 Italy
	30,000
	0.049
	1993
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 Indonesia
	27,815
	0.011
	1997
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 Peoples Republic of China     
	20,000
	0.001
	2008
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 France
	18,500
	0.028
	1997
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 Ukraine
	17,265
	0.037
	2000
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 Argentina
	16,889
	0.042
	1999
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 Poland
	16,000
	0.041
	2000
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 Australia
	15,328
	0.067
	2000
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 India
	15,679
	0.001
	2000
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 Slovenia
	6,500
	0.317
	2000

	[image: image22.png]


 South Africa
	6,000
	0.012
	1994
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 Norway
	5,302
	0.106
	2000


                                        Figure 1

                                   Number of Amateur Radio Operators worldwide

                                       Source Wikipedia

2.0_Amateur Radio Operator’s Age  

In most countries there is no minimum age requirement to earn an Amateur Radio icense and become an Amateur Radio Operator. Although the number of Amateur Radio Operators in many countries increases from year to year, the average age of Amateur Radio Operators is quite high. In some countries, the average age is over 60 years old, with most Amateur Radio Operators earning their license in their 40s or 50s.

Some national radio societies have responded to this by developing programs specifically to encourage youth participation in amateur radio, such as the American Radio Relay League’s Amateur Radio Education and Technology Program. The World Wide Young Contesters organization promotes youth involvement, particularly amongst Europeans, in competitive radio contesting. A strong tie also exists between the amateur radio community and the Scouting movement to introduce radio technology to youth. WOSM’s annual Jamboree On The Air is Scouting's largest activity, with a half million Scouts and Guides speaking with each other using amateur radio each October. (source Wikipedia)

3.0_ The Amateur Radio Industry 

Aside from producing commercial radios for governments and military users, the 3 major Amateur Radio equipment manufacturers are all from Japan.

Yaesu, ICOM and Kenwood have the largest market share of worldwide Amateur Radio equipment sales. With approximately 3.6 million Amateur Radio Operators worldwide (source Wikipedia), Amateur Radio technology has developed at a considerable and rapid pace over the past 20 years within Japan and throughout the world. 

The most recent and radically new (digital technology driven) D-STAR system introduced by ICOM has  generated considerable confusion concerning programming and user friendliness especially for older Amateur Radio Operators. With the increasing number of older users as a demographic group, this should mean that older Operators present a large-scale user group design goal for such new technology. However, this is not the case as new Amateur Radio equipment designs are generally skewed towards younger users. 

This may be due, in part, to ‘techno-phobia’ which is an anxiety associated especially with older users attempting to use new advanced technologies. Wide-Ranging design methodologies, which are presented in this paper, will address the needs of older users and can easily be applied early in the design and engineering phase of a new product launch such as ICOM’s D-STAR Digital Radio product line.

‘Techno-phobia’ is correlated with age illustrating that older users are more reluctant to use new technology than younger users and could arise through poor user requirements capture where the design solutions do not meet the specific needs of older Amateur Radio users. In a highly competitive marketplace, consumer-spending trends drive development of Amateur Radio equipment and problems can develop where the main consumer base becomes the main design focus because it is the main revenue stream. 

As a result, there is a danger that the development of Amateur Radio equipment has not evolved to support different users and that older user groups have to adapt to what is generally available. This would seem to be the case for older users. However as the older population increases, so too does their power as a consumer group as they move out of being a niche user group and into being their own mainstream market sector.

4.0_ Older Amateur Radio Operators: a growing consumer group

Over the last 150 years the combination of reduced infant mortality and increased life expectancy has led to a restructuring of population demographics throughout the developed world. Population projections suggest that following the two post-war baby booms of the 20th Century, the older population will continue to expand during the first quarter of the 21st Century from 400 million to 1.3 billion by 2050.

As Amateur Radio Operators grow older and their requirements change, Amateur Radio designers should be more sensitive to this changing user demography as well as designing for the older users they will eventually become themselves.

Worldwide older Amateur Radio Operators may have a substantial command of income and can control a significant portion of the world’s wealth, saving and spending power.

However, many older users are poor and struggle financially and/or physically in an environment that can enforce disability out of impairment. Disability through impairment can refer to those at a disadvantage through a lack of resources and support. That users can be ‘disabled’ through poor design highlights the idea that older users are often stifled by a restrictive, rather than inclusive operating environment that surrounds them. With these various needs, new technology should be designed to support older users with emphasis on more intuitive and user friendly Amateur Radio Equipment rather than being alienated because they cannot use a new technology, access the internet or understand the latest Amateur Radio graphic user interfaces. A ‘Swiss Army Knife’ or a ‘One Size Fits All’ design philosophy cannot continue to be applied to the design of present and future Amateur Radio user interfaces.

5.0_ Older Amateur Radio users: the performance continuum and aspects of aging

Older users by definition have lived longer than younger users and therefore represent one of the most diverse groups in today’s society. Assuming that people generally start at a similar point, born with similar functions and abilities, by the time they become older users they will have gathered many different experiences, perceptions and mental models of the world, as well as possibly suffered the rigors of physical and mental demise in various forms. From a similar starting point older users will have deviated further than other user groups and therefore be further away from new design commonality. Consequently, a unique performance continuum exists as a function of older age in terms of vision, hearing, motor function and cognition.

5.1_ Vision

Visual impairment takes many forms, from partial loss of vision through to complete

blindness. Aging can be seen to affect older adults in many ways briefly highlighted

here:

Decreasing Visual acuity (the ability of the eye to discriminate detail) diminishes

especially after 50 years of age (Haigh, 1993; Steenbekkers, Dirken, and Van

Beijsterveldt, 1998). The average 60 year old requires three times more light than 

The average 20 year old to see the same level of detail (Haigh, 1993).
Decreased contrast sensitivity (the ability to distinguish between light and dark)

diminishes from the age of 20 years to 80 years with the main decline beginning

around 40 to 50 years.

Worsening light accommodation (the ability to focus on near and far objects)

decreases from the age of 8 to 50 years by roughly 50-55%, at which point the 

decline generally levels off. The decreased elasticity in the lens leads to a reduction 

in the accommodation and an average near point of 50cm for a 50 year old, compared 

to 12.5cm for a 30 year old (Haigh, 1993, Ishihara, Ishihara, and Osaki, (2002).

Difficulties with glare (which arises from harsh light leading to discomfort and/or

disability). The scattering of light in the eye due to increasing lens opacity increases 

the effect of glare. With three times more light required (in relation to visual acuity), 

the increased likelihood of glare needs accounting for in design solutions for older users

(Haigh, 1993).

5.2_ Hearing

As with vision, changes to or the gradual loss of hearing are most commonly associated with aging. The process is affected by many factors such as work exposure, diet and genetic influences, but by the age of 50 there is often sufficient loss of hearing to cause impairment (Takeda, Morioka, Miyashita, Okumura, Yoshida, and Matsumoto, 1992). Aging has also been shown to have an effect on the ability to interpret and respond to complex auditory information. The ability to discriminate frequency also deteriorates in a linear fashion between 25 to 55 years of age, after which a greater differential is required especially for the higher frequencies (Takeda et al., 1992).

5.3_ Motor Function

Age related changes in hand/motor function appear to occur as a decrease in strength, dexterity and range (Steenbekkers et al., 1998). There is a decrease in grip strength and endurance with age, with force exerted deteriorating from the mid to late twenties (40% decline in strength from 30 to 80 years old) and the average 65-year-old user having only 75% maximal strength (Sato and Fukuba, 2000).

5.4_ Cognitive aspects of aging

In general, working memory appears not to decline in relation to storage capacity, but rather processing efficiency declines over time (Norris, Smith and Peebles, 2000).

Processing speed declines but recall stays within Miller’s 7 plus/minus 2 chunks (Miller, 1956). Long-term memory declines with age in relation to episodic memory, however, semantic memory is maintained and deficits are rare (Bowles, 1993). In relation to procedural memory, decline is elevated with the complexity of task and reaction time has been shown to decline with age. Therefore memory retention for prior known faces and places can appear to be good if supported by contextual knowledge but new complex tasks can be problematic for older people. Total knowledge increases with age and so a larger database is available for older rather than younger people although speed of retrieval slows down. Older people maintain the ability to learn, with evidence of neural plasticity, however, the process takes more time, especially with complex material (Kandel, Schwartz, and Jessell, 2000). This could help explain ‘techno-phobia’ if there is little or no prior context for older users to use in learning how to use new technologies or new technologies are not developed which support the mental models of older users.

Skills such as vocabulary and language use are maintained unimpaired until late in life whereas skills that depend on rapid processing, accurate logical thought and spatial ability are markedly affected as people become older (Haigh, 1993). Evidence supports the theory that older people cope poorly with divided attention tasks and while problem solving increases in capacity until the ages of 40 - 50 years, after this period an experiential related decline occurs (Norris et al., 2000).

In relation to the performance continuum and the effects of aging, decline occurs throughout adult life. Most areas of decline vary greatly between individuals due to the diverse nature of aging itself and the multitude of factors (such as; lifestyle, health, nutrition, individual differences, work and exercise) that can impact on everyone growing older. 

In relation to Amateur Radio design, the performance continuum is linked to human interactions with complex systems. On one level, an Amateur Radio is a device operated by an individual interacting with for example, a keypad, multi-function buttons, knobs, and a display screen user interface. 
On another level, a complex set of combined cognitive and physical interactions are linked to changing contexts of use and environments in which these devices are used.  For example; operating a mobile Amateur radio or Handy-Talkie (HT) while driving and coping with varying lighting and noise environments requires a higher level of cognitive activity when compared to operating the identical Amateur Radio equipment located on a stationary desktop. 

The management of these interactions underpin how successful and accessible new technologies will be. The overall challenge for designers is that there is no typical older user to design for. What is required is a clear new philosophy, such as Wide-Ranging Design using a methodology such as human factors research in order to develop user-centred solutions that meet most older user needs. If  this design goal is achieved then designers can target the eventual design for a specific user group and provide a Wide-Ranging design solution.

6.0_ Wide-ranging design: incorporating the needs of older users

The Wide-Ranging Design goal aims to accommodate as many users as possible and therefore incorporate diverse user requirements – it is more of a design philosophy than an end product. The underlying premise of this philosophy is that it should enable rather than exclude different users (Gyi, Porter, and Case, 2000). However, the aim is not necessarily to achieve a ‘universal’ solution but to be more pragmatic, supporting different users by forming generic design solutions that suit specific needs. A model of wide-ranging design is illustrated below in Table 1. (adapted from Keates and Clarkson, 2004)

User Needs

Specify problem to be solved

Verify problem definition

User Perception

Representation of the system

Verify user perception

User Cognition

Structure the interaction

Verify user understanding

User Motor Function

Quality of control and input

Verify user comfort

Usability

Evaluation & validation

Validate usability & accessibility

Table 1 

Model of Wide-Ranging design goal (adapted from Keates and Clarkson, 2004)

The model highlights the complexity of Wide-Ranging design from analyzing user needs through to evaluating and validating the usability of design solutions. In order to achieve this, user needs have to be understood in terms of:

 The representation of the design problem (taking user perception as a basis for

     the design);

 The structure of the interaction between the user and design solution

    (understanding that this will be different for different user requirements);

 The quality of control and input (as a basis of user comfort).

     If these aspects are addressed then the design solution should be accessible to most

     users and therefore inclusive in its nature. If inclusive design is implemented at the

     start of the overall design process, design options can be evaluated in an iterative

     manner. For older users this could mean that specific user requirements are identified.

Incorporating human factors methods, involving users and designers, to help develop and sustain inclusion throughout the design process should also support developing ‘easy to understand’ and ‘easy to use’ owner’s manuals/guides (including ‘easy to follow’ programming flow charts similar to pilot’s checklists) and improved product support services.

7.0_ Human Factors in Design research supporting Wide-Ranging design goals

A human factor inclusion offers a ‘user-centred’ approach, which ensures compatibility between the design and the user’s needs and requirements. For decades, various task analysis techniques (eg. Kirwan and Ainsworth, 1993; Militello and Hutton, 1998) have allowed human factors experts to describe the interactions between users, technologies and their environments at a level of detail that can be used to support the design solution. Recognition of this has recently been formalized by the publication of International Standard ISO 13407, Human-Centred Design Processes for Interactive Systems (Earthy, Sherwood Jones, and Bevan, 2001) which specifies four important general principles of Wide-ranging design:

Ensure active involvement of users and a clear understanding of user and task

   requirements (including context of use and how users might work with future

   products);

Allocate functions between users and technology (recognizing that today’s

   technology, rather than de-skilling users, can actually extend their capabilities into new

   applications and skill domains);

Ensure iteration of design solutions (by involving users in as many stages of the

   design process and implementation cycle as is practical);

Ensure the design is the result of a multidisciplinary input (emphasizing the

   Importance of user feedback, but also stressing the need for input from such disciplines

   as design, marketing, ergonomics, software engineering, technical authors, etc).

Without such Wide-Ranging design goals there is a risk of specifying or designing solutions that fail to support the large majority of user’s understanding of the target application (Stone, 2001). Advances in applied methodologies have increased the level of exposure between designers and end users. Beyond the ‘exploration and understanding’ phase, older users can act as powerful participants in the design process. These individuals can often provide an innovative contribution to design thinking and solution creation via articulation of real needs and real experiences which the design team can use to develop conceptual solutions (Woodhuysen, 1993).

Implementing human factors methods and data can be difficult or can be seen to restrict individual designer creativity. Good design features can sometimes occur by chance, or design teams are not able to involve users until near the end of the project (Etchell and Yelding, 2004). Designers often have to follow a strict design specification from their clients and can find anthropometrical data difficult to implement due to its format being non-design centric (Gyi, Porter, and Case, 2000). Furthermore, objective end user analyses centered on ‘ease of understanding’ and ‘ease of use’ are required in usability testing to achieve designs that really meet the needs of all user groups and these are not always factored into the design process (Tuomainen and Haapanen, 2003).

Human factors specialists involved in the design process must seek to supply knowledge to designers to maximize assistance and education while minimizing information overload by disseminating knowledge based on shared mental models (Hitchcock, et al, 2001). 


8.0_ Mobile Amateur Radios and HTs: ‘user-centred’ solutions for older users

Mobile Amateur Radio and Handy-Talkie (HT) designs have clearly evolved with younger users in mind, but access to Mobile Amateur Radio and Handy-Talkie technology can offer the older user the opportunity to maintain their older operator’s ‘quality of life’ however, as technology advances and becomes increasingly more complex, older users are exposed to products and services which they are unfamiliar with and which can actually further isolate them if new equipment is not designed to support their unique  needs.

Older users have identified a number of problems with Mobile/Portable Amateur Radio equipment such as; displays that are too small and often difficult to read under varying lighting conditions; multifunction buttons/knobs/keypads that are too difficult to use (poor tactile design); too many user functions (most seldom used); too many abbreviations and acronyms (non standard Amateur Radio lexicon) difficult to access menus & sub-menus; portable battery life often too short; and poor sound quality just to mention a few observations observed in actual field conditions. 

All these issues can be directly mapped to the performance continuum effects discussed earlier. These issues of functional improvement may apply to all users to some degree and serve to highlight the importance of Wide-Ranging design goals in meeting not only older user needs but also assisting  other users.

The screen display area of an Amateur Mobile/Portable Radio to many older users (or any other visually impaired user) presents a barrier to using many functions. Amateur Mobile/Portable Radios are used in all environments and varied levels of illumination must be accommodated by readable screen and display design. Older users may suffer a deteriorating capacity to interact with miniature display screens as optical accommodation rates begin to weaken with older age.

Poor vision can be compensated by the use of tactile feedback such as the raised ‘5’ key, use of contrasting textures, and clear and consistent keypad/button layout and grouping. Alongside this, audible feedback can also provide from an audible ‘beep’ through to fully functioning speaking radio.

Portable Radio (HT) use in public areas can be susceptible to interference from background noise, which interferes with auditory input. The inability to distinguish complex sounds can often make communication increasingly difficult for older users and hearing aids can also affect Mobile Radio usage, causing audible interference, which can range from being annoying to masking communication. Hearing deficits can also be supported in Mobile Radios with the use of text, vibration alerting and visual ringing, all providing non-audible feedback. 

The trend for miniaturization of Mobile/Portable Radios has impacted on keypad/button and control head size, which has diminished significantly, resulting in a smaller physical interface (with smaller keypad/ button size and spacing). For the older user, coupled with impeded dexterity, the interface can restrict them, making it difficult to view the keypads and buttons or move between them easily. These factors can be further compounded in older users by muscular tremors or joint rigidity, which impact on motor control. Wide-Ranging design principles can assist older users with regard to hand function.

Complex cognitive processes are increasingly required with multi-functional user interfaces which do more than just allow the Amateur Radio Operator to simply communicate. The combination of memory and dexterity issues can often exclude older users in timed response systems where limited data entry time is required to make changes in radio frequency for example making the user interface difficult or unusable in some cases. 

The decreased reaction times of older users may leave them unable to exploit this technology to the fullest, unless it is designed with them in mind. One major problem for the older user is the lack of standardization in interfaces, which is an essential component in designing transferable usability across various Amateur Radio models and manufacturers. Technological change has been rapid and the increased complexity of new Amateur Radios with less intuitive interfaces may require previous experience of earlier generation products in order to understand new product designs. 

Older users may not possess the requisite specialized prior knowledge where as younger users can rely on the mental models they have built up from using previous generations of new technologies. This is most apparent with the difficulties experienced in changing from one brand of Amateur Radio equipment to another. 

Brand specific differentiation causes barriers to practical use as users find it difficult to learn new operating procedures from the ones they are familiar with. The general effects of the aging process are summarized in Table 2 below and provide a basis for evaluating how current and future Amateur Radio designs will meet the needs of older users.

​​​​​​​​​​​​​​​​​​​​​​​________________________________________________________________________

Factor           General effect on older users               Potential design solution

________________________________________________________________________

                           more light required                                   improve illumination

Vision            ability to focus deteriorates                      provide user interface options

                       ability to deal with glare diminishes          if a display is required, use antiglare

                                                                                               coatings to display

                        loss of sensitivity to higher                        do not use high frequency

                            frequencies                                                  audio feedback

Hearinggeneral threshold deterioratescouple auditory feedback with

                        complex sounds more difficult to                 visual or tactile feedback

                            process                                                     keep auditory feedback as

                                                                                                 simple as possible

Factor           General effect on older users               Potential design solution

________________________________________________________________________                                             

                          general weakness (strength and              design keypads that are easy to

                             grip)                                                             hold and keys so they are easy

   Hand              dexterity often impaired                               to press (oversized and/or easy

  function          range of movement is more                         press).  

                             Limited                                                      group keys by use and

                                                                                                  function.

                          processing time – with working                 keep menu structures intuitive

                             memory                                                        and consistent

 Cognitive         long term memory (episodic)                    make user interfaces as simple
 Processes       reaction time                                                as possible

                          learning time required

                          problem solving capacity

                                                                                   Table 2 

The effects of the aging process and potential Wide-Ranging design solutions
9.0_ Conclusions

An aging global population of Amateur Radio Operators has a variety of specific user needs that need to be incorporated into the design of next generation Amateur Radios. Wide-Ranging design is a philosophy that can enable users and more specifically the ageing Amateur Radio population to adopt a more active role through design solutions that support their special needs. However, all too often, especially with rapidly developing new technologies, this group is excluded making disabilities out of age-induced impairments.

The advantages of Wide-Ranging design and user-centered approaches and standards, have been cited here along with the special requirements older users have, with a broad description of the performance continuum and changes that occur with ageing. The failure to include the needs of older users is presently due to a number of manufacturer’s driven factors, which construct a ‘wall of exclusion’ for a large majority of older Amateur Radio Operators. 

The notion of a ‘wall of exclusion’ illustrates that there is still much human factors centered development work required before new Amateur Radio technologies like for example, ICOM’s new digital D-STAR system, can provide full user access to include older Amateur Radio Operators. Current trends for the miniaturization of display screens, control heads and keyboard/buttons have further excluded older users and isolated an increasing market sector. While Amateur Radio manufacturers may be addressing some issues in relation to new hardware micro-design, there are still many barriers that exist when considering wider system use of the technology (macro-design). Older users may be more willing to adapt and use new Amateur Radio technology as long as the manufacturers truly facilitate a new Wide-ranging design philosophy.
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