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Introduction
Advances in computer technology have historically been primarily driven by the search for increased capabilities (Sterling 2005), but increased spare capacity enabled user interaction possibilities to be expanded concurrently. These possibilities have been explored by successive generations of human-computer interaction (HCI) researchers and new interface technologies have emerged, but the parameters of the interface have also changed. As the technological mechanism has receded, the interface has become more prominent, to the extent that it is now often the only part of the technology presented to the user. As far as the user is concerned, the interface is the technology. 
While other kinds of human-technology interfaces, for instance those of acoustic musical instruments, have evolved very slowly, video game interfaces are still in their relative infancy but have undergone comparatively rapid evolution (Ash 2015, 3). This chapter examines how video game interfaces have been experienced by disabled players and how experiences have changed over time, including my own autoethnography. More specifically, Ash (2015, 2) argues that the interface must be understood as a surface of contact and exchange, inherently loaded with assumptions about broader encounters and relations: and in the video games context, the primary surface of contact (usually physical contact) is the controller. Thus, by using the evolution of the controller as a lens, the hope is to also cast light on and better understand the relationships between video games and disability more generally, and how these have changed over time.	Comment by Serious Games: As you state later on in the text, you are also basing your findings on personal experiences. Would you say that this could qualify as “autoethnographic”/ethnographic data? If so, you might want to add this (as it reveals your methodology).
Video games were once dismissed as a niche pastime (Marchand and Hennig-Thurau 2013), but are more financially and culturally important than ever. In 2020 they generated more revenue than films and US sports combined (Witkowski 2021), and by 2021 more than two billion people played video games worldwide (Statista 2021). The exact number is unknown, but there are likely at least tens of millions of disabled gamers around the world, and the number is likely increasing. For instance, Mark Barlet of the AbleGamers Charity, interviewed in this volume, estimates that there are 46 million disabled gamers in the US alone (Loeffler 2020): a sizeable increase on the 32 million reported in The Economist (2017). Disabilities are inherently highly varied, but a recent study by Beeston (2020) suggests that physical disabilities related to the upper limbs are most prevalent, followed by physical disabilities related to the lower limbs. Although academic and industry interest has increased in recent times, disabled people have played video games for decades. For instance, a 2008 survey for PopCap Games found that one in five (20.5%) players of casual video games reported a physical, mental, or developmental disability; and over three quarters of these respondents described their impairment as moderate or severe (Information Solutions Group 2008).	Comment by Beate Ochsner:  Reference to the interview with Barlet in this volume
Despite the (potential) size of this market, disabled players have historically been neglected and there has until recently been limited interest from the main industry participants. In the resultant void, disabled gamers have encountered significant access issues. Yuan et al. (2011) found that 9% of people in the US had their gaming experience impaired by disability, while Flynn and Lange (2010) found that disability can restrict the game types played. There are also likely to be significant numbers of prospective gamers who have not been able to participate. For instance, Yuan et al. (2011) found that 2% of the US population were unable to play video games at all because of impairment.
The barriers faced by people with disabilities are often considered in terms of two theoretical models: the medical model and the social model. The medical model of disability situates disability in the mind or body of the individual (Gough 2005): it is the individual and not society who has the problem. In this model, the individual is considered to require treatment to ‘fix’ the disability and restore ‘normal’ functioning, approximate normal functioning, or to help the individual to function despite the disability (Silvers 1998; Goering 2015). The medical model persisted, largely unchallenged, until the second half of the 20th Century. Contested by the likes of The Union of the Physically Impaired Against Segregation (UPIAS), there was a shift towards a social model of disability that posited that people are disabled by the attitudes of society and the barriers society creates rather than by their bodies (Locker 1983, 90; Shakespeare 2016). While Owens (2015) argues that the social model is also now outdated, it continues to be widely adopted, particularly by disability organizations. If Schillmeier (2007) argues that “disability can be understood neither exclusively as an individual bodily impairment nor solely as a socially attributed disability”, the more personal account of Benness (2019) also reminds that disability (and therefore related access needs) can be dynamic and vary considerably from one day to the next. 
[bookmark: _bajipl2n6424][bookmark: _ozj03s55jzlu]For two decades, scholars have studied issues around video games and disability, often in relation to specific disabilities (Bierre et al. 2005), including physical disabilities (Rowland et al. 2016). However, as Anderson and Schrier (2021) put it, “[m]ost scholarly work on games and disability primarily focuses on games as medical interventions.” (181) By contrast, this chapter draws on diverse literature and autoethnographic data (i.e. personal experience as a disabled gamer) to consider how controllers and their design have impacted disabled players. As most disabled gamers play at home (Beeston et al. 2018), the focus is on home consoles, and a key distinction can be made. If, outside of the mainstream at least, there have been a considerable number of accessibility-focused technologies (hardware and software) for home computers, consoles have remained largely ‘closed’ ecosystems and resistant to these kinds of modifications and additions. Notions of incidental fit and the precarious nature of access are explored. Recent approaches to accessibility and subsequent design solutions are also discussed. These are seen to address only some limitations of earlier solutions but provide numerous possibilities for future work.	Comment by Serious Games: As mentioned above: would you consider your data autoethnographic?	Comment by Serious Games: However, you might want to add that there are (and have been) a considerable amount of accessible controllers/technologies/software for home computers (not necessarily mainstream devices or software, but still). But that can support your argument: home consoles are relatively “closed”, meaning that the average user won’t be able to alter/transform/hack the consoles, controllers and software. Home computers are more flexible in this respect and are ‘more accessible’ in terms of distributing and providing software. For example there is the so-called  “Game Commander 2” Software or the Microsoft SideWinder (early 2000s I think) that allowed for remapping controller-buttons to voice inputs (today you can find similar software called Talon, which is free of charge).
The Video Game Interface
A considerable amount of research has focused on player-game interaction, including from HCI and interaction design (IxD) perspectives. Fully understanding player-game interaction involves understanding the effects of games on the human cognitive system. However, just as the games industry has maintained a “a dogged pursuit of ocularcentric spectacle” (Boluk and LeMieux 2017, 126), games research has tended to focus only on the effects of visual information on a screen (Milani et al. 2019). Players do not usually interact with the screen directly; interaction is usually via a controller and commonly a physical controller. Controllers, as the primary surface of player-game contact, are therefore not only significant in terms of access and experience, but also central in the human-technology interaction loop proposed by Schomaker et al. (1995) (Fig. 1) and the similar model referred to by Bongers (1999) as “the classic interaction loop.”	Comment by Serious Games: That is an important observation (which also relates to the somewhat underrepresented research on Audio Games.) S. Boluk and P. LeMieux make this observation for digital game research in general and describe it as the visual primacy / ocularcentrism of game studies and also the gaming industry (Stephanie Boluk / Patrick Lemieux: Metagaming: Playing, Competing, Spectating, Cheating, Trad-
ing, Making, and Breaking Videogames. Minneapolis 2017.  e.g. on Page 131.
Figure 1. A classic human-computer interaction loop based on Schomaker et al. (1995) and adapted for the video game context.
The actors in the interaction loop are the player and the technology, and it can usefully articulate the importance of the controller as the boundary where player and controller meet, and interaction discrepancies come to a head. Yet, the interaction loop is limited in that it does not include the external influences and pressures that transform the controller into a site of tension between the needs of individual disabled players and the interests of manufacturers. On the one side are individual disabilities and individual experiences of disability; and these can evolve over time (Benness 2019). On the other side is the adoption by manufacturers of “standardized (or de facto standardized) platform-specific controllers, e.g., each game console has an associated standardized first-party controller design” (Brown et al. 2010, 211). Game developers have also tended to adopt rather than challenge controller guidelines for target platforms, and it is likely that cultural factors are also at play. To this end, Brown et al. (2010) notes that “for many game genres, there are existing control schemes that are accepted as norms.” (211)	Comment by Serious Games: According to a social model of disability or even the more dynamic one, you mentioned above, can these players even be prejudiced as disabled before the actual process of interaction takes places (or is it the ‘failing’ interaction with the ‘incompatible’ interfaces that render them disabled from playing?) 

Michael Schillmeier in his paper “Dis/Abling Practices” conceptualizes disabilities as “enacted” in the process of human and actors interacting in certain situations (a reciprocal approach). What do you think about such a ‘model of dis/ability’? (I think it is helpful for not constructing disabled identities or bodies in advance, but instead considering them attributions or effect of such processes/interactions.	Comment by Serious Games: Besides platform-specific controllers, quite generally, the bi-manual controller, with action-buttons on the right and joysticks or D-Pad on the left, is the “industry standard”.
The Nintendo Wii-Remote (et al.) seems to be an exception, but still, the most popular games (such as Mario Kart Wii or Donkey Kong) are played by using the controller horizontally (with buttons left and right). Despite such (shortly popular) “gimmickry”, the standard gamepad structure is really resistant.


(Maggiorini, Dario/Granato, Marco/Ripamonti, Laura Anna/Marras, Matteo/ Gadia, Davide (2019):  »Evolution of Game Controllers: Toward the Support of Gamers with Physical Disabilities«, in: Andreas Holzinger/Hugo Plácido Silva/Markus Helfert (eds.), Computer-Human Interaction Research and Applications, Cham, CH: Springer, 2019, pp. 66-89)
These tensions are further amplified by that, as aspects of controller usability have been studied in some detail over the last decade to provide improved basis for generic designs, a broadly homogenized, non-disabled, ‘ideal’ player has continued to be assumed (Parisi, 2017). As Parisi (2017) describes, design processes involve “identifying an ideal-typical user, and crafting an interface that suits their body, as it is revealed through iterative design and testing.” Despite some limited steps in the direction of recognizing of more diverse player physiology; Brown and MacKenzie (2013) for instance note that “the differences in adult hand sizes can be substantial”, even this betrays an assumption that the player has two functional hands. These kinds of design assumptions can create difficulties for some disabled players as they impose and serve to sustain certain expectations about physical capabilities. For instance, Grammenos, Savidis and Stephanidis note that the interaction demands made are typically substantial “and often require mastering inflexible, quite complicated, input devices and techniques.” (2009, 2) For Parisi, this makes the flawed assumption that disabled players will be able to adapt and get by, and “that the machine was initially designed in such a way that it would not overwhelm or overload the body with commands that it was simply not equipped to respond to coherently.” (2017) 	Comment by Serious Games: I think David Parisi, in his paper on “Disabling Infrastructures” talks about the process of assuming, testing and tuning the controllers to an ideal body type/user: “Specific to games, this process entails identifying an ideal-typical user, and crafting an interface that suits their body, as it is revealed through iterative design and testing”. 

https://analoggamestudies.org/2017/05/compatibility-test-videogames-as-disabling-infrastructures/	Comment by Serious Games: “This assumes, problematically, that the player’s body is capable of such an adaptation on its own—that the machine was initially designed in such a way that it would not overwhelm or “overload” the body with commands that it was simply not equipped to respond to coherently” (Parisi Disabling Infrastructures).	Comment by Mosses, Rachel: Also added
Affordances
The interaction demands made by video game controllers are closely related to their action possibilities, referred to as affordances by the perceptual psychologist J.J. Gibson (1977) and first used in relation to design by Donald Norman (1988). More specifically, affordances describe how the properties of objects, products, or services subsequently infer certain actions that users can make. Even as the possibilities offered by controllers have significantly increased, the affordances of a particular controller design have continued to be fully or near-fully exploited by games designers in the vast majority of instances; and this exploitation in turn imposes a closely related set of interaction demands on the player.
Gibson (1977) conceived of affordances as action possibilities that are integral to an environment, independent of an individual’s ability to perceive them. Thus, for Gibson, affordances should not be regarded as dependent on culture, or the prior knowledge or expectations of the individual. When Norman (1988) appropriated the term, he also modified its definition to make it more suitable for the design context. Notably, Norman (1988, 219) argued that affordances are highly individualistic rather than the innate properties of objects that apply to all users, stating that “affordances result from the mental interpretation of things, based on our past knowledge and experience applied to our perception of the things about us.” This led to a distinction between actual and perceived affordances, where actual affordances are what the object, product, or service can do, and perceived affordances are what a user thinks the object, product, or service can do. These fundamental differences between the two models; and how the user can experience false affordances if actual and perceived affordances do not align, are further detailed by McGrenere and Ho (2002). In this instance, it is Norman’s concept of affordances that will now be used to examine how video game controllers have evolved between 1972 (the first home console) and the present day.
The Evolution of Video Game Controllers
Innovation is commonly defined as the development of something new (Kogabayev and Maziliauskas 2017), but numerous types of innovation have been proposed (Johnson 2010). More nuanced distinctions have been developed (Henderson and Clark 1990), but a simple distinction between incremental and radical innovation is adopted here.
Incremental innovations represent modest improvements over what has gone before and therefore tend to foster relatively linear or step-by-step change (Norman and Verganti 2012). They also promise reduced risk compared to radical innovation: it is assumed that if the previous thing succeeded, the incremental improvement is also likely to succeed, and it follows that incremental innovations are the most common type of innovation in most fields (Dewar and Dutton 1986, 1423). By contrast, radical innovations are non-linear, paradigmatic changes that represent significant departures from prior developments (Norman and Verganti 2012). They are usually significantly more difficult to develop and market, and therefore appear far more rarely (Johnson 2010).
Most video game controllers represent incremental innovations and the number of controller designs that reasonably represent examples of radical innovation is far smaller. Thus, these radical innovations will now be used to structure the following discussion of how video game controllers and their affordances have developed.
Paddle
Paddle controllers are simple devices that feature one or more knobs or wheels, and these are typically used for player movement. Paddle controllers first featured in the laboratory exhibit Tennis for Two in 1958 (Ahl 1983), then reappeared in 1972 as the standard controller for the Magnavox Odyssey. Generally recognized as the first home console, its wired paddle controllers featured two rotary dials at opposite ends of a box-like body, plus a reset button on its top surface. The first dial controlled vertical movement, the second dial controlled horizontal movement, and the reset button restarted gameplay (Wolf 2012). 
Even in this early controller, two-handed operation is implied or assumed: typical interaction sees the player use one hand to steady the controller and, at the same time, operate the first dial, while the other hand operates the second dial and reset button.
Joystick
The simplest and most common joystick design requires a series of discrete (effectively digital) switches to be actuated by a central ‘stick’ located directly above. This mechanism can represent movement in up to eight discrete directions: four directly (up/down/left/right) and another four indirectly (up-left/up-right/down-left/down-right). The design first found use in arcade games (Horowitz 2018), but also provided the basis for the Atari CX10 joystick (Atari Inc 1977) that came bundled with the Atari Video Computer System (VCS) at its launch in 1977 (Sudirman et al. 2020). In addition to 8-way directional input, the CX10 provided one action button positioned in the upper left corner of its base. Despite its relatively small size (10.16 x 10.16 x 12.7cm) and a flat, stable based that could be rested on a surface, this layout demanded the use of two hands. It also assumed right-handed operation; leading Atari Age (u.a. 1983) magazine to publish an article with details of how to unofficially rewire the controller for left-handed use.   	Comment by Serious Games: What I noticed, when looking at the Atari Joystick recently (early Atari 2600 version), that there is only one button (usually on the left). This not only requires the player to use it with two hands, but also requires them to push the button with the left hand/finger. This can be very problematic or at least disruptive or uncomfortable for lefties (consequently game magazines in the 80s presented “hacks” how to rewire the joystick and turn it into a left-handed joystick). If you’re interested, I can provide you with a scan of the Atari Magazine, which featured the hack.
The CX10 was superseded by a lower-cost CX40 model that had a substantially different ‘feel’ (eegad 2010), but its physical form and affordances remained essentially unchanged.
D-pad
A directional pad (D-pad) is a flat directional control that features one button on each point of a cross-shape. Like a basic joystick, a D-pad provides four-way directional control directly (up/down/left/right) and another four directions indirectly via adjacent combinations (up-left/up-right/down-left/down-right). Crucially, the low profile of a D-pad is far more easily actuated than a digital joystick. This potential for faster and more accurate input notably and directly spurred the rise in popularity of 2-D platform titles (Cummings 2007), but these properties can also have significant access implications. For instance, the reduced throw of a D-pad can make it easier for players with limited movement to operate a controller.	Comment by Serious Games: I read that there are a lot of classical “workarounds” and hacks for the famicom controller (e.g. one-hand-hacks)
Another notable feature of the D-pad is its longevity. Initially lifted from the Game and Watch version of Donkey Kong (1982) for the Nintendo Famicon controller in 1983 (Diskin 2004), the D-pad became widely adopted and remained (largely unchanged) the dominant primary directional control for more than a decade and across three generations of console, up to and including the first Sony PlayStation controller (1994).	Comment by Serious Games: Interestingly, the Famicom controller had somewhat stiff buttons and the overall shape was relatively ‘sharp’. I remember besides having cramps all the time, the buttons burnt the skin of my thumbs. If you compare this to the more ergonomic shapes of more recent controllers (even the Super Famicom had a rounder shape) and the analogue buttons you describe below, it was pretty uncomfortable to play sometimes. 

(apparently this seemed to be a problem with the N64 controller as well :D )

https://www.reddit.com/r/nintendo/comments/7sgkpq/til_nintendo_received_complaints_from_parents/

Also: I read that the Japanese version of the Famicom had a microphone installed. I wonder whether this could have been used for accessibility issues (but I guess the voice commands could not/did not replace or pose an alternative manual input, especially as there were only few games that feature voice input). 	Comment by Serious Games: See the comment above “the industry standard” 
Analogue Stick
The analogue stick was popularized by the Nintendo 64 (N64). Released in Japan in 1996, the N64 controller’s inclusion of an analogue stick “grew out of the understanding that the eight directions detected by the SNES’s D-Pad would prove insufficient for the N64’s 3D worlds” (Turk 2019). As well as an analogue ‘Control Stick’, the N64 controller (NUS-005) featured ten action buttons and a D-pad. Some games offered the player a choice between the analogue stick and the D-pad, and this informed the controller’s distinctive shape (Normandin 2021). However, 3-D titles such as Super Mario 64 (1996) and GoldenEye 007 (1997) “demanded 360-degree control” (Turk 2019).
This shift from discrete to continuous control impacted the wider industry and can be seen in how Sony initially actively exploited its D-pad-based SCPH-1010 controller to market the PlayStation (EGM 1996), but in April 1997, replaced it with the SCPH-1150 Dual Analog Controller. This added twin analogue thumbsticks to the previous controller body (Gallagher, 2010), but was itself replaced by the SCPH-1200 DualShock Analog Controller in November 2007. The SCPH-1200 was identical in features and form to the SCPH-1150 except that, informed by the Nintendo Rumble Pak add-on, it embedded vibration feedback into the controller body. Baker (2020) notes the relevance of this feedback modality for Deaf players. The SCPH-1200 was extremely successful, significantly influencing the form and capabilities of subsequent controllers (Parisi 2019; Parisi 2015).	Comment by Serious Games: I think that could serve as an accessible feature for Deaf people, since a lot of the vibration effects provide a tactile translation of auditory events (e.g. explosion)
Relevant to the NUS-005 and SCPH-1200 controllers (as well as many controllers since) is that their analogue sticks were supplemented with additional buttons and triggers; and some of these were analogue rather than digital, reporting how far they are depressed. These created additional interaction possibilities for game designers but, particularly in combination, also placed additional demands on the player in terms of coordination and dexterity. They also effectively demanded bimanual operation. In the case of the NUS-005, the left hand would usually use either the D-pad and left shoulder button, or the control stick and Z-trigger. The right hand would then operate the A and B buttons, the right shoulder button, and the directional C buttons (Normandin 2021).
Gestural and Motion Control
While innovations in controller design after the SCPH-1200 had largely become incremental, gestural control marked a radical departure. The EyeToy: Play was a video game developed for the Sony PlayStation 2 and released in 2003. It made extensive use of the EyeToy camera accessory and 10 million were eventually sold (Kim 2008). This success anticipated the Nintendo Wii, launched in 2006 (Huse 2010). 
As part of Nintendo’s attempt to attract casual and non-gamer audiences, the Wii Remote (Wiimote) controller departed from conventional controller design in that it used larger bodily gestures as control input, all sensed by a 3-D accelerometer (Natapov et al. 2009). It also had an infrared-based pointer. Most games required the Wiimote to be used in conjunction with a Nunchuck: a controller attachment that contained an analogue stick and 3-D accelerometer, intended to be held in the opposite hand to the Wiimote (Crogan 2010). The effect of this gestural interaction was to dramatically enhance and increase the player’s physical involvement (Anthony 2008; Crogan 2010).
Other gestural control systems have been developed, most notably the camera-based Kinect. The Kinect’s depth sensor, color camera, and multi-microphone array provided 3-D motion capture, facial recognition, and voice recognition capabilities (Zhang 2012). To perform 3-D motion capture, the Kinect used structured light to create a depth map, followed by an additional machine learning stage to infer body position (MacCormick 2011). Like other camera-based controllers and input elements, a key characteristic of the Kinect is that its affordances are extremely variable and largely determined by software. Thus, the form of the controller provides the player with few clues about action possibilities. 
The Kinect promised whole body interaction without the need to touch or hold a physical controller. Subject to significant hype, it was initially generally considered wildly successful, although issues around recognition of the faces of users of color were reported (Monea 2019). More than a decade on, the legacy of the Kinect can appear more limited: it did not become the standard controller for the platform, nor did it significantly replace more conventional controllers. The same can be seen with the Leap Motion Controller in the PC domain (Feng et al. 2021). Similarly, the Wii has sold more than 101 million units to date (Statista 2022) but Nintendo have also reverted to more conventional controllers for subsequent consoles. Nevertheless, Parisi (2015) argues that these gestural controllers are important because where controllers were previously “seemingly immune from the fetishization of the new that has continually surrounded other types of game hardware”, they prompted deeper consideration of controllers and more awareness of their importance. This includes (because of their focus on bodily movement) use in rehabilitation and assistive contexts, and other kinds of experimentation by artists and researchers.
Control Dimensionality Over Time
The complexity that results from interaction possibilities can be expressed in terms of Control Dimensionality (CD). Controller CD is not inherent as it is co-determined by the design of individual games; and how the controller is mapped to the game. Instead, CD is a measure of interaction possibilities that game designers can choose to exploit some or all of (Mustaquim and Nyström 2014). In other words, it is a measure of potential interaction complexity. 
The calculation of CD has two steps (Mustaquim and Nyström 2014; Swain 2008). In the first step, each dimension of primary movement adds 1 to the base score. For instance, a D-pad offers two dimensions of primary movement and has a base score of 2. The second step then adds to the score in step one. Each additional dimension of control adds 1 to the base score. Examples include accelerate/brake and fast-forward/rewind; and typically utilize two action buttons. Every embedded action adds a further 0.5 to the total. These usually use one action button and examples include jumping and attacking. To see how this works in practice, consider the SEGA Master System controller. Its D-Pad features two dimensions of primary movement (CD = 2) and there are two action buttons (CD = 1): a total CD of 3.
Camera and microphone-based controllers and input elements are not considered here (for reasons outlined above), but, as controllers have evolved, operational complexity has generally significantly increased (Fig. 2). The first controllers were comparatively simple and made only modest interaction demands. The paddle controller for the Magnavox Odyssey (1972) had a CD of 2, while the Atari CX10 joystick (1979) had a CD of 2.5. CD generally increased, but slowly and incrementally. For instance, the Nintendo Famicon controller (1983) had a CD of 4, but it took until the SNES controller (1990) for a CD of 5 to be reached. CD then increased markedly more rapidly: the N64 controller (1996) had a CD of 9, but the Sony DualShock controller (1997) had a CD of 11.5, and the more complex still Sony Sixaxis controller (2006) had a CD of 17.5. 
Figure 2. CD over time for standard controllers for consoles known to have sold over 250,000 units worldwide.1
As international video games markets have continued to expand in size and economic significance (Nakamura 2019), the picture has become more complex. For instance, the Wii U GamePad (2012) and DualShock 4 controller (2013) reached CDs of 21, while the DualSense controller (2020) reached a CD of 21.5: the highest of any controller to date. However, their input elements are not necessarily likely to all be used simultaneously. At the same time, the current Nintendo Joy-Con controller (2017) and Model 1914 Xbox X/S controller (2020) had CDs of ‘only’ 13 and 12 respectively. 	Comment by Serious Games: I’m not sure whether this is entirely correct. Depending on what you mean by “mainstream” or which national context you are referring to (Japan has a somewhat different development as Europe/US). As you describe above systems such as the NES, SNES, Sega Consoles, the Playstation, handhelds like the Gameboy, GBA etc. had considerable economic success, were reworked and referred to in popular cinema, had TV shows and world championships and extending transmedia universes (stuffed Pokemons and card games everywhere :D) . Admittedly, the video game industry had ups and downs and even ‘crashed’ in the 80s, but I don’t think video games, especially since the early 90s, were not considered mainstream during the last 30-40 years. 
One possibility is that interaction complexity has reached the limits of most player’s capabilities. Another possibility is that, after the commercial success of the Nintendo Wii, the re-appearance of comparatively less complex interaction possibilities reflects further attempts to attract more casual gamers. There is also the possibility that the increased production costs of complex controllers have become unattractive to and largely avoided by large manufacturers (even if there might exist niches for specialist pro-gamer equipment).	Comment by Serious Games: However, there might be economic niches for pro-gamer equipment (as demonstrated with PC mouses etc.)
Precarity of Access
If, intuitively, increased CD could be expected to expand affordances, it is important to note that increased CD also tends to produce changed or raised interaction demands; and these demands can become unmeetable. With Norman’s (1988) more individualistic view of affordances in mind, has increased controller complexity come at a cost to at least some disabled players? Parisi (2015) gets part of the way there when he notes “there is no universal standard for what constitutes a forward step; shifts in the physical design of the gamepad [….] interpreted as an advance by one player may be read as an alienating step backward by another.” In a subsequent article Parisi (2017) makes this exclusion explicit, adding that “For those with bodies that are incompatible with the game interface, it is experienced as an exclusionary site: the game is a test of compatibility that they fail, in spite of their willingness to become machinic subjects.” While data to date is limited, at least some disabled players are impacted.	Comment by Serious Games: Parisi in 2017, however, relates controller design to disability (“Game Interfaces as Disabling Infrastructures”)
With upper limb impairment particularly common (Beeston 2020), the experiences of Solomon Romney seem prescient. Currently an Accessibility Project Manager at Microsoft’s Inclusive Tech Lab, Romney (2021) was born without fingers on his left hand (symbrachydactyly), but he readily adapted to the simple, one-joystick-two-button controls of 1980s arcade machines and initially encountered few access issues (Stuart 2018). However, this changed with the increased interaction demands brought about by the expanded possibilities of the Sony PlayStation controller; particularly its additional buttons, and their exploitation by game designers to make so-called chained combos (extended sequences of button presses) a core mechanic in many PlayStation titles. At this point, Romney found that he no could no longer play effectively, and this impacted his enjoyment to the extent that he ceased participation (Stuart 2018).
Romney’s experiences are quite comparable to my own. I was born without a left arm below the elbow, but concurrent (‘more serious’) lower limb impairments meant that my arm was rarely considered, and I had little sense of limitation. I learned to play the trumpet aged five and, around the same time, inherited an Atari PONG game that paved the way for a NES as a birthday present. Numerous sociological factors now seem pertinent: that I was an only child; that my school friends did not yet play video games; and that I had little media influence (adverts etc.) at home. I therefore had little preconceived idea of how to play; but equally that I could not or should not play. I had used my left foot to hold scissors at nursery school (kindergarten) and this influenced how I played initially. Specifically, in what might now be considered an example of an “enabling practice” (Schillmeier 2007), I rested the NES controller on the floor and used the first toe of my left foot to manipulate the D-pad. At the same time, my right hand reached down to actuate the action buttons.	Comment by Serious Games: I commented on Michael Schillmeier “en-/disabling practices” above and I think that is a perfect example for an “enabling practice”. Very interesting example!
This interaction style was effective in a home environment, but in early 1992 a Konami The Simpsons arcade game arrived at a local bowling alley. For the first time, the experience of play felt compromised. There were intended to be four playable characters, but the asymmetrical layout of the cabinet meant that I could only access the controls for Bart. Moreover, the stretch required for my left elbow to reach the joystick caused backache to the extent I that abandoned arcade games. Back at home, I progressed from the NES to the SNES to the N64, and, eventually, to the Sony PlayStation and Microsoft Xbox series. In terms of interaction, there was little discernible change until I arrived at the N64. There, increased controller size, increased CD, and placement of the analogue stick and Z-trigger, pressured my previous interaction style to evolve into the more conventional style I use today (Fig. 3).
Figure 3. The author using a PlayStation 4 controller.
These matches between ‘unconventional’ bodies and standard but increasingly complex (higher CD) controllers could be dismissed as fortuitous. To do so would ignore how the controller designs in question all have a degree of inbuilt flexibility and open-endedness: that because these controllers do not precisely prescribe how they must be used and can be approached in different ways, they do not exactly limit who could use them. However, advertisements and related popular imagery do not show (consistently and over an extended period) these ‘alternative’ kinds of interaction. Indeed, for Boluk and LeMieux, these serve only to limit mainstream discourse, arguing that all kinds of player interaction choices “have become tacitly understood as the “normal” or “correct” way to play. These standard forms of play not only disavow their status as a metagame, but, in doing so, inhibit the production of more diverse forms of play.” (2017, 280-281) 	Comment by Serious Games: Parisi: “For those bodies that are incompatible with the game interface, it is experienced as an exclusionary site: the game is a test of compatibility that they fail, in spite of their willingness to become machinic subjects. The game’s infrastructures of possibility are simply incompatible with their bodies”	Comment by Serious Games: That is definitely true and the example you gave proves that. Still, in advertisement, you can see players using controllers with two hands in an exaggerated way (from the 80s until today). I think that controllers prescribe or construct certain ‘normal’ and ‘correct’ or ‘abled’ body types through (visual) discourses. Could one say that advertisement etc. keeps these “non-normate” or  “alternative” kinds of bodily techniques (Parisi) out of mainstream discourse?  Boluk and Lemieux argue in metagaming, that this is the case: Boluk / Patrick Lemieux: “Yet the standard
metagame continues to obfuscate all manner of practical play, conflating
voluntary choice with involuntary mechanics. As a result, twiddling
dual thumbsticks with two thumbs; viewing the display straight on from
a certain distance; and even progressing in the game by scrolling left to right, accumulating points, unlocking content, and reaching the credits
are voluntary choices but have become tacitly understood as the “normal”
or “correct” way to play. These standard forms of play not only disavow
their status as a metagame, but, in doing so, inhibit the production
of more diverse forms of play.” (p. 280-281)
For Romney, the threshold of inaccessibility was crossed as game designers started to make use of chained (button) combos: a possibility that arose after successive incremental innovations in controller design, but a mapping issue rather than a controller design issue per se. My own difficulties also arrived suddenly, but over a decade later. The Wiimote represented a radical innovation and, in its emphasis on physical gesture and immersion, was intended to attract casual gamers and non-gamers to the Nintendo platform (Ulicsak et al. 2009; Crogan 2010). I was excited by its apparently revolutionary interaction possibilities. The problem was that, where more conventional controllers could be held in one hand (even if used bimanually, or near-bimanually in my case), most Wii titles required the Nunchuck peripheral to be used alongside the Wiimote; and it was not possible for me to hold this combination in one hand and then operate it. This is another mapping issue (more game designers could have chosen not to require the Nunchuck), but, in effect, a controller intended to broaden participation; and with changed interaction demands that were of little consequence to many other players, inadvertently excluded me.
Figure 4. My console and controller use over time, with my inadvertent exclusion indicated by a dashed red line.
Undeterred, I later tried the Microsoft Kinect but discovered that it could not map its skeleton model to my body; and this in turn left the device unable to complete its calibration routine. These kinds of problems are not necessarily Kinect-specific and lack of flexibility (i.e., rigidity of interaction scheme) appears to be a broader issue affecting gestural controllers. For instance, similar issues are reported by Maggiorini et al. (2019) in relation to the Leap Motion controller and users with fewer than ten fingers. I returned to more conventional controller designs (Fig.4), aware that this was not an option for all.
Existing Approaches to Disability and Gaming
Organizations such as the AbleGamers Charity and Warfighter Engaged in the US and SpecialEffect in the UK strive to improve access to video games through a variety of methods. These include advocacy, fundraising to provide equipment, and developing guidelines for best practice. The Access Design Patterns developed by the AbleGamers Charity, for instance, have recently been utilized by Naughty Dog (Eurogamer 2021). 
Anderson and Schrier (2021) distil these diverse methods into a design-based paradigm and a legal paradigm. The legal paradigm is beyond the scope of this chapter, but the design paradigm (Anderson and Schrier 2021) itself encompasses a multitude of approaches. They include the use of remapped controls, modified and alternate controllers, and shared control and asymmetric roles. These are discussed in turn below.
Remapping Controls
Remapping refers to the ability of software to flexibly redistribute controls to suit player abilities and preferences. This usually involves being moved (remapped) to new locations across the various input elements (buttons, etc.) of a standard controller. Game Accessibility Guidelines (2013) comment that many players “benefit greatly from being able to move essential controls into positions that they are able to reach more easily.” Mike Begum, known as BrolyLegs, is one such player. Born with arthrogryposis and scoliosis, Begum is a Street Fighter grand master who uses remapped controls so that he can use his face to play. More specifically, he uses a standard Xbox 360 controller, then uses his cheek to operate the D-pad and his tongue pushed into his bottom lip to actuate the action buttons (ESPN Esports 2019). This “bodily technique” (Parisi, 2009) could be considered another enabling practice (Schillmeier, 2007).	Comment by Serious Games: Again, this “bodily technique” (Parisi) could be considered such an enabling practice (Schillmeier)

Parisi, David (2010): »Game Interfaces as Bodily Techniques«, in: Management Association, Information Resources (ed.), Gaming and Simulations. Concepts, Methodologies, Tools and Applications, IGI Global: Hershey, pp. 1033–1047.

Available on Researchgate ;)	Comment by Mosses, Rachel: Added – seems to be 2009 and in https://www.igi-global.com/gateway/chapter/20082 ?	Comment by Mosses, Rachel: Added
As there are no physical modifications to the controller, and mappings can often by devised, implemented, and adjusted by the player alone, remapping can be very cost effective. Remapping is also flexible in that different mappings can be rapidly tested or switched from one game to the next to better suit different genres of gameplay. However, the relative closedness of home consoles means that, as Leite and Almediam note, comprehensive button mapping continues to remain “unusual in console games.” (2021, 171)	Comment by Serious Games: According to Leite/Almeida, button mapping is ““unusual in console games” (Leite/Almeida 2021, p. 171)”. I think this is partly true. Full button mapping is rather a more recent development in gaming controllers (at least for consoles, which, again, are somewhat “closed” in comparison to the more flexible/open home computers). With games like Last of Us Part II that allow for full remapping (e.g. upwards on shoulder button etc.), this is a more recent development in accessibility and simply a lack of older systems.

Leite, Patricia da Silva; Almeida, Leonelo Dell Anhol (2021): Extended Analysis Procedure for Inclusive Game Elements: Accessibility Features in the Last of Us Part 2. In: Antona, Margherita; Stephanidis, Constantine (Eds.): Universal Access in Human-Computer-Interaction: Design Methods and User Experience. Part I. Cham: Springer, pp. 166–185,	Comment by Mosses, Rachel: Added
Modified Controllers
Modifications to standard controllers vary significantly in their complexity. At one end of the complexity continuum are modest changes to control elements that make them easier to grip or press. Examples include Kraft’s (2015a) creation of a 3-D printed modular joystick to generally increase controller accessibility. At the other end of the complexity continuum are very extensive modifications that require significant (re)design and (re)construction. For example, for over a decade, Heck (u.d.) has created one-handed controllers based on physical and electronic modifications to standard Xbox and PlayStation controllers. These are currently available in updated left and right-handed versions (Heck 2020).
Some modifications, like the modified joystick buttons Kraft (2014) created for a player with muscular dystrophy, are specific to an individual player and their needs. However, in other instances needs can be very individual and dynamic, making needs analysis more difficult. Additionally, if controllers modified in a certain way might be useful to only a few individuals, the time and skills needed for design and construction also limit the potential to scale up production. For instance, Kraft (2015b) notes that his modifications are labor intensive and difficult to produce in larger numbers. Similarly, Heck (2020) notes that because his controllers are made by hand, purchasers must accept that turnaround time can vary.	Comment by Serious Games: Also, as you stated above, ‘disability’ can be very individual and dynamic. So, a lot of the controllers designed by laymen or non-profit organizations can be used by only a few individuals. 
Alternate Controllers
Alternate controllers provide accessibility-focused alternatives to standard controllers and have been designed around many different parts of the body, either singularly or in combination. The Nintendo Hands Free controller for the NES (Plunkett 2009) aside, these have historically tended to come from small, third-party manufacturers. 
Stickless (2021) produced two alternative controllers: the GC and the Arcade. Both models utilize a flat, rectangular base, and replace joysticks with buttons. Quadstick (u.d.) created three alternate controllers aimed at quadriplegic players: the FPS, the Singleton, and the Original. Features include sip/puff pressure sensors and lip position sensors. Levay and colleagues developed the Game Enhancing Augmented Reality controller; a padded device operated by the feet (Cragg 2016). The Stinkyboard (SteLuLu Technologies 2013) is another foot-operated controller. Intended to supplement rather than replace more conventional controllers, it was designed for use by disabled war veterans. 
The work of Hassan et al. (2022) is specifically aimed at players with unilateral upper limb loss or deficiency, but their approach differs from the above in that their Joy-Pros device involves the integration of a controller into a prosthetic worn on the forearm. 
Modular Controllers
The premise of modularity is that elements of a controller can be easily but extensively customized and rearranged (a kind of physical remapping). A fully modular controller was proposed by Iacopetti et al. (2008), but the design was not mass-produced. The semi-modular Microsoft Elite Controller was released on October 27, 2015. Aimed at professional esports players, it had numerous modular features, a rubberized grip, and a customization (remapping) app (Microsoft, 2021b). These features led to the Elite Controller being unexpectedly adopted by players with limited mobility (Stark and Sarkar 2018). 
This adoption informed the design of the Xbox Adaptive Controller (XAC): a fully modular design launched in 2018 with input from the specialist organizations and community members (Microsoft 2021a). The XAC is not aimed at the access needs of a specific player or disability, but instead provides a flexible, plug-and-play hub that can interconnect a variety of input elements such as buttons, switches, mounts, and joysticks (Microsoft 2021a; Englard 2018; Stoner 2021), and is compatible with thirty party developments such as the Logitech G Adaptive Gaming Kit (Watton, 2020). All elements can be changed in and out, rearranged, and placed to suit individual player needs.	Comment by Serious Games: Interestingly, a lot of third party devices, switches etc. as well as other “toolkits” (Logitech G Adaptive Kit) as well as individually produced buttons (e.g. the 3D printed you mentioned) can to some extent also be combinded with the XAC
Collaborative Systems and Asymmetric Roles
Collaborative systems, also known as buddy systems, aim to spread the interaction load between more than one player (usually two players). Although not intended specifically for disabled players, Microsoft’s now-discontinued Mixer streaming service for Xbox One enabled players to share their controller with any selected audience member (Brown 2018). The more recent Xbox Co-pilot (Microsoft 2021c) service links two controllers to function as one, so that one gamer can assist another (Englard 2018). Full functionality is available on both controllers and roles are not rigidly dictated, but however the roles are distributed, the assisted player keeps all accumulated achievements and Gamerscore.
Asymmetry in multiplayer gaming relates to players being presented with individualized and potentially significantly different roles and gameplays. It has been explored in numerous games and is often collaborative (Dalgleish 2018). Gonçalves et al. (2021) have developed two testbed asymmetric games intended to cater for two players with mixed abilities. To this end, the games provide one player with auditory-focused gameplay, and the other player with visual-focused gameplay. 
Discussion and Conclusions
Video game controllers have evolved by way of incremental and, more rarely, radical innovations. However, major manufacturers have for decades shown only limited interest in accessibility. For instance, only a few years ago, Game Accessibility Guidelines (2013a) noted that even controller remapping (one of the simplest but most flexible and low-cost accessibility features) had been only sporadically implemented on console platforms.
Third parties have produced accessibility-focused alternative controller designs, typically aimed at specific disabilities. Third parties have also produced modifications to standard hardware. Limitations likely to impact some users include increased cost relative to standard controllers, lack of official support, that they are relatively untested (Iacopetti et al. 2008), and limited scalability (Kraft 2015b). Elsewhere, at least some disabled players have found that some standard controllers are, serendipitously, a good fit for their individual needs. However, the interaction demands made by controllers have changed significantly over time and access can be precarious. This is related but not completely tied to controller complexity, and there are cases (including my own) where CD is not alone a good indicator of potential access issues and must be considered in conjunction with affordances.
The recent picture is generally hopeful. As XAC co-creator Johnson has commented: “In a very short time, the gaming community has really done quite a bit to promote and to make games more accessible” (Wickens 2021). It appears significant that a company of Microsoft’s size and stature in the market have become more involved in accessible controller design and significantly invested in related marketing and education. There is evidence from Microsoft (2019) that these activities have started to permeate mainstream audiences. It is too soon to say if interest will be sustained, but they report that an effective Super Bowl advert drove a sizeable increase in social media conversations about the importance of inclusive design.
Anderson and Schrier (2021) also found signs of encouragement. Although they note a need to avoid ‘toxic positivity’, their meta-review identified 63 journalistic articles related to video games and disability published between June 2008 and 2018. 9 of the 63 fell into their “Game Controllers and Accessibility” category and nearly half of these covered the XAC specifically, despite its release less than a month before the end of their review period. At the same time, there are calls for an updated XAC or XAC II (Reardon 2021), and Stoner (in Reardon 2021) cautions that while the XAC base is less expensive than most specialized controllers from smaller manufacturers or a custom-commissioned controller, the cumulative costs of modules are still prohibitive for many players. 	Comment by Serious Games: Is that a quote? I searched through their text and they are talking about “toxic optimism”  if that is a paraphrase by you, you should use the single quotes  ‘toxic positivity’
If the past can give clues about the future, my own experiences and those of Soloman indicate that the development and adoption of new technologies (whether radical or incremental innovations) could cause new and potentially unanticipated accessibility issues. Indeed, it may be too soon to fully understand the impact of recent developments in the current generation of consoles. For instance, a significant part of the appeal of the Co-pilot buddy system is that there is no additional cost to the player, or permanent modification to either the game or the controller. However, as Beeston (2020) makes clear, games (inevitably) also have a significant social context and emergent issues can be complex. For instance, Co-pilot and other buddy systems have the potential to: introduce a lopsided power dynamic centered around the need for one player to ask another player for help; impact perceived fairness and sense of achievement; and impact player safety and perception of safety.
Future Developments
Given the diversity of players and potential players, and that the affordances of any one controller are not the same from one player to the next, it is surely unlikely to the point of impossibility that a single solution will meet all needs and preferences. If broad controller types have been explored (if not exhaustively), one possibility for future work is to look at how accessibility solutions work in combination. This could lead to the development of a toolkit of hardware and software elements that can be mixed and matched to meet the needs of more individuals, so that fewer people are ‘left out’. There is also a question of how evenly accessibility solutions are distributed: if access has broadly improved over a relatively brief period, are suitable developments are available to all?	Comment by Serious Games: As you say in your 2018 article: there are no universal interfaces. I can highly support this claim. Maybe “toolkits” like the Adaptive Controller are a step forward as they do not present the user with a “model of how to use and build a controller”, but allow for creating a custom controller from the ground up that is tuned and adjusted to their body, gaming habits and allows for creating alternative/diverse play styles and bodily techniques (I wrote a paper on the Adaptive Controller, if you would like to read it, I can provide you with it, as it is not yet published – but you don’t have to, just if you’re interested). Maybe its like a real-life Minecraft for controllers – making building your own input device a form of playing “before the actual game starts”  
More speculatively, biology offers many examples of structures that can drastically alter their shape on-the-fly and there are examples of reconfigurable devices in areas such as architecture and medicine (Overvelde et al. 2016). It is therefore possible to imagine the development of controllers that can change their shape to suit individual players.
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