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Abstract

The growing use of advanced Al, ambient intelligenaugmented reality (AR), and virtual
reality (VR) technologies of the sort found withthe emerging cyber-physical smart
workplace has been described as enabling new fofrhsiman-computer interaction (HCI)
that are “magical” in nature. This study shows finatn an anthropological perspective, such
a workplace environment can indeed be understodthagical”; however, that “magicality”
is a double-edged sword that can potentially botimace and damage user experience (UX)
for workers and other occupants of such environmehirst, by analyzing existing social
anthropological and philosophical anthropologicataunts of magic, typical elements of
magical practice are identified. Using Nielsen'sp@ioal analysis of HCI usability heuristics
as a basis, a prospective heuristic evaluatiohes tarried out for the usability of a generic
“magical” environment, in order to identify elemenbf magical practice that might be
expected to enhance or impair user experience Wiegnare required for interaction with the
environment. A more specific heuristic usabilityaation is then performed for the
“magical” aspects of HCI created by two kinds ohstituent technologies that are typical for
a cyber-physical smart workplace: those of (a) ambintelligence and loT-enabled systems
and (b) AR and VR systems. It is shown that theicg@spects of HCI within the emerging
cyber-physical smart workplace differ significantty their potential UX impacts from the
magicality involved with earlier forms of computingnd the implications of this fact for the
management of future workplaces are identified@asdussed.
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experience; ambient intelligence; virtual realitgchnological posthumanization; magical
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Novel forms of “magical” human-computer interaction within the cyber-physical smart
workplace: Implications for usability and user expeience

1. Introduction

1.1 The context: New forms of HCI within the emergipges-physical smart workplace

Ongoing rapid advances in the power and sophigiitatf distributed cyber-physical systems, ambient
intelligence and ubiquitous computing, the Intermét Things (IoT), social and emotional robotics,dan
human-computer interfaces are enabling the creafiorew “smart” workplace environments that almaygpear
to behave like sentient, living entities, insofarthey are able to detect and physically respongahtime not
only to human workers’ explicitly expressed taska®d instructions but also to workers’ more sulntignifested
emotions, desires, questions, or concerns.

Within such specially designed cyber-physical sreastironments, workers need not manipulate prodocti
systems or processes by spending lengthy periodisnef sitting at a keyboard to manually operate glem
software programs or write vast quantities of cadstead, they can interact with and control tlegivironment
in simpler and more intuitive (though simultanegusiss precise) ways, through speech, gesturemgaging
with digital-physical objects in virtual or augmedtreality.

A number of scholars (Renevier & Nagy, 2001; PoapyNashida, Maruyama, Rekimoto, & Yamaji, 2004;
Sengers, Boehner, Mateas, & Gay, 2008; Do, 201%eRa014; Fragoso & Reis, 2016; Javornik, Rogers,
Moutinho, & Freeman, 2016; Coeckelbergh, 2018) hanmed that environments incorporating such
technologies appear “magical” in nature: withinrtheworkers are able to move or reshape objectsowith
touching them, to conjure new (digital) objectoieistence out of thin air, and to transform thaasphere or
behavior of the environment simply by uttering agrtwords or waving their arms in a certain waythe case
of smart environments utilizing advanced brain-catap interfaces, workers might even be able to mdate
their surroundings through their thoughts alonas tihus true that the functioning of such smastiremments
might appear “magical” in a loose, metaphoricalsseof the word — especially to non-expert usetsystanders
who are unfamiliar with the behind-the-scenes meidsaof how such smart environments work and foomrh
the environments represent a sort of “black-boghtmwlogy (Hynes, 2018).

1.2 Previous analyses of the “magicality” of advancedhnologies

Such descriptions of advanced technologies as ‘tafigare nothing new. The relationship between
advanced technologies and magic has long been rexbio fictional contexts, dating back as far asriMa
Twain’s novelA Connecticut Yankee in King Arthur's Co(ti889), in which a professional engineer from the
1880s is transported back in time to medieval Britavhere he constructs electrical and mechaniealiceés
whose spectacular effects are interpreted by tbal lpopulation as a powerful form of magic. The aaptual
link between magic and technology depicted in siatds was later summarized by Arthur C. Clarke g)9m
his famous postulate that “Any sufficiently advath¢echnology is indistinguishable from magic.”

More formal academic study of the relationship kestw emerging electronic computing technologies and
anthropological concepts of magic dates back adtleathe 1970s. In a 1973 conference text on “Ggdemp
Magic,” David Freedman (1973) drew on Bronis aw Malvski's social anthropological accounts of mabica
practice to analyze the “magical manipulations”tthamputer programmers sometimes chance upon as an
elaborate, arcane, or counterintuitive means dirget. software program to perform some task inag what
cannot easily be accomplished through simpler, nstna@ghtforward, and more obvious means; if susftis
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such manipulations may “become ritualized and @ssed on from one programming generation to thé nex
More recent texts (Gell, 1992; S. Collins, 2004g&man, 2009; Howard, 2014; Ouellet, Romero, & Saw¢
2017; McCarthy & Wright, 2018; Pataranutaporn & éyl2018) have considered further aspects of the
relationship between computer programming and magtdn diverse contexts.

1.3 The need to develop a clearer understanding ofriregicality” of magical HCI

Many recent studies tend to focus on the positseets of “magical” human-computer interaction (HClI
as though “magical” HCI were synonymous with an aimg, enjoyable, effortless, sublimely productiveeu
experience. In this study, however, it is argueat g#tholarly analyses that describe such emergiciinblogies
with uncritical approval as a form of “contemporanagic” — as though any “magical’ characteristiosifd
within a given environment were necessarily assediavith improved usability, enhanced user expeggiuX),
and positive technological progress — are groundezh understanding of “magic” that diverges siipaifitly
from established academic approaches to the definiand analysis of magical practice that have been
developed over many decades within fields like aoand philosophical anthropology. It is not thenaf this
study to suggest that scholars in the field of howoamputer interaction should not develop their awaigue
understanding of the concept of “magic” as it rtato HCI. (And, indeed, scholars in fields likedlogy
maintain their own definitions of “magic” that déff significantly from those found in anthropologile in the
fields of neuroscience and psychology the concépmagical thinking” has yet another definition (Kan,
1994; Zusne & Jones, 2014).) It is, however, arcues@ that attempts within the field of HCI to defj describe,
or analyze the emerging cyber-physical smart wadglas a “magical” environment would be strengttieared
improved if they were informed by a systematic ustinding of concepts of magic drawn from anthroggl—
especially insofar as that field offers rich andameed accounts of magical practice that suggestahp
technological environment that is maximally “madjic@ould necessarily involve some elements of H@ttare
highly desirable(i.e., from the perspective of UX), while simuleausly involving other forms of HCI that are
highly undesirable

1.4 Research objectives and outcomes

It is hoped that this study can serve as a meauie¢fiboration of, complement to, or alternativeexisting
discussions of the magicality of cyber-physical gmarkplaces in at least three ways:

This work shows that from the perspectives of doeiad philosophical anthropology, HCI in
cyber-physical smart workplaces is not simply “neadji in an informal or metaphorical sense; rather,
it can be analyzed as a form of true magical practhat is arguably just as “magical” as other
historical cultural practices studied within thdedds. This can facilitate the incorporation ofsting
insights from anthropology directly into HCI desifpr cyber-physical smart workplaces.

This study demonstrates that “magicality” in HChist a quality that should be unreservedly pursued
when designing a cyber-physical smart workplacegioaity cannot be identified simply or directly
with the creation of a “user-friendly” or “user-wighdly” environment; rather, magicality is a
double-edged sword that encompasses a complexfrahagacteristics that are partially advantageous
and partially disadvantageous from the perspectivesability and HCI user experience.

This study identifies and analyzes ways in whicl thagicality of “classical” forms of computer
programming and software use (i.e., those thatrhecaidespread beginning in the 1970s) differs
significantly from the magicality of HCI presentthin the emerging cyber-physical smart workplace.
This provides a meaningful update to Freedmansareh from the 1970s and offers novel empirical
insights into the way in which the “magical” qued& of HCI have evolved over recent decades.

These findings can provide developers of cyber-jghysmart workplaces with new conceptual approsche
that they can draw on when designing new work emvitents, analyzing the functioning of existing waldces,
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and discussing the desired or actual performaneeacteristics of cyber-physical smart workplaceshwi
non-expert clients and other stakeholders.

2. Methodology

2.1 Research approach

According to the classification frameworks for ras#h methodologies presented by Wilson (2010), this
study employs an inductive approach, qualitativethmdology, and phenomenologically based research
philosophy. Its understanding of the relationstepaeen human beings and their environment andeoh#ture
of causal interaction is informed especially by siystems-theoretical philosophical anthropologyetigyed by
the Polish phenomenologist Roman Ingarden (1966119970, 1974), which offers conceptual tools #rat
useful for analyzing human interaction with emeggposthumanizing technologies like those relatinghte
cyber-physical smart workplace (Gladden, 2018a8BD1

The study has relied on the collection, analysigl synthesis of secondary data in the form of ghielkl
scholarly texts; data-collection utilized a crosstonal time horizon and non-probability samplimgthods.
Purposive sampling was employed by performing keywsearches in online scholarly databases to igenti
articles addressing relevant aspects of human-canpuoteraction, cyber-physical systems, and magith
priority given to particularly influential (e.g.réfquently cited) texts and recent scholarship. Widentifying
and analyzing texts that proposed or investigatemries of magic, priority was given to works enyihg
social anthropological or philosophical anthropatadjperspectives. Eliminated from the pool of setary data
were texts in which the term “magic” or “magical’a& used in non-relevant senses (e.g., referring to
prestidigitation and “magic tricks” performed asge entertainment). As a form of snowball samplithg,
bibliographies of gathered works were then usedeatify additional potentially relevant works. fotal, more
than 130 scholarly texts were identified as tardets analysis; particular works within that collext of
secondary data whose analysis yielded relevantrivtion and insights are cited in the Results aisgi¥sion
sections below.

2.2 Structure of the study

Execution of the study involved several steps, Wwhace reflected in the structure of the text. Filst
analyzing and synthesizing existing literature tetph to social anthropological and philosophical
anthropological accounts of magical practice, tgpielements of magical practice were identified.o3é
elements were then grouped according to their agle to particular spheres of HCI, employing the
categorization scheme contained in the “activitgatthist” for HCI evaluation developed by Kaptelinidardi,
and Macaulay (1999). Using the empirical analy$isl@l usability heuristics conducted by Nielsen$49as a
basis, a prospective heuristic evaluation was thamied out for the usability of a generic “magical
environment, in order to identify particular eleneiof magical practice that can be expected to rezehar
impair UX, if they are required for interaction tithat environment. Finally, typical characteristiof the
emerging cyber-physical smart workplace were idieatj and a more specific prospective heuristichiigg
evaluation was performed for “magical” aspects @fl khvolving two kinds of constituent technologigpical
for such a workplace: (a) ambiently intelligent dod-enabled systems and (b) augmented and viraadity
systems. As is explained in more detail in Secti®dsand 3.5, such heuristic usability evaluatiars carried
out for a given system by conceptually breaking ndhe system’s structures and behaviors into comesti
components and then assessing whether the desosgpif those structures and behaviors include alentbat
exemplify(i.e., are consistent with) eiolate (i.e., are inconsistent with) a given set of h&tiziprinciples that
have been found to enhance usability and user iexmer when manifested by a technological systeinugTa
software program that instantly shuts itself dowand erases all of the work that was in progref#fsa—user
accidentally presses a certain combination of l@yshe keyboard violates the heuristic principlat thA user
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should be asked for confirmation before a systedettakes any action that irrevocably destroys ges’s work
in progress” (Holcomb & Tharp, 1991; Apple Compute®92; Nielsen, 1994; Nasoz, Bryce, Palmer, & Rugg
2011).)

3. Results

3.1 Identification of typical elements of magical piiaet An anthropological perspective

Well-known social anthropological, philosophicaltmopological, and sociological approaches to diedin
magic include the “Law of Similarity” and “Law of dbtagion” found in Frazer’s influential (though
increasingly outdated) historical and evolutionacgount of sympathetic magic (Frazer, 2009); threctional
and sociological approaches of Hubert and Maus82)L8nd Durkheim (1995), according to which magianm
anti-social practice conducted by the individualsgcret to achieve some personal ends; and théidoalist
and social anthropological approach of Malinowsl@g6, 2005), according to which every human beisgsu
both “scientific” and “magical” ways of thinkingnidifferent circumstances — with both magic andeisce
constituting efforts to organize our knowledge bé tnatural world with the goal of better understagd
predicting, and influencing its workings.

In Malinowski’s formulation, science emerges froor @xperience with technical skills (like gardenimg
architecture), while magic emerges from our emaioneed to grasp and explain those frustrating and
disappointing cases in which our technical skilts bt yield the desired results. For Malinowskirtigalar
types of symbolic and spoken language are critahagical practice: ritual magical language is atdnguage
for everyday use; rather it possesses a high “wieft of weirdness” (Malinowski, 1966) that fatdties in its
practitioners the belief that the magic might soawehnexplicably achieve their desired ends. Moreergly,
Tambiah (1973, 1990) has developed further socitdrapological accounts of the nature of magicaglaeage
and incantations and of the distinct types of tnadility” found in magical, scientific, and religiswpractice.
Other recent systematic analyses of magical peadiiclude Sgrensen’s (2007) cognitive approach and
Greenwood’s (2009) anthropological approach.

By analyzing and synthesizing such studies of thenpmenon of magic, it was possible to identify 14
elements that are common to magical practice andgital” means of attempting to interact with and
manipulate one’s environment, as they have existediverse times, places, and cultures throughaumhdn
history. A given body of cultural practice need iatorporate all (or even most) of the 14 elemémtsrder to
be considered “magical” in nature; however, a peaatecognized as magical will generally involvsignificant
number of these elements, and the more elementgesent, the more “magical” the practice will app&hese
typical elements of magical practice are descrlieldw.

Reliance on invisible copy-original links Magical practice frequently relies on mimesis angposed
invisible causal links that exist between an omgjiobject and its copy or representation; such hyos provide
the rationale for sympathetic magic that is belitbg its practitioners to be capable of operatihg distance
(Frazer, 2009; Sgrensen, 2007; Nufio, 2014; Bubawdilerslev, 2015; Rhodes & Pitsis, 2008).

Harnessing of invisible agents or forces Magical practitioners frequently attempt to manétal their
environment by (a) channeling or controlling inkisi forces that are capable of generating someetksifects
within the world or (b) summoning and commandingsible supernatural agents that are believed tcapable
of performing within the world certain types of iacts that the human practitioners cannot directheasily
perform themselves (Sgrensen, 2007; D. Collins328perber, 2004; Philsooph, 1971; Adams, OlseM.4&.
Smith, 2013; Brottman, 2009; Manning, 2014; Steii&in, 2017).

Manipulation of complex, non-intuitive dynamics ofoccult” causality - Magical practice supposes
practitioners’ ability to understand and manipulesisal mechanisms that are “hidden” or “occultdifi the
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Latin “occulerg” meaning “to conceal”). Such forms of causalifffed from the laws of nature as generally
understood and are unknown to most people (Fra@e8; Tambiah, 1973; D. Collins, 2003; Eleta, 199dgen,
2017; Stein & Stein, 2017).

Use of specially prepared ritual implements Magical practice employs specially prepared ritual
instruments that are supposed to be capable ofafamg some magical effect that exceeds what #hadtcan
produce through their naturally inherent physicaperties (Hagen, 2017; Greenwood, 2009; Dielerd@n];
J.Z. Smith, 1995).

Use of specially prepared ritual clothingMagical practitioners wear specially prepared titlathing that
is supposed to be capable of generating some unefaat and that serves a role other than thasiwiple
protection, modesty, or adornment (Schwarz, 197&deln, 2018; Randles, 2013; Mohan, 2017).

Reliance on powers that function only within rituatontexts -Magical practice involves attempts to
cultivate and exercise powers that only functiothimi particular ritual contexts: for example, madispeech or
gestures are expected by practitioners to gensoaite desired effect if used within an appropridateak setting
but are devoid of any effect if used outside ot ttantext (Sgrensen, 2007; Greenwood, 2009; DirGol2003;
Mirelman, 2018).

Arcane and asocial symbolic languagesSpecialized types of symbolic language are critioamagical
practice (Malinowski, 1966; Tambiah, 1968, 1973reé®8en, 2007; browska, 2010; Hagen, 2017). Such ritual
magical language is not a language for everydayhugeinstead possesses a high coefficient of wessn
(Malinowski, 1966). Such magical language emplaysigane grammar, vocabulary, and body of litefarsns
that are only understood by a small group of itetilgpractitioners.

Arcane and asocial gestures Magical practice similarly involves the use of picgs movements and
gestures possessing a high coefficient of weirdnegsh exotic and unnatural movements are not gart
practitioners’ everyday behavior and their meanfgot obvious to the uninitiated (Malinowski, 1966agen,
2017; Morris & Peatfield, 2002).

Use of lengthy, complex incantationsMagical practice frequently involves the use ofgiry, complex
ritual scripts that require arranging strings oblggn words or sounds or written text or symbolsaipattern
governed by esoteric laws; even a slight errohedreation or execution of the script may be belieto render
the entire incantation ineffective (Malinowski, B3@ambiah, 1968, 1973; Senft, 1997; Klaniczay,2Magen,
2017; Sgrensen, 2007).

Use of magic words Magical practice may involve the use of individtimlagic words” or “power words,”
which are, in a sense, the opposite of lengthyamdplex incantations: a magic word is a singleafj, word,
or brief phrase that is believed to immediatelyeagate some unusual effect within the world, wheeret; it
does not need to be incorporated into a long aalgbedte ritual script (Stoller, 1984; Wallis, 2002)

Emotion-driven techniques for interaction Magical practice is driven largely by emotional dymics
rather than logical and reasonable intentions ahauologies (Malinowski, 2005; Nadel, 2013; Sgreng907;
Subbotsky, 2011). For example, contemporary sdieally grounded medical approaches to treatingetises
and saving lives are generally applied dispassébydity professionals as a practical technical sall with a
rational expectation of success; magical approadrethe other hand, are driven largely by the &nat needs
of practitioners and their communities and openinifest such emotional characteristics.

Required mastery of an esoteric body of knowleddéagical practice requires practitioners to learfef®
by heart) a vast body of esoteric knowledge antirieies with which members of the general publie ar
unfamiliar (Sgrensen, 2007; Hagen, 2017; Hanegra@3; Eleta, 1997). Acquiring mastery of suchwisaige
may require years of study and practice.
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Rules developed and policed by an initiated elittagical practice is often performed according to a
complex set of rules and conventions that are ftatad and policed by a small group of elite pramtiérs.
Membership in the initiated magical elite is noteopto the general public; current initiates oftew@reise
exclusive responsibility for selecting and trainthgir successors (Sgrensen, 2007; Hagen, 2017, BER97).

Accessing of non-natural worlds Magical practice is believed by its practitionecs grant access to
parallel or supernatural spheres of reality tha @aot visible to, accessible to, or manipulable doglinary
inhabitants of the everyday natural world (Sgren&&07; Davila, 2002; Enzheng, 2002; ipowska, 2010;
Stein & Stein, 2017).

3.2 Correlating elements of magical practice with diffet spheres of HCI

For purposes of this study, it was desirable tarage the 14 elements of magical practice descibede
into a number of coherent categories that are aelefrom the perspective of human-computer intésacfThis
was accomplished by employing the “activity chestkltool developed by Kaptelinin et al. (1999) fae in the
design and evaluation of HCI within a particular vieonmental context. Their tool categorizes
interaction-relevant phenomena into the four sphefe (1) “Means/ends,” which encompasses goahtaten
and the hierarchical ways in which activities parfed at one scale causally impact higher-ordeowet-order
activities; (2) “Environment,” which includes pantiar objects, devices, and technologies and usesitation
toward such tools; (3) “Learning/cognition/artictiten,” which encompasses the ways in which usersgeize,
learn, and internalize the dynamics at work wittie environment and, in turn, express and exta®dheir
desired outcomes by manipulating the environment\ivay meant to generate particular desired outsparel
(4) “Development,” which encompasses ways in whialser’s environment undergoes structural transftom
as a result of the user’s activities within aneiattion with it.

In the case of a cyber-physical smart workplace dffars its occupants “magical” ways of interagtiwith
it, it is possible to understand each magical eteré that interaction as falling within one of tfeur spheres
described by Kaptelinin et al. (1999). For examfie, element of “Use of specially prepared rituagplements”
relates to the HCI sphere of the “Environment,ofias as it involves particular types of physicajedits. The
“Manipulation of complex, non-intuitive dynamics obccult’ causality” performed by users of magical
environments relates to the HCI sphere of “Meartdggrinsofar as it involves the causal mechanisyna/hich
users hope to bring about certain desired endsniitieir environment. Meanwhile, the magical enmirent’s
ability to enable the “Accessing of non-natural Misf can be understood as relating to the HCI sptludr
“Development,” insofar as it functionally or virtihiatransports users out of their everyday world amto a new
interactive cyber-physical world with its own unéstructures and dynamics. Figure 1 presents tmegits of
magical practice that may be active in a generigioa environment, as categorized according to fthe
spheres of HCI identified by Kaptelinin et al. (899

As Figure 1 indicates, the magicality of a givewiesnment has the potential to manifest itself iinfaur
spheres that define the ways in which users intex@b that environment; the greatest number ofptally
magical aspects is found in the sphere of “Leareimgnition/articulation” and the least in that of
“Development.”

3.3 Developing a basis for the prospective heuristaleation of the usability of “magical” cyber-physit

smart workplaces

One of the more widely-cited and influential (Ragye2004; Quifiones & Rusu, 2017; Da Silva de Queiroz
Pierre, 2015) approaches to creating a systematientory of elements that contribute to the creatid
successful HCI is that of the usability heuristitssveloped by Nielsen and Molich (Molich & Nielsetf90;
Nielsen & Molich, 1990) and later elaborated ansted by Nielsen (1994) as part of a comparison witier
suggested approaches. From among 101 usabilitystiesrpreviously proposed by various scholars |9¢ie's
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empirical study identified 16 heuristics that pldytme greatest role in explaining either (a) thesirserious
usability problems or (b) all of the usability pfetns recorded in a database of usability problemtiseged from
earlier projects (Nielsen, 1994). In general, systdor human-computer interaction that operatectoedance
with those 16 heuristics will possess few (and $anious) usability problems, while those systermdHGI that
violate all of those heuristics will typically pess many (and severe) usability problems.

Figure 1 Characteristics of magical practice within a genenagical environment, as categorized according t
their proposed relationship with the four sphere$iGl identified by Kaptelinin et al. (Source: aotfs own
design.)

Some — but not all — of those usability heuristios relevant to magical practice, insofar as aee@ments
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of magical practice inherently conflict with or eatty such heuristics. By performing a conceptualyaig of
the most impactful heuristics identified by Nielsemd comparing the heuristics with the 14 typidah®ents of
magical practice, it was possible to select 11 isdos for the creation of successful HCI that niwgy either
exemplifiedor violatedby one or more of the elements of magical pracfitese 11 heuristics (in alphabetical
order) were:

“Aesthetic integrity, keep design simple”: a systgraphical interface should be simple but should
avoid using overly simplistic, arbitrary images whameaning is not clear to a novice user (Nielsen,
1994; Apple Computer, 1992).

“Consistency: same thing looks the same”: the sédiggtal) object should always manifest itself in
the same visible form (Nielsen, 1994; Apple Comput892).

“Easy to discriminate action alternatives”: a usbpuld be able to easily distinguish all available
actions and their effects (Nielsen, 1994; Polsdredvis, 1990).

“Familiar user’s conceptual model”: the system dtie@mploy analogies to familiar concrete objects
(Nielsen, 1994; D.C. Smith, Irby, Kimball, Verplank Harslem, 1982).

“Feedback timely and accurate™ a user should remdnto wait to learn whether input has been
accepted and what its result will be (Nielsen, 19ghn, 1993).

“Modeless interaction”: the results generated lgyvan action should always be the same, rather than
depending on which hidden state or mode the systecnrrently operating in (Nielsen, 1994; D.C.
Smith et al., 1982).

“Real-world conventions”: a system should followistig conventions in widespread use in the real
world, rather than replacing them with its own &liacratic practices (Nielsen, 1994; Rohn, 1993).

“Salient repertoire of available actions”: all pids relevant actions (andnly relevant actions)
should be displayed to the user (Nielsen, 19945d?o& Lewis, 1990).

“Seeing/pointing vs. remembering/typing”: actionshosld be performed by manipulating
already-visible objects (Nielsen, 1994; D.C. Sraitfal., 1982).

“Shortcuts and accelerators”: the system shouldrafhortcuts to expert users while simultaneously
accepting less efficient but more intuitive fornfdrgput from novice users (Nielsen, 1994; Molich &
Nielsen, 1990; Nielsen & Molich, 1990).

“Speak the user’s language”: the system shoulbugewords and concepts that are already familiar
to a novice user, without employing technical jargNielsen, 1994; Molich & Nielsen, 1990; Nielsen
& Molich, 1990).

3.4 Heuristic evaluation of the usability of a genefigagical” environment

By correlating these 11 selected usability heuwsstivith the typical elements of an environment that
employs “magical” forms of HCI, it was possibleitientify ways in which a generic magical environmemay,
by definition, be expected to eliminate or createhility problems for its operators. This analysigresented in
Figure 2. Some “magical” aspects of a magical emritent (indicated in red) might be expected to grily
and significantlydamageusability by violating multiple important usabyliheuristics; others (in green) might be
expected to primarily and significantgnhanceusability; yet others (not shaded in red or greenght be
expected to have little impact or a mixed impacthancing usability in some ways while simultanepusl
impairing it in others.
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Figure 2 Ways in which the magicality of a generic magieavironment may be expected to eliminate or create
usability problems for its users, insofar as it ediibs or violates the most important usability lgtias for HCI
identified by Nielsen; only one element (in greeemplifies five or more heuristics, while five niza
elements (in red) violate five or more heurist{&ource: author’s own design.)
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For example, interaction with a magical environmiatt requires users to learn and employ “Arcarg: an
asocial symbolic languages” in order to manipuiatdereby reduces usability by violating severahlility
heuristics. To begin with, the environmental sysfaits to “Speak the user’s language,” insofartdsrces users
to learn a new language. It violates the heuristitSeeing/pointing vs. remembering/typing,” insofs users
must memorize the meaning of large quantities bft@ry symbols of non-obvious significance, ratliean
being able to recognize and select desired acfimm a menu of choices whose meaning is clear witho
previous study. It similarly violates the heuristic“Aesthetic integrity, keep design simple,” whibars the use
of arbitrary images or symbols whose meaning isobwious to a user. The fact that the languageettearned
is arcaneandasocial means that, by definition, it is not the sort atural human language that is useful for
conventional linguistic purposes, and the lingaisReal-world conventions” familiar to users wilbhapply to
it. Finally, the fact that the language is artéiciesoteric, and not grounded in references tinarg everyday
objects means that a user cannot rely on the “kamuiser’s conceptual model” when attempting toeetber or
interpret the language’s structure or contents.

On the other hand, by its nature, the element dficah practice that involves “Emotion-driven teaiués
for interaction” tends to facilitate the implemetida of the most important HCI usability heuristidentified by
Nielsen. A “magical” environment that is able toetitly detect, interpret, and respond to users’adspemotions,
and desires in real time offers its users the dppdy to manipulate that environment in ways tlaae
spontaneous, instantaneous, and natural and thaitdequire specialized training or the use obetate scripts.
For example, a cyber-physical smart workplace itgtantly and automatically pauses or “undoes” sagt®n
that was underway because it recognized that awagrunhappy with the action (as manifested inuger’s
unconscious facial expressions) thereby “Speaksisee’s language” in an especially direct and iatenway
and offers novel forms of “Shortcuts and accelesdtthat do not even require a user to type onybéard,
manipulate a mouse, or speak some instruction aloud

Meanwhile, an environment that allows interactibrotigh the “Use of magic words” — by which a usam c
trigger some desired effect by uttering a singledptermined word that has been arbitrarily selebtedhe
system — thereby creates a mix of usability adygdaand disadvantages. On the one hand, for exaihple
exemplifies the heuristic of employing “Shortcutglaaccelerators”; on the other hand, it violatesghnciple of
continuously displaying the “Salient repertoire afailable actions” by forcing a user to accuratediain
knowledge of all available magic words and thefeet and to instantly recall the appropriate magozrd,
when desired.

For the 14 elements of magical practice, the nundfeusability heuristics that can be expected to be
exemplified by a particular element ranges fromo06tand the number of usability heuristics that tan
expected to be violated ranges from 1 to 7. Fiveth® magical elements (“Manipulation of complex,
non-intuitive dynamics of ‘occult’ causality,” “Aene and asocial symbolic languages,” “Use of length
complex incantations,” “Required mastery of an esotbody of knowledge,” and “Accessing of non-matu
worlds”) are conceptually linked with the violatiaf five or more HCI usability heuristics; in Figu2, those
magical elements are highlighted in red. Only oryical element (“Emotion-driven techniques for iatgion”)
is associated with the exemplification of five cona usability heuristics; that element is highlgghin green.

3.5 Heuristic evaluation of the usability of two constint technologies of “magical” cyber-physical srhar

workplaces

The cyber-physical smart workplace is a key featafethe emerging “cyber-physical organization”
(Gladden, 2017), which typically comprises an améycyber-physical systems” (Gill, 2008; Wang, ¥ar &
Goddard, 2008), including “cyber-physical-sociasteyns” that incorporate human beings and sociaitsoft.iu,
Yang, Wen, Zhang, & Mao, 2011; Smirnov, Kashevri&kPonomarev, 2015). As depicted in Figure 3, the
cyber-physical organization and its cyber-physgalart workplace are characterized by the roboticinaof
organizational agency and action (Samani, Valindh,K8aadatian, & Polydorou, 2012; Ford, 2015; Sachs,
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Benzell, & LaGarda, 2015; Gladden, 2017), deepdmgdan-computer integration within the organizationa
workforce (Clark, 2004; McGee, 2008; Koops & Leen2812; Gladden, 2017), and the ubiquitization and
non-localization of computational processes (Grietthf 2006; Gladden, 2016, 2017; Coeckelbergh, ROA1
robustly cyber-physical organization constituteype of entity within which processes of posthurzation
(Gladden, 2018c; Herbrechter, 2013) have exerciggmificant transformative influence; more spedifig, its
cyber-physical smart workplace can be understood“teshnologically posthumanized,” insofar as its
incorporation of particular advanced technologias Bxpanded the workplace to includes members dther
“natural” biological human beings who contributeit® structure, activity, and meaning by servinghivi it as
decision-makers and intelligent social actors (Géd 2018c).

Figure 3 Key characteristics of the cyber-physical smastkplace, which incorporates a characteristic rasfge
technologies and enables new forms of HCI. (Sowrathor’s own design.)

36 Consortia Academia Publishing



Novel forms of “magical” human-computer interactiwithin the cyber-physical smart workplace

Analysis of Figure 2 suggests that — far from awttically offering a positively enhanced user expece —
any such cyber-physical smart workplace that inomafes forms of HCI that can properly be describsd
“magical” (from an anthropological perspective) mag at least as likely tessenits usability and create a
poorer user experience. To explore how that dynamic reatsfitself in practice, this study considered oren
detail the “magicality” of two particular types t&#chnologies associated with the emerging cybesiphl/smart
workplace: those relating to (a) ambiently intedlig and loT-enabled systems and (b) AR and VR syste

The magicality of ambiently intelligent and loT-efded smart environments By analyzing, comparing,
and synthesizing texts that investigate the usanalbient intelligence, ubiquitous computing, cybbysgical
systems, and loT-enabled systems to create intezastart workplace environments (Remagnino, Hagras
Monekosso, & Velastin, 2005; Bohn, Coroaniangheinrich, Mattern, & Rohs, 2005; Cook, Augus&
Jakkula, 2009; De Saulles, 2017; Kranz, 2017; R&amnan, 2017; Liu et al., 2011; Gill, 2008; Wangakt
2008; Poslad, 2011), it was possible to identifyysvan which a cyber-physical smart workplace inavgting
such technologies would offer its users a “magidafm of HCI. Figure 4 identifies particular aspeaif
ambiently intelligent and loT-enabled systems ttah be understood as creating a type of “magicall;H
associates them with the relevant anthropologispéet of magical practice and sphere of HCI; ahibgh the
shading of cells) indicates whether particular atpef such ambiently intelligent and loT-enablgdtems are
associated with magical practices that may geneballexpected to have a beneficial, detrimentaheutral or
mixed impact on usability and user experience.

For example, such environments offer a new meahgaiessing invisible, intelligent non-human eestor
forces to produce some desired physical effect.oiding to the medieval Christian account of magic
(developed by thinkers like St. Thomas Aquinas g)®4many forms of magic implicitly or explicithnvolved
efforts to control disembodied demons that coulaipizlate physical objects. In a sense, within aemporary
workplace environment “enlivened” by cyber-physisgstems, ambient intelligence, and the Internétrofgs,
embedded Al linked to ubiquitous sensors and astsatkes the place of demons: the human userabf au
space might relocate heavy objects, adjust theitighand temperature, open or close windows or gjqulay
particular audiovisual media, establish live audioal communication links with distant individualsshedule
future events, request particular pieces of infaimma or activate or deactivate devices simply lienng a
particular phrase or performing a certain typeestgre.

The magicality of augmented and virtual reality sgms -Similarly, by analyzing literature that explores
the emerging use of AR and VR systems in workpteténgs (Kadavasal, Dhara, Wu, & Krishnaswamy,7200
Craig, 2013; Jerald, 2016; Aukstakalnis, 2017; Evwa018; Farshid, Paschen, Eriksson, & Kietzmai®i,82, it
was possible to offer a similar account of the iotpaf such technologies’ “magicality” on HCI withithe
context of a cyber-physical smart workplace. Thtlgsis is also presented in Figure 4.

For example, many types of VR systems incorporate types of “ritual clothing” in the form of haptic
feedback gloves and VR goggles that are not emglayé&aditional HCI and which allow their usersaocess a
sort of “parallel world” whose contents are impgtilgle to gathered bystanders who are not usingy SR
gear.

Moreover, VR systems that employ motion-detectieahhologies may require their users to master a
collection of “arcane gestures” that produce nea in the external physical world (other than simg or
perplexing any nearby observers) or when userstaraling outside of the VR system’s sensory bouesldut
which may generate spectacular effeatishin the virtual world experienced by the users wheaytlare
performing such gestures within the “ritual conteftan activated VR system’s zone of motion detett

Such virtual worlds may also display “laws of natuand forms of causality (Novak, 1991) that differ
radically from those of the everyday physical wdilldgarden, 1974, 1970): for example, within auattworld,
a user may be able to levitate above the groundenmstantaneously across great distances, orrgevane”
and replay some recent sensory experience. Usergladually come to master the intricacies of ddch are,
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in effect, becoming initiated into a particular ¢ypf (digital-physical) magical practice.

3.6 Divergent ways in which the magicality of classicaimputing and the cyber-physical smart workplace

impact HCI UX

For comparative purposes, Figure 4 also buildsreedman (1973) to offer an analysis of the madicali
“classical” forms of HCI grounded in conventionalnsputer programming and software use of the sat th
became common beginning in the 1970s. For exanglelock of source code written in a programming
language like C++ displays a high “coefficient oivdness”: while it possesses a unique grammarsgntax,
such code is incomprehensible to non-programmeg,itais not the sort of language that can be used
everyday conversations in the home or workplaceredeer, snippets of code written in such a language
produce no notable effects when simply pastedardocument in a word processor; only when the darae of
code are inserted into a file within the “ritualntext” of a programmer’s integrated developmentiremment
(IDE) or source code editor can they produce drangatd unexpected effects — for example, by cauaibgd
to soar above a forest on the computer screenaforite fractals to appear when the compiled eabtait
program is run. Similarly, conventional programmeray learn obscure keyboard shortcuts or prepa@asa
that allow them to perform some arcane “gesturedruthe keyboard that will generate what to the itinited
appear to be startling and inexplicable effects.

A comparison of the columns presented in Figure dkes it possible to formulate the following
observations:

The incorporation of ambiently intelligent and lefabled systems and AR/VR systems creates the
potential for the cyber-physical smart workplaceetominate some “magical’ aspects of classical
computer programming and software use (i.e., theifiance on “Arcane and asocial symbolic
languages” and the “Use of lengthy, complex incons”) that are conceptually linked with
numerous usability heuristic violations. In thisyéhe new forms of intuitive, physical, social HCI
made possible by the cyber-physical smart workplapen the door to offering improved user
experiences.

The cyber-physical smart workplace’'s use of ambyeiitelligent and loT-enabled systems and
AR/VR systems also has the potential to enhanckilitgaand UX by incorporating a new element of
magical practice (“Emotion-driven techniques fotenaction”) that is absent in classical computer
programming and software use but which is concdigtliaked with the successful exemplification of
a significant number of important usability hetdst

At the same time, though, the cyber-physical smartkplace’s use of ambiently intelligent and
loT-enabled systems and AR/VR systems promisegdeepve some of the “magical” elements of
classical computing that are conceptually linkedhvgignificant usability heuristic violations (i.e.
“Manipulation of complex, non-intuitive dynamics afccult’ causality,” “Required mastery of an
esoteric body of knowledge,” and “Accessing of matudral worlds”). However, the specific form that
these magical elements take within the cyber-playsimart workplace differs from those found in
classical computing.

4. Discussion

Reflection on the study’s findings makes it possitd discern a number of managerial implications fo
scholars and industry. These are discussed belomg avith limitations of the study and potentiatetitions for
future research.

38 Consortia Academia Publishing



Novel forms of “magical” human-computer interactiwithin the cyber-physical smart workplace

Figure 4 The “magicality” of the cyber-physical smart wplice has the potential to eliminate some of the
violations of HCI usability heuristics (indicated fed) found in classical computing and add neviations of

its own (also in red), while at the same time biiefy exemplifying other usability heuristics (igreen) that
are not embodied by classical computing and HGQluf&e: author’s own design.)
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4.1 Managerial implications for scholars

By demonstrating how new, technologically posthuiziag workplace technologies can be analyzed using
conceptual frameworks that have been previouslfiegppo study historical forms of “magical practit¢he
study makes it easier for anthropologists and osloeial scientists to investigate the emerging cylbsysical
smart workplace as a venue in which human beinggaot with other human agents, nonhuman agents and
tools, and their broader environment in qualitdtivaovel ways. Conversely, for scholars in the dielf
management who are striving (a) to understand haumnam workers instinctively interact with new
cyber-physical smart workplaces or (b) to idenbifgst practices for how human workers caost effectively
interact with such cyber-physical smart workplactds study’s findings provide a blueprint for atlap
established methodologies from social and philos@ptanthropology and applying them in a new cont&ke
study thus provides a transdisciplinary “bridgeattiallows insights from the field of anthropology inform
ongoing research in the fields of technology mansag# and HCI — angice versa This makes it possible for
scholars to draw creatively on findings from otbeciplines in a way that respects each field'®aamy while
avoiding needless reduplication of effort. Moregviewr philosophers of technology, the study prosiden
in-depth analysis of a particular type of technaaljposthumanization and its impacts that caneas raw
material for further reflection.

4.2 Managerial implications for industries that designd produce “magical” workplace technologies

For companies that design and produce technoldbes contribute to cyber-physical smart workplace
environments (including voice-activated smart dasts, building automation systems, industrial AR/V
systems, interactive holographic surfaces, and amtlyi intelligent spaces), the study provides a mivegul
new conceptual framework for UX analysis and thenping of human-computer interaction. It remindghat
“magical” workplace technologies tap into longstagdand deeply rooted patterns of cognition andiasoc
behavior according to which human beings frequettiye to view complex, unpredictable, and uncolatbid
surroundings as “magical” (to a greater or lessegree) and seek to understand and manipulate those
environments through magical practices that aretiemally appealing but of little or no practicafedtiveness.
Such dynamics create both opportunities and danigershe producers of cyber-physical smart workplac
technologies: the study identifies one element afgical practice (i.e., “Emotion-driven techniques f
interaction”) that designers of cyber-physical smaorkplaces can incorporate into HCI within their
environments that will likely enhance usability amprove UX, along with five other elements of neadi
practice (discussed in Section 3.4) that shouldegily be avoided when designing HCI for cyber-ptais
smart workplaces, insofar as they are likely to @genusability and UX.

Moreover, the study’s findings suggest that (ajows cyber-physical smart workplace technologieg.{e
ambiently intelligent and loT-enabled systems afI\AR systems) may possess similar dynamics of hbeaakf
and detrimental magicality, while (b) the dynanmi¢$deneficial and detrimental magicality found eatively in
cyber-physical smart workplace technologies disignificantly from those found in older forms ofra@ntional
computer programming and HCI. This indicates thatdespite the superficial differences of theihtedogies,
producers of diverse cyber-physical smart workpetems may be able to draw meaningful insiglus fone
another regarding best practices for HCI, and (ly) @roducers of workplace technologies that alerstying
on analyses of the “magicality” of technology grded in studies of conventional computer programnaingd
HCI should reevaluate the appropriateness of theggendence on such (increasingly outdated) research

4.3 Managerial implications for industries that utilizemagical” workplace technologies

For organizations that utilize cyber-physical smadrkplaces, the magicality of such environments ha
implications for the hiring and training of workethe ease with which such environments can beediland
repaired, and the scope of the organizations’esgiatcompetition.
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New emphases for hiring and training: From engingag to the arts -If — thanks to its sophisticated
embedded Al — a cyber-physical smart workplace bsodirectly sensitive and immediately responsivehe
wishes and behaviors of everyday occupants in tener described above, then there is no longer augbat
need for an organization to employ expert prograrsraad specialized technicians to operate tharemwvient:
even an ordinary user can elicit desired respofrsas an Al-enabled smart environment without negdin
have mastered obscure programming languages owaseftdesign principles. One might interpret such a
development as seductionin the magicality of the environment, whose fuoring becomes “democratized”
and less dependent on a small, initiated elite ashguter programmers who possess the esoteric kdgwale
needed to control it. Alternatively, one might aggihat within such a smart environment, even orgingsers
will gain extraordinary and unusual new powersrf@nipulation and control — therelyhancingthe seeming
“enchantment” of the workplace.

In either case, there will always be an importamie rfor those workers who better understand the
environment’s governing Al — who know the tricks fétaming,” “coaxing,” or otherwise manipulating @nd
who understand how to more ingeniously exploipit¢éential, even if they do so by employing a certaine of
voice or finesse in their physical gestures, rathan by dictating the environment’s behavior tiylothe use of
a programming language. Investigation of such bdg&s can draw beneficially on the research omputer
scientist and philosopher Alan N. Shapiro (2014)pse work explores ways in which future forms oflHi@zay
enable computer programs to be brought into existefor computerized devices to be manipulated) as a
“self-expressive act of creativity” that is moreirako the creation of art or poetry than a purelgital,
mathematical exercise.

From the perspective of HCI, the most relevantimtition in such a situation may no longer be betwee
“ordinary users” and “expert programmers” but betwehe “ordinary occupants” of a cyber-physical gma
workplace and those “adepts” who are skilled atipdating it through new magical forms of speecéstgre,
and other social behaviors. Indeed, a concept esgblin numerous works of fiction is that of neatufe
“cyberadepts” (Hume, 1995), “virtual adepts” (Bredy Brucato, Campbell, Gaudreau, McCoy, et al. 8199
“technomancers” (Bridges et al., 1998), or “techrammans” (Hume, 1995) who are so attuned to thereaii
the surrounding environment as a computerized sy#tat they can essentially “reprogram” the wonduad
them through a sheer act of will. To date, the tkahi real-world manifestations of self-conscious
“technoshamanism” (e.qg., by figures like Michaeligdn (2015)) are primarily either artistic expeent, parody,
provocation, or wishful thinking rather than sespuwsincere “magical practice” — because the typks o
technology that could support such practice arg ool beginning to emerge. However, the developnoént
cyber-physical organizations and their technoldgicaosthumanized workplaces are a further stepatdw
facilitating such new forms of HCI. If the succagghanipulation of cyber-physical smart workplatetdeed
based not primarily on computer programming skilis on physical and emotional talents of the sommonly
employed in dance, theatrical performance, rhet@id coaching, then organizations utilizing cypkysical
smart environments may need to reprioritize th#ssktiat they seek to identify or inculcate wheortgting or
training employees; for a growing number of jobsalied in such workplaces, training in the arts lanthanities
may become more desirable than a knowledge of sejenathematics, and engineering.

Easier to use, harder to repair: The cyber-physicahart workplace as a “black box” for workerslt is
arguably not the obvious superficial aspects —tlileeuse of VR goggles and haptic feedback glovéhat-most
differentiate the “new” types of magical practicgroduced into the cyber-physical smart workplawanf the
“old” types of magical practice mastered by traitil computer programmers. Rather, it is the nepedgnce
of environmental agency enjoyed by the designgsraiors, and ordinary users of such workplacesrtay
represent the greatest qualitative change to H@is Thange results from two interrelated ways inctwh
real-time semi-autonomous analysis and decisionitgalby sophisticated forms of Al (and not human
programmers or sysadmins) shape how such an em@naeinresponds to human input. On the one hand, Al
becomes the new mediator that determines exactnwand how input provided by human workers (e.g.,
through their speech or gestures) will be transéatrimto particular types of sensory stimuli or babes by
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physical objects; at the same time, though, sucboficeals from the human workers the precise mésmarby
which it works and hides its involvement in the gess.

For example, in earlier workplaces, causing a ricbartm to rotate in a certain way might have reegiia
programmer to spend hours writing detailed souotter an expert user to meticulously train theotalsing a
specialized “teach pendant”; such employees wetienately aware (and continuously reminded) of ak t
individual technological mechanisms and detailedcpdural steps that were involved with controllitig
robot’s actions. However, within emerging typescgber-physical smart workplaces of the sort diseddsere,
an ordinary employee might — without any elabotediing — be able to walk into a smart environmesiaty
aloud to a robotic system, “Do as | do,” and thestalw as the robot’s manipulator arm imitates tha-tiene
motions of the employee’s own arm.

Such a workplace becomes a sort of “black box” @#r2018) in which employees need not understand th
precise technological mechanisms that underliebdéavior; they need only learn what types of inpilt
generate which types of real-time responses withénphysical or virtual environment. Human workesso
become immersed in such an environment’s cyberfe¢éidback loops might over time even “forget” thetf
that a computerized Al system is orchestratingetheironment’s behavior, behind the scenes; it migstead
appear as though the whole environment itselfiid of quasi-organism or ecosystem that is diyeséinsitive
and “magically responsive” to the worker’s actioAs. long as all of its constituent technologies toore to
function flawlessly, such an environment may baezdsr workers (even new and untrained ones) toimdate
than previous IT-heavy environments; however, wherexpected problems eventually occur with the
environment (e.g., due to random hardware failurd®y might be more difficult for ordinary workets
resolve, as the workers will possess very limitadarstanding of the environment’s underlying tedbgies. In
effect, such cyber-physical smart workplaces magob®e easier for an organization’s personnel to lhuge
harder for them to repair; this makes it more intgatr for organizations to design such systemssgplaly high
reliability and a long mean time between failured BF).

The cyber-physical smart workplace: A new “magicabtrategic battleground for organizations -
Historically, organizational workplaces have beemited in size: a given company’s employees mighhbused
within a single factory or office building or withia collection of numerous such buildings founganticular
geographical locations. However, the creation of&ffabled online virtual worlds allows employeegténtial)
customers, and other stakeholders who are scafnesically around the entire planet to “inhabitidainteract
within a single shared virtual space. Similarly, dgcessing the globalized Internet of Things, ajanization
can extend its workplace into public spaces othitimes of employees or (potential) customers byiisgnghat
is happening and acting physically in those envitents through a diverse array of networked devices.

This can, in effect, expand the “enchanted” cyldgysical smart workplace to potentially encompassimu
of the world’s cyber-physical and digital-physiemlosystem, within which one organization’'s workplagould
overlap with those of many other organizations.rSeagical realms are not simply an “internal” wdege or
another profit-generating service offered to constanthey constitute a new (virtual) strategic sphwithin
which organizations can compete against one anéwhénformation, influence, power, financial resoes, and
customer loyalty.

Given the importance of magical elements of HCItled sort described in this study to the creation,
operation, and effective use of such digital-phgisiealms by organizational “technomancers,” thestjon
arises of whether the functioning of such environteean be fully and adequately documented, and)yened
explained solely by using established concepts downtraditional management disciplines like mairket
logistics, finance, enterprise architecture, and r&agement — or whether it can be more robustgrieed
and meaningfully interpreted by incorporating taxaes, typologies, and other concepts from theasoci
anthropological or philosophical anthropologicaldst of magical practice. Organizations that mamtsiich
globalized cyber-physical smart workplaces may thsreasingly need to expand their workforces to
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incorporate new expertise from the social sciences.
4.4 Limitations of this study

A notable limitation of this study is the fact thihas only offered a prospective usability evéibiaof the
magical elements of two types of technologies fowvithin the emerging cyber-physical smart workplace
which yielded similar profiles for the ways in whitheir magicality might be expected to enhancéngrair
usability and user experience. As indicated in Fég@8, though, such workplaces encompass diverser oth
technologies relating, for example, to machineray, swarm intelligence, mobile and wearable desjand
neuroprostheses. It is possible that a prospeaseadility evaluation of the magical elements oftsadditional
technologies might suggest that the impact of thrggicality on usability and UX will differ signdantly from
those of the ambiently intelligent and loT-enabdgdtems and AR/VR systems investigated here. Maretive
ongoing emergence of new technologies and the rapél accelerating pace of technological changeitwith
organizations means that any such analyses museMigited regularly in order to take into accoumwn
workplace technologies and the novel forms of H@k they facilitate.

4.5 Directions for future research

In addition to carrying out additional prospectivgability evaluations for specific technologiestloé sort
just described, it will become increasingly feasibd carry out qualitative empirical studies of kens’ lived
experiences of magicality within cyber-physical siweorkplaces and quantitative studies of the inpa¢ such
workplaces’ magicality on their efficiency and effieeness, as such workplaces become more widely an
robustly implemented within growing numbers of argations.

5. Conclusion

This study has shown that HCI within emerging cybieysical smart workplaces is not simply “magical”
a metaphorical sense; from an anthropological getsge, it can be understood as involving true ralgi
practices. However, as demonstrated above, theitalétg” of such environments is not an entirelyspive
trait; rather, magicality is a complex phenomenioait thas the potential to both improve and damageility
and user experience in diverse ways. Moreover, usebility and UX impacts of magicality in emerging
technologies for the cyber-physical smart workplaaee been shown to differ substantially from tffeats of
magicality in classical computing. This suggests the magicality of computing technologies andrtpacts
on users have already evolved significantly in nécecades and may continue to evolve furthererfukure. It
is thus difficult to offer a definitive study ofeélmagicality of computing technologies in any orerkv However,
it is hoped that by employing approaches like tme dormulated and applied in this text to aid ir th
understanding, design, and execution of HCI wittyber-physical smart workplaces, the “magical” atpef
such environments can be managed in ways that @fentétre best possible user experience for the gmpdo
customers, and other stakeholders who may occupyeract with them.
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