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PROCEDURAL TAXONOMY: AN
ANALYTICAL MODEL FOR ARTIFICIAL
AESTHETICS

This paper pro ​poses an an​a ​lyt ​i​cal model for com ​pu​ta ​tional aes ​thetic ar ​ti​facts based on

Espen Aarseth's work. It re​flects pro ​ce​dural affini​ties that may not be found when fo ​-
cus ​ing on sur ​face struc ​tures and on aes ​thetic analy​ses de​vel​oped from them. The model

at ​tests to the im ​por ​tance of com ​pu​ta ​tional char ​ac ​ter ​is ​tics and of pro ​ce​du​ral​ity, both as

con​cep​tual ground​ings and as aes ​thetic fo ​cuses, as aes ​thet ​ics plea ​sures in them ​selves.

AU​THOR(S)

Miguel Car ​val​hais

In​tro​duc ​tion

The grow​ing pres ​ence of com ​pu​ta ​tional media and tools in many areas of con​tem ​po ​-
rary life brings mas ​sive change to all who in​ter ​face with these sys ​tems, ei​ther as con​-
sumers or pro ​duc ​ers, as spec ​ta ​tors or in​ter ​ac ​tors, as writ ​ers, read​ers or wread​ers. 

‘Ar ​ti​fi​cial poïesis,’ the pro ​duc ​tion of com ​pu​ta ​tional aes ​thetic ar ​ti​facts, is wide​spread.

Com ​pu​ta ​tional aes ​thetic ar ​ti​facts are cre​ated by prac ​ti​tion​ers with di​verse back ​-
grounds, method​olo ​gies and ter ​mi​nolo ​gies that are not al​ways rec ​on​cil​able and that

cre​ate ob​sta ​cles to mu​tual un​der ​stand​ing, ef ​fec ​tive co ​op​er ​a ​tion and crit ​i​cism. How​ever,

in spite of con​tex ​tual vari​a ​tions in​her ​ent to each par ​tic ​u​lar field or pro ​ject, and re​gard​-
less of the spe​cific func ​tions, con​texts or set ​tings of pro ​duc ​tion, there are many com ​-
mon​al​i​ties to be found among these works. Var ​i​ous phe​nom ​ena dis ​cov​ered with or

through these media are gen​uinely new and un​prece​dented, lack ​ing clear ref ​er ​ences in

other arts or fields of study, as well as a clear nomen​cla ​ture, a dis ​ad​van​tage for their

prac ​tice and study.

This work hopes to con​tribute to the de​vel​op​ment of a ter ​mi​nol​ogy for com ​pu​ta ​tional

media, by propos ​ing a frame​work for their study and crit ​i​cism that is ver ​sa ​tile and

plas ​tic enough to ac ​com ​pany their on​go ​ing trans ​for ​ma ​tion and its ef ​fects in cre​ative

prac ​tices.

Mo​ti ​va ​tion

The start ​ing point for this work was Espen Aarseth’s model for the analy​sis of cy​ber ​-
texts. [4] Al​though tai​lored to tex ​tual ar ​ti​facts, this model pre​sents sev​eral ad​van​tages:
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1) it is fo ​cused on the struc ​tural, func ​tional and pro ​ce​dural traits of the texts, rather
than on their sur ​face fea ​tures or con​tents; 2) it is ex ​ten​sive enough to en​com ​pass dif ​fer ​-
ent media and ex ​pres ​sions; 3) it em ​pha ​sizes com ​mon fea ​tures found across most of the
ar ​ti​facts, rather than as ​pects that may be spe​cific to some; 4) it ac ​knowl​edges the in​ter ​-
ac ​tive po ​ten​tial of the ar ​ti​facts, with​out es ​tab​lish​ing a prece​dence over other im ​por ​tant
char ​ac ​ter ​is ​tics for the pro ​duc ​tion of mean​ing and the de​vel​op​ment of the aes ​thetic ex ​-
pe​ri​ence; and fi​nally, 5) it is work ​able, with a set of seven vari​ables and eigh​teen pos ​si​ble
val​ues that cre​ates a space of 576 unique media po ​si​tions.

By ap​ply​ing Aarseth’s an​a ​lyt ​i​cal model to a broader range of aes ​thetic ar ​ti​facts, we as ​-
serted its ef ​fi​cacy and were then able to adapt and ex ​pand it, in the search of a more
com ​pre​hen​sive de​scrip​tion of the works. The vari​ables were tested for suit ​abil​ity and
with the ex ​cep​tion of one, all proved to be us ​able in the new model. 

The  model

DY​NAM​ICS

The first vari​able in Aarseth’s ty​pol​ogy de​scribes the con​trast ​ing be​hav​ior of signs in
sta​tic sys ​tems – where they are con​stant – and in dy​namic sys ​tems, where we re​pur ​-
posed the orig ​i​nal val​ues to de​scribe sur​face  unit  dy​nam ​ics (SUD) and deep  unit  dy​nam ​-­
ics (DUD), fol​low​ing a nomen​cla ​ture in​spired by Krome Bar ​ratt. [5] SUD de​scribes re​-
arrange​ments of per ​ceiv​able struc ​tures with​out the trans ​for ​ma ​tion of their foun​da ​tions
which is de​scribed by DUD. 

DE​TER ​MINABIL​ITY

De​ter ​minabil​ity con​cerns the sta ​bil​ity of what Aarseth de​fines as the “tra ​ver ​sal func ​-
tion” [4] of the ar ​ti​fact. This is the set of con​ven​tions and mech​a ​nisms that com ​bine
and pro ​ject sur ​face and deep units to the user. [3] If mul​ti​ple ex ​pe​ri​ences of the same
ar ​ti​fact may re​sult in sim ​i​lar be​hav​iors or even in exact rep​e​ti​tions, we clas ​sify it as de​-­
ter​minable. If on the con​trary the ar ​ti​fact may lead the tra ​ver ​sal func ​tion as much as,
or even more than the users them ​selves, dri​ving the ex ​pe​ri​ence into un​known ter ​ri​to ​ries
and forc ​ing users to adapt or react to new usage sce​nar ​ios, we clas ​sify it as in​de​ter​-­
minable.

TRAN​SIENCY

Tran​siency de​scribes the tem ​po ​ral ex ​is ​tence of the ar ​ti​fact. If the mere pass ​ing of time
causes changes in the ar ​ti​fact’s out ​puts then it is tran​sient, oth​er ​wise it is in​tran​sient.

AC​CESS

Ac ​cess de​scribes whether the to ​tal​ity of the ar ​ti​fact or of its out ​puts are avail​able to the
user at all time, in which case the ac ​cess is ran​dom, oth​er ​wise being con​trolled.

LINK ​ING

Link ​ing de​scribes the ex ​is ​tence of rules or de​vices that may lead the user through the
tra ​ver ​sal and whether the ac ​cess to these is ex ​plicit  or con​di​tional.

USER
 FUNC​TIONS

The last vari​able in Aarseth’s ty​pol​ogy de​scribes which func ​tions are avail​able to the
user be​sides the om ​nipresent in​ter​pre​ta​tive func ​tion. In the ex ​plo ​rative func ​tion the
user chooses which paths to fol​low along the tra ​ver ​sal, while in the con​fig​u​ra​tive func ​-
tion new struc ​tures, i.e. sur ​face or deep units, may be re​arranged or cre​ated. These two
func ​tions are what “in ad​di​tion to the oblig ​a ​tory in​ter ​pre​ta ​tive func ​tion” [4] de​fine an
er ​godic medium. 

MODAL​I ​TIES

Modal​i​ties will quan​tify the lev​els of per ​cep​tion in​volved in the user func ​tions. They are
de​fined sen​so ​ri​ally [8] – vi​sual,  au​dial,  hap​tic – and ex ​panded with the per ​cep​tions of
mo ​tion and of pro ​ce​du​ral​ity – that of math​e​mat ​ics and of log ​i​cal struc ​tures [11] – rais ​-
ing their total num ​ber to five.

AU​TON​OMY



Au​ton​omy is a de​scrip​tor of the sys ​tem’s ca ​pac ​ity to gen​er ​ate nov​elty – or to be some​-
what cre​ative – with​out re​sort ​ing to ex ​ter ​nal in​puts. Au​tonomous sys ​tems ei​ther con​-
tain or gen​er ​ate all the data they need to pro ​duce novel out ​puts, while sys ​tems fed by ex ​-
ter ​nal sources – or that in​clude ex ​ten​sive sets of hard-coded data, dig ​i​tal data struc ​-
tures or dig ​i​tal streams, ac ​cord​ing to Berry [2] – are clas ​si​fied as being data-­dri​ven.

CLASS

This vari​able de​tails the com ​pu​ta ​tional class – un​der ​stood after Stephen Wol​fram’s de​f ​-
i​n​i​tion [12] and Rudy Rucker’s in​ter ​pre​ta ​tion [10] – that bet ​ter de​scribes the out ​puts of

a sys ​tem. Sta ​tic in​tran​sient out ​puts were clas ​si​fied as class 1, most of the sta ​tic tran​-
sient out ​puts as class 2, and those that ex ​hibit com ​plex be​hav​iors as ei​ther classes 3 or

4, using the struc ​ture of the out ​puts to de​ter ​mine whether the sys ​tem was class 3 (ran​-
dom, to ​tally un​pre​dictable) or class 4 (struc ​tured, at least lo ​cally, and at least par ​tially

pre​dictable).

VARI ​ABLES
 AND
 POS ​SI ​BLE
 VAL​UES

1. Dy​nam ​ics: sta ​tic, SUD, DUD;

2. De​ter ​minabil​ity: de​ter ​minable, in​de​ter ​minable;

3. Tran​siency: tran​sient, in​tran​sient;

4. Ac ​cess: ran​dom, con​trolled;

5. Link ​ing: none, con​di​tional, ex ​plicit;

6. User func ​tions: in​ter ​pre​ta ​tive, ex ​plo ​rative, con​fig ​u​ra ​tive;

7. Modal​i​ties: 1-5;

8. Au​ton​omy: au​tonomous, data-dri​ven;

9. Class: 1-4.

Data  col ​lected

We com ​piled a set of rep​re​sen​ta ​tive sam ​ples, col​lect ​ing di​verse ap​proaches to pro ​ce​-
dural cre​ation and fo ​cus ​ing on vi​sual arts and de​sign. Be​sides a set of pieces of our own

choos ​ing, we col​lected an in​de​pen​dent se​lec ​tion of works, try​ing to avoid a bias to ​wards

the model under de​vel​op​ment. The com ​plete list of 54 works and the de​tails of their

analy​sis are to ex ​ten​sive to pre​sent in this ar ​ti​cle, but can be found in our pre​vi​ous

works. [6] [7]

Analy ​sis

After clas ​si​fy​ing the works ac ​cord​ing to the model, and still fol​low​ing Aarseth’s method​-
ol​ogy, we used the R en​vi​ron​ment for sta ​tis ​ti​cal com ​put ​ing and the CA pack ​age [9] to

de​velop a Mul​ti​ple Cor ​re​spon​dence Analy​sis (MCA). The first syn​thetic vari​able achieved

54.1% in​er ​tia but a plot ​ting as a one-di​men​sional graph re​vealed the lack of in​dis ​pens ​-
able in​for ​ma ​tion that was added by the extra 8.6% of data vari​a ​tion pro ​vided by the

sec ​ond syn​thetic vari​able. We there​fore opted for plot ​ting the MCA as a two-di​men​-
sional graph de​scrib​ing 62.7% of the data vari​a ​tion.

Con​trol  Analy ​sis

This model was de​vel​oped with the pur ​pose of al​low​ing ob​jec ​tive clas ​si​fi​ca ​tions and of

min​i​miz ​ing sub​jec ​tive fac ​tors. Try​ing to test the de​f ​i​n​i​tions of the vari​ables and our own

analy​sis, we de​vel​oped a con​trol analy​sis, pro ​vid​ing the list of sys ​tems and a de​scrip​tion

of the model to an in​de​pen​dent an​a ​lyzer.

The un​der ​stand​ing of most of the vari​ables was straight ​for ​ward. The great ​est chal​lenge

was found with modal​i​ties vari​able, es ​pe​cially with the clas ​si​fi​ca ​tion of the pro ​ce​dural

and hap​tic modal​i​ties. The con​trol analy​sis tended to clas ​sify as hap​tic all those sys ​tems

that al​lowed any de​gree of in​ter ​ac ​tion, re​gard​less of which de​vices were used in the

process. Our analy​sis used dif ​fer ​ent cri​te​ria: stan​dard con​trollers (e.g. mice or key​-
boards) used in es ​tab​lished ways (e.g. as in op​er ​at ​ing sys ​tems or pro ​duc ​tiv​ity tools)

were not clas ​si​fied as hap​tic; only works that used ded​i​cated con​trollers or that em ​-
ployed stan​dard con​trollers in non-con​ven​tional ways were con​sid​ered to heighten hap​tic

aware​ness and in​volve​ment. The con​trol analy​sis also found the pro ​ce​dural modal​ity in

more in​stances, some​thing that may be due to re​gard​ing the out ​puts of a work as being

part of its sys ​tem and not as in​de​pen​dent ar ​ti​facts, that may or may not be pro ​ce​dural

or able to com ​mu​ni​cate pro ​ce​du​ral​ity. The pro ​ce​dural modal​ity is tied to the per ​cep​tion,

un​der ​stand​ing or in​tu​ition of math​e​mat ​ics and log ​i​cal struc ​tures. It is only when the

out ​puts of a sys ​tem pre​sent a min​i​mum of clues for that un​der ​stand​ing that this

modal​ity can be iden​ti​fied. In some cases this clas ​si​fi​ca ​tion can be some​what sub​jec ​tive,

be​cause it is his ​tor ​i​cal, it deals with ac ​quired knowl​edge and learn​ing.



The con​trol analy​sis re​vealed a di​ver ​gence of 7.4% – 36 con​trast ​ing clas ​si​fi​ca ​tions in a
total of 486. The di​ver ​gence in the clas ​si​fi​ca ​tion of modal​i​ties is not a sign of ar ​bi​trari​-
ness but the ef ​fect of the false pos ​i​tives cre​ated by dif ​fer ​ent un​der ​stand​ings of the vari​-
ables de​scribed above. We found that in a ma ​jor ​ity of cases the di​ver ​gence was ex ​-
plained by the extra clas ​si​fi​ca ​tion of pro ​ce​dural (eight) or hap​tic (twelve) modal​i​ties in a
work. Should we choose to dis ​re​gard this ef ​fect, we could in​ter ​pret the di​ver ​gence in
modal​i​ties as a much lower 5.5%, low​er ​ing the total di​ver ​gence to 3.29%.

DI ​VER ​GENCES
 IN
 THE
 CON​TROL
 ANALY​SIS

1. Dy​nam ​ics: 3 di​ver ​gences, 5.55%;
2. De​ter ​minabil​ity: 0 di​ver ​gences;
3. Tran​siency: 0 di​ver ​gences;
4. Ac ​cess: 0 di​ver ​gences;
5. User Func ​tions: 1 di​ver ​gence, 1.85%;
6. Link ​ing: 2 di​ver ​gences, 3.7%;
7. Modal​i​ties: 23 di​ver ​gences, 42.59%;
8. Au​ton​omy: 0 di​ver ​gences;
9. Class: 7 di​ver ​gences, 12.96%.

Find ​ings

Study​ing the plot of the MCA, we find that the pe​riph​ery is taken by works that orig ​i​-
nally stood some​what apart from the rest of the se​lec ​tion due to their con​trast ​ing phys ​i​-
cal char ​ac ​ter ​is ​tics. These are Christa Som ​merer and Lau​rent Mignon​neau’s A-­Volve
(#4), Car ​val​hais, Tudela and Lia’s 30x1 (#27) and An​dreas Muxel’s Con​nect (#40). The
work that is most iso ​lated is Olia Lialina’s My  Boyfriend  Came  Back  From  the  War
(#6), which is also the only nar ​ra ​tive hy​per ​text, plot ​ted log ​i​cally and con​sis ​tently.

In the east edge of the plot we find a se​ries of printed or oth​er ​wise sta ​tic out ​puts, such
as Roman Verostko’s Seven  Sis ​ters:  The  Pleiades (#9) or Andy Hunt ​ing ​ton and Drew
Allan’s Cylin​der (#16). The west area, in con​trast, is pre​dom ​i​nantly pop​u​lated by in​ter ​-
ac ​tive sys ​tems. By cir ​cum ​scrib​ing both areas, we find that there is no over ​lap and that
two well-de​fined is ​lands are cre​ated in the graph.

A closer look at the cat ​e​gories en​com ​passed by the areas al​lows us to un​der ​stand which
val​ues are more typ​i​cally as ​so ​ci​ated with them. In the east ​ern quad​rant we dis ​cover
works that are mostly sta ​tic, de​ter ​minable, in​tran​sient, ran​domly ac ​ces ​si​ble and with
no link ​ing. Deep unit dy​nam ​ics, con​di​tional link ​ing and the ex ​plo ​rative and con​fig ​u​ra ​tive
user func ​tions char ​ac ​ter ​ize the in​ter ​ac ​tive sys ​tems, that also tend to con​cen​trate more
modal​i​ties and to de​velop higher com ​pu​ta ​tional classes.

The sin​gle book among the pieces, Ray​mond Que​neau’s Cent  Mille  Mil​liards  de  Poèmes
(#1), is found in the mid​dle of the non-in​ter ​ac ​tive is ​land, a place​ment that raises the
ques ​tion of whether books can ever be un​der ​stood as in​ter ​ac ​tive de​vices. Fol​low​ing
Schu​biger’s de​f ​i​n​i​tion [1] of in​ter ​ac ​tive sys ​tems as sup​port ​ing com ​mu​ni​ca ​tion from user
to sys ​tem and back, or Lipp​man’s de​f ​i​n​i​tion of in​ter ​ac ​tion as a “mu​tual and si​mul​ta ​ne​-
ous ac ​tiv​ity,” [4] it be​comes clear that re​gard​less of any man​ual re​con​fig ​u​ra ​tions that
may be de​vel​oped, a printed book should never be clas ​si​fied as in​ter ​ac ​tive. Al​though the
con​fig ​u​ra ​tive user func ​tion is in​volved, it does not fol​low that a cy​ber ​netic feed​back loop
can be es ​tab​lished, be​cause the sys ​tem is not able to act on its own. If we cir ​cum ​scribe
the sys ​tems that pro ​duce com ​puter-based out ​puts or real-time com ​pu​ta ​tions, we also
find a clear di​vi​sion be​tween two sets.

It is not pos ​si​ble to infer much about an even​tual genre par ​ti​tion​ing. We won​dered
whether this could be a short ​com ​ing of the model or if tra ​di​tional gen​res may be un​suit ​-
able to the de​scrip​tion of com ​pu​ta ​tional media. If we study pieces plot ​ted in co ​in​ci​dent
co ​or ​di​nates, we dis ​cover that tra ​di​tional de​scrip​tions such as sculp​ture, paint ​ing or
draw​ing, do not prove to be very use​ful. We can find two of the works most eas ​ily iden​ti​-
fi​able as sculp​tural – Cylin​der (#16) and An​dreas Nico ​las Fis ​cher’s A  Week  in  the  Life
(#39) – plot ​ted very closely but still in dif ​fer ​ent co ​or ​di​nates, shar ​ing po ​si​tions with sys ​-
tems that pro ​duce vi​sual-only bidi​men​sional out ​puts. We find lin​ear videos plot ​ted in
neigh​bor ​ing po ​si​tions, but still not nec ​es ​sar ​ily in the exact same co ​or ​di​nates, some​thing
far more com ​mon among sys ​tems that pro ​duce printed out ​puts. It is also in​ter ​est ​ing to
dis ​cover that two of the pieces where a strong di​rec ​tion​al​ity (and ir ​re​versibil​ity) of time
is patent – William Gib​son’s Agrippa  (a  book  of  the  dead) (#3) and John F. Simon Jr.’s
Every  Icon  (#7) – are plot ​ted in the same po ​si​tion. Al​though in an ini​tial analy​sis they
may seem to be very dif ​fer ​ent sys ​tems, be​long ​ing to dif ​fer ​ent gen​res or artis ​tic ty​polo ​-
gies, they share strong pro ​ce​dural traits, turn​ing out to be much more sim ​i​lar than one
would orig ​i​nally ex ​pect.

The co ​her ​ent dis ​tri​b​u​tion of the clas ​si​fied ar ​ti​facts that is found in the plot of the MCA
con​tributes to a val​i​da ​tion of the cur ​rent state of the model. The analy​sis of clus ​ter ​ing
may even​tu​ally lead to the dis ​cov​ery of new genre de​scrip​tors.



Fu ​ture  re​search

This work stud​ied sys ​tems that could broadly be clas ​si​fied as vi​sual arts or com ​mu​ni​ca ​-
tion de​sign. Aarseth’s pre​vi​ous analy​sis, from which some works were pre​served, fo ​-
cused on pieces that could gen​er ​ally be clas ​si​fied as lit ​er ​ary. In the fu​ture we ex ​pect to
broaden our field of analy​sis, by in​creas ​ing the quan​tity and va ​ri​ety of works. The com ​-
mon char ​ac ​ter ​is ​tics dis ​cov​ered in this set of works lead us to be​lieve that such a fol​low-
up study needs to be de​vel​oped, al​low​ing us to re​fine the model and to fur ​ther de​velop
the study of the pro ​ce​dural and hap​tic modal​i​ties, as bet ​ter de​f ​i​n​i​tions of both are un​-
doubt ​edly nec ​es ​sary.

A com ​ple​men​tary path to fol​low is the ap​proach to the 'per ​spec ​tive' vari​able from
Aarseth’s model, that fo ​cused on the text re​quir ​ing the user to play a strate​gic role as a
char ​ac ​ter in its die​ge​sis, and that we did not suc ​ceed to in​te​grate in the pre​sented
model. Ar ​ti​fi​cial aes ​thetic sys ​tems are cre​ated from processes, and nar ​ra ​tive as ​pects
may be gen​er ​ated from pro ​ce​du​ral​ity and the pro ​ce​dural modal​ity, from the user’s de​-
sire to wit ​ness the un​fold​ing of processes and from the sim ​u​la ​tions and pre​dic ​tions that
are in​evitably cre​ated. A com ​plete study of pro ​ce​dural media must in​clude their nar ​ra ​-
tive prop​er ​ties with​out loos ​ing sight of the re​main​ing pro ​ce​dural as ​pects so far sur ​-
veyed. Al​though a par ​ti​tion be​tween the study of rule-based and story-based as ​pects of
sys ​tems is cer ​tainly pos ​si​ble, we search for a di​alec ​tic model, where one is able to rein​-
te​grate per ​spec ​tive and un​der ​stand how nar ​ra ​tive emerges from rules.
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