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Abstract

Cognitive control is pervasive in human behavior. No matter
what task one is performing, control of the sequence of one’s
actions seems indispensable to accomplish the task. There-
fore, control is one of the key issues in understanding human
behavior. Moreover, knowledge about how control is exerted
in humans may potentially help in designing improved arti-
ficial systems, since the control performance humans exhibit
is currently unrivaled by artificial systems. Both understand-
ing human control behavior and building improved artificial
systems could be achieved by a sufficiently precise computa-
tional model of control which, however, currently does not ex-
ist. This paper devises a new computational model. In doing
so, two fundamental principles of cognitive control in humans
are identified. Based on these insights a new model of control
which implements those principles is developed.

Introduction
In everyday behavidrfor every action one takes there are

infinitely many other actions possible which one ignores. In
stead of reading this text, for instance, you could read some
thing else, contemplate your own research ideas or do an

or what controls will. Thus, introducing something like il
only shifts the problem, leading, in the end, to an infinite
regress. A second reason to question that control is exerted
solely by will is the fact that in certain situations behani®
seemingly controlled by other factors. For instance, in one
classical experimental paradigm, the antisaccade tasicpa
ipants have to fixate the middle of a computer screen until
either on the left or right part of the monitor some stimulus
(e.g., a cross) appears. Participants are instructed ko &0
soon as the stimulus is presented, at the part of the monitor
where the stimulus is not shown, i.e., away from the stimu-
lus. As, among others, Kane, Bleckley, Conway, and Engle
(2001) have shown, participants despite their will andréffo
to look away from the stimulus quite often look towards it.
This clearly indicates that there have to be additionalrdete
minants of control besides will.

As aresult, during the last century researchers have wied t
clarify the functioning of control of behavior and to expiai
without referring to some homunculus. These efforts nditwit
standing, Hommel, Daum, and Kluwe (2004) point out that

ost of how control is exerted is still unknown. This is, as

thing else you can imagine.
Consequently, the question arises

the action one takes and not one of the other possible a

tions?” or, in other words, "How is one’s behavior con-

trolled?”. To find an answer to thi tion is of major im- . . ;
olled 0 find an answer to this question is of majo glfferent theoretical accounts. Since, as already meetipn

ortance to psychology, since the issue of control is at th X
Eeart of not%n){y sorr?g special tasks, but of all human be_such a model would also be of advantage to the design of ar-

havior. Moreover, answering this question is also of irgere tificial cognitive systems its development seems a worthewhi
to the field of artificial intelligence, because the contret-p endeavor. v, th lizati 4 imol .
formance of humans exhibits an efficient combination of goal fConﬁequen(; yl t ehconcep}“ﬁ Ization ar;] Imp eme(zjn_tatlﬂ_n
directedness and simultaneous flexibility unrivaled byenar ~ Of SUCh @ model is the aim of the research presented In this
artificial cognitive agents/systems. Thus, understantig ~ PaPer- To this end, psychological work concerning control
human behavior is controlled may help in building better ar-S Shortly summarized and two fundamental results emerging
drom this work are identified in the following section. Sub-
effort to both model control (e.g., Kieras, Meyer, Ballas, & sgquently, previous models of control are critically dssrd
Lauber, 2000; Kimberg & Farah, 2000; Meiran, 2000) andWith respect to the two fundamental results before a new mod-
to answer the question of how control is realized in human?“ng. appr:oach 1S propOSﬁd. Azla final %omt, Open ISSues re-
(e.g., Allport, Styles, & Hsieh, 1994: Baddeley, 2002; Go-9arding the new approach are discussed.
pher, 1996; Goschke, 2004; Kluwe, 2000; Norman & Shal-
lice, 1986). Fundamental Results From Psychology
_ An ad hoc answer would be that one’s will causes the acpespite its importance, control has become a major research
tion to happen. On a closer look, however, there are sevppic only comparatively recently, i.e., in the late 1980ie
eral problems with this account of control. First of all, as-and early 1990ies. Therefore, experimental results regard
suming that will controls behavior raises the question whang control in general which are detailed enough to be used
'Here and in the following the terms behavior and action will for modeling purposes are VIrtuaIIy non_eXIStent. Insteas,
be used in their broadest sense, i.e., including also purely ment@€cts of control have been examined in more depth almost
behavior/action. merely with respect to particular activities as, for insn

"What makes one taMonS?I.l and Driver (2000) remark, in part due to the lack pf
& sufficient computational model of control processes which
could potentially both constitute a theoretical framewtwk
integrate experimental results and provide a possibiitgst



task switching see Monsell (2003, for a review) or the an-to the preselection almost exclusively—elicit the action of
tisaccade task (cf. Kane et al., 2001). Nonetheless, sesuladding the two digits.

emerging from this research point to fundamental prinsiple  Such a theory can still account for the flexibility of human
of how control is realized in humans. Two of these funda-behavior which can quickly adapt to new situations, while
mental principles, namely distribution and associatioill w at the same time being able to explain the goaldirectedness,

be described in the following subsections. commonly observed in human behavior. Yet, the introduction
e of the additional factor (i.e., intention) destroys the gliat
Control is Distributed ity of the associative approach, since this factor is péaépt

It has been an ongoing debate whether control is realized biyomunculus like and needs further explanation. Although th
a unitary component or whether it is the result of many dif-|atter issue is not completely settled yet, one idea emgrgin
ferent (probably interacting) components. In neuropsicho throughout the field is that intentions stem from percepgtion
ogy, for instance, it has been argued (cf. Norman & Shallice(see, e.g., Kluwe, 2000).
1986) that all control is realized by one single brain struc- |n summary, there is considerable evidence showing that
ture, namely Prefrontal Cortex. Likewise, there are ct@8si control is achieved by an interaction of bottomup (associa-
psychologists, as Gopher (1996), advocating a single @bntr tive, stimulusdriven) and topdown (intention) processesl+
component. ing the flexibility and directedness to human behavior com-
Contradicting to such a unitary component assumption arenonly observed.
results from taskswitching experiments (see, e.g., Allebr  Having identified two fundamental principles, namely dis-
al., 1994; Monsell, 2003): Certain experimental manipula+riputedness and associativeness, acting on the contal-of
tions do influence task switching performance in a way in-man behavior, in the following two sections the impact of
consistent with a unitary component of control. Moreover,these fundamentals on modeling control is considered. To
evidence from neuroimaging studies, as the one conductegis end, existing conceptions of control will be evaluated

by Garavan, Ross, Li, and Stein (2000), suggest that the Pregarding the principles before a new approach is proposed.
frontal Cortex is not the only brain structure involved imeo

trol, but that there are many different brain regions distri Previous Conceptions of Control

uted over the cortex. Consequently, a majority of reseasche _. . .

(e.g., Allport et al., 1994; Engel, Bertel, & Barkowsky, Z00 Since control is at the heart of all human behavior, every
Goschke, 2004: Kluwe, 2000) argue that control is the resulf’0del of behavior has to (explicitly or implicitly) impleme

of the interaction of several different components or, morecNtrol in some way or the other. In this section the most
concisely, that control is distributed. renowned and successful of these modeling approaches will

be examined with respect to their implementation of control

Control isAssociative More precisely, the models considered in this section com-
The importance of associations to the problem of controPfise EPIC (Kieras & Meyer, 1997), ACTR (Anderson et al.,
stems from the fact that objects and actions or actions and a€004), and Soar (Newell, 1990) which will be discussed in
tions may be associated with each other. Accordingly, dtimu turn.
in the environment or the mind may elicit certain actiorss, i. EP|
stimuli may induce behavior. This is especially evidentrgve C
time stimulustriggered actions are inappropriate. Oné@ar The EPIC architecture is composed of several modulesdcalle
ular example would be looking towards the stimulus in theprocessors, conceived as running in parallel and cognigion
antisaccade task described above. realized as a sequence of executed productions. Only one of

Although we may be only aware of the influence of stim- the modules, namely the cognitive processor, containsxnd e
uli when this leads to error, recent research, as, e.g., Himmecutes these production, i.e., only one processor impleEmen
et al. (2004) remark, has shown that associative control isognition proper. In this framework control is achieved by a
quite pervasive. Unfortunately, however, it is not easydio-c  special subset of productions not being concerned with real
ceive whether and how association alone enables reasonalifgng some task, but scheduling task execution similar t@ ho
behavior in all situations. Considering the large amount ofan operating system schedules tasks on a computer (cf.iera
entities that may be associated with one stimulus it is net obet al., 2000). Such a control conception seems unsatisfacto
vious how such a system of associations could be configuredly with respect to the above identified principles of canhtr
such that it responds correctly in every situation in whiik t  First of all, control is not distributed in EPIC, since thése
stimulus occurs. In accord with these considerations,ipsyc only a single module implementing control, namely the cog-
logical work (see Goschke, 2004; Hommel, Ridderinkhof, & nitive processor. Second, since control is explicitly &x@r
Theeuwes, 2002; Kieras et al., 2000) indicates that associdy a set of productions, there is no associative but a determi
tion, although an important factor, is not the only determi-istic preselection of stimulusresponse dispositions, (peo-
nant of control. Instead, a generally accepted accounttwhicductions). Deterministic preselection, however, is uadbl
can be traced back to the beginning of the last century (Achmodel, in a general way, behavioral lapses like looking to-
1905) assumes that higher level control processes lika-nte wards the stimulus in the antisaccade task (see above). It is
tion modulate associative control. If, for example, one's i of course, possible to model such erroneous behavior explic
tention is to determine the sum of two digits this intentionitly in EPIC. Yet, the need for explicit modeling shows that
will lead to a preselection of associations relating digith ~ the model is unable to explain control errors with its gehera
the appropriate action (namely adding). Given this presele control mechanisms. In summary, EPIC fails to implement
tion the occurrence of two digits will—associatively, andedu both distribution and association in a satisfactory manner



ACT-R such an improved model is proposed before some conclud-
This architecture shows several similarities to EPIC. tFirs INd remarks provide insight on open research questions and

the information processing system is conceptualized as bduture work.
ing composed of modulés Second, information processing
is modeled by firing productions. Finally, there is a single An Improved Model

module firing productions. In contrast to EPIC, however,pye to the ability of the above architectures to model a wide
rather than assuming a special set of productions doing th@nge of human behavior it seems to be a sensible strategy in
controlling, control is realized implicitly by the same gte-  gesigning a new model to keep as much of the previous ap-
tions that are implementing the task proper. This is aclieve hroaches as possible and change only those aspects ngcessar
by positing a special module, namely the—unfortunately not, improve model adequacy regarding control. To this end,
§peC|f|ed in detail—intention module, which generates andne proposed model will adopt two principles common to all
influences the current goal. The current goal, again, plays aof the above reviewed architectures, namely modularity and
important role in selecting productions. Each product®n i ge of productions. More precisely, in the new approach it
tightly bound to a goal and can only be fired if its goal agreess assumed that (a) the cognitive system is comprised of indi
with the one currently pursued. Thus, depending on the cuiyiqual parts (i.e., modules) each of which serves somendisti
rent goal only a subset of all available productions canige tr aspect of cognition and (b) cognitive processes in genaral ¢
gered by additional stimuli (e.g., information retrievedrh o modeled by productions.

memory). That is, the goal in ACT-R realizes some preselec- |, contrast to the previous approaches, however, every

tion of the kind which can be found in human control behav-yqqyje has its own set of productions specific in their work-
ior. Despite this similarity preselection in the model éiff in ing characteristics to the respective module. That is, in-

a substantial aspect from preselection in humans: Sefeietio - gte44 of having one single coordinating component gatgerin
the model is deterministic and not associative. Accorgingl 54 integrating the information from all other modules gver

ACT-R suffers from the same problems the determinism 0‘é?nodule is able—via the productions—to gather, integrate and

production selection causes in EPIC. As, in addition, @intr 516 yse of the information from all other modules. In par-
in ACT-R is mainly conceptualized as not distributethe  icjjar. there is no single instance coordinating the attion
architecture does not seem to be sufficiently in accord withanveen the different modules: Every module acts solely on
knowledge about human control processes. the basis of its applicable productions and not according to
Soar what some central coordinator instructs. This conceptfon o
the modules entails that other than in EPIC and keeping with
Despite many differences between Soar and the two afor&CT-R and Soar there is no set of special productions coordi-
mentioned architectures it bears considerable resen®langating the overall information processing. Rather each-mod
to them regarding control. Not only that cognition proper ule focuses on its own field of competence—delineated by its
is realized as production firing, but also the execution ofset of productions—with the overall coordination emerging
productions is carried out by a single component of thefrom the interaction of all (locally focused) modules.
system. Furthermore, as in ACT-R, at any pointin processing By such conceptualizing the modules the first of the de-
only a subset of all possible productions is suitable foiapp tected fundamental principles of control in human behavior
cation (i.e., Soar employs some kind of preselection). Moreyamely distribution of control, is realized by the new archi
precisely, every production belongs to a so called problemecture. Yet, distributing control, though a first step toea
space and can only be fired if this problem space is identica} more accurate model of human control behavior, is in it-
to the one currently active. Accordingly, preselection isself not sufficient. To begin with, given this distributedth
deterministic in Soar, too. Thus, Soar does not seem to PWrarchical conception of coordination the question atises
into operation the fundamental principles of human controkeasonable overall performance of the model can be achieved
behavior any better than EPIC or ACT-R. i.e., how exactly coordination is achieved without fallieck
. ) ) on a single coordinating module. Furthermore, the second
Consequently, notwithstanding their unarguable value angundamental principle identified above, namely the associa
success in modeling human behavior, none of the three conliveness of control, still needs to be taken into accounhén t
sidered architectures appears to be a sufficiently accurai@odel. So it seems that there are still two problems to be
model of control processes, because they all fail to satisfa  solved. Yet, as detailed in the next paragraphs, it turns out
rily implement the fundamental principles of associate®  that by introducing associativeness in an appropriate way t
and distributedness observed in the control of human behayroblem of coordination is solved at the same time. In other
ior. Due to the importance of an accurate control model tauords, the coordination problem resulting from distritlite
both the field of psychology and artificial intelligence iete-  control is remedied by implementing the second fundamental
fore seems desirable to improve on the existing models or dgyrinciple.
velop a new one to obtain models more in accord with the A major prerequisite for introducing association prine#l
fundamental psychological results. In the following seti  jyto the model is to change the way productions are selected.
N . More precisely, the influence current context informatign e
Actually, several modules used in EPIC have been adopted fog 15 o production selection has to be strengthened. In EPIC

ACT-R. : .
3Although Anderson et al. (2004) admit that goals may be rep_ACT—R, and Soar, the context information (e.g., the current

resented in a distributed way, (a) they currently are not and (b) progoal and/or objects in working memory) is only important for
duction firing is realized by a single component. deciding whether a production can be applied or not. If the



a receives a third sef,;; containing all elements with which

Scond > S this production is associateds,,; € E. Third, the pres-
act ence of one of the elements on this third list of a produc-
tion in the context increases the activation of that proiduct
b S . »actVal The type of production resulting from these three changes
ass . f . .
S > S can be represented as depicted in Figure 1b. Given such pro-
cond ” Ract ductions, context information not only determines the dall

none) application of productions but also influences the act

Figure 1: Productions as commonly used (a) and as neW|yati0n value of productions and thereby their chance of be-

proposed (b). Dashed arrows indicate associative influence N9 fired. Hence, the first aspect of the associativeness of
control, namely bottom-up influence, is implemented in the

proposed model. As already mentioned above, however, be-
left-hand side of a production matches the context informaSides bottom-up processes, top-down processes have a con-

tion it can be applied. siderable associative bearing on the organization of behav
Stated more formally, this way of production selection caniO- Accordingly, to build an accurate control model, inten
be characterized as follows: tions/goals and their impact on behavior control have to be

considered as well. To this end, it is assumed that one of the
e Context information comprises several discrete blocks oklements which are part of the context is representing the cu
information, calledelements henceforth denoted by;. rent intention. Such an element is called goal and denoted by
Furthermore, the elements currently constituting the cong;. More precisely, it is assumed that there is a distinct subse
text information are a subset of the set of all possible ele& of E comprising all elements which are goals. As all other
mentsE: context informatiorC F = {eq,...,¢;,...}. context elements, but to a greater extent, the goal, tog, act
) ) ) vates those productions which are associated with it. What
. The'Ieft-hand side of a production tests for the existence ofg more, the influence of the goal is conceptualized as being
p_artlcular elements in the context._Therefore, the lefteha solely associative. That is, rather than strictly exclgdino-
side of a production can be conceived as a set of elementgyctions which are not associated with the current goal the
henceforth denoted bycona, i.€.,Scona S E. chance of firing those productions which are associated with
the goal is increased. By this means the experimentally ob-
served fact that some actions are executed despite and not in
accord with the current goal can be explained: Due to context
e In case a production is fired, its right-hand side, that is, dnformation some production not associated with the goal is

set of actions is executed. For every production this set ighore strongly activated than any production which is associ
a subset of all possible actions Denoting single actions ated with the goal. This conceptualization implies thatigoa

by a; and the right-hand side of productions By.; one  are only allowed to appear ifi,ss but not in the left-hand
gets:Syet € A={ay,...,a;...}. side of a production. Formally, this amounts to a redefinitio

. . . of Scona for the new productions, i.eS.,,q € E\G.
Using these formalisms, productions as used by EPIC, ACT- To complete the overview of the proposed model it remains
R, and Soar can be represented as shown in Figure 1a. o further detail that part of the model which up until now

The third of the above formulas implies that in these threenas been termed "context”, since this context contains-all e
architechtures the influence of context information on pro-ements activating and selecting productions and is of major
duction selection is strictly deterministic: Either th@@uc-  importance for the realization of the associative prirespl
tion is applicable or not. Since, as the analysis in the preTechnically speaking the context is a bus, i.e., a system of
ceeding section has shown, such a deterministic selection @onnections between the different moddlesn particular,
productions is not in accord with the associativeness @Bser there is only one bus/context to which all of the modules have
in the control of human behavior, the determinism needs to bgy|| access (see Figure 2). Any module can therefore put any
weakened or enhanced by an additional mechanism. results of its internal workings, denoted by,,;, onto the bus

The respective mechanism proposed in the new modeind all elements currently on the bus potentially influehee t
comprises three changes to the usual production selectioproduction selection in every module. As soon as a new ele-
First, with each production an additional value, denoted byment is put onto the bus it gets some initial activation which
actVal, indicating how strongly the current context suggestswill decay over time. If the activation of a context element
the application of this production is stored. In case thergalls below a certain threshold it will—assuming that it i no
is more than one production applicable (in the determimisti accessible for the modules any more—be removed from the
sense) the one with the highest activation value is fired. Irbys. In starting with an initially (high) activation valuehich
particular, this production activation value is assumeteo reduces over time it is guaranteed that the most recent in-
governed by the same laws as the activation values of entformation has the greatest influence on behavior. Thus, the
ties in other associative systems (e.g., memory), i.elig&) context enables the distinct modules to exchange infoomati

of a production increases its activation, (b) activationays  and thereby, due to the associative principles, at the same t
with time, (c) this decay is exponentially decelerated {ead influence each others’ processing.

ing to an asymptotic minimum of activation, called baseline

activation and (d) activation does randomly vary over time  “pye to its functionality the bus as used in the proposed model is
(noise). Second, apart fro8).,,,; andS,.; every production quite similar to a blackboard.

e The production is assumed applicable onlySif,,; C
context information.



Seond indicating their type (fixation, cue, target, or mask) and po
........ — | Modulen sition (left, center, or right) to the bus. The second anttthi
--------- production#1 S . .
-;R';{“::-'-""""““"“"‘ . production#2 _productlon initiate a sacc_ad_e to the left or rlgh_t, respedy
----------- — out ~1:% production#3 if element(s) on the bus indicate that the cue is to the left or
........................ : right. Those productions, since they can be assumed to rep-
..-.-,-; """""""" S e ooT=S resent automatic behavior are not bound to a certain gaal (cf
—--%) .y production#7 Kane et al., 2001) and thus thei,; lists do not contain the
‘ production#8 antisaccade goal. In contrast, the fourth and fifth producti
i ¢ M, "3 production#9 initiate a saccade to the right or left, respectively, inedat(s)
- : on the bus indicate that the cue is to the left or right. Asehes

productions are not automatic, but specific to the antiskeca

Figure 2: Structure of the proposed model. Dashed arrow!Sk, they are associated with the goal. .
Given these properties and productions, processing of one

indicate associative influence. antisaccade trial by the model results in the followingérac
TINE EVENTS AND BUS STATE
M odeling Antisaccade Behavior 0: BUS = {goal }

400: Fixation screen appears; BUS = {goal }
To give an impression of the capabilities of the proposed ar-450: BUS = {goal , percept(fixation, center)}
chitecture to account for empirical data, in the followirg, ~ 2- 0 E{Jank screen, ngs—_ {gof" . _percept}
del run for an experimental task will be presented. More : o 2ppears - {goal , percept}
moda p . Will e prese - 700: BUS = {goal, percept(fixation, center),
precisely, a model of human behavior in the antisaccade task percept (cue, left)}
as employed by Kane et al. (2001, experiment 2) and the900: Bl ank screen; BUS = {goal }
models sequence of actions while working on one trial of thatlgggf farget appears: BUSt C. { goa![ L ot
task will be described. In particular, it will be shown thét ' - {,g%? . percept(target, right,
mpdel accounts nicely for th_e fact that subjects in about on@ps0: Mask appears; BUS = {goal , percept}
third of all trials, despite their goal to look away from a cue 1100: BUS = {goal , percept(mask, right),
shortly preceding the target, look towards the cue. . per cept (tar get, ri ght, "'B)}

A trial of the antisaccade task starts with a blank screent4°0: Bl ank screen; BUS = {goal ,
o : percept (mask, right)}.

Then, preceded by a fixation screen and again a blank screen,
the cue is presented left or right to the center of the screerAs can be seen, the goal is always present and indeed actively
This cue reliably predicts the region where the target—whichrefreshed by the production in working memory. The inter-
can be one of three letters—will appear later on: If the cueplay of this refreshing and the decay of element activatisn r
is to the left the target will be to the right and vice versa.gts in a constant goal activation of approximatzly. Any
With disappearance of the cue a blank screen followed by thﬁme a stimulus is displayed on the screen (e.g., after 460 an

nHSO ms) the first vision production writes the perceived dbje

a
been recognized. Regarding control, the crucial aspebif t ﬁ:ag:ei}sb:\fai(lzglé imﬁg gﬂg (7a?07[)noszns? ss)?jzg?otr:]:;gl;)e(per-

task is in which direction the first saccade after appearanct o ;

of the cue occurs. Accordingly, in modeling behavior in the@nd four 4) of the vision module compete for saccading to

antisaccade task, this aspect of the task has been considef&€ left or right, respectively. In deciding which productito

in more detail than aspects less important to control (as, e. fire, their activation values are computedsas 3 + noise and

how identification of the target letter is realized). pa: 1+ 2.4 4 noise, where the2'4’ in the second equation
The resulting model has the following properties: (1) It stems from the activation of the gga/ is associated with.

comprises three modules, namely working memory, a vision Repeatedly running this model on antisaccade trials reveal

module, and a motor module; (2) every element entering theghat ,,, will be selected in approximatelys% of all trials.

bus has activation; (3) element activation decays according 1his value agrees nicely with the behavior human subjects

to exp (—5t), wheret is time in seconds; (4) if the activation o, i1 the antisaccade task (see Kane et al., 2001). Thus, in

of an element falls below.5 it is removed from the bus; (5) rd with the theoretical considerations. the new azchit
firing any production takes 50 ms; (6) baseline activation ofAcco! € theoretical consigerations, the new ac
ture is capable of accurately modeling cognitive control.

highly practiced and unpracticed productions iand1, re-
spectively; and (7) production activation noise is disttéd )
normally with mear0 and variance).5. Working memory Conclusions and Future Work

contains one production to write the goal (do the antisaecadyyith the aim of obtaining an accurate model of human con-

task) to the bus and one to remove the goal when the task j : : : :
finished. Both are associatively linked to the goal, i.eejrth tfol a thorough review of psychological literature regagii

S... contain the goal. The motor module houses just on o_ntr_ol has been carried out. In QOing S0, twq fu.ndamental
production which initiates a key press corresponding to th@rinciples of human control behavior, namely distributesi
recognized target and is also associated with the antidacca@nd associativeness, have been pinpointed. Since all of the
goal. The vision module, finally, comprises five productions Previously proposed models fail to realize these prinsiple
The first production perceives the objects currently digptia @ new model has been devised. This model, as detailed in
on the screen, i.e., given a particular screen writes thectdj the above section, more faithfully mirrors the mechanists a



work in humans and thus constitutes a more accurate modé&lngel, D., Bertel, S., & Barkowsky, T. (2005). Spatial prin-
of control as the previous approaches. ciples in control of focus in reasoning with mental repre-

However, even though the new model is more accurate than sentations, images, and diagrams. In C. Freksa, M. Knauff,
earlier ones, there are still some aspects of it where furthe B. Krieg-Brickner, B. Nebel, & T. Barkowsky (Eds$pa-
improvement seems possible. For one, the way goals emergetial Cognition V. Reasoning, Action, InteractiorBerlin:
during information processing in humans is not satisfalgtor ~ Springer.
modeled. At the moment goals are assumed to be either s&aravan, H., Ross, T. J., Li, S.-J., & Stein, E. A. (2000). A
from the outside when starting the model or may be—once parametric manipulation of central executive functioning
the model is running—updated by productions in the mod- Cerebral Cortex10, 585 - 592.
ules. Although productions, i.e., cognition, may well beon Gopher, D. (1996). Attention control: explorations of the
factor determining goals it does not seem to be the only deter work of an executive controlleCognitive Brain Research
minant (see, e.g., Norman & Shallice, 1986). Instead, moti- 5(1 - 2), 23 - 38.
vational and perceptual influences are thought to be of majoBoschke, T. (2004). Vom freien Willen zur Selbstdetermina-
importance in setting up goals. Besides, the two principles tion. Psychologische Rundschdb(4), 186 - 197.
of the control of human behavior identified and implementedHommel, B., Daum, |., & Kluwe, R. H. (2004). Exorcizing
in the new model are based to a great extent on research rethe homunculus, phase two: Editors’ introductioActa
garding particular activities like task switching (cf. Mawil, Psychologicalls 99 - 104.

2003) or the antisaccade task (cf. Kane et al., 2001). AecorcHommel, B., Ridderinkhof, K. R., & Theeuwes, J. (2002).
ingly, the accuracy of the new approach as a model of control Cognitive control of attention and action: Issues and tsend
can be assumed to be especially high when modeling thosePsychological Researgh6, 215 - 219.

activities. It is less obvious, though, how good the modelKane, M. J., Bleckley, M. K., Conway, A. R. A., & Engle,

is able to account for human behavior in situations affagdin  R. W. (2001). A controlled-attention view of working-
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