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In 1956 the

Origin of the concept of an executive controller

Automatic
SUpEI’ViSOI’ was Manufacturer[Computer Year|Operating System

Honeywell HS800 1961 |Executive Monitor
developed for the Univac Univac 1107 |[1962|EXEC 1
IBM 702. Short|y Burroughs  |D825 1962|AOSP

Burroughs B5000 1962|Master Control Program
afterwards, General |p);., Philco-2000 1062|SYS: BKS
Motors Executive GE GE-215/225/235[1962|BRIDGE

IBM IBM 7090/7094 |1962({IBSYS
System was Bendix G-20 1962|EXECUTIVE
developed for the CDC CDC 1604 1962|CO-OP monitor system

CDC CDC 3600 1963|SCOPE monitor system
IBM 704. Several Honeywell Honeywell 1800 [1963[ADMIRAL Master Monitor
other top—down GE GE 625-635 1964|Comprehensive Operating Supervisor
controllers. or RCA RCA 3301 1964|Realcom system

’ SDS SDS 9000 1964|MONARCH

operating systems DEC PDP-6 1964 |Supervisory Control Program

Table 1 An overview of the first operating systems offered by U.S. computer man-
ufacturers 1960-1964
Bullynck, M.: What is an operating system? a historical investigation (1954-1964). In: De Mol, L., Primiero, G. (eds.) Reflections on Programming Systems: Historical and
Philosophical Aspects. Springer, Cham (2018).

Moncreiff, B.: An automatic supervisor for the IBM 702. AIEE-IRE '56 Joint ACM-AIEE-IRE Western Computer Conference, pp. 21-25 (1956).
Pluck, G., Cerone, A., Villagomez-Pacheco, D.: Executive function and intelligent goal-directed behavior: Perspectives from psychology, neurology, and computer science. In:

were developed
with similar
‘executive’ names in
the 1960s

Masci, P., Bernardeschi, C., Graziani, P., Koddenbrock, M., Palmieri, M. (eds.) Software Engineering and Formal Methods. SEFM 2022 Collocated Workshops, vol. 13765, pp.
324-350. Springer International Publishing, Cham (2023).



Modern usage of the concept in cognitive sciences

“Cognitive, or executive, control refers
to the ability to coordinate thought and
action and direct it toward obtaining
goals. . . . Executive control contrasts
with automatic forms of brain
processing.”

Miller & Walis: Executive function and higher-order cognition: definition and neural substrates. In: Squire, L.R. (ed.)
Encyclopedia of Neuroscience. vol. 4. Academic Press, Oxford (2009)
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— GO gle Academico "executive function”

Articulos Aproximadamente 1.540.000 rzsultados (0,12 s)

Cualquier momento  Executive function

Desde 2025 SJ Gilbert, PW Burgess - Current biology, 2008 - cell.com

Desde 2024 Executive functions are the high-level cognitive processes that facilitate new ways of

Desde 2021 behaving, and optimise one’s approach to unfamiliar circumstances. As many situations in ...

Intervalo Y¢ Guardar Y9 Citar Citado por 1025 Articulos relacionados Las 12 versiones 9
especifico...

Educating executive function

Ordenar por C Blair - Wiley Interdisciplinary Reviews: Cognitive Science, 2017 - Wiley Online Library

relevancia ... The term executive function encompasses cognitive abilities that enable us to hold ...

Ordenar por fecha Although seemingly the stuff of fiction, the possibility that we can develop executive function skills .

¥ Guardar 99 Citar Citado por 298 Articulos relacionados Las 9 versiones &9



Attention, abstraction, switching focus, Y

response inhibition, error monitoring, responding to P i »
" o - A
.": . -

-

novelty, reasoning, planning, responding to danger,
curiosity are some of the behaviors attributed to an
executive controller.

It is perhaps not surprising that it is often stated
that executive control is required to perform two (or
more) tasks simultaneously, e.g., dual-tasking.




task 1 = \ / —> task 1
o~
task 2 —= / \ — task 2

Figure 1. Illustration of the dual-task situation according to the
PRP paradigm. Executive functions are involved, because order of

information processing in both tasks has to be coordinated at the
bottleneck (shaded gray).

Szameitat, A. J., Schubert, T., Muller, K., & Von Cramon, D. Y. (2002). Localization of executive functions in dual-
task performance with fMRI. Journal of Cognitive Neuroscience, 14(8), 1184-1199.



fMRI data showing cortical areas that show domain-general activity and increased
activity with cognitive load: the ‘'multiple demand system’

premotor cortex

intraparietal

inferior frontal
sulcus

Localization of Executive Functions in Dual-Task
Performance with fMRI

André J. Szameitatl, Torsten Schubertz, Karsten Ml’illerl, and
D. Yves von Cramon’

Szameitat, A. J., Schubert, T., Muller, K., & Von Cramon, D. Y. (2002). Localization of
executive functions in dual-task performance with fMRI. Journal of Cognitive
Neuroscience, 14(8), 1184-1199.

anterior insula /
frontal operculum

Fedorenko, et al.: Broad domain generality in focal regions of frontal and
parietal cortex. Proc. Natl. Acad. Sci. U. S. A. 110, 16616-16621 (2013)



However,.....

An influential factor analytic study
argued that there are three basic
executive functions, dual tasking was
statistically independent of them.
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Dual-tasking Updating M Shifting M Inhibition

The Unity and Diversity of Executive Functions and Their
Contributions to Complex “Frontal Lobe” Tasks: A Latent
Variable Analysis

Akira Miyake, Naomi P. Friedman, Michael J. Emerson,
Alexander H. Witzki, and Amy Howerter

University of Colorado at Boulder
and

Tor D. Wager

University of Michigan

Furthermore,.....

Although those three basic
executive functions decline with
age, dual tasking does not.

Idowu, M. |., & Szameitat, A. J. (2023). Executive function
abilities in cognitively healthy young and older adults—A cross-
sectional study. Frontiers in aging neuroscience, 15, 976915.



Some executive function tasks have routine and attention-demanding trials.
We performed an experiment on whether dual-tasking impairs the attention-
demanding trials. N = 35 participants.




Color Trails Test

« Join the circles In
number sequence (the
colors are irrelevant).

 Time to completion is
recorded.

Maj, et al: Evaluation of two new neuropsychological tests designed

to minimize cultural bias in the assessment of hiv-1 seropositive RO Ut| ne CO N d |t| on

persons: a who study. Arch. Clin. Neuropsychol. 8(2), 123—-35 (1993).



Color Trails Test

« Join the circles in
number sequence, but
alternating between
pink and yellow.

 Time to completion is
recorded.

Maj, et al: Evaluation of two new neuropsychological tests designed

to minimize cultural bias in the assessment of hiv-1 seropositive SW|tCh | ng CO N d |t| on

persons: a who study. Arch. Clin. Neuropsychol. 8(2), 123—-35 (1993).



Taxonomy of Executive Task Demands

Executive Function Task

Absence of Response Divergent Response Convergent Response
Aonse / Multiple Nonsensical \ Deduct'\
Withholding Examples Responses
Response Response Random Recall / Advantageous
Withdrawal Delaying Responses Recognition Choices

Pluck, et al: Executive function and intelligent goal-directed behavior: perspectives from psychology, neurology, and computer science. In: Masci, P.,
Bernardeschi, C., Graziani, P., Koddenbrock, M., Palmieri, M. (eds.) Software Engineering and Formal Methods. SEFM 2022 Collocated Workshops. SEFM
2022. Lecture Notes in Computer Science, vol 13765. pp. 324-350. Springer, Cham (2023).



Choice Trails Test

V.

Join the numbers in sequence with
the pen.

Perform as quickly as possible
without making mistakes.

Do not choose the same color twice
In succession.

Try to choose all the colors equally
often.

Avoid using any plans or strategies

Switching Condition



Choice Trails Test

Join the pink circles
IN number sequence

Rutine Condition



Trail Making Tasks
were performed

with, or without, foot
l | tapping to a

metronome at 120
BPM.

Secondary task



This produced a within-subjects factorial experiment:
Task Type (2 levels), Requirement (2 levels), and Dual-tasking (2 levels)

= 8 conditions

Table 1. Experiment design summarizing the 8 conditions and 16 separate data col-
lection trials.

Task Type
Color Trails Test Choice Trails Test
(convergent responses) (divergent responses)
Without tapping
Requirement

Routine 2 trials 2 trials
Switching 2 trials 2 trials

With tapping
Routine 2 trials 2 trials

Switching 2 trials 2 trials




Descriptive statistics

Table 2. Raw mean (£SD) task completion times in seconds for all experimental
conditions.

Single task Dual-tasking
Routine Switching  |Routine Switching
Color Trail Making [28.38 (7.43)(50.62 (10.30)[35.09 (12.23)[54.68 (15.32)
Choice Trail Making|22.88(4.96) [39.24 (7.91) [26.24 (6.91) [42.00 (10.49)

The main effects are as would be expected.

But notably, the relative slowing of responses from single to dual-task
performance in the routine conditions was about 24% for the Color
Trails Test and 15% for the Choice Trails Test.

The equivalent slowing percentages in the switching conditions of the
same tests were only 8% and 7% respectively



Dual-tasking had more impact on the routine conditions
than the ‘executive’ conditions
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Fig. 1. Mean task completion times (+ 95%CIs) for the switching and routine require-
ments in single- and dual-tasking conditions.

F(1,34) =9.947, p = .003, n2. = .121



Assessing Randomness with Chi?

* Bigrams analyzed (e.g., Blue-Yellow). 12 possible
different-color bigrams.

* |If responding approximates
Chi-Square Test

random, each should occur for Equal Proportions

equglly often. Chi-Square ~ 7.3478
* Deviation from that PE 11

estimated with p values from Pr>ChiSy  0.7703

Chi-square tests.
Sample Size = 69

Pluck, G., Gu, F., Asawanuchit, N., Chantavarin, S.: Executive cognitive control of free choices. In: Proenga, J., Fervari, R., Martins, M.A., Kahle, R., Pluck, G.
(eds.) Software Engineering and Formal Methods. SEFM 2024 Collocated Workshops, vol. 15551, pp. 237-253. Springer Nature Switzerland, Cham (2026)



Conclusions

* We found that dual-tasking caused greater slowing of
performance on a task that is supposedly routine and non-
executive, compared to one that is widely conS|dered to
iInvolve executive control. =

 Furthermore, in one of those tasks, in
which free choices of response were
made, dual-tasking had no impact on
the randomness of responses.

 These observations suggest that dual
tasking does not expend limited-
resource executive processes.




task 1 = \ / —> task 1
o~TEm
task 2 —+ / \ — task 2

It seemsulikely that the bottleneck that slows

performance during dual-tasking occurs not at
some limited executive resource, but elsewhere,

perhaps at motor response selection.




Thanks to the funder: Chulalongkorn University, X@ DrGPluck
Faculty of Psychology- Research Affairs
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