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Abstract. One decade after the Augmented Cognition concept validation expe-
riments, the field may have passed the hype phases of inflated expectations and 
disillusionment but seems to have lost traction before reaching the maturity ne-
cessary for broad acceptance and widespread application. The authors suggest 
that the engineering-driven approach to the field’s challenges may have been 
necessary in the beginning but should be complemented by looking into impli-
cations from the social sciences. The goal of this paper is to raise awareness for 
the field of (social) system theory by taking two steps back: One to revisit the 
foundational concepts of AugCog from an alternative perspective, another to il-
lustrate the relevance and importance of social systems principles to the Aug-
Cog field. We outline practical implications that (social) system theory holds 
for the design of adaptation management and conclude our review by suggest-
ing that an approach to human-system cooperation may be able to address the 
challenges. 
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1 Introduction 

It has been ten years since the Augmented Cognition concept validation experiments 
(CVEs) presented promising results that human information processing capacity can 
be augmented by an order of magnitude (e.g., [1], [2]). Today, AugCog diagnostics 
and mitigation approaches are slowly making their way into select domains, particu-
larly contributing to adaptive training (e.g., [3]) and driver assistance systems (see 
review in [4]), but their use is usually limited to well-controlled environments and 
adaptive capabilities of relatively low complexity. Adaptation frameworks that can 
effectively manage the complexity of an unpredictable human acting in an unpredict-
able world have not been demonstrated. This seems rather surprising, considering the 
rapid accomplishments in diagnostics and the promising outlook of the early years.  
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symbiosis. His vision of a man-computer symbiosis is often quoted to demonstrate the 
goals of AugCog systems (e.g., [7], [8]):  

“The fig tree is pollinated only by the insect Blastophaga grossorun. The larva of 
the insect lives in the ovary of the fig tree, and there it gets its food. The tree and the 
insect are thus heavily interdependent: the tree cannot reproduce without the insect; 
the insect cannot eat without the tree; together, they constitute not only a viable but a 
productive and thriving partnership.“ ([6], p.4) 

Looking closely, the nature of the symbiotic relationship illustrated by Licklider is 
such that it may serve as an inspiration for future bionic human-machine interaction 
concepts but the application of the fig tree analogy to human-machine interaction is 
not as straightforward as it first seems. A few pitfalls can be summarized as follows:  

─ Symbiosis is a product of evolution rather than a voluntary partnership. The larvae 
are born into the system and do depend on the tree’s resources for survival. Hu-
mans without computers will usually (still) do just fine. 

─ Humans make their own free choices and engage in goal-directed activity. This 
makes them different from insects and fig trees. 

─ While the fig tree and the insect do depend on each other, there is no conscious 
awareness of the impact on the other organism and no explicit common set of 
goals. 

The larvae have no choice but to live in the fig tree. In contrast, the formation of a 
human-machine symbiosis would be a matter of choice and not necessary for survival. 
For this reason, user acceptance issues must be overcome before developing main-
stream AugCog systems and reaching the plateau of productivity. A tight coupling of 
technology and the human brain promises great benefits in many domains, but ma-
chines must be designed to meet accepted social standards and concerns. They must 
share their user’s goals and provide a clear benefit that makes their use worthwhile. 

2.2 Systems Engineering Approach  

When the AugCog community embraced the challenge of creating a (symbiotic) rela-
tionship between humans and machines, researchers identified human cognition as the 
bottleneck in accomplishing higher overall system performance, and sensor-equipped 
computers as the key to address the problem. As hinted by earlier cognitive assistant 
systems (e.g., [9], [10]), the assumed solution to maximizing human cognitive abili-
ties through the unification of humans and computational systems [11] was to  
transform the then-predominant input-processing-output model of computing into a 
closed-loop system, in which not only the human was to understand the machine and 
provide input for algorithmic processing, but also the machine had to understand the 
human and provide feedback – in AugCog’s case not to the operators’ input, but to 
their cognitive state. Physiological sensors were selected as the method of choice to 
close the loop. Sensors would detect undesirable cognitive states and trigger adapta-
tion strategies to mitigate the effects (Fig. 2), effectively taking control of managing 
information presentation and human cognitive resources, creating a successful symbi-
osis in which humans gain machine-supported cognitive superpowers – in theory. 
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management framework that also determined what feedback to provide and how to go 
about that [18]. With respect to the latter, AugCog research mostly considered atten-
tion and workload management schemes from psychological literature but also consi-
dered design principles from other domains, such as the entertainment industry [19].  

But even then, dynamically triggered adaptations did hardly live up to expecta-
tions. Unidimensional approaches may work well in laboratory settings, but they do 
not address all influencing variables that occur in the outside world [20]. Multidimen-
sional approaches covered more potential problem states but the use of various diag-
nostic technologies is also associated with conflicts [21], potentially forfeiting the 
benefit of the closed-loop approach. All demonstrated approaches had in common that 
the cause-effect relationships between problem states and adaptations were relatively 
static and it became clear that adaptation frameworks were lacking context, under-
standing of user intent, and sufficient flexibility to generate and adjust courses of 
action. Recently, there is growing awareness that more groundwork is needed to even 
fully characterize the nature of adaptive systems (e. g, [22]). 

3 Considering (Social) System Theory 

Licklider described a “partnership [that] will think as no human brain has ever 
thought and process data in a way not approached by the information-handling ma-
chines we know today” ([6], p.4). It seems he expected the coupling to create a novel 
effect, much like Aristotele describing the effect of emergence, the production of 
something that cannot be described as a function of the parts. The challenge to creat-
ing an ideal human-machine coupling is finding out how to design a system that  
optimizes the production of emergence, so that the resulting emergent effects are  
effective in enhancing the performance of the human-machine system. 

By tightly coupling the human brain with the machine and implementing dynamic 
feedback loops in both directions, we create a system with two elements: the human-
machine system. Within this type of systems, the qualities of an AugCog system are a 
special case in that the machine elements (a) act autonomously and therefore obtain a 
certain degree of agency (the sociological term for the ability to act independently and 
in a goal-oriented manner), and (b) implement a dynamic feedback loop through 
which actions are imposed on the human that have an immediate social impact. Thus, 
it may be helpful to no longer think of the machine element of an AugCog system as a 
passive artifact but as a social actor with social properties.  

Sociologists Rammert & Schulz-Schaeffer argue in [23] that modern machines 
demonstrate initiative and ability to act independently. They acknowledge that ma-
chines act differently from humans, but increasingly replicate patterns also used in 
human coordination that enable them to select and configure their own actions under 
consideration of the state of the world. This makes them come across as “social agents 
acting on someone’s behalf. When interacting with humans, they appear more like 
personal assistants than passive instruments” (p.7), creating the impression of a net-
work of human and non-human agency in which actions are distributed.  



 Two Steps Back for One Step Forward 119 

 

Understanding the human-machine coupling as a social system has far-reaching 
implications for how we design machine adaptation and human-machine interactions. 
We therefore suggest that much can be learned and many problems avoided by consi-
dering social system theory. In the following sections, we will provide an overview of 
key concepts of social system theory and illustrate their implications for designing 
adaptation management frameworks in closed-loop adaptive human-machine systems.  

3.1 System Formation through Interaction and Differentiation 

In General System Theory, system theory pioneer Ludwig von Bertalanffy defines 
systems simply as “sets of elements standing in interrelation” ([24], p.38). To an ex-
ternal observer, these interrelations form a unified whole that differentiates the system 
from its environment. This structural order allows us to deal with the indefinite com-
plexity of the world that surrounds us.  

Systems thinking became popular in the social sciences to analyze the actions of 
groups and societies. Sociologist Georg Simmel describes the unity of a social body 
as the “mutual forces of attraction and cohesion of its individuals, a purely dynamic 
relationship between them” ([25], p.67). In accordance with Simmel, Luhmann post-
ulated that social systems must be described not by their entities but by the communi-
cations between them [26]. Observation, trial, and error in communications between 
system entities eventually form an emergent order that Luhmann calls a social system. 

In summary, a human-machine system in which the machine entity exhibits social 
qualities is characterized by the mutual interactions and communications between the 
human and the machine. To allow for effects of emergence, these interactions should 
comprise characteristics of observation, trial and error. If entities in an adaptive sys-
tem have incongruent individual goals, interaction could, instead of being productive, 
become a mere matter of conflict resolution [27]. In order to create desirable effects 
of emergence within the overarching human-machine system, the entities must com-
municate, coordinate their actions, share and interpret each other’s intent, goals, and 
expectations and ultimately agree on a common perspective. Consideration of these 
highly dynamic cooperative qualities of interactions and combining them into an 
adaptation management framework poses a significant challenge for AugCog re-
searchers and practitioners but will enable more fruitful human-machine cooperation. 

3.2 Parsons’ AGIL Paradigm 

The systems movement in the social sciences was pioneered by Talcott Parsons, 
whose AGIL paradigm is a heuristic scheme to analyze social systems. The AGIL 
model (e.g., [28], [29]) describes four “functional imperatives” of social systems ne-
cessary to survive and maintain equilibrium with respect to their environment: adapta-
tion, goal attainment, integration, and latency. While the AGIL scheme has been  
criticized as too static to model phenomena of societal change [30], it is structurally 
compatible with many other approaches to social system theory and has been produc-
tively used by others, e.g. [31]. The four imperatives of the AGIL scheme may apply 
to AugCog systems as well:  
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─ Adaptation is much more than a technical way to augment human information 
processing bottlenecks. It is a prerequisite quality of the overall human-machine 
system with the purpose of maintaining stability under changing conditions. In 
consequence, adaptation is a cooperative process between human and machine and 
must be able to consider and address a large variety of internal and external para-
meters. 

─ Goal attainment implies that goals for the overall human-machine system should 
be defined and cooperatively pursued by all entities. 

─ Integration of external entities into the system can be accomplished by creating 
interactions with entities of the system. Likewise, effective elimination of interac-
tions with an entity would remove it from the system. Both integration and exclu-
sion may be viable strategies to deal with the impact of external variables. 

─ Latent pattern maintenance requires the system to maintain the integral characteris-
tics of its unity in spite of the fluctuations caused by integration and exclusion. 
While a certain degree of internal variability is desirable to allow for effective 
adaptation, too much fluctuation may cause mental models and proven interaction 
schemes of internal and external observers to become invalid. Thus, flexibility and 
stability must be carefully balanced (see [32] for further discussion of balance in 
systems design). 

3.3 Decomposition 

The above-mentioned requirement for system entities to observe and interact with one 
another illustrates the hierarchical construction of systems. A system can be decom-
posed into entities, each of which is itself a decomposable subsystem. Every complex 
system consists of usually stable subsystems that operate independently from the in-
ternal processes of other subsystems and are only affected by their inputs and outputs. 
For systems analysis, the decomposition requirement allows two conclusions: (1) it is 
possible to observe the behavior of the overall system without considering its struc-
ture, and (2) it is possible to describe the (short-term) behavior of subsystems without 
considering their interplay in the overall system.  

However, when designing interactions between humans and machines, it is impor-
tant to keep in mind that, following the system definitions of Aristotele and Bertalanf-
fy, the overall system will behave differently from what we can conclude by  
observing its parts in isolation. It may be tempting to pick a certain aspect, like a cog-
nitive bottleneck, and design an adaptation scheme for alleviating it. But if the scheme 
is designed in isolation, chances are it will only be effective in isolation. In combina-
tion with other ongoing interactions, effects of emergence may cause complex phe-
nomena that cannot be predicted at the subsystem level.  

3.4 Complexity and Selection 

The true world complexity is infinite, and gaining absolute knowledge of the true 
structure of a complex system is impossible. Complexity denotes the depth dimen-
sions of a system [33]. Starting from a lead difference that separates a system from its 
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environment, an (internal or external) observer may indefinitely select consecutive 
differences to create order, elements, and structure within the system. Selection is a 
process necessary to achieve a reduction of complexity and make it comprehensible. 
Therefore, what is perceived as reality is always only a portion of the true complexity 
determined by the observer. Or, as Bertalanffy notes: “Man […] in a very concrete 
sense creates his universe” ([24], p.194). 

At the same time, by choosing one possible selection over all other possible options, 
the observer creates contingency – a “horizontal dimension of possible parallel worlds” 
([33], p. 314) – in the sense that his understanding of the system would be different, 
had he made different selections somewhere along the way. In [31], Luhmann states 
that contingency connotes risk because every operation of selection reduces the access-
ible amount of complexity and therefore increases the chance of incongruent positions 
between actors that complicate interaction and system formation.  

Acknowledging this incompleteness of our perception of a complex system, be it 
the human organism itself or the overall human-machine coupling, is paramount to 
designing effective system adaptation.  Adaptation strategies are needed that allow to 
dynamically reconfigure the system to exhibit resilience in a great variety of possible 
constellations of parameters.  

3.5 Satisficing and Iterative Control 

“If a system is too complex to be understood, it may nevertheless still be controllable” 
([34], p.12), but in the light of infinite complexity and contingency, it does not appear 
feasible to create an adaptation strategy for any specific problem that is always effec-
tive. Ashby notes that an error-controlled regulator is incapable of being 100 percent 
efficient [34]. This calls for strategies of satisficing, in which one should focus on a 
permanent comparison of actual states with desired states and apply control strategies 
to iteratively attempt a correction.  

According to Pask [35], if a state determined behavior does not converge to a fixed 
state, it must enter a behavioral cycle. Luhmann adds that observers have no choice 
but to temporarily adapt to temporary conditions [31], and Bertalanffy draws an inter-
esting connection to biology and living organisms: “Biologically, life is not mainten-
ance or restoration of equilibrium but is essentially maintenance of disequilibria” 
([24], p.191). Therefore, adaptations are always only suitable to provide temporary 
solutions for temporary conditions and should not be designed to achieve a fixed 
state. This requires an adaptation management framework to be dynamic in a way that 
the system state is permanently monitored and corrective action is taken iteratively.  

4 Conclusions 

Our brief review of AugCog principles and system theory constructs revealed that the 
adaptation frameworks demonstrated to date may be successful in diagnosing and 
addressing isolated problem states but lack the flexibility and complexity necessary to 
be effective in complex systems with heterogeneous elements, rich interactions and 
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resulting effects of emergence. Because nature, time and impact of these effects can-
not be fully anticipated, successful adaptation frameworks will require a high degree 
of internal variability to dynamically adjust to changing conditions.  

In order to move forward on the hype cycle and successfully transition adaptive 
systems to mainstream applications, a stepping stone for AugCog towards a truly 
symbiotic relationship may be taking on an approach to human-machine cooperation. 
In fact, even Licklider calls man-computer symbiosis a “development in cooperative 
interaction between men and electronic computers” ([6], p.4). In order to achieve 
effective cooperation between human and machine, it should be helpful to view adap-
tive technology as social actors that will need interaction capabilities far beyond 
process control. In a cooperative human-machine setting, it would be necessary that 
human and machine share intent and situation awareness, work towards common 
goals, and observe social rules similar to those characterizing human-human team 
settings. Within such a cooperative management framework, it would be particularly 
important to consider the effects of the homeostatic self-regulation mechanisms of the 
human operator. The framework must be flexible enough to detect and account for 
unanticipated system states and correct or expand its future expectations as necessary. 

From a technical perspective, cooperation may be best understood in terms of a 
cluster concept, where sets of aspects or qualities are likely to contribute to the coope-
rativeness of humans and machines [36]. These qualities include sufficient autonom-
ous capabilities, inner and outer compatibility, traceability and predictability, a  
dynamic distribution of control between human and machine, the arbitration of con-
flicts, and adaptivity to achieve a dynamic balance between system and subsystem 
flexibility and stability. Given this set of very diverse requirements, one approach to 
successfully engineering cooperative human-machine systems may be to combine 
systems engineering, human factors science, and social science into an approach of 
cooperative human-systems integration. This combination would encompass not only  
technology-oriented solutions but also human-oriented and organizational perspec-
tives. Similar to the complementary roles of actors in a symbiotic relationship, inte-
grating these perspectives into one approach would balance human, technological, 
and organizational aspects and compensate each perspective’s weaknesses. 
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