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Abstract !
This study explores the concept of feedback from various perspectives in psychology and cognitive 
science. Specifically, the theories of ecological psychology, situated and Distributed Cognition, 
Cognitive Systems Engineering and Embodied cognition are investigated and compared. Cognitive 
Systems Engineering provides a model of feedback and related constructs, to understand human 
behavior in complex working environments. Earlier theories such as ecological psychology, 
considered feedback as direct perception. Situated cognition clearly inherits ideas from ecological 
psychology, whereas distributed cognition provides a deeper understanding of feedback through 
artifact use. Cognitive Systems Engineering provides a systematic view of feedback and control. 
This framework is a suitable perspective to understanding feedback in human-machine settings. !
Key words: direct feedback, ecological psychology, perceptual cycle, Embodied Cognition, 
Cognitive Systems Engineering, Distributed Cognition, Situated Cognition. !
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1. Introduction!!
Feedback is all around us as information originating from both natural and artificial processes. 
Feedback reach us as light when you hit a switch, or through the steering wheel as vibrations when 
you drive the car. However, even though feedback is ubiquitous, the way we understand it varies 
significantly with various theories. Developers of technical systems need to understand the concept 
of feedback to design and form the feedback to users appropriately. Common practice in human-
computer interaction is to focus on the user interface and its components. However, in practical 
design, consideration of how feedback should be is rarely addressed. !
This study aims at exploring aspects of feedback and how it can be comprehended. There are 
several common aspects that we address as we elucidate the concept of feedback. The time aspect, 
for instance, may be important in many areas such as process control and service design. Related to 
time, is the coupling aspect, which is another concept commonly associated with feedback in 
system analysis. Garbis (2002) describes coupling as loosely connected parts in a process. A loose 
coupling gives the possibility for delays and pauses that can change the sequence of the processes 
and introduce error. !
As a preliminary to understanding the aspects of feedback and how it is related to design processes, 
we need to study how the different theories in psychology and cognitive science treat the concept of 
feedback. !
1.1 Research Aims !
This study aims at investigating how the concept of feedback is treated in psychology and cognitive 
science.  !
1.2 Objectives !
The objectives are as follow:  
• Exploring the mechanism of feedback perception from the perspective of ecological psychology, 

joint cognitive systems, embodied cognition, situated and distributed cognitions and 
• Comparing these perspectives and theories on feedback. !
1.3 Delimitations !
The term feedback has its roots in cybernetics and electronics. This report, however, will not 
describe the theories of cybernetics and electronics in greater details. The concern and focus is on 
human interaction with the environment. Feedback is of interest in design and human computer 
interaction, however, this thesis will not discuss specific design issues. !
Feedback latency is a common topic in the field of service design and usability studies. It is natural 
to consider feedback delays and its potential effect on the perception of the feedback in different 
settings with varying expectations. This study will, despite the popularity of this topic, not mention 
any measuring methods of feedback latency in various settings.  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2. Background  !
2.1 Ecological Psychology !
To begin the exploration of the various perspectives of feedback in cognitive system theories, it is 
necessary to spend time on the roots of how perception works. This section introduces the essence 
of Gibson’s ideas from his fundamental book of ecological psychology. Feedback comes at us in 
various forms of stimuli, and we sense and perceive them with our perceptual systems, creating all 
types of sensations. Stimuli are sensed by looking, listening, sniffing, tasting and touching. The sole 
purpose for the senses working together is to pick up information in our environment (Gibson, 
1966). !
Senses and perceptual systems !
Descartes accounts our perceptual awareness of reality on the representations that we have formed 
within ourselves. Gibson states, however, that the environment contains all the information 
necessary to specify its properties that he calls affordances. We need thus not to form 
representations of reality within ourselves. Affordances carrying information. The concept of 
affordances is a core element of the ecological perception analyzation approach. They reflect 
perceptual activities, and negate the necessity to account for the atomic sensations that are 
aggregated from elementary parts. If the traditional doctrine of perception theories see perception as 
private events in the minds of the perceivers, representational theories of perception encourage 
frameworks that are fixed, before the perceivers’ movement and his/her ecological relation to the 
environment, which sounds preposterous (Gibson, 1966).  !
Gibson (1966) states that people sometimes detect stimulus information without sense impressions 
or sensations. Reid (2009) writes that perception and sensation are always a joint experience that are 
hard to separate. Perception is the work of nature and sensations that are accompanied by 
perceptions to make belief of the existence of the stimulus information. Sensation doesn’t have to 
be based on perception, but surely on detecting information. A feedback is thus stimulus 
information that is meant to create a perception and probably also a sensation (Gibson, 1966). !
The perceptual systems have two levels of sensitivities. The passive receptors are in level one, and 
the active perceptual systems are in level two. Passive receptors respond each to its appropriate 
form of energy in the 5 senses. Active perceptual systems actively search out the information in the 
ambient stimulus energy. When a needle stings on the skin by surprise, the appropriate receptors 
passively respond to the haptic stimulus energy of the sting. This is similar to pouring salt on a 
dissected frog’s legs, and the legs start “dancing” because of the chemical stimulus from sodium 
chloride that makes the muscle twitch. Hearing is an excellent example of an active perceptual 
system that monitors the wide spectrum of sensible sounds in the environment at all times. It then 
picks up only the relevant information out of the bunch (Gibson, 1966).  !
The receptors have measurable thresholds for when excitation levels fall below which, stimulus 
won’t be registered. These thresholds are not fixed; they differ from receptor to receptor, and 
between the different senses. Stimulus energy comes in 3 forms: optics, mechanics, and chemistry. 
They are perceived by the relevant receptors, photoreceptors, mechanoreceptors, and 
chemoreceptors. Stimulus energy is in coordination with the receptors, the stimulus information, 
and the perceptual systems. Stimulus energy accounts for intensity and frequency in association  
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Table 2.1: Overview of the Perceptual Systems (Gibson, 1966). !
with the passive receptors, while stimulus information accounts for the non-amenable physical 
measurements in active perceptual systems. This is due to the innumerable complex dimensions 
active perceptual systems have. The capacities to use all the 5 senses are not to be confused with the 
perceptual system classifications as Gibson (1966) illustrated in Table 2.1 with one irrelevant 
column taken away. !
Feedback forms may involve all five of the above mentioned perceptual systems. A vibration and/or 
a ping from a mobile phone, for example, can be signaled as confirmation to a touch on the screen 
or the notification of a pop-up message. The human auditory system can pick up this distant or 
proprietary vibratory event based on where the phone is. The sound waves correspond to the event, 
the wave front specifies the direction, and the information is carried by the invariants of the wave 
train and the geometry of the wave front. The haptic system, however, picks up information with 
receptors distributed all over the body, in contrast with the relatively concentrated auditory system 
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Name Mode of 
Attention Receptive Units Activity of the 

Organ
Stimuli 

Available in
External 

Information 
Obtained

The Basic 
Orienting System

General 
orientation

Mechano-
receptors

Body 
equilibrium

Forces of 
gravity and 
acceleration

Direction of 
gravity, being 

pushed

The Auditory 
System Listening Mechano-

receptors
Orienting to 

sounds
Vibration in the 

air
Nature and 
location of 

vibratory events

The Haptic System Touching

Mechano-
receptors and 

possibly 
Thermoreceptor-s

Exploration of 
many kind

Deformation of 
tissues, 

Configuration 
of joints, 

Stretching of 
muscle fibers

Contact with the 
earth, 

Mechanical 
encounters, 

Object shapes, 
Material states, 

Solidity or 
viscosity

The Taste-Smell 
System

Smelling Chemoreceptors
Sniffing Composition of 

the medium
Nature of volatile 

sources

Tasting
Chemo- and 
mechano-
receptors Savoring Composition of 

ingested objects
Nutritive and 
biochemical 

values

The Visual System Looking Photo-receptors

Accommodatio
n, pupillary 
adjustment, 

fixation, 
convergence 
exploration

The variables 
of structure in 
ambient light

Everything that 
can be specified 

by the variables of 
optical structure 

(information about 
objects, animals, 
motions, events, 

and places)



with ears being the primary perceptual organs. It allows the visual system to dominate the 
perception, also parallel with vision in many ways, in a person with all senses intact. Gibson (1966) 
named three “tangible” properties, geometrical variables, surface variables and material variables, 
that a hand can sense through grabbing, pressing, rubbing and so on. A geometrical variable can be 
shape, dimensions and proportions, edges and curves. A surface variable can be texture, mass and 
rigidity-plasticity. Gibson (1966) gave the haptic system a tentative classification: cutaneous touch, 
haptic touch, dynamic touching, touch-temperature, and touch-pain. In the setting of a user and a 
touchscreen handset, the cutaneous touch would be the physical touch of the finger laying on the 
touch surface; the haptic touch would be when the device vibrates to give feedback of a certain sort. 
The dynamic touch can be related to wiggling one's toes in the sand. When the sand is warm, one 
feels it with the touch-temperature systems, and one feels pain when stepping barefoot on an acute 
object unexpectedly at the beach. Gibson (1966) states that the sense of touch is not a sense of 
physiological or introspective meaning, nor is it a clearly definable group of senses, even though he 
tries to give a tentative classification to its subsystems. The common sense belief in touch as 
information retrieval is justified (Gibson, 1966). !
The human visual system can be developed to take advantage of the information in ambient light. It 
can detect and distinguish spatial differences and motions and locomotion related to the solid 
environment. It concerns mostly the illuminated world, rather than the luminous one as the former 
contains the most information. The ambient light carries certain information, shifting at times of the 
illuminated world, depending on the angle of perspective or the shift in the world the object exists 
in. Into more concrete terms, faces and facets of things are mapped into the array by the virtue of a 
certain law relating the inclination of the surface and how much light it reflects in a given direction, 
hence the structuring of light. The chemical composition of the surface substance also defines the 
reflectance, a.k.a. surface color is another thing that affects the structuring of light. Cast shadows 
can interact in producing optic illusions. In short, the information of daylight array contains three 
physical facts: spatial, chemical and optical.  !
A luminous object, however, can radiate both energy and information. This seems to be mostly used 
in artificially lit settings. Indicator LEDs may be used to signify specific status of the devices, and 
the illuminated runways for airplanes landing in scenarios with poor visibility, such as in the night 
and heavy fog. Different species gather ambient light in different ways. The human retina, being a 
part of the human visual system, actually is very efficient in various light conditions: low, high and 
a mixture of low and high as one looks at the bright scenery outside a window in a relatively dark 
room. The visual system is commonly the dominating perceptual system due to its vast 
opportunities for perception. It detects the layout of the surroundings, any change or sequence, and 
controlling of locomotions. The layout of the surroundings may be the sky-earth discrimination, 
which can be crucial for pilots; the gross features of the environment; and the objects and other 
animals in the environment. Changes and sequence to be detected can be to distinguish day from 
night; detecting motions in the world; distinguishing among motions and events in the world. 
Detecting and controlling locomotion involves registering locomotion, as in seeing a bird gliding 
through the sky; guiding locomotion, such as in riding a bike and operating a vehicle; and 
processing complex feedbacks. Visual feedbacks happen at all levels of activities including: upright 
posture, locomotion, homing, control of vehicles, manipulation, tool-using, mechanical problem-
solving and graphical representation (Gibson, 1966). !!!
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The theory of information pick-up !
To answer the question of what is innate and what is acquired, Gibson (1966) posed a more concrete 
question: How much does perceiving depend on organs, on growth, and  on experience? The 
functions and structure of the basic neural circuitry built into the nervous systems, as described, is 
defined by the genes. We perceive through adjusting our perceptual systems to pick up relevant 
information, and we learn and develop this ability to making adjustments for a long time after birth. 
For example, Piaget and Inhelder (1956), show that children cannot attend to higher order features 
or perceive certain features of objects and facts about the world until they reach the stage of 
perceptual system development. The ability to select and abstract information about the world 
grows as one does. We never seem to run out of stimuli to excite receptors, accumulate associations, 
attach responses, and create memories. All the perceptual systems improve as we experience our 
world, even though we lose some of the flexibilities in picking up some of the signals as we age 
(Gibson, 1966), typically worsened eye sight and hearing when we get older. !
Learning by association is defined by the stimulus-response theory or Pavlovian conditioning.  The 
act of perceiving is considered the pickup of the associated variables of information or the 
corresponding sensory data. An apple is normally red, round, crunchy, sweet, and has an iconic 
scent. An alert or message signal on a smartphone can be a ping or a ringtone accompanied with a 
sequence of rhythmic vibrations in accordance to the ping and the indication LED blinking in blue, 
green, white or red depending on the message or alert type. These are the discriminated features of 
that what Gibson (1966) would call dimensions of quality. The dimensions that are to be 
differentiated, and the invariant combinations of these dimensions that must be detected, are 
considered essential and contribute to association formation. Taking an example of the haptic 
feedback from a capacitive touch screen cell phone, one touches the screen to register a button 
press. In feedback, the phone typically shows graphically that the button has been pressed as it 
mimics the behavior of a physical button. Additional feedback could appear as vibration and/or 
beep, and the graphical button could bounce back when the finger leaves the screen. What we 
perceive here is a set of stimulus as visual, haptic and acoustic information being deciphered and 
associated with one another. Therefore, the concept of understanding this set of stimulus being an 
alert or message, depends on the combination. Stimulus-response theory employing the learning-by-
association claims that an increase in the capacity of a certain stimulus to evoke a certain response. 
This increase is being produced by associating the stimulus with another one that normally triggers 
the response. The response of interest is the association of the two levels of stimulus, not any of 
them alone. Rather than learning by associations, it’s more appropriate to say learning of 
associations (Gibson, 1966). !
Gibson (1966, pp.277) suggests that perhaps conscious remembering is an occasional and incidental 
effect of learning in the same way that sensations are occasional in the incidental effect of 
perceiving. Therefore the improvement of information pickup need to entail recall of earlier 
experiences, even though it at times is not the case. To recognize is not the same as to recall, as one 
can recognize an object or a face, without recalling or remembering the context of the successive 
encounters. One thing leads to another, and expectations predict the sequence and contingency of 
the set of events. All kinds of learning consists of expectations, and are found in the confirming or 
disconfirming of expectations (Tolman, 1932). This statement is updated on motion by Gibson 
(1966, pp.280), foreseeing depends on a continuous and unbroken continuation of stimulation of 
motion, rather than a simple sequence of events (Gibson, 1966). !
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We learn to perceive by differentiating the range of possible inputs. We establish the covariation of 
input between the different systems. We isolate external invariants. We learn the affordances of 
objects. We detect invariants in events and develop selective attention. It was claimed that the 
mechanism of information construction can be explained by theoretical nativism, empiricism, or 
gestalt theory. Theoretical nativism claims that the construction process is innate rational powers. 
Empiricism, storehouse of memory. Gestalt theory, form-fields. The human brain, as well as other 
centers of the nervous system, resonate to the information we pick up, rather than constructing as 
being proposed by the three theories above (Gibson, 1966). !
Perception deficiency !
A deficient perception is caused by inadequate information. This may be minimal energy, as the 
stimulus has too low energy level to excite the corresponding receptors. A fog may blur the 
structure of the intended structure. The masking of structure, is demonstrated when the noise level 
is too high in comparison to the intended signal which masks the intended structure. Conflicting or 
contradictory information, is shown in a room with optic illusion that tricks the person inside to 
commit to a horizon that actually is unleveled. Reduced structure used in a cartoon sketch or meme 
that may or may not remind the viewer of its represented Figure (Gibson, 1966). !
Moving on from the information source, there may be reasons for perception deficiency due to the 
physiology of the perceptual process. It can be caused by the failure of organ adjustment, typically a 
shortsighted person who can’t focus on distant objects. Physiological aftereffects, such as a strong 
strobe of light causing temporary retinal dysfunction or otherwise called flash blindness, may be 
distracting. The obtruding of sensation on perception can cause perceptual deficiency as well. The 
sensory illusions that are caused by pictorial attention interfering with the attention information 
such as when a finger seems to be double when held close in between the eyes. The after effects 
mentioned above can also be habituated. The sense of warmness diminishing after immersing a 
hand in warm water represents this phenomena excellently. Overselective attention may also get in 
the way of perceiving. This happens to perceivers that have developed highly economical strategy. 
When the bundle of stimuli is discriminated, the properties get categorized, the number of the 
categories being narrowed down to the few of interest, and the only information required to identify 
an object is picked upp. The rest is neglected; it may be economical, but it reduces the available 
information as well. The famous psychological experiment of The Invisible Gorilla (Chabris & 
Simons, 2011) features the deceiving case of overselective attention (Gibson, 1966). !
The perceptual cycle !
The social cognitive psychologist, Neisser (1976), who was highly influenced by Gibson, proposed 
the perceptual cycle which became a well-known model in cognitive psychology. It directs 
perception and it modifies itself as it emerges as preexisting structures being updated each time a 
percept is registered. Neisser calls this schemata, and this stored mental schemata is the core 
concept of perceptual cycle as illustrated in Figure 2.1. The main ideas in this model comprise that, 
perception is a multiple-stepped process that incorporates both stimulus-response and cognitive 
activities. Moreover, it relies on preexisting structures called schemata which both direct perception 
and modify themselves.  !!!
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Figure 2.1. The perceptual cycle (Neisser 1976). !
The main cognitive constructs, or perception models, determines processes such as perception, 
attention and categorization as a set of anticipatory schemata and scripts. Schemata, the central 
cognitive construct of the perceptual cycle model, anticipatory schemata, are the mental structures 
we always peruse or examine, as we perceive and make sense of the world. They can be seen as 
plans for perceptual actions as well as readiness for particular kinds of optical structures (Neisser, 
1976). Anticipatory schemata prepare the mind for perception of subsequent sensory events, and 
they are also considered as control structures for the processes of perception, attention and 
categorization. Thus, perception is a constructive process that forms a new set of anticipatory 
schemata as we perceive. Anticipatory schema exists as cognitive structures that are in our minds, 
and they are constantly built and refined over time. Neisser talks about perception as a process that 
changes us over time. Man becomes “what he is by virtue of what he perceives”.  !
The schemata is always active as we come across any new thing to perceive. Neisser defines 
schema as the portion of the perceptual cycle which is internal to the perceiver; modifiable by 
experience; somehow specific to what is being perceived. We explore a new thing in the context of 
the schema. Only after it is filtered through the schema, we can then sense it as an item. The data 
from the perception and experience of the object is then fed back to the collective schema for 
update. Neisser also defines the actions of the schema being accepting information as it becomes 
available and changed by that data and directing movements and activities that make more data 
available.  !
It is claimed that the perceptual cycle model accounts for cognitive meaning, spatial position, and 
physical form to perception. This claim was then illustrated with the following notions: cognitive 
information already acquired determines what will be picked up next; physical, temporal and spatial 
information are attuned to the optical event as a whole. Perception is considered a process, rather 
than a single act as it is treated in the information processing theories. Many psychologists and 
researchers in the 1950s had believed the analogy of the human mind being similar to a computer. 
This belief has nowadays long faded. Neisser made an example and wrote that, you can separate the 
schema from the process, but then it would only be something smaller than perception, a type of 
planning, imagining or intending.  !
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Summarizing the above written, the process of perception is determined by two factors: the current 
state of the environment, and previous perceptual experience. The structure of the perceptual model 
is represented by the following classes of objects (Chimir, Abu-Dawwas & Horney, 2005):  !
• Anticipatory schemata, sets of anticipatory schemata. At every perceptual step only one object 

from this class is working. 
• Cognitive Map, sets of anticipatory schemata and relationships between them that guides 

perceptual exploration as scripts. 
• Sensory Event, the concrete sensory events, which was initially encoded in the sensory system 

and then recognized in the environment. !
The purpose of perceptual exploration is a search for the sensory event relevant to a schema for the 
set of anticipatory schemata, which entails motor reactions. Sensory system sequentially focuses on 
sensory events and it then categorizes and compares it with the current set of anticipatory schemata 
to a new one with modifications from the predecessor. The set of anticipatory schemata is formed 
from schemata stored in a long-term memory, perceptual experience from before, and is a part of a 
cognitive structure named by Tolman (1932), a cognitive map. The perceptual cycle model 
integrates 'bottom-up', from sensory system to the long-term memory; and 'top-down', from long-
term memory to the motor system, processes into one cyclically repeated process (Chimir, Abu-
Dawwas & Horney, 2005). Think of hearing a loud bang from a distant source, as the audible 
information of the bang becomes available. We accept this information with the auditory systems, 
turn our heads or even bodies according to the directional information acquired by the auditory 
systems, and engage the visual systems in searching for more information about the cause and other 
relevant information about the auditory sensory event that was perceived. It then triggers a 
comparison between the situation that is perceived with sets of schemata that are stored in our long-
term memory from experience, updating the cognitive maps continuously, and deciding on making 
further perceptual explorations or not. We perceive reality, and reality updates our cognition about 
it. Neisser (1976) says, perception is where cognition and reality meet. !
2.2. Cognitive Systems Engineering !
Cognitive Systems Engineering (Hollnagel & Woods, 2005) is being widely used for understanding 
complex socio-technical systems. In Cognitive Systems Engineering, human-machine systems is the 
focus rather than human-computer systems. That is because machines can be interpreted as any 
artifact designed for a specific use, which covers a broader range of objects. A system is defined as 
an arrangement of parts that are instrumental in achieving specified and required goals (Beer, 1964). 
The parts can be components, people, function, subsystems etc. Cognitive Systems Engineering 
explores how humans can cope with and master the complexity of processes and technological 
environments. The complexity of the current technological environments needs to be understood, 
but paradoxically also provides the basis for the ability to do so. Cognitive Systems Engineering 
tries to understand humans at work. Joint cognitive systems that have one of the following 
characteristics (Hollnagel & Woods, 2005, pp. 23): 
• The functioning is nontrivial, which generally means that it requires more than a simple action to 

achieve a result or to get a response from the artifact. The more complex the artifacts are, proper 
use requires planning or scheduling.  

• The functioning of the artifact is to some degree unpredictable or ambiguous for any of the 
reasons mentioned above.  

• Dynamic process control is a general consequence is that time is a limited resource.  
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Figure 2.2 Self-reinforcing complexity cycle (Hollnagel & Woods, 2005, pp. 4). !
The driving forces for Cognitive Systems Engineering research are as follow (Hollnagel & Woods, 
2005, pp.1): 
• The growing complexity of socio-technical systems, which was due to the unprecedented and 

almost unrestrained growth in the power of technology, computerization or applied information 
technology. It revolutionized work and created new fields of activity. 

• The problems and failures created by clumsy uses of the emerging technologies. Insufficient time 
to adapt to the imposed complexity for the already beleaguered practitioners.  

• The limitations of linear models and the information processing paradigm. The keen belief on 
information processing theories amongst engineers and computer scientists leads to a fragmentary 
view of human machine interaction. !

As shown in Figure 2.2 system complexity is increased exploiting the technology potential. The 
increased system complexity increases the task complexity which, in most cases, increases 
performance demands. The increased demands on the user creates pressure that yields opportunity 
for system errors, which eventually causes unwanted consequences such as failures.  !
The self-reinforcing loop of complexity shows that systems and issues are coupled, rather than 
independent. The unwanted consequences can be traced back to system complexity and system 
functionality. Events and relations must be understood in the context where they occurred. It is 
always necessary to consider both dependencies to other parts of the system and to events that 
occurred before. This is particularly so for human activities, which cannot be understood only as 
reaction to events.  !
Control and feedback are fundamental ideas of Cognitive Systems Engineering. Neisser (1976) and 
the perceptual cycle provides ground for CSE with a circulating process of planning, action, and 
fact finding. This cyclical model, as shown in Figure 2.3, provides an understanding of feedback 
and human-technology cogency. Actions are seen together, the cycle emphasizes that actions are 
built on previous actions, and are used to anticipate future action. It focuses on anticipation as well 
as response. Since it is a cyclical model, it has no beginning, nor end. Any account of performance 
must include what went before and what is expected to happen, thus it effectively combines a 
feedback and feedforward loop. !
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Figure 2.3 The cyclical model of COCOM (Hollnagel & Woods, 2005, pp. 20). !!!
The COCOM model is a minimal model that has three main constituents: competence, control and 
constructs. Competence, represents the set of possible actions or responses, that a joint cognitive 
systems can apply to a situation to satisfy the recognized needs and demands. The extent of this set 
of actions depends on the granularity of the analysis, so that a joint cognitive system cannot do 
anything that is neither available in the set nor that can be constructed or aggregated from the 
available actions. Control, characterizes the orderliness of the performance and the way in which 
competence is applied. COCOM simplifies the description of control to a set of four control modes 
on a continuum going from no control to total operation control with deterministic performance. 
Constructs, refer to the description of the situation used by the system to evaluate events and select 
actions. The term is intended to emphasize that the description is a construction or reconstruction of 
salient aspects of the situation, and that it is usually temporary. Constructs are similar to the 
schemata of Neisser (1976), in the sense that they are the basis for selecting actions and interpreting 
information. !

!
Table 2.2 Control mode Characteristics (Hollnagel & Woods, 2005, pp. 148) !
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Control mode Number of goals Subjectively 
available time

Evaluation of 
outcome Selection of action

Strategic Several Abundant Elaborate Based on models/predictions

Tactical Several (limited) Adequate Detailed Based on plans/experience

Opportunistic One or two 
(competing) Just adequate Concrete Based on habits/association

Scrambled One or two 
(competing) Inadequate Rudimentary Random



!
Four control modes of CSE are illustrated in Table 2.2. In scrambled mode, the choice of the next 
action is random, that means there is little to no reflection or thinking involved. It is a rather blind 
trial-and-error type of performance, and it may be in a circle of failure until a successful attempt. In 
model terms, Hollnagel calls it a transition in control mode (Hollnagel & Woods, 2005). In 
opportunistic mode, the salient features of the current context determine the next action. Planning or 
anticipation is limited, perhaps because the situation is not clearly understood or because time is 
limited. An action may be tried if it is associated with the desired outcome, but without considering 
if the conditions are met for carrying out the action. This mode is a heuristic that is applied when 
the constructs are inadequate. The resulting choice of action is usually inefficient, leading to many 
useless attempts. Success is determined by the immediate outcome, disregarding the possible 
delayed effects. Tactical mode, corresponds to situations where performance approximately follows 
a known procedure or rule. Planning is limited and the needs taken into account can sometimes be 
ad hoc. The determination of whether an action was successful will take delayed effect into account.  !
In strategic mode, the joint cognitive systems has a longer time horizon and can look ahead at 
higher-level goals. The dominant features of the current situation, including demand characteristics 
of information and interfaces, have less influence on the choice of action. At the strategic level, the 
functional dependencies between task steps and the interaction between multiple goals will also be 
taken into account in planning. Outcomes are successful if the goal post-conditions are met with the 
proper timing, moreover, if the other goals are not jeopardized. In practice, normal human 
performance,  also including the performance of joint cognitive systems, is generally a mixture of 
the opportunistic and tactical control modes. COCOM is adequate to describe the basic dynamics of 
control and to illustrate the principle of the control modes. Actions can be at best understood by 
involving different coexisting layers of control, which refer to different levels of performance rather 
than information processing. It is the property of the joint cognitive systems rather than of the 
operator’s internal cognition.  

Figure 2.4 The extended control model (ECOM) (Hollnagel & Woods, 2005, pp. 153) !
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The extended Control Model (ECOM), as demonstrated in Figure 2.4, extends the single threaded 
property of COCOM and allows multiple levels of actions within the control model. The model 
provides a way to describe how the performance of joint cognitive systems take place on several 
layers of control simultaneously, which models the actual system activities and performance. It 
includes four layers of activities; tracking, regulating, monitoring and targeting. Tracking a 
relatively closed loop control that are performed by skilled users automatically, implies not paying 
much attention and it costs little effort. It turns to the regulating layer when the activities are 
becoming more attended. Most of the tracking activities are amenable to automation. On the 
regulating layer, actions, targets and criteria that are required from the tracking layer come from the 
regulating layer. Regulation itself is a mostly a closed loop activity, with occasional anticipatory 
control involved. Activities on this layer may require attention and effort, therefore they are not 
always carrying out smoothly. These activities often refer to specific plans and higher objectives 
that come from the monitoring layer (Hollnagel & Woods, 2005, p150). The activities at this layer 
may lead to either direct actions or goals for the tracking loop. On the monitoring layer, activities 
are mainly concerned with setting objectives and starting plans for actions. Activities at this layer 
does not directly influence positioning of the state of the joint cognitive systems to its environment. 
Targeting, sets goals that may set many subgoals and activities, some of which can be automated or 
supported by information systems. In car driving, speed and route may alter due to changes of the 
goal. Goal-setting is apart from the rest layers of activities, an open-loop activity. That it is 
implemented by a set of actions and often covers an extended time. Assessing the change to the goal 
is not based on simple feedback, but rather on a loose assessment of the situation. This can be 
considered as a part of monitoring and control. If the assessment is done irregularly, the trigger may 
vary hugely, and mostly caused by unknown factors. A summary of the functional characteristics of 
ECOM layers is illustrated in Table 2.3.  !
ECOM follows the same principles of minimal modeling like COCOM, each layer corresponds to 
the fundamental construct-action-event cycle. Tracking events for humans are pre-attentive, due to 
the short duration of the events on the tracking layer. Tracking type of behavior, for human, is 
equivalent to skills. That means, it is done mostly automatically and without attention. The 
regulating layer comprises actions of a short duration that require a short period of attention. The  

Table 2.3 Functional characteristics of ECOM layers (Hollnagel & Woods, 2005, pp. 153) 
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Control layer

Tracking Regulating Monitoring Targeting

Type of control 
involved

Feedback Feedforward + feedback Feedback (condition 
monitoring)

Feedforward (goal 
setting)

Demands to 
attention

None (Pre-
attentive)

High (uncommon 
actions); low (common 
actions)

Low, intermittent High, Concentrated

Frequency Continuous Medium to high 
(Context dependent)

Intermittent but 
regular

Low (Preparations, re-
targeting)

Typical duration < 1 sec 
(‘instantan-
eous’)

1 sec - 1 minutes (‘short 
term’)

10 minutes - task 
duration (‘long 
term’)

Short (minutes)



monitoring layer describes action that go on intermittently as long as the task lasts, although the 
distribution can be decided irregularly, depending on the demands. Actions on the targeting layer, 
take place every now and then, it usually includes the preparation of a task.  !
Feedbacks take time, and the conditions may change ever so rapidly, so that the feedback may 
become no longer relevant for the analysis when new information has already arrived. The solution 
is feedforward or anticipatory control. In practice, feedback and feedforward are mixed to provide 
the most effective strategy. This means that feedforward is interrupted at times to make comparison 
between the anticipated state and the actual state of the system. Any difference will lead to a 
correction, and possibly also a correction of the underlying model, after which the system can 
continue. Normally, feedback and feedforward are treated separately, but they are intrinsically 
linked. There are often elements of feedforward in feedback control in the sense that the regulating 
or compensating action is based on the assumption that it will cause the desired effect. If that is not 
the case, the compensating action regresses to trial-and-error. The other way around, there are also 
elements of feedback in feedforward. The choice of a compensating action is based entirely on 
assumption. Deciding on an appropriate mixture of feedback and feedforward control is a rarely a 
decision made by the controlling system, rather the outcome of some sort of background process 
(Hollnagel & Woods, 2005). !
The assumption is that all the loops are simultaneously active, or rather that goals corresponding to 
the different layers of controls are being pursued synchronously. There are goal dependencies, as 
well as other dependencies among the layers. The propagation of feedback or events is reflects such 
dependencies. The relative weight of feedback and feedforward control vary in different layers as 
indicated earlier in Figure 2.5. The goals of each control loop can be temporarily suspended.  !
Table 2.4 illustrates the control modes in correspondence to the subjective available time, 
familiarity of the situation and level of attention required. Mental processes take time, and the speed 
of actions is more important than the speed of the mental processes such as recognizing a situation 
or decide on what to do. So that, the interesting matter is the time it takes to recognize a situation or 
making decisions on what to do, than the time it takes for the mental processes (Donders, 1969). 
Human action is not the execution of a sequential steps, rather it is a set of continuous activities that 
address goals or objectives within different time frames with shifting priorities.  

Table 2.4 Control mode Characteristics (Hollnagel & Woods, 2005, pp. 166) !
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Control mode Available time 
(Subjective) Familiarity of situation Level of attention

Strategic Abundant Routine or novel Medium - high

Tactical (attended) Limited, but adequate Routine, but not quite - or task is 
very important Medium - high

Tactical (unattended) More than adequate Very familiar or routine, almost 
boring Low

Opportunistic Short or inadequate Vaguely familiar but not fully 
recognized High

Scrambled Highly inadequate Situation not recognized Full (hyper-attention)



Control and feedback !
Effective control requires that the operator, or the joint cognitive systems controlling the process, 
being able to comprehend the available information, previously known and newly comprehended 
from the feedback, and generate appropriate actions or responses. The time allowed for operator 
actions is an aggregation of the time needed to evaluate the feedback, update or develop an 
understanding of the situation; the time needed to choose or select an appropriate response action; 
the time window allowed for action execution after the response has been selected. Moreover, each 
step of an action requires different time sets to perform. These concepts of time sets are concluded 
into the COCOM model as illustrated in Figure 2.5. TO is the time it takes for a response action to 
become intentional or the need is recognized of making an action. TLFT is the time it takes the latest 
time to finish the action. TO signifies the start of an event, as the information the feedback carries is 
processed and comprehended. TLFT signifies the time point when the action was ended the last time. 
TA is the time between TLFT and TO ( TA = TLFT - TO), therefore the available time window for 
action. The four control modes in Table 2.4 all have dependencies on time, typically in the 
scrambled mode. The entire action tends to take somewhat longer than there is time for. In the 
opportunistic mode, there is only one step out of the three that costs time, but it still commonly 
takes longer to respond to the feedback than what the time window allows. The tactical mode 
typically takes less time than the time window allows. The strategic mode takes even less time 
thanks to the considerate feedback evaluation, and planning of the actions.   !
To enhance control, the focus is obviously mostly on reducing the length of the three main time 
sets. The technological and organizational solutions often use automation and amplification to 
reduce the estimated performance time (TP); information presentation, selective filtering and 
adaptive grouping to reduce time for feedback evaluation (TE); and model-based prediction, 
evidence check and decision support coupled with the action procedures to decrease time for action 
selection (TS). The common human solution on alleviating the time shortage is to make shortcuts, 
according to the ETTO principle, and skip steps for reducing TP. 

Figure 2.5 Feedback, time and control (Hollnagel & Woods, 2005, pp. 168) 
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2.3 Embodied Cognition !
The embodied mind thesis in philosophy bears that the nature of the human mind is determined by 
the shape of the human body. It is argued that all aspects of the human cognition are shaped by 
aspects of the body (Wilson, 2002). These aspects of cognition include high level mental constructs 
and human performance on various cognitive tasks. That is mental constructs such as concepts and 
categories and cognitive tasks of reasoning or judgement and alike. The bodily aspects include the 
perceptual system, motor system, situatedness and ontological assumptions about the world that we 
keep in our body and mind, or explanatory system as Bateson (1972) calls it, in the theories of 
cybernetics. The research topics in embodied cognition studies issues such as social interaction and 
decision-making within the fields of social and cognitive psychology (Borghi & Cimatti, 2010).  !
Cybernetics !
Cybernetics (Bateson, 1972) is a theory of regulation and control in human and artificial systems. 
Cybernetics can be seen as an aggregate of ideas from system theory, communication theory and 
information theory. Bateson saw the world as a series of systems containing individuals, societies 
and ecosystems that has adaptive capacity in order to live in a dynamic environment. These systems 
are intrinsically connected in feedback structures that enable them to control behaviors and retain 
homeostasis. In Bateson’s philosophical work, all systems together compose one supreme 
cybernetic system that controls everything. He refers to this supreme cybernetic system as mind 
(Bateson, 1972). !
A basic idea in cybernetics is that of a “bit” of information, that can be seen as feedback, that causes 
successive transformations in the causal circuit. The stability of an interactive system is dependent 
of the relation between the operational product of all the transformations of difference, within the 
circuit and upon the characteristic time (Bateson, 1972). !
The signal/noise ratio of the feedback is considered a special case of redundancy. To camouflage is 
the exact opposite to passing on a message, and this is done through reducing the signal/noise ratio, 
breaking up the patterns and regularities in the signal, or introducing similar patterns as the 
feedback, into the noise (Bateson, 1972). These methods can also be applied to countering 
camouflage by inverting the signal. For example, a pair of modern noise-canceling earphones will 
first isolate the environmental noise by surrounding the ears with big cushioned ear cups, and active 
noise-canceling circuits will generate a counter sound wave to counter the noise that by any means 
gets pass the ear cups. !
According to Bateson (1972), will any object that has the appropriate complexity of circuits and the 
appropriate energy relations, process information and be self-corrected either towards a homeostatic 
optima or maximization of certain variables (Bateson, 1972). A driver and a car heading towards a 
destination, depending on the task requirements, if it is only required to maintain the car in the same 
lane at a steady pace, the task for the driver-car system will be to regulate and maintain the variables 
such as speed, and position of the car compared to the lanes; if it is required to reach a destination 
with a tight time schedule. The system will likely to be maximizing the pace that the vehicle travels 
in, bound by the limitations of the regulation and the capacity of the vehicle in use. The former 
scenario exemplifies a self-corrective system heading towards a homeostatic optima, and the latter 
towards an instance of the maximization of certain variables, speed, in this case. !
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The determination of an actual event sequence or aggregate is unique by the cybernetics 
explanation, and it is generated with a combination of many kinds of restraints (negative feedback). 
The meaning of a word is restrained by the sentence it exists within, an anatomical part only has a 
purpose within an organism, a species and its role is dependent on the ecosystem it exists within. 
We can say that the course of events is subject to restraints. Furthermore, the analysis of restraints 
can be projected from a microscopic scale of a simple potassium ion osmosis, to the ecosystem, the 
solar system, the galaxy and the grand universe. Due to the restraints, content is subject to the its 
context. !
The mental characteristics of the system are immanent as a whole together with the other 
ensembles. The driver in the example, as the operator of this driver-car system, has no control over 
the traffic where the system is situated, and bound by limitations of the traffic regulations of speed 
and driving manners. The history of actions can also direct the choice of action due to consequences 
in the causal circuit. The operator is controlled by the information from the system of the greater 
collective traffic, for instance, and must adapt its behavior and actions to the time characteristics of 
the situation and to the effects of the past actions. According to Bateson (1972, pp. 317), we may 
say that ”the mind is immanent in those circuits of the brain which are complete within the brain, or 
that the mind is immanent in circuits which are complete within the system, brain plus body. 
Otherwise, the mind is immanent in the larger system, man plus environment.” !
Enacted Cognition !
Varela, Thompson and Rosch (1991) developed a theory that attempts to integrate perception and 
higher cognitive functions. This theory originates from Merleau-Ponty (2002). He criticized the 
body-mind separation of Descartes. According to Varela, Thompson and Rosch (1991, pp. 206), a 
cognitive system is functioning adequately when it becomes part of an ongoing world. The meaning 
of stimulus is included in patterns of the embodied experience and pre-conceptual structure of our 
sensibility such as our modes of perception, of orientation, and of interacting with other objects, 
events and people. !
Color perception was used as a case study to demonstrate our enacted perception (Varela, 
Thompson and Rosch, 1991). Color and its two important features of its structure and of color 
appearance. The six basic colors, red, green, yellow, blue, black and white, and the appearance of 
such color varieties along the three dimensions of hue, saturation and brightness. Color is not 
simply a perceived attribute of surfaces, it is also of volumes, and after images in memories and 
synesthesia. The visual system determines what and where an object is, also its surface boundaries, 
texture, and relative orientation continuously. This complex cooperative process involves also 
higher cognitive function. Color and surfaces, for example, go together and depend both on our 
embodied perceptual capacities. Color is a perceptual concept, but also a cognitive one.  !
We organize the combinations of the three dimensional attributes of color into categories and gave 
names to them. Such cognitive operations can be either universal for our species or culturally 
specific. The question of whether color or cognition existed first, comes into the scene when we try 
to decide whether the perception and cognition of color is decided by the universal, and perhaps 
pre-determined perceptual patterns, or it is later enacted from and influenced by our surroundings. 
This is also called the chicken vs. egg position. The chicken position claims that the world out there 
has pre-given properties which exists prior to the image that the cognitive system perceives, when a 
cognitive system really should recover the appropriate image (Varela, Thompson and Rosch, 1991).  
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According to enacted cognition, experience depends on having a body with various sensorimotor 
capacities, and these individual sensorimotor capacities are embedded in a  biological, 
psychological, and cultural context. The perception in the sensory processes and the action in motor 
processes are fundamentally inseparable in cognition. Perception consists in perceptually guided 
actions (Merleau-Ponty, 2002). Cognitive structures emerge from the recurrent sensorimotor 
patterns which enable actions to be perceptually guided (Varela, Thompson and Rosch, 1991). !
Connectionism attempted to explain human information processing, or mental activities in a 
cognitive system as symbolic rule-based computation. That is to say that the system interacts only 
with symbols. It fails to explain where the rules for symbolic manipulation originate. According to 
Brooks (1991). Enactionism a better explanation, as it drops the symbolic representations, and takes 
emphasis on the incremental accumulation of the capabilities of cognitive systems. Hence, we 
perceive as we interact with the world with our perceptual systems, and the history of our 
interactions accumulate. Cognition is embodied actions, and it is tied to our lived histories (Varela, 
Thompson and Rosch, 1991). !
2.4 Distributed and situated cognition !
Distributed cognition is a psychological theory developed by Hutchins (1995a) emphasizing the 
socio-cultural aspect of cognition. To Hutchins, cognitive processes is also a cultural process. For 
this reason, cognition is a cultural process. Culture built with cognitive processes is not a collection 
of micro solutions as it was proposed in the traditional computational model of cognition. These 
cultural cognitive processes take place both inside and outside of the minds of people (Hutchins, 
1995a). The framework of distributed cognition involves the coordination between individuals, 
artifacts and the environment:  !
“The emphasis on finding and describing the knowledge structure that are somewhere inside the 
individual encourages us to overlook the fact that human cognition is always situated in a complex 
sociocultural world and cannot be unaffected by it.” (Hutchins, 1996)  !
The suggested three types of distribution of cognitive processes (Hutchins, 1995a, 1995b; Norman, 
1991; Zhang, 1997a, 1997b, 1998; Zhang & Norman, 1994): 
• Cognitive processes are distributed among members in the social group. 
• Coordination between the internal and external structure. 
• Cognitive processes are distributed over time and space, in such a way that earlier events can 

affect and change the nature of later events.  !
The cognitive phenomena is mediated between individuals, artifacts, internal and external 
representations through representational states and media. The practice of analysis of 
representational states and media was used in the cockpit study by Hutchins (1995a). He abandons 
the division of the boundary between the inside and outside of the individual, as well as the 
distinction between cognition and culture (Rogers, 1997). The various representational states are 
propagated across different media for the collective goal of the distributed cognitive system. The 
properties of such a distributed cognitive system are determined by the representational media and 
the interconnection among representations. This dependency is equal to that of the cognitive 
properties of the individual actors within the system (Hutchins, 1995a).  !
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Human beings are in closely coupled with environmental settings. The use of internal cognitive 
resources with external tools and resources seems to be omnipresent in our everyday life cognition. 
Embodied interactions with external cognitive artifacts and other people, gesturing in characteristic 
ways in a social situation, or following certain bodily procedure and rituals, on the account of 
distributed cognition or extended mind, can themselves be forms of cognizing, rather than the mere 
expressions of prior internal cognitive processing (Connerton 1989: Chapter 3; Dreyfus 2002; 
Anderson 2003; Sheets-Johnstone 2003; Cowart 2004). Such embodied cognitive capacities are 
interwoven in complex ways with the use of technological, natural and social resources. The social 
environment, the natural elements and technological tools become a part of the embodiment of the 
human cognition. The human cognition is embodied, but also distributed into the mediated artifacts 
in our task specific environments (Sutton, 2006).  !
Organisms exploit certain kinds of world-mind constancy by functionally integrating environmental 
structure, such as those exploited  ongoing sensorimotor mastery of couplings between perceptions 
and action, to transform their on-board computational tasks and abilities. This creates a typical 
system variant that resembles transient extended cognitive systems (Wilson and Clark, 2009). We 
human beings often extend our mind with external devices or agents to augment our limited ability 
or even enact new concepts through the collaboration or interaction between our bodily constrained 
selves and the external world (Sutton, 2006).  !
A study was conducted involving a human game player and the Tetris game. The two entities are 
closely coupled due to the reciprocal interaction. The intentional actions taken to bring a subject 
physically closer to its external goals are called pragmatic actions. Those that are intended to 
simplify a process, reduce error, or increase precision are called epistemic actions. Some epistemic 
actions can connect with uncovering information, some compensate for sensory limitations, some 
serve as interactive strategies for externalizing, some serve as reminders, amongst other forms. 
They all have personal payoffs and depends on interaction with the environment (Kirsh, 2006). This 
is a fine example of dynamic coordination of the internal and external cognitive structures, using the 
convenience of physical and pragmatical move to compensate the slow speed of the internal mental 
imagery, that is to move or rotate the piece in one’s head with imagination. The cognitive burden of 
imagining the movements of the piece is offloaded and distributed to the external structure of the 
physical environment that the individual interacts with. !
Affordances, as earlier mentioned (Gibson, 1977), is a useful but controversial concept. They are 
distributed representations extended across external and internal representations. External 
representations belong to the environment, they can be physical configurations, spatio-temporal 
layouts and symbolic structures that corresponds to the levels for internal representations. !
Situated cognition is related distributed cognition. The theory of situated cognition poses that 
knowing is inseparable from doing by arguing that all knowledge is situated in activity bound to 
social, cultural and physical contexts (Brown 1988; Greeno & Moore, 1993). There are four basic 
assumption under the name of situated cognition (Dourish, 2001): !
• The in-situ problem solving as a situation unfolds. Situated cognition opposes the search for the 

universal principles guiding the mind as the platonic tradition suggests. It assigns weight to each 
situation in the framework of analysis. 

• Focus on the context. The context and the way a situation or a task is being framed is important, 
as the concepts in practice are always positioned within a contextual environment. 
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• The social organization and distribution of cognition over mind, activity, and cultural setting. 
Cognition is considered to have a mediated character and is viewed as being constituted in the 
interaction between the actor and the environment, rather than being characterized by mental 
mechanism internal to an individual. 

• A strong interpretive view that situated cognition encompasses, one in which is seen as socially 
constructed and structured by cultural and historical facts.  !

In any situated setting, cognitive processes will be supported by the environment and its spatio-
temporal layout. Parts of the cognitive burden is being offloaded and externalized to the 
environmental setting, and naturally, also dependent on it.  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3. Methods !
This part describes the process used to acquiring the result. 
!
3.1 Study Overview !
This study aimed at procuring a systematic understanding of feedback by reviewing various 
cognitive system theories. Since the literature review method (Hart, 2002) was used. The study of 
feedback, is however being divided into the study of the perception and comprehension of stimuli 
by the individual in the ecological psychology section, as well as the relationship between the 
analyzed individual, the artifacts or other individual or group of people, and the various spatio-
temporal environmental settings. Each of the theory domain is reviewed separately, however so, 
some parts of the theories are inevitably intertwined due to the mutual goal of achieving an 
explanation of human behaviors in tightly coupled interactions and the paths from which the 
theories are developed as illustrated in Figure 3.1. !
After reviewing the theories separately in the background section, the aspects they hold on feedback 
are then compared in the fashion of a checklist Table in the result section. The horizontal header 
will host the theory names, listed in their own grid, and in the vertical header, the corresponding 
aspects that we find in each theory are listed sequentially in one column. A check mark is placed in 
the crossing grid of a theory matching an aspect when the aspect is considered. The Table of 
checklist is being deciphered and explained in natural language and the implication of the checklist 
table is then examined in the following section under discussion.  

Figure 3.1 Overview of the study method !!!
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3.2 Literature Research !
In this thesis, we employed the literature review method (Hart, 2009). This method defines a 
literature review the effective evaluation of a selection of available documents on a specific topic in 
relation to the research being proposed. These documents contain information, ideas, data and 
evidence. The publications used in this literature research has been selected through the channel of 
Linköping University library catalogue system and Google search with the primary key words of 
“tight coupling”, “situated cognition”, “distributed cognition”, “joint cognitive system”, “embodied 
cognition”. The selection of books, articles and seminar reports are retrieved from greatly varying 
sources, such as MIT press, Cambridge University press, American Journal of Psychology, 
Pragmatics and Cognition, Artificial Intelligence, Sage Publications, ACM conference, etc. The 
names of a few researchers famous for each theory was suggested by my supervisor. Gibson was 
suggested for the development of ecological psychology and eventually the mechanisms of the 
different senses or perceptions that human beings hosts in 1966. Neisser (1976), a colleague of 
Gibson, was highly influenced by the theories of ecological psychology. He later on proposed the 
perceptual cycle, which became the founding ground for modern cognitive system theories. 
Hollnagel (2005) published the theory of joint cognitive systems that became the basis of modern 
Cognitive Systems Engineering. Bateson (1972) published Steps to an Ecology of Mind (Bateson, 
1972) that presented the theory of cybernetics which embodied cognition in more recent years 
resembles. Being famous for the studies of flight deck pilot-cockpit interaction, Hutchins (1995a) 
had proposed the theory of distributed cognition, and situated cognition as an affiliate to distributed 
cognition as mentioned at the end of the last chapter. I extracted most of the relevant knowledge 
from the books by Gibson (1966), Bateson (1972), Hollnagel (2005), Hutchins (1995a), Kirsch 
(2006), and Varela, Thompson and Rosch (1991). The other fragments of references were part 
further referred from the above mentioned books, and part found with the Linköping University 
electronic library catalogue.  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4. Results !
Ecological psychology has a strong emphasis on sensory events. It involves the modes of attention 
engaged, the receptive unit, activity of organ, form stimuli available and external information 
obtained, as shown in Table 2.1. Gibson (1966) also mentioned the concepts of information 
resonance, selective attention, the theory of information pickup, and the concept of affordances. 
Affordances of objects is a ground idea of learning of association rather than learning by 
association. Sensation, on top of perception, is to make belief. It makes feedback stimuli mentally 
comprehended. Hence, feedback is on the lower and neurological layer among the layers of 
cognitive functions. This matches the layer system of the ECOM model in Figure 2.4. Feedback on 
this level is limited to the biological and neurological percepts and responses, requiring minimal to 
no active cognitive awareness, and achieves spontaneous compensatory control. The analysis 
subject on this level is a single person. !
The perceptual cycle (Neisser, 1976) inspired many later developed cognitive system theories. This 
model recognizes the perceptual process being multi-stepped, primarily in two steps, stimulus-
response and cognitive activities. The three main parts of the cycle are percepts, schemata and 
exploration can be extracted into three classes of objects. Being built on top of the theory of 
ecological psychology, the cycle also takes the sensory events into account as well. Having 
schemata as the core idea of the cycle, a set of schemata named anticipatory schemata or control 
structure is in place to make us attuned for the incoming events. Cognitive map is an aggregate of 
the anticipatory schemata and the relations between them, it helps us explore the world. Beyond the 
three classes of objects, the cyclic model also make a remark for cross-modal sensory events. Hence 
feedback is, under the framework of the perceptual cycle, on a higher level of cognitive function 
than that is under the framework of ecological psychology, due to the inclusion of schemata in the 
control model. Schemata provide active guidance to the perception of the feedback stimuli, and are 
updated simultaneous as we perceive change of environmental scenario. !
Control and feedback are fundamental ideas of Cognitive Systems Engineering. Moreover, time 
becomes an important aspect of CSE. For example, effective control requires that the operator 
comprehend the available information, that is the feedback, and this takes time. This is a time for 
feedback evaluation. CSE also defines four control modes: strategic, tactical, opportunistic and 
scrambled. They all describe how an operator will interpret feedback and respond depending on the 
available time and stress factors. Hence, feedback is interpreted and processed dynamically by the 
operator based on internal and external factors (bottom-up and top-down cognitive processing). 
Feedforward control is essential in CSE. Even though it is not feedback, but it shall be seen as 
control measures that eventually will effect future feedback. CSE inherits certain aspects from 
ecological psychology and distributed cognition. Its strength lies in the strong concern of the time 
aspect in feedback. The framework illustrates when feedback has limitations in terms of control 
states with a strong time aspect. It also elucidates the association of feedback signal noise and the 
degradation of control. Yet as a theoretical framework, CSE provides little concrete design 
guidelines. !
Embodied cognition has a holistic character, and hosts the concept of homeostatic optima, also 
known as homeostasis. Homeostasis is often achieved under the condition of appropriate 
complexity of causal circuits and energy relations between the individual, artifacts, environment 
and historical background. According to embodied cognition, the comprehension of any perceptual 
event is enacted, and affected by the enacted history and structural couplings. The embodiment 
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theory endorses the multimodal model for the conceptualization process, and an inseparable 
relationship between the motor process and the perception, hence the name embodied cognition. 
Feedback analysis with the framework of embodied cognition, includes even the historic structural 
couplings between the subject and forth mentioned elements associated with the system 
homeostasis. Feedback is the concern of a single subject recipient rather that is involved in a 
complex cognitive system.  !
A central tenet of situated and distributed cognition is the role of our physical environment in 
supporting cognition. External structure augments the capacities of internal structures such as 
memory and attention. Situated cognition focuses on the context: the in-situ problem solving, social 
organization of work, activity. and cultural setting; and the social, cultural, and historical impact on 
the situated cognition. Feedback analysis under the framework of Situated and distributed cognition 
is on a much higher level of cognitive functions in contrast analysis under the framework of 
ecological psychology. Feedback in distributed cognition is described in terms of information 
transfer and transform between people and their physical environments. Tools transform complex 
problems into easier ones, and this can be seen as processing information to create feedback. Tools 
are designed by people to simplify complex problems, and hence, this preprocessing can be seen as 
feedback from the designer. Table 4.1 below shows aspects of discussed theories in relation to 
feedback.  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!
Table 4.1 A comparison of the aspects proposed in the various theories 
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Aspect Ecological Psychology Cognitive Systems 
Engineering Embodied Cognition Situated and distributed 

cognition

1 Sensory Events Yes - - -

2 Affordances as a 
framework for perception Yes - Yes Yes

3 Sensation accompanies 
perception to make belief Yes - - -

4 Theory of information 
pickup Yes - - -

5 Cyclic perceptual model Partly (perceptual cycle) Yes Yes Yes

6 Multi-stepped perceptual 
process Partly (perceptual cycle) Yes Yes Yes

7 Anticipatory schemata Partly (perceptual cycle) Yes - -

8 Cognitive map Partly (perceptual cycle) Yes - -

9 Cross-modal perceptual 
events Partly (perceptual cycle) Yes Yes -

10 Control modes - Yes - -

11 4-Layer control 
architecture - Yes - -

12 Dynamic perceptual 
process - Yes - -

13 Socio-technical complexity 
induced unpredictabilities - Yes - -

14 Holistic character of 
cognition - - Yes -

15 Homeostatic optima - Yes Yes -

16 Enactionism of cognition 
and comprehension - - Yes -

17
Inseparable relationship of 

motor processes and 
perception

- - Yes -

18 Augmented cognition - Yes Yes Yes

19

Social organization and 
distribution of cognition 
over mind, activity, and 

cultural setting

- Partly Yes Yes

20 Coordination of internal 
and external structure - Partly - Yes

21 Social, cultural, and 
historical impact - Partly - Yes

22 The artifacts restrain 
perception - - - Yes

23 Cognition distributed over 
time and space - - - Yes

24 In-situ problem solving - Yes - Yes

25 Feedforward Control - Yes - -



Table 4.2 summarizes the aspects of feedback in the studied theories listed in Table 4.1. The 
concentrated aspects considered in feedback analysis under the frameworks of theories are 
presented as follow: 

!
Table 4.2 A comparison of the aspects in the various theories that concern feedback analysis  

!
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Aspects of feedback 
analysis Ecological Psychology Cognitive Systems 

Engineering Embodied Cognition Situated and distributed 
cognition

Level of Cognitive 
Function in Analysis Low - Medium High Medium High

Subject of Analysis Single human subject Humans and artifacts Single human subject Humans, artifacts, 
environment

Concern for 
Feedforward / Time-

delayed effects of 
feedback

Partly (perceptual cycle) Yes No No

Systemic view of 
feedback No Yes No No



5. Discussion !
The term feedback comes from feed and back, which clearly indicates that it is information derived 
from a reaction or response. This forms a cause-and-effect loop. The classical psychological 
explanation of this phenomenon is that experience of processes create knowledge that result in 
behavior change and adaptation. Feedback is a common term in system engineering, that denotes a 
signal that has passed a pathway within a control system to regulate its behavior. In short, feedback 
is the outcome or response of an action, and this may or may not change the behavior of the 
regulator. However, many modern theories of human-computer interaction put little focus on 
feedback and control. Let us now discuss the theories reviewed in this study with a feedback 
perspective.  !
Cognitive Systems Engineering is one theory explicitly features the concept of feedback. In order to 
explain complex human-machine settings, CSE develops and extends the idea of the perceptual 
feedback cycle. The COCOM model, for example, provides constructs to understand how operators 
is affected by the quality of the feedback in terms of situation awareness and control. Moreover, the 
time aspect is central in CSE. Feedback latency, for example, can result in degraded situation 
awareness and control. Moreover, CSE states that comprehending the feedback takes time for an 
operator. The ECOM model extends COCOM by adding several control layers. This model  
illustrates how feedback propagates between different control layers, and how feedback is affected 
by the different layers. Its focus on time and control makes CSE a relevant framework for feedback 
analysis. However, it provides very little in terms of concrete guidelines for service and interaction 
design. !
Situated and distributed cognition inherits the concept of affordances from ecological psychology. 
Moreover, they add the idea of coordination between internal and external structure and in-situ 
problem solving. In distributed cognition, feedback can be treated as designed cues embedded in 
artifacts. The cues are activated as the agent triggers the designed loop. This can be seen as time-
delayed feedback. Situated cognition does not provide much in terms of the understanding of 
feedback. However, distributed cognition and its view on feedback as designed cues provides 
valuable insights for feedback analysis. !
Ecological psychology is concerned with sensory events, and these can be seen as perceptual 
feedback and low-level cognitive functions. The ways we pick up information and how information 
can be camouflaged was also included in ecological psychology. Neisser (1976) proposed a cyclical 
model of perception. This model describes how sensory events are interpreted based on anticipatory 
schemata and cognitive maps. The cyclical model provides a basis for understanding how people 
process feedback based on our lived history, that is, our experience with the world. However, being 
a theoretical model of human behavior, it provides little guidance to design feedback approaches in 
systems and artifacts. Embodied cognition endorses the idea of cognition being inseparable from the 
human body. From our review, it is clear that, embodied cognition does not explicitly employ the 
concept of feedback.  !
This study investigated several theories to examine how they treated the concept of feedback. The 
primary sources were original books from key researchers within respective fields. Moreover, 
secondary sources were extracted from original publications in major journals within the research 
fields. In the framework of interaction and service design, the concept of feedback is often 
accompanied with a complex cognitive system, with more parts than a single subject as ecological 
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psychology addresses. Thus, one can argue the relevance of reviewing ecological psychology. 
However, it is better to have the theoretical basis and origin of concepts such as affordances that are 
being adopted widely in later and more complex theories. Situated cognition was neither directly 
addressing the concept of feedback at all, but its close bound with distributed cognition made it a 
part of the review anyhow. Writing a literature review means coordinating multiple sources, and 
converting the web of knowledge into a more linear sequence that is easy to understand. This can be 
challenging, as one needs to handle languages and ideas that may yet to be fully understood. The 
study aimed originally at finding a guideline for design of feedback through examine the theories. It 
however merely explored some of the available theories. Even though the time aspect is important 
in feedback analysis, this study did not dive deep into the neurological mechanism, nor the effect of 
latency on feedback. This is however justified by the systematic view on feedback in interaction and 
service design. That is the macroscopic over the microscopic view on the concept of feedback.  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6. Conclusion !
This study explored the concept of feedback from various perspectives in psychology and cognitive 
science. The goal has been to understand how these theories treat the concept of feedback. !
From this study, it is clear that the Cognitive Systems Engineering perspective provides a lot in 
terms of understanding feedback in human-machine settings. This approach inherits certain 
theoretical constructs from ecological psychology and distributed cognition, and applies them in a 
cybernetic framework. It focuses on human operators, the role of feedback and time, which help 
retaining control. This focus makes CSE a good basis for understanding feedback in human-
machine settings. However, being a theoretical framework, CSE provides very little in terms of 
concrete design guidelines. For the future, it would be very interesting to unify the theoretical 
frameworks of CSE and Distributed Cognition. Such a theory could heighten our understanding of 
feedback and design of cognitive systems.  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