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LIDA & Consciousness 
 



• The Learning Intelligent Distribution Agent (LIDA) model 
1) Is a comprehensive, cognitive model with its computational architecture 

2) Covers a large portion of human cognition 

3) Is based on Global Workspace Theory (GWT) 

 

LIDA & Consciousness 

 
The primary functional purpose of consciousness is to integrate, provide access, and 

coordinate the functioning of very large numbers of specialized networks that otherwise 
operate autonomously 

 



• The Learning Intelligent Distribution Agent (LIDA) model 
4) LIDA’s Cognitive cycle consists of multiple modules 

• The repeated cycle of  Perception (sense), Understanding (make sense of), & Action selection (action) 

 

 

 

 

 

 

 

 

 

 

 

5) The two computational agents demonstrating the timings of the cognitive cycle 

 

 

 

LIDA & Consciousness 

Two Computational agents The LIDA Allport Agent 

External 
Environment 

perception 

understanding 

Action selection 

A single conscious “frame” (content) 



• The Learning Intelligent Distribution Agent (LIDA) model 

 6) Consciousness is accomplished by oscillatory dynamics;  

  specifically, by theta-gamma coupling between the neural populations 
 

 

 

 

 

 

 

 

 

 

 

LIDA & Consciousness 

Integration 

•Perceptual, working, & long-term related object representation 
•short-term memory information 

•Attentional selection 
•Sensorimotor task 

Gamma bands 
(30-150Hz) 

Theta bands 
(4-7Hz) 

Perceptual binding & Awareness 

140 – 250 ms 



• The Learning Intelligent Distribution Agent (LIDA) model 

 7) Only one perceptual experience can be contained in a single phase of theta- 

       modulated gamma-synchrony (discrete ‘frames’ of consciousness)  

   Since each cycle is concerned with a single conscious content, and a new conscious content  

        requires theta-gamma synchronization, conscious processing in the cognitive cycles has to  

        occur at theta rates (4–7 Hz). Therefore cognitive cycles have to take at least 140–250 ms.  

 8) An important hypothesis of the LIDA model is the discreteness of consciousness.  

   Humans can only have a single conscious content at a time, and there are short breaks  

        between these periods of consciousness (Phase scattering – unconscious processing). In the  

        words of Franklin et al., ‘‘conscious events occur as a sequence of discrete, coherent  

        episodes separated by quite short periods of no conscious content’’;  

         similar to the frames of a movie, the ‘frames’ of consciousness are discrete but are experienced as being continuous 

 

LIDA & Consciousness 

Play a role in the transition from one cognitive content to another  



• The Learning Intelligent Distribution Agent (LIDA) model 

9) ‘Discrete Moment Hypothesis’ by Stroud (1967) 

  - the idea of discrete frames or ‘moments’ underlying consciousness 

    two important underlying assumptions 

    a) a complete loss of time-order information within one conscious ‘moment’ 

    b) a distinct and non-overlapping set of percepts for each ‘moment’ 

LIDA & Consciousness 

 In the LIDA model, single conscious episodes are discrete but, contrary to Stroud’s view, not necessarily 
distinct (Allport, 1968) – a current conscious ‘moment’ can contain percepts from a previous moment. 
 
 Whether or not an older percept remains conscious depends on how long in the past it has been 
perceived, and on attentional modulation – percepts that are subjectively important and attended to 
can persist longer in consciousness. 



• The Learning Intelligent Distribution Agent (LIDA) 

9) ‘Discrete Moment Hypothesis’ by Stroud (1967) 

 

LIDA & Consciousness 

 The ‘frames’ of consciousness in the LIDA 
model could be compared to a movie shown 
on a phosphorbased electronic display (CRT): 
although the frames are discrete, new images 
on the screen contain past information.  
  
This approach resolves the empirical 
contradictions of the Discrete Moment 
Hypothesis. 



• The Learning Intelligent Distribution Agent (LIDA) 

 10) Use the results of some experiments over others 

A. Event-related potentials (ERP), which occur in preparation of or in 
response to discrete (internal or external) events. EEG has great temporal 
resolution (on the order of milliseconds) 

B. Transcranial magnetic stimulation (TMS), which trigger action potentials 
in the neurons in the current field, disrupting ongoing brain activity 
(causing temporary ‘‘virtual lesions’’). TMS resolutions are very good 
(temporal resolution on the order of milliseconds, spatial resolution on 
the order of a few millimeters, depending on the coil shape).  

C. Depth electrode and subdural grid recordings  (the most exact technique 
measuring brain activity).  

D. Functional magnetic resonance imaging (fMRI) data 

LIDA & Consciousness 



The LIDA Cognitive Cycle 
 



The steps of cognitive cycle 
 1) Perception.  

 Sensory stimuli, external or internal, are received and interpreted by perception producing the beginnings of meaning. 

 2) Percept to preconscious buffer.  
 The percept, including some of the data plus the meaning, as well as possible relational structures, is stored in the preconscious buffers of LIDA’s working 

memory (workspace). Temporary structures are built. 

 3) Local associations.  
 Using the incoming percept and the residual contents of working memory, including emotional content, as cues, local associations are automatically retrieved 

from transient episodic memory and from declarative memory, and stored in long-term working memory. 

 4) Competition for consciousness.  
 Attention codelets view long-term working memory, and bring novel, relevant, urgent, or insistent events to consciousness. 

 5) Conscious broadcast.  
 A coalition of codelets, typically an attention codelet and its covey of related informational content, gains access to the global workspace and has its content 

broadcast consciously. Thus consciousness solves the relevancy problem in recruiting resources. 

 6) Recruitment of resources.  
 Relevant schemes in Procedural Memory respond to the conscious broadcast. These are typically schemes (underlain by behavior codelets) whose context is 

relevant to information in the conscious broadcast. Thus consciousness solves the relevancy problem in recruiting resources. 

 7) Setting goal context hierarchy.  
 The recruited schemes use the contents of consciousness, including feelings/emotions, to instantiate new goal context hierarchies (copies of themselves) into 

the Action Selection system), bind their variables, and increase their activation. Other, environmental, conditions determine which of the earlier behaviors 
(goal contexts) also receive variable binding and/or additional activation. 

 8) Action chosen.  
 The Action Selection module chooses a single behavior (scheme, goal context), from a just instantiated behavior stream or possibly from a previously active 

stream. Each selection of a behavior includes the generation of an expectation codelet (see the next step). 

 9) Action taken.  
 The execution of a behavior (goal context) results in the behavior codelets performing their specialized tasks, having external or internal consequences, or both. 

LIDA is taking an action. The acting codelets also include at least one expectation codelet whose task it is to monitor the action, bringing to consciousness any 
failure in the expected results. 

The LIDA Cognitive Cycle 
The Learning Intelligent Distribution Agent (LIDA) 



The steps of cognitive cycle 
 

The LIDA Cognitive Cycle 
The Learning Intelligent Distribution Agent (LIDA) 
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The Implemented Cognitive Cycle 



• Two autonomous software agents based on the computational LIDA framework 
– The first agent (The LRT agent) performs simple reaction time experiments and produces actions 

in times similar to human subjects 

– The second (The Allport agent) models phenomenal simultaneity within timeframes comparable 
to human subjects. 

– Both agents use cognitive processes comparable to humans 

 

 

 

 

 

 

 

 

 

– Two additional modules in LIDA’s cognitive cycle (Transient Episodic Memory and Declarative 
Memory) are omitted since they are not required in these experiments. 

– No visual image processing is necessary. 
 

The Implemented Cognitive Cycle 

what happens in each of the modules of the LIDA cognitive cycle 



• what happens in each of the modules of the LIDA cognitive cycle 

1) The PERCEPTION phase 

 the Sensory Memory module (monitor).  

A. The LRT agent’s sensory stimulus consists of a single red (or green) light 

B. The Allport agent’s has 12 distinct lines which may or may not be alight 

  Perceptual Associative Memory (PAM) nodes (detection).  

A. In the LRT agent : the single color-sensitive feature detector (a single red/green light). 

B. In the Allport agent : 12 feature detectors sensitive to their respective lines 

2) The UNDERSTANDING phase 

 Workspace (LIDA’s preconscious buffers of working memory) 

A. The LRT agent does not use episodic memory  

B. The Allport agent’s episodic memory contents would be retrieved to the Workspace as well (from 
the Transient Episodic and Declarative Memories) 

 Attention Codelets & Global Workspace 

A. Memory capacity is the Global Workspace. Its role is enabling the Procedural Memory and the 
Action Selection access to the most urgent/novel/relevant Workspace contents 

B. Attention Codelets transfer the most urgent/novel/relevant Workspace contents into the Global 
Workspace 

C. Nodes become part of the conscious broadcast (after winning the competition against other 
contents of the Global Workspace) 

 
* Attention Codelets : Codelets are special purpose mini-agents implemented as a small piece of code running on a separate thread 

The Implemented Cognitive Cycle 



• what happens in each of the modules of the LIDA cognitive cycle 

3) The ACTION SELECTION phase 

 An appropriate action is selected based on the contents in the broadcast. This selection is 
performed by two components in LIDA. 

 Procedural Memory  

– all behaviours applicable in the current situation are chosen.  

– In the LRT agent, as well as in the Allport agent, there are two possible behaviors (pushing the 
button, and releasing the button/ doing nothing) 

 Action Selection 

– The action best serving the agent’s goal is selected.  

– In this study, this process is trivial – since in all possible states of the environment there is only one 
applicable action, the Procedural Memory always yields only one action, which only has to be 
forwarded by the Action Selection component (without competition between actions) to the 
Sensory-Motor Memory for execution.  

 selected action is then executed in the environment (e.g. the button is pressed). 

 Sensory-Motor Memory 

– The simple mechanism responsible for this could be called the LRT agent’s ‘‘actuator’’. 

The Implemented Cognitive Cycle 



Parameters 



 LIDA contains a multitude of internal parameters 
– Decay rates for various types of memory 

– A threshold above which a perceptual item becomes part of the current percept 

–  A parameter that makes action selection more goal-oriented rather than opportunistic 

 The ultimate goal 
– A tuned set of internal parameters whose values remain constant when a number of disparate 

datasets are reproduced 

 Successfully accomplishing the goal  
– Substantial evidence of the accuracy and usefulness of the conceptual cognitive model 

 

Parameters 



 The timing parameters 
– A first step in the direction of a well-tuned parameter set for the LIDA model 

– ‘TICKS’ parameters  
: The module tasks are executed periodically to implement the LIDA cognitive cycle. The 

execution intervals are governed by ‘ticks’ parameters. These parameters govern in how 
many ‘ticks’ (simulated milliseconds) a particular task will be executed. Adjusting these 
‘ticks’ parameters, so that the timings of the resulting LIDA cognitive cycle become 
comparable with the timings of the human action-perception cycle was the main purpose 
of the development of the LRT agent. 

 

Parameters 
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Perception 



 Cognition 
 repeated perception-understanding-action cycles 

 actions can be external (effecting changes in the environment) or internal 

 perceptual information can come from external (from senses sensing the environment) or internal sources 

 
The durations of a single cognitive cycle A Cognitive Cycle 



Perception 

The perception process 
– obtaining data from the environment via sensors 
–  detecting features 
–  recognizing more abstract entities such as objects, events and categories 

• In humans 
– the duration of the perception process for simple tasks to be approximately in the range 

of P = 80–100 ms 
– Liu et al., (2009) performed using intracranial electrodes in epilepsy patients, has shown 

that object category information can be decoded from neural activity in the occipital 
lobe as early as 100 ms post stimulus. 

– EEG experiments trying to temporally localize object-selective brain activity, most of 
which found that the P100 ERP component (90–115 ms post stimulus) is already 
associated with object information.  

– The result of various studies of visual processing which have determined that a stimulus 
presentation time of 100 ms is sufficient for recognizing traits and properties 

– TMS experiments found that the range of greatest impairment was between 80 and 100 
ms, and that TMS interference after 100 ms had little to no effect on visual perception  

 
 80–100 ms duration seems to provide an appropriate upper limit for 

the perception process in general 
 



Cognitive Processing & 
Consciousness 



Cognitive Processing & Consciousness 

• A major functional role of consciousness is 
– to distribute important perceptual information to different, specialized brain 

areas 

• Unconscious processing of the stimulus  
– more localized in sensory areas (e.g. the visual cortex for visual stimuli), 

meaning that these areas have the highest activity in the unconscious 
processing stage 

• Conscious processing  
– start at the moment other brain areas, for example those involved in decision 

making/action selection (e.g. pre-frontal areas, see next section), become 
highly active 

• The conscious broadcast 
– Commences about 200–280 ms post stimulus 

• An intracranial iEEG experiment using a visual masking procedure : 200–300 
ms post stimulus 

• EEG experiments using a masked visual paradigm : at 270 ms  

• MEG study using a different visual paradigm (subjects had to decide whether a 
cue – a faint circular grating – has been present or absent during stimulus 
presentation) : 240 ms post stimulus 

 



Cognitive Processing & Consciousness 

• Neuroscientific experiments 
– An intracranial iEEG experiment : 200–300 ms post stimulus 

– EEG experiments : at 270 ms 

– MEG study using a different visual paradigm : 240 ms post stimulus 

• theta-gamma phase synchrony from brain oscillatory data 
– Doesburg et al. found that high levels of theta-gamma phase synchronization (260–380 ms) 

– ‘‘Visual Awareness Negativity’’ (VAN), an ERP component defined by the difference between ERPs to 
conscious versus unconscious stimuli, fits well into these time ranges (200–260 ms) 

• The time frame of the attentional blink 
– The worst identification performance of the second stimulus has been observed at delays of about 

225 ms between the onsets of the two stimuli 

 

 



Decision Making / Action Selection 



Decision Making / Action Selection 

• several brain circuits involved in action selection 
– the prefrontal cortex, the pre-supplementary motor area (preSMA), the supplementary 

motor area (SMA) and the primary motor cortex (M1) 

• two classes of inputs to M1, voluntary and stimulus-driven inputs 
– The first key input comes into the M1 from the prefrontal cortex, the basal ganglia, and 

the preSMA. (voluntary actions) 

– The second input is projected to M1 from the lateral part of the premotor cortex, the 
parietal lobe, the sensory cortices (the immediate stimulus dependent guidance of 
actions)  



Decision Making / Action Selection 

• The duration of the action selection process (60 – 110 ms) 

– Nachev et al., (2005) showed that the process of selecting a different 
action took 107 ms 

– By using TMS, Taylor et al., (2007) the duration of the action selection 
process  was 20–90 ms 

– Philiastides et al., (2006) found action selection duration was 80 ms (EEG 
experiment) 

– van Rullen and Thorpe (1997) showed that 100 ms were takne for decision 
making (action selection) (an EEG experiment) 

– Bauer et al., (2009) found that 79.1 ms required for both the selection of 
an action and its execution (An MEG experiment) 



Comparison with Psychological Reaction Time 



Comparison with Psychological Reaction Time 

• The reaction times of young adults has been proposed to be in the range 
of 190–220 ms 

• The time of the propagation of action potentials, from the motor cortex to 
evoking hand muscle responses, takes about 20 ms 

• Subtracting this delay, the cognitive cycle duration in these experiments 
can be inferred to be around 170– 200 ms 
– It is comparable to the lower limit of the cognitive cycle duration (260 – 390 ms) 

• For choice tasks, reaction times are in the range 356–400 ms if there are 
two choices  
– it is very close to the upper limit of the proposed cognitive cycle duration (260 -390 ms) 



Comparison with Cognitive Models 



Comparison with Cognitive Models 

• The adaptive control of thought-rational (ACT-R) model 
– Developed mainly by Anderson  
– A symbolic cognitive architecture  
– To explain how the components of the mind work together to produce coherent cognition 
– A central production system (using production rules).  
– Both ACT-R and EPIC processes can be split into the perception, cognition and action sub-

processes  
– ACT-R proposes a duration of 85 ms for the perception process  
– The time taken by the perception process and the cognition process is 185 ms in ACT-R  
– The time of the action process is 50 ms  
– The action sub-process in ACT-R only involves the actual motor execution (unlike our usage of 

the term, which included obtaining all applicable actions and selecting the appropriate one) 

• The Model Human Processor (MHP)  
– proposed by Card, Moran & Newell  
– An influential cognitive model of human task performance, used to calculate how long it takes to 

perform a certain task 
– MHP has perception, cognition and action stages. 
– Perception has been proposed to take 100 ms (with a range of 50–200 ms, depending on the task) 
– The perception and cognition processes together take 170 ms (range: 75–370 ms) 
–  The action process 70 ms (range: 30–100 ms) 



Comparison with Cognitive Models 



The LRT Agent 



The LRT Agent 

• The LIDA Reaction Time (LRT) agent  
– Performs a simple reaction time experiment 

– repeatedly performs a reaction time experiment in a simple environment consisting of a 
light (which can be red or green), and a button (which the agent has to press as quickly 
as possible when the light turns green) 



The LRT Agent 

283 ms 

200 ms 

The effects of temporal expectation 



The LIDA Allport Agent 



The LIDA Allport Agent 

• The LIDA Allport Agent 
–  replicates a psychological experiment regarding the continuity of conscious 

‘moments’ 

• Allport (1968)  
– conducted an experiment comparing two competing consciousness timing models 

a. Stroud’s Discrete Moment Hypothesis (1967), states that consciousness is comprised of 
distinct and non-overlapping conscious ‘moments’, within which all time order 
information is lost  

b. The Continuous (Traveling) Moment Hypothesis considers conscious ‘moments’ to 
correspond to continuously moving segments of the incoming sensory information  

– Allport’s results clearly contradict the strict Discrete Moment Hypothesis 



The LIDA Allport Agent 

• Allport’s experiment 
–  subjects were seated in front of an oscilloscope screen, which displayed a single 

horizontal line, appearing in one of 12 positions on the screen 

–  This line rapidly changed position, moving upward. Upon reaching the topmost position, 
the screen was left blank for the same duration as the line took while traversing all 12 
positions, and then the line appeared again on the bottom position  

– The rate of stepping, and thus the cycle time (t), was controlled by the subject  

– At very large cycle times, subjects could see the single line jumping from position to 
position. Upon decreasing t, they reported seeing multiple lines, moving together. At a 
specific cycle time S and below, subjects reported seeing a stationary array of 12 lines 
flickering in synchrony 

 



The LIDA Allport Agent 



The LIDA Allport Agent 



The LIDA Allport Agent 

• Allport’s experiment 
– Twelve subjects performed two versions of this experiment under 

both conditions 

A. the half screen experiment 

1. decreasing the cycle time until no movement was perceived 

2.  increasing the cycle time 

B. the full screen version of the experiment 

1. decreasing the cycle time and 

2. increasing the cycle time 



The LIDA Allport Agent 

• Allport’s experiment 
– It is clear that the difference between increasing and decreasing trials is not significant (and 

certainly not close to S/2), which contradicts Stroud’s Discrete Moment Hypothesis. 



The LIDA Allport Agent 

• The results from the simulation by the LIDA Allport agent  

– The data matches Allport’s results  
•  there is only one cycle time threshold S at which the agent does not perceive any motion 

– It can be seen from this experiment that the timing data of the Allport agent is 
comparable to human performance. 



The LIDA Allport Agent 

• LIDA’s discrete consciousness mechanism 

– successfully replicated Allport’s experiment computationally 
with three goals in mind: 

A. to show that the LIDA’s discrete consciousness model, based on 
neuroscientific evidence, does not contradict empirical data - 
unlike the Discrete Moment Hypothesis 

B. to strengthen the claim that LIDA’s GWT-based consciousness 
mechanism models human functional consciousness (rather than 
phenomenal consciousness) 

C. to substantiate the plausibility of the timing parameters proposed in 
this paper by showing the similarity of the LIDA Allport agent’s 
behaviour and timing to actual human data 



Discussion 



Discussion 

• If a number of such LIDA agents, replicating different psychological 
experiments and thus focusing on different aspects of human cognition, 
would operate in time frames consistent with the human brain (without 
readjustments of internal parameters), this would considerably increase the 
plausibility of the LIDA architecture as a model of human cognition 



Thank you! 




