The Working Memory Model – Baddeley and Hitch (1974)
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· Multi-store model proposed single and passive short-term store, whereas working model emphasises the active nature of STM which has more than one component.

· Three components, allowing for temporary storage of verbal and visuo-spatial material.
· The phonological loop is concerned with auditory and speech based information.

· Visuo-spatial sketchpad allows storage of visuo-spatial material – visual and spatial information, known as the inner eye.

· Coordination over stores is an attentional control system known as central executive, which has a storage capacity only in the form of the ‘episodic buffer’.
Central Executive:
· Performs a number of tasks including:

· Focus and switch attention,

· Co-ordinate the sub-systems – phonological loop and VSS,

· Connect working memory with long-term memory.

· Not unlike a business executive.

· Flexible system which can process information in any sensory modality in a variety of ways.

· Store information for a brief period of time in the episodic buffer.
Visuo-spatial Scratchpad:
· Divided into two components:

· A visual component – deals with objects and features like shape and colour,

· A spatial component – deals with locations and movements in space, e.g. planning your way through a shopping centre.

The Phonological Loop:
· Two components:

· A phonological store – holds auditory memory traces for a few seconds before they fade.

· An articulatory rehearsal process, which is essentially sub-vocal speech – limited capacity of about 3-4 items.

· Auditory information enters automatically into the phonological store.

· Visually presented language – text – can be transformed into phonological code by silent articulation and placed in the phonological store.

· “Inner ear” – it remembers vocal sounds in their temporal order.

· “Inner voice” – repeats words in order to prevent them from fading away after about 2 seconds.

· Research and evidence comes from three areas:

· Similarity of sound: similar sounding letters – VPBG – recalled less well than dissimilar letters – XAYW. Suggests code is phonological.

· Word-length effect: short words remembered better than long words. They can be articulated faster than longer words, so more of them can be articulated in the time before the trace disappears.

· The effect of articulatory suppression: if asked to say something aloud while rehearsing material in phonological loop, the memory for the rehearsed material is impaired.

· The three part structure was recently (2000) given a fourth component by Baddeley – episodic buffer. It’s considered necessary because problems emerged with the original model:
· Had difficulty explaining the interaction between the working memory and long-term memory.

· No mechanism for allowing the sub-systems to interact.

· Episodic Buffer:
· Limited capacity store that binds together information from a number of fields – verbal, visual, spatial and chronological information.

· It can use access to the different sub-systems and form conscious awareness.

· Evaluation (Research):
· Evidence for a general attentional processor in addition to the sub-components in the model, is provided by dual task experiments:

· If the two tasks are using the same sub-system, performance is poorer when performed at the same time than when performed separately. If they require different sub-systems they are usually preformed equally well together as separate.

· Articulatory suppression – saying something aloud makes use of articulatory loop thereby making it difficult to perform a simultaneous task using the same sub-system due to its limited capacity.

· Increasing amount of evidence to support relationship between phonological loop and acquisition of language. Clinical study – patient with phonological loop deficit, but normal verbal LTM. Baddeley found a failure to acquire vocabulary of a new language. Also PL is proving to be a good predictor of the ability of children to learn a second language.

· Key findings from studies indentifying brain regions associated with use of PL provided evidence for functional separation of phonological and articulatory processes. Phonological – Wernicke’s area. Articulatory – Broca’s area. Verbal memories appear to be in left hemisphere – spatial memories is in the right hemisphere of the brain.
· Central executive is said to have limited capacity but there is no evidence as to what the capacity is.

· Information from laboratory studies with high level of experimental control – artificial environment gives theoretical models but may not generalise to complex real-life situations.

· Still being researched and modified – provides valuable insight into the complexity of STM processes.

Working Memory Components
Central Executive

The central executive is considered the most important part of working memory, because it controls attention and coordinates the actions of the other components, it can briefly store information, but has a limited capacity. The central executive is modality free, which means that it can store information in any sense modality.

Phonological Loop

The phonological loop consists of two parts, the articulatory control system and the phonological store:

· Articulatory Control System (The Inner Voice) The articulatory control system rehearses information verbally and has a time based capacity of about 2 seconds. It is helpful to think of it as the system that you use to mentally rehearse information by repeating it over and over again.

· Phonological Store (The Inner Ear – but not to be confused with the canals in your actual ear) The phonological store uses a sound based code to store information, but this information decays after about 2 seconds, unless it is rehearsed by the articulatory control system. The phonological store receives its input either directly from the ears or from long term memory. If you imagine your favourite piece of music you are using your phonological store.

 

Visuospatial Sketchpad

The visuospatial sketchpad stores and manipulates visual information, input is from the eyes or long term memory. if you imagine an object and then picture it rotating you are using your visuospatial sketchpad.

Episodic Buffer

The episodic buffer is a fairly recent addition to the working memory model (Baddeley, 2000). it its purpose is to bind together all of the information from the other components of working memory with information about time and order. This prepares memories for storage in episodic long term memory.

Evaluation of Working Memory
Strengths

The working memory model is high in face validity, this means that the model seems plausible. In this case, it seems plausible because it fits with everyday experience of manipulating information when solving problems, with short term memory as a dynamic process rather than a static store. For example, Baddeley (1997) suggests that mentally counting the number of windows in your house (or flat) demonstrates the operations of working memory. Normally a person will imagine each room in turn, forming a mental image of each window (Visuospatial sketchpad), they will count using the phonological loop to rehearse the numbers and this will all be coordinated by the Central Executive.

Another advantage of the Working Memory model is that verbal rehearsal is not necessary for all types of information – just verbal strings - this fits better with our everyday experience. For example, we do not have to rehearse everything that happens to us because events are processed by the episodic buffer.
Empirical Evidence

Baddeley (1975) found that participants' memory span for visually presented one-syllable words was greater than for polysyllabic words (words with more than one syllable). This suggests that the articulatory loop is only able to hold limited number of syllable chunks. However, later studies showed that memory span for words like “Cricket” and “Bishop” was greater than for words like “Harpoon” and “Friday”. Harpoon and Friday have long vowel sounds and take longer to say, which suggests that memory span is limited by time (about 2 seconds) rather than number of chunks. This supports the idea that the articulatory control system is a time based rehearsal loop.

Research where verbal rehearsal is prevented by using articulatory suppression tasks has also supported the model. Baddeley and Lewis (1981), for example, visually presented sentences to participants while they performed an articulatory suppression task (e.g., repeating 'hi-ya' over and over again) and asked them to spot mistakes in the sentences. They found that sentences with syntactic anomalies (Words in the wrong order; e.g., The trees flew up into the birds) were detected less often than sentences with semantic anomalies(meaning does not make sense; e.g., 'The anxious woman was cycling by the man's laughter'). This seems to indicate that the articulatory loop is important in holding information regarding the order of words. It also shows that working memory is a complex dynamic system, rather than a static STM store.

Weaknesses of Working Memory Model

The most important weakness of the working memory model is that the functions of the central executive are vague and difficult to test. For example, Baddeley claims that the central executive has a limited capacity; however, how this capacity can be measured independently of the other components is unclear. Baddeley also claims that the CE can be divided into subsystems; however they have not yet been identified and it is difficult in practice to determine which processes that control the slave systems are part of the central executive and which are part of other systems, such as language.

Working Memory Model (Baddeley & Hitch, 1974)
The Central Executive is considered the most important part of working memory, because it controls attention and coordinates the actions of the other components, it can briefly store information, but has a limited capacity. The central executive is modality free, which means that it can store information in any sense modality.
The Phonological Loop consists of two parts, the articulatory control system and the phonological store: 
Articulatory Control System (The Inner Voice) The articulatory control system rehearses information verbally and has a time based capacity of about 2 seconds. It is helpful to think of it as the system that you use to mentally rehearse information by repeating it over and over again.
Phonological Store (The Inner Ear – but not to be confused with the canals in your actual ear) The phonological store uses a sound based code to store information, but this information decays after about 2 seconds, unless it is rehearsed by the articulatory control system. The phonological store receives its input either directly from the ears or from long term memory. If you imagine your favourite piece of music you are using your phonological store. 
The Visuo-spatial Sketchpad stores and manipulates visual information, input is from the eyes or long term memory. If you imagine an object and then picture it rotating you are using your visuo-spatial sketchpad. 
The inner scribe is an active rehearsal component. It is proposed to deal with spatial and movement information. There also may be some storage component.
The visual cache is a passive store. It holds information about form and colour. However some research evidence (e.g. Coleman and LeFevre, 2002) has found that information is actively rehearsed
The Episodic Buffer is a fairly recent addition to the working memory model (Baddeley, 2000). it its purpose is to bind together all of the information from the other components of working memory with information about time and order. This prepares memories for storage in episodic long term memory.
Strengths

The working memory model is high in face validity, this means that the model seems plausible. In this case, it seems plausible because it fits with everyday experience of manipulating information when solving problems, with short term memory as a dynamic process rather than a static store. For example, Baddeley (1997) suggests that mentally counting the number of windows in your house (or flat) demonstrates the operations of working memory. Normally a person will imagine each room in turn, forming a mental image of each window (Visuospatial sketchpad), they will count using the phonological loop to rehearse the numbers and this will all be coordinated by the Central Executive.

Another advantage of the Working Memory model is that verbal rehearsal is not necessary for all types of information – just verbal strings - this fits better with our everyday experience. For example, we do not have to rehearse everything that happens to us because events are processed by the episodic buffer.

Empirical Evidence

Baddeley (1996) Asked participants to think of random digits that bore no connection to each other (by tapping in numbers on a keyboard). Either carried out on its own, or with one of the following tasks: Reciting the alphabet, Counting from 1 or Alternating between letters and numbers e.g. A1 b2 c3. Generated number stream was much less random in condition 3 – Baddeley said they were competing for the same central executive resources.

Baddeley, Thompson & Buchanan (1975) - word length effect. Presented words for very brief periods of time. Condition one – 5 words, one syllable, familiar. Condition two - 5 polysyllabic words. Average correct recall over several trials showed that participants' memory span for visually presented one-syllable words was greater than for polysyllabic words (words with more than one syllable). This is the ‘word length effect’.
Baddeley et al also found that the word length effect disappeared (short words recalled no better than long words) under conditions of articulatory suppression (given a task that would normally make use of articulatory loop e.g. Saying la-la-la-la-la  - this means that the word length effect depends on having a verbal rehearsal system.
This suggests that the articulatory loop is only able to hold limited number of syllable chunks.
However, later studies showed that memory span for words like “Cricket” and “Bishop” was greater than for words like “Harpoon” and “Friday”. Harpoon and Friday have long vowel sounds and take longer to say, which suggests that memory span is limited by time (about 2 seconds) rather than number of chunks. This supports the idea that the articulatory control system is a time based rehearsal loop.
Research where verbal rehearsal is prevented by using articulatory suppression tasks has also supported the model. Baddeley and Lewis (1981), for example, visually presented sentences to participants while they performed an articulatory suppression task (e.g., repeating 'hi-ya' over and over again) and asked them to spot mistakes in the sentences. They found that sentences with syntactic anomalies (Words in the wrong order; e.g., The trees flew up into the birds) were detected less often than sentences with semantic anomalies (meaning does not make sense; e.g., 'The anxious woman was cycling by the man's laughter'). This seems to indicate that the articulatory loop is important in holding information regarding the order of words. It also shows that working memory is a complex dynamic system, rather than a static STM store.

Baddeley, Grant, Wight & Thompson (1973) Participants were given a visual tracking task: track a moving line with a pointer at the same they were given one of two tasks:

1) To describe the angle of the letter F (which system did this task involve?)

2) To perform a verbal task (which system did this task involve?)

They performed better in the second task.

Weaknesses of Working Memory Model

The most important weakness of the working memory model is that the functions of the central executive are vague and difficult to test. For example, Baddeley claims that the central executive has a limited capacity; however, how this capacity can be measured independently of the other components is unclear. Baddeley also claims that the CE can be divided into subsystems; however they have not yet been identified and it is difficult in practice to determine which processes that control the slave systems are part of the central executive and which are part of other systems, such as language.
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‘words must be converted to spoken words to enter phonological loop. The
Articulatory loop rehearses the spoken/acoustic information from the phonological
store and also converts written material to acoustic material so that the phonological
loop can deal vith it.

‘There s lttle empirical evidence to support the Working memory Model but the
recogition of the complexity of the STM makes sound theoretical sense. However
‘some brain damaged patients appear to suffer impairment to some functions of STM
‘and not others (Shallice & Warrington '1974) therefore suggesting existence of
several specialised systems within STM.
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Articulatory Phonological
System Store

Levels of Processing Model - Craik &
Lockhart (1972)

‘This model of memory concentrates on the LTM and the semantic processing
occurting there.

It presents another alternative to the Mult-store model which suggests information
is transferred to LTM through rehearsal (repetition).

‘This model suggests that the depth or level at which we process information
determines its place in LTM and also how well we recall that information.

So: the areater we think about information for whatever reason the more likely it
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