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Human memory is a series of systems
which store and retrieve information
gathered through the senses.

The systems range in storage duration
from fractions of a second to a whole
lifetime.

The systems range in capacity from tiny
buffers to vast storage areas of the long
term memory system.



lconic and Echoic Memory

Vision and hearing have temporary
short term storage. These traces are
called iconic and echoic memory.

Other senses probably have similar
systems, but are less well understood.



lconic Memory

In 1740 the Swedish scientist
Segner measured the duration
of visual persistence by means
of a candle on arotating wheel.

He found that the image lasted
roughly 100 milliseconds.




Echoic Memory

In 1963 Guttman and Julesz estimated the
duration of echoic memory by exposing
subjects to sections of random noise which
varied in length from 50 msec to 1 second.

Sections were concatenated and played
continuously, and the subjects were asked
to detect rhythmic periodicities due to the
repetition of identical random segments.

Subjects noted repeated segments of up to
250 msec in length, indicating that echoic
memory can hold up to 250 msec of auditory
data.



lconic and Echoic Memory

By maintaining a stimulus for a standard
amount of time after its onset, iconic and
echoic memory maintain a persistence
which ensures that the perceptual
system has some minimum amount of
time to process the incoming stimulus.
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Presentation of disturbance stimuli either
before, or after, a reference stimuli impairs
the memory trace of the reference. This
phenomenon is known as masking.

The graph above presents the number of
letters remembered by a group of subjects
as a function of both the time of recall and
the type of disturbance stimuli.



Short Term Memory

Studies with letters and patterns have
shown the existence of a second and
more durable form of memory, short
term memory.

Short term memory has a duration of
somewhere between 2 and 20 seconds,
and is not affected by masking during
the retrieval interval.



Short Term Memory

The example below illustrates typical retrieval
success rates from short term memory. The
study is based on the use of random visual
patterns.

100

Percent correct

Dark interval (seconds)



Short Term Memory

In 1970 Glucksberg and Cowan performed a study in
which subjects were required to continuously repeat
a stream of prose presented to one ear, while
ignoring text presented to the other which contained
embedded numbers. The subjects were occasionally
stopped and asked to indicate the embedded number.

The probability of correctly reporting the number is
presented in the graph below as a function of the time
delay between presentation and request to repeat.
Short term auditory memory rapidly decays, with
most items being lost, after about 5 seconds.
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Long Term
Memory

Memory of visual and other stimuli can last
for long periods, far in excess of the few
seconds of short term memory.

Long term memory can be impressive. In a
1965 study by Nickerson 600 pictures of
various scenes and events were shown to a
group of subjects, and recognition was later
tested by mixing the original images with new
items and asking to categorise each picture
as “new” or “old”.

Recognition performance after one day was
92%, and after a year was still as high as 63%
correct.



Long Term Memory

The performance of long term memory
might suggest that people continually
store enormous amounts of information.

This is probably not the case. Studies
have shown that good recognition and
retrieval performance requires only
minimal information.



Long Term Memory

A 1983 study by Rubin and Kontis showed how
subjects formed a schema (model) of how a United
States coin should look rather than memorise the
details of each coin. On request, the subjects
reconstructed a coin using the reference model.
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Practice and Learning

The first person to explore the relationship between
practice and learning was Hermann Ebbinghaus in
1885. He learned several lists of nonsense syllables
by repetition, then measured how long it took to
relearn them after a day had passed.

The amount learned was found to be a linear function
of the number of practice repetitions.
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Practice and Learning

Regarding learning two main principles can
be stated:

e the amount learnt is typically a linear
function of the amount of time spent
on learning.

e distributed practice is more effective
than massed practice of the same time
duration.



Practice and Learning

Unlike learning which shows a linear
relationship between time spent and
amount learnt, the rate of forgetting
tends to be nonlinear as shown by
the Ebbinghaus curve above.



A Simplified Model of Human
Information Processing



Sensation Is the conscious experience
associated with stimuli.

It is the acquisition of raw information
from the environment by the body’s
Internal and external sense organs



Perception involves the
conscious experience of objects
and of the relationships between
objects.

It Is related to the processing of
sensory information from the
receptors.



Cognition is the process of perceiving,
Incorporating, focussing attention, thinking,
knowing, learning and remembering.

It derives from the latin word “cognoscere”
meaning “to know”.



Cognitive
Psychology

Cognitive psychology is a branch of
experimental psychology, the scientific
study of mental processes and behaviour.

Cognitive psychology is concerned with
human intellectual processes like
thinking, reading, comprehension and
problem solving.



Cognitive Models

Cognitive models are normally computer-
based models which simulate the thought
and action processes involved in a specific
case of person-machine interaction.



Cognitive
Modelling

Components of a typical cognitive model
used in human factors include:

e a set of rules describing the
relationship of the various tasks

» a set of rules describing the human
thought and action process

* information representing the mental
states of the individual

e information representing the status
of the system



Cognitive
Modelling

Like other engineering models,
cognitive models can be used
to make predictions about the

usability of products.



Model Human Processor

An example of a model which uses
Information about human memory
In the evaluation of systems is the
Model Human Processor defined by
Card, Moran and Newell in 1983.



Model Human Processor

The Model Human Processor defines a series of
stages of information processing, each with its
own characteristic cycle time and memory size.



Model Human Processor

One of the most important parameters of the
MHP is the cycle timet , which defines how
long it takes information to pass through a
given processing stage.



Model Human Processor

The other parameters of the MHP model
define the memory and cognition stages.

Three parameters are used: the type of
coding K, the decay time of the memory
trace d and the memory capacity m



Model Human Processor

The code K is a name variable which
states the form in which the information
IS stored.

The decay time dis the half-life, which is
the amount of time the information will
remain in memory with the probability of
retrieval greater than 50%.

The memory capacity mis the number of
items than can be stored.



Menu Display Example

A example of the use of MHP is the
analysis of interactive menu displays.

A fundamental design issue is the
guestion “should all items to choose
from be displayed on one screen or
should multiple screens be used ?”.



Menu Display Example

The above is an example of a high breadth
display. In such a display all the items to
choose from (in this case 16 in total) are
displayed simultaneously.



Menu Display Example

The above is an example of a high-depth
display. The 16 items are divided between
two menu levels.



Menu Display Example

The MHP model above can be applied to analyse
the two types of displays. Average cycle times for
a general population can be used.

The perceptual processing time t, can be taken to
be 100msec, the cognitive processing time t_ can
be taken to be 70 msec and the motor (movement)
processing timet, can be taken to be 70 msec.



Menu Display Example

The sequence of human actions for the high-
breath display would be:

1)

2)

3)

4)

5)

6)

7)
8)

Perceive item on display and transfer
name to working memory (time t,)

Retrieve the semantic meaning of the
item from long-term memory and
transfer it to working memory (time t ).

Match the code from the displayed item
to the needed item (time t.).

Decide on the match (time t,).

Execute eye movements to menu
number (go to step 6) or to the next
menu item (go to step 1) (timet ).

Perceive the menu item number and
transfer to working memory (time t ).

Decide on the key (time t).

Actuate the key (timet,).



Menu Display Example

Since there are 16 items, a high-breadth display will
require steps 1 through 5to be performed (16+1)/2
times on average using a serial-terminating search.
The total average processing time would therefore be

to+1y,

total time = p+3l‘c+l‘m] +E +E o+

161

—"=[100+3(70) + 70] + 100+ 70 + 70
= 3470 msec

In the case of the high-depth menu system the first
screen would require the user to perform steps 1
through 5 on average (4+1)/2 times. Once a choice
was made from the first screen, the user would
repeat all 8 steps again for the second screen.
Assuming the response time of the computer to be
negligible the total processing time would be

total time = 2 4—1(1‘ +3f L) HEoHE L

2 g (100+3(70)+70) +100+ 70+ 70

= 2380 msec



