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Abstract

A computer simulation of the revised logogen model (Morton 1979, 1980) of word recognition
1s presented. Evaluation of initial performance found reading accuracy was 50%. Assump-
tions made during the development of the simulation adversely affected performance, and
these have been addressed in the work presented here. The simulation is now capable of
word recognition at a level comparable to human skilled reading performance.

Word recognition models generally date from the 1960s to present. The logogen model (Morton,
1969, 1970) was one of the first and most influential models of word recognition to be developed.
Its comprehensive coverage of spoken and visual word recognition provided a new and powerful
vocabulary with which word recognition could be investigated. Subsequent experimental obser-
vations with skilled readers on facilitation effects in speeded naming tasks (e.g. Winnick and
Daniel, 1970; Clark and Morton, 1983) and investigations aimed at discovering whether words or
morphemes are the appropriate perceptual unit (e.g. Murrell and Morton, 1974) indicated that
some predictions from the logogen model were not supported. A revised version of the logogen
model was therefore put forward (Morton, 1979, 1980; Morton and Patterson, 1980). Computer
simulations have become widespread during the last decade to the point that the de facto stan-
dard is that current theories are embodied in computer simulations. The use of simulations
enables the specification, verification and validation of word recognition theories to be carried
out in a rigorous manner. Unfortunately, due to a lack of specification of a number of processes
the logogen model has not, in the past, been able to support simulations. Nevertheless, many
recent simulations have been influenced by the logogen model, such as the interactive activation
model of McClelland and Rumelhart (1981) or the DRC model of Coltheart, Curtis and Atkins

(in press).

This paper briefly describes an implementation of the revised logogen model as a computer
simulation. After reviewing initial performance of the simulation three experiments are reported
which address the limitations of the original implementation. The paper closes with a discussion
of the future directions in which the simulation will be applied.

1



AUDITORY VISUAL
ANALYSIS ANALYSIS
: 4
AUDITORY VISUAL
INPUT INPUT
LOGOGENS LOGOGENS
\ '
(GRAPHEME-
COGNITIVE SYSTEM PHONEME
* CONVERSION
OuTPUT
LOGOGENS
RESPONSE
BUFFER

Figure 1: The revised logogen model (from Morton, 1980).

The Revised Logogen Model

The logogen model (Morton, 1969, 1970) was the first detailed attempt at modelling the processes
involved in skilled reading'. The revised logogen model addressed limitations of the original
version. The primary effect of the revision was to split the central component of the original
model (the logogen system) into three separate logogen systems. Figure 1 shows the arrangement
of the revised logogen model. Throughout this paper only the visual word recognition system
will be discussed. However, many of the issues raised are relevant to spoken word recognition.

The fundamental principles of the logogen model are that words are represented by dictionary
units (logogens) within the mental lexicon (cognitive and logogen systems), and that word recog-
nition arises as a result of the activation of dictionary units by an input stimulus. Logogens
are essentially word detectors, with one logogen for each word in the lexicon. Each logogen has
a threshold which specifies the amount of activation required for an input to be identified as
the word represented by the logogen, and furthermore this threshold is inversely related to the
frequency of the word — high frequency words have lower thresholds than low frequency words.
This accounts for the word frequency effect whereby high frequency words are recognised faster
than low frequency words by skilled readers (e.g. Forster and Chambers, 1973).

Word recognition in the revised logogen model is achieved as follows. Presentation of an input
stimulus initiates a preliminary “visual analysis” which results in the extraction of a set of
features. These features are then used to activate any visual input logogens where there is a
match with the features required by the logogen. Activation of a visual input logogen to threshold
results in the logogen firing, denoting that the input has been visually identified. Two things
then occur. First, the logogen’s threshold is reduced by a small amount, thereby accounting for
the identity priming effect — a word is recognised faster if it is preceded, or primed, by itself
(e.g. Scarborough, Cortese and Scarborough, 1977). The second result is the transmission of a
code to the cognitive system. The receipt of this code by the cognitive system results in access
to the semantic attributes of the identified word. These attributes are subsequently transmitted
to the output logogen system, where a second activation process commences in a similar fashion

!Skilled reading is an individual’s ability to read competently and fluently.
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to that for visual input logogens. The firing of an output logogen signifies full recognition of the
word, and a response is made available as a set of instructions to operate the speech articulators.
The response is temporarily stored in the response buffer before being output by the speech
production system as the pronunciation of the recognised word. The input stimulus has been
recognised by the access of lexical entries (logogens) within the lexicon (cognitive and logogen
systems).

The lezical route described above is one of two processes in the revised logogen model by which
skilled readers can process printed letter strings. Use of the lexical procedure means that only
those words contained within the lexicon can be recognised. Skilled readers are also able to read
nonwords such as TWIMP. To account for this ability the revised logogen model postulates the
existence of a nonlerical route, operating as follows. Presentation of an input stimulus initi-
ates parsing of the stimulus into graphemes. A grapheme is a letter (or letter cluster) whose
pronunciation is represented by a single phoneme (e.g. ¢ — /k/ as in CAT, or GH — /f/ as in
TOUGH). Identified graphemes are then substituted by the corresponding phonemes by applica-
tion of grapheme-phoneme correspondence (GPC) rules. The pronunciation of the input is then
assembled from the phonemes for the individual graphemes.

This brief description of visual word recognition in the revised logogen model does not do it full
justice. In particular its application to the explanation of several forms of acquired dyslexia by
selective impairment of components (Morton and Patterson, 1980) has not been discussed. Nor
indeed has the spoken word recognition system, although the underlying principles are identical
for both visual and spoken word recognition. The implementation of a computer simulation of
the model as described above is now presented.

All About Norman

Norman? is a computer simulation of the revised logogen model written in Common Lisp within

the Allegro Common Lisp environment. During the development of Norman, described in full
in Soltysiak (1993), several limitations in the descriptions of the logogen model were identified,
namely inadequate specification of the various representations and processes contained within
the model. Since the development of a computer simulation requires explicit specification of all
aspects of a model, it was found necessary to make a number of important assumptions in the
course of developing the simulation:

Input Representation Letter and feature representations are based on those employed by Mec-
Clelland and Rumelhart (1981) in their interactive activation model.

Feature Analysis Features are extracted from the input stimulus in a pseudo-parallel manner.
The word as a whole is analysed for each feature, rather than by a serial letter-by-letter
approach.

Logogen Activation Every feature that is extracted results in all logogens which detect that
feature in the specified position experiencing activation.

Logogen Selection The first logogen activated to threshold fires, preventing all other logogens
from firing.

*Named as a result of the large volume of incorrect responses of “norm” during initial evaluation of spoken
word recognition performance.



Semantic Representation Word meanings are represented by syntactic and morphological infor-
mation plus a numeric identifier unique to each word.

Output Representation The model makes available a list of phonetic features which specify
articulation details (those of Chomsky and Halle, 1968, are used). These are converted into
phonemes and output as the response.

The Nonlezical Route The simulation has a restricted set of GPC rules available, covering single
letter-sound correspondences only. Graphemic parsing simply consists of the identification
of letters in the input.

These wide-ranging assumptions were necessary given the lack of direction from descriptions of
the logogen model. Several opaquely described aspects of the model have not been implemented
in the current simulation (existence of contextual input from cognitive to visual input logogen
systems; the direct connection of the input and output logogen systems; and the output of a
response as a silent rehearsal “feedback loop” rather than speech output). These omissions
do not, however, affect the fundamental operating principles of the logogen model. Norman
was provided with a lexicon of 898 four-letter monosyllabic words, obtained from the Oxford
Psycholinguistic Database (Quinlan, 1992). Only those words deemed to have ‘standard’ word
status (i.e. those that are not archaic, foreign, colloquial, and so on) were used.

Evaluation of the Simulation

Initial evaluation of the simulation was aimed at identifying the validity of the assumptions
made and, where necessary, formulating alternative approaches to consider. Full details of the
evaluation are contained in Soltysiak (1993); a brief overview only is given here.

Four evaluation experiments were conducted to investigate (1) initial performance of the sim-
ulation; (2) effects of random internal organisation of logogen systems; (3) effects of threshold
reduction; and (4) an alternative method of feature extraction and logogen activation increase.
Each experiment involved the presentation of all known word stimuli once®. Norman’s perfor-
mance in the experiments is given in Table 1. The results showed that there was a negligible

Ezperiment | Number Correct | Number Incorrect
1 460 (51.22%) 438 (48.78%)
2 451 (50.22%) 447 (49.78%)
3 461 (51.33%) 437 (48.67%)
4 448 (49.89%) 450 (50.11%)
)

Average 455 (50.67%) 443 (49.33%

Table 1: Overall reading performance across all four evaluation experiments. Experiment 1 served
as the datum against which subsequent results were compared.

effect of threshold reduction (0.11% increase in performance), with minor effects of random
logogen ordering (1% decrease in performance) and feature extraction and activation increase
(1.33% decrease in performance). Three types? of error were made by Norman:

A known word here refers to a word possessing a lexical entry (logogen) in the simulation’s lexicon.
*An error type defines the location of an error in the simulation. An error class (see later) represents a
comparison of error types between experiments.






