Abstract

Differences in processing s yntactical and lexical information and evidence that the former helps to structure the latter in central cognitive processes are related to a theor yof discourse processing. An e ye movement experiment shows that word categories important for the construction of propositions of the text tend to be fixated longer than words not included in propositions. Different independent variables on fixation time are related to the different stages of a human information -processing model.

Background

A commonlyused model of discourse processing, the

Human Information Processing S ystem (HIPS) (cf.

Rayner and Pollatsek 1989, Van Dijk and Kintsch 1983), distinguishes three stages in information processing

I. SensoryStore: temporarymemorystore which processes ph ysicall yavailable information from the stimulus. This store is highlytransient.

II. Short Term Memor y: central executive s ystem that functions as a short-circuit processor with limited storage. Its main tas k is the organization of information.

III. Lon g Term Memory: highlyorganized and permanent memor ystore.

These three stages are not clearl yseparated, neither are theyp ositioned in particular parts of the brain. Theyhave to be seen as functions of the entire brain, although it is possible to locate globallythe main parts of the brain where these functions are operative. Fu rthermore, it becomes clear that information processing is a parallel rather than a sequential process (cf. Rumelhart and

McClelland 1986). For reasons of simplicity, a sequence of more or less independent stages is assumed. A model of parallel distributed processing can be integrated in this model later.

I. Sensory Store

Physical information (p osition of the word on the screen, word length) is processed in the SensoryStore. Onlya literal cop yof the input is stored. Information in this store is therefore precategorical (cf. Ra yn er and Pollatsek

1989).

The evidence that word length effect appears before an y phonological processing ( Baddeley, Lewis, Vallar 1984) and the impression that phonological processing takes place before s yntactic and semantic processing (cf. Levelt,

Schriefers, Vorberg, Meyer, Pechmann, Havinga 1991;

Shillcock and Bard 1993), places word length effect (as example of ph ysical stimuli) at an earlystage of the reading process.

II. Short Term M emory

In processing language, we use two kinds of representations :a linguistic representation encodes the surface structure of the information and a cognitive representation encodes the semantic information.

Linguistic information is used for constructing the mental

(cognitive) representation (Johnson -Laird 1983, Garnham and Oakhill 1992).

There is lots of good evidence for the distinction between a linguistic and a cognitive representation:

· Neuroscientific studies show that s yntactic and semantic processing are indeed distinct operations, of which the former is autonomous (Neville, Nicoll,

Barss, Forster and Garrett 1991).

· In Broca´s aphasia, aphasia patients show a s yntactic disorder, having difficultyin sequencing the different language units. Their comprehension however is intact:theyunderstand discourse (almost) as well as

`normal´ language users (Mi yake, Carpenter and Just

1994; cf. Jones 1985).

· In the lexicon, grammatical words and lexical words can be distinguished. The former is strongl yrelated to the s yntactic structure of the language (determiners, conjunctions, prepositions etc.). The latter cover the

`meaningful´ items in a language (nouns, verbs, adverbs, adjectives etc.). Ps ycholinguistic studies give evidence for difference in accessing, producing and priming these two classes.

The capacityof the STM is ver ylimited. Processing information with a large demand on the STM will result in s yntactic disorder (Miyake, Carpenter and Just 1994;

1995). Processing information of a text therefore means that one has to be able to select and to discard specific information. The grammatical items form the universal grammar which helps to structure the lexical items in central cognitive processes (Cann 1996).

Additional organization seems to take place in compound units consisting of predicates and arguments (cf. Kintsch

1994; Van den Broek 1994), often called propositions.

Without confusing the two different levels of representation, we could saythat particular word categories are mainlyresponsible for the construction of propositions :(verbs and adjectives for predicates, nouns for arguments (Kintsch 1974; Bovair and Kieras 1985;

Graesser, Gernsbacher, Goldman 1997).

III. Long Term M emory

The organized information is stored permanentlyin the

LTM. In the case of language the organization is in the

Keeping an Eye on the Text: Some Aspects of Eye Movements and Discourse Processing

Max Louwerse

Department of Linguistics

University of Edinburgh

em ail: max@ling.ed.ac.uk

Word length

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10

letters ms

Lexical Items Grammatical Items

Frequency

0

50

100

150

200

250

300

350

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ntiles

Lexical Items Grammatical Items

0

0.1

0.2

0.3

0.4

0.5

0.6
beta

Nouns

Lex.Verbs

Adjectives

Adverbs

Prepositions

Determiners

Pronouns

’to be’

Numbers

Articles

’to have’

Modal Aux.

Negations

’to do’

w ord categor ies

Importance of Word Categories on Fixation T imes

                 form of propositions classified in propositional networks

                 (cf. Kintsch 1988, 1991, 1994).

                 Translated in the HIPS model, the reader extracts

                 information from the text, stores it in the buffers of the SS

                 and starts the construction of propositions in the STM:

                 The surface structure is the first guide in structuring this

                 information which is then organized in proposition -like

                 chunks, containing at least the most important meaningful

                 information, i.e. particular categories of lexical items.

                 The Experiment

                 Experiment

                 Nine native speakers of English from the Glasgow

                 University read ten screens of the novel An Awfully Big

                 Adventure  by Ber yl Bainbridge drawn from the British

                 National Corpus. The reader´s gaze was  monitored b y a

                 Dual Purkinje Eye tracker. The accuracy of the eye tracker

                 was carefully checked before each experiment.

                 Results

                 The fixation times var y from 0 ms  (N=4580) to 1897 ms

                 (N=1), with an average of 165.43 ms (SD=152.91). This

                 includes the 0 ms fixations. Subjects show differences in

                 reading time and regressions; however, these differences

                 are not significant and could be related to individual

                 differences in capacity of the STM (cf. Carpenter and

                 Daneman 1980). Important here is that each of the

                 tendencies described below can be noticed in the subjects´

                 individual data.

                 Looking at the effects of ph ysical stimuli on fixation

                 times, the position of the word on the screen offers a

                 significant contribution. The word´s last position on the

                 line has a negative correlation with fixation time. The

                 most important variable however is the word length.

                 If the effect of word length is processed in the Sensory

                 Store, no s yntactic and semantic differences should be

                 noticed. This was confirmed b y the data. For instance, no

                 significant difference could be seen between the fixation

                 times of lexical versus grammatical items.

Words that are more frequent are less fixated. There is not

a significant frequency effect between lexical and

grammatical items, suggesting that the linguistic

organization of the text had not taken place.  Although

frequent words tend to be shorter, there is not a significant

correlation between frequency and word length.

Albeit there does not seem to be a significant difference

between lexical and grammatical items in word length and

frequency effects, the data do show evidence that

confirms other ps ycholinguistic studies.

Lexical

Items

Grammatical

Items

Fixated 47% 42%

Not fixated 14% 57%

Fixation time > Average 57% 41%

If we look at the differences within the lexical and

grammatical items, we can see that particular word

categories offer an important contribution to fixation

times. These categories are identical to the ones mainly

used in the formation of propositions : nouns, lexical verbs

and adjectives contribute mostly to fixation time. These

word categories also have the highest fixation times,

whilst their importance can not be explained b y word

length, frequency or an y other independent variable.

            Conclusion

            Word length, frequency,  position of the word on the line

            as well as word categories are important variables

            influencing fixation times . This is shown in man y

            experiments wherein these variables are studied

            separately. The theories derived from these studies give a

            general idea in what stages  discourse is processed :

            ph ysical information in a Sensor y Store, linguistic

            information in a Short Term Memor y, prop ositional

            information in a Short Term Memor y in order to store it in

            a Long Term Memor y. Despite the sequential character of

            the model, it d oes not exclude a model of parallel

            distributed processing, but integrates it. The results of an

            eye movement experiment confirm the results of these

            studies. They give additional evidence for the different

            stages reading processes. Although e ye movement data

            between readers differ, general tendencies are very

            consistent.

            The word categories nouns , lexical verbs  and adjectives

            (on the level of a linguistic representation) form the basic

            components for propositions (on the level of a mental

            representation). It is shown that these categories get the

            highest fixation times and most of the regressions (ceteris

            paribus).

            Notes

            This is a derived version of the poster presentation I gave

            at the 1997 Seventh Annual Meeting of the Society for

            Text and Discourse and contains the main information

            presented in a paper presentation at the departmental Post

            Graduate Conference 1997.

            I am very grateful to Richard Shillcock, Padraic

            Monaghan ( Centre for Cognitive Science, University of

            Edinburgh), Ronnie Cann, Louise Kelly and Jim Miller

            (Department of Linguistics, University of Edinburgh). The

            usual exculpations apply.

            Bibliography

            Baddeley, A.D., V. Lewis and G. Vallar (1984) Exploring the

            articulatory loop. Quarterly Journal of Experimental

            Psychology, 36 , 233-252.

            Baddeley, A.D., N. Thomson, and M. Buchanan (1975) Word-

            length and the structure of short-term memory. Journal of

            Verbal Learning and Verbal Behavior 14 , 575-589.

            Bard, E.G. and R.C. Shillcock (1993) Modularity and the

            processing of closed class words. In G.T.M. Altmann and R.C.

            Shillcock (Eds.), Cognitive Models of Speech Processing . The

            Second Sperlonga Meeting, Erlbaum.

            Bovair, S. and D.E. Kieras (1985) A guide to propositional

            analysis for research on technical prose. In B.K. Britton and J.B.

            Black (eds.), Understanding Expository Text . Hillsdale,

            Erlbaum.

Bradley, D., M.F. Garrett, E.F. Zuriff (1980) Syntactic deficits

in Broca

 s aphasia. In D. Caplan (ed.), Biological Studies of

Mental Processes . Cambridge, MIT Press.

Broek, P. van den (1994) Comprehension and Memory of

Narrative Texts. In M.A. Gernsbacher (ed.) Handbook of

Psycholinguistics . New York, Academic Press.

Cann, R. (1996) Categories, Labels and Types: functional

versus lexical . Edinburgh Occasional Papers in Linguistics

(EOPL-96-3).

Carpenter, P.A. and M.A. Just (1983) What your eyes do while

your mind is reading. In Rayner 1983.

Cutler, A. (1993) Phonological cues to open- and closed-class

words in the processing of spoken sentences. Journal of

Psycholinguistic Research, 22,  109-131.

Daneman, M. and P.A. Carpenter (1980) Individual Differences

in Working Memory and Reading. Journal of Verbal Learning

and Verbal Behavior 19 , 450-466.

Dijk, T.A. van and W. Kintsch, (1983) Strategies of Discourse

Comprehension . New York etc., Academic Press.

Ellis, N.C. and R.A. Hennelly (1980) A bilingual word-length

effect: Implications for intelligence testing and the relative ease

of mental calculation in Welsh and English.  British Journal of

Psychology, 71,  43-52.

Garnham, A. and J.Oakhill (1992) Discourse processing and

text representation from a

                                                                                                  ! Mental Models   perspective.

Language and Cognitive Processes , 7, 193-204.

Garrett, M. (1980) Levels of processing in sentence production.

In B. Butterworth (ed.), Language Production, Vol.1 , London,

Academic Press.

Garrod, S., D. Freudenthal and E. Boyle (1994) The role of
different types of anaphor in the on-line resolution of sentences
in a discourse. Journal of Memory and Language, 33, 38-69.

Graesser, A.C., M.A. Gernsbacher and S.R. Goldman (1997)

Cognition. In T.A. van Dijk (ed.) Discourse as structure and
process. Discourse studies. A Multidisciplinary introduction.

Vol.1.  London etc., Sage.

Johnson- Laird, P.N. (1983) Mental Models. Towards a

Cognitive Science of Language, Inference and Consciousness .

Cambridge, Cambridge University Press.

Jones, G. (1985) Deep Dyslexia, Imageability, and Ease of

Prediction. Brain and Language , 24 , 1-19.

Kintsch, W. (1974) The Representation of Meaning in Memory .

Hillsdale, Lawrence Erlbaum.

Kintsch, W. (1988) The Role of Knowledge in Discourse

Comprehension: A Construction-Integration Model.

Psychological Review 95 , 163-182.

Kintsch, W. (1992) A Cognitive Architecture for

Comprehension. In H.L. Pick, P.van den Broek and D.C. Knill

(eds.), Cognition. Conceptual and Methodological Issues .

Washington, American Psychological Association.

Kintsch, W. and T.A. van Dijk (1978) Toward a model of text
comprehension and production. Psychological Review 85 , 363-

394.

Kintsch, W. and D.M. Welsch (1991) The Construction-

Integration Model: A Framework for Studying Memory for

Text. In W.E. Hockley and S. Lewandows ky (eds.), Relating

Theory and Data: Essays on Memory in Honor of Bennet B.

Murdock . Hillsdale, Lawrence Erlbaum.

Levelt, W.J.M. (ed.)  (1993) Lexical Access in Speech

Production . Cambridge etc., Blackwell.

Levelt. W.J.M., H. Schrievers, D. Vorberg, A.S. Meyer, T.

Pechmann, J. Havinga (1991) The Time Course of Lexical

Access in Speech Production: A Study of Picture Naming.

Psychological Review 98 , 122-144.

McKoon, G. and R. Ratcliff (1980) Priming in Item

Recognition: The Organization of Propositions in Memory for

Text. Journal of Verbal Learning and Behavior 19 , 369-386.

McConkie, G.W. and R. Rayner (1975) The span of the
effective stimulus during a fixation in reading. Perception and

Psychophysics, 17,  578-586.

Miyake A., P.A. Carpenter and M.A. Just (1994) A capacity
approach to syntactic comprehension disorders: Making normal
adults perform like aphasic patients.  Cognitive

Neuropsychology,11 , 671-717.

Miyake A., P.A. Carpenter and M.A. Just (1995) Reduced
resources and specific impairments in normal aphasic sentence
comprehension. Cognitive Neuropsychology, 6 , 651-679.

Neville, H., J.L. Nicol, A. Barss, K.I. Forster and M.F. Garrett

(1991) Syntactically based sentence processing classes:

Evidence from event related brain potentials. Journal of

Cognitive Neuroscience, 3 , 151-165.

Rayner, K. (ed.) (1983) Eyemovements and Language

Processes . New York etc., Academic Press.

Rayner, K. and A. Pollatsek (1989) The Psychology of Reading .

Englewood Cliffs, Prentice Hall.

Rumelhart, D.E. and J.L. McClelland, (1986a) Parallel

Distributed Processing. Explorations in the Microstructure of

Cognition . Volume 1: Foundations . Cambridge etc., MIT Press.

(1986b) Parallel Distributed Processing. Explorations in the

Microstructure of Cognition .  Volume 2: Psychological and

Biological Models . Cambridge etc., MIT Press.

Shillcock, R., M.L. Kelly, L. Buntin and D. Patterson (1996)

Neighbourhood effects for function words, but not content
words, in the Clarity Gating Task. Journal of Memory and

Language .