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Summary 

In a pilot study the reading times tor two groups of initial readers were measured tor separate 

words in a text. Subjects were12 pupils of the third grade and 14 pupils of the fourth grade of 

a Dutch elementary school (about 6 and 7 years old, respectively). Reading time is 

theoretically a strong indicator of cognitive load during reading. The source of difference in 

cognitive load between the two groups is due to different influences of the lexical properties of 

each word that is read. Significant differences in the influence of the lexical properties were 

found between the two groups of children, and with adult reading models, as described in 

literature. 

Reading times seemed to be mostly dependent on factors at the word level for the youngest 

group of subjects (age of about 6 years), whereas performance of the older group (about 7 

years old) and adult readers showed more dependence on sentence level, text level and lay-out 

level factors. 

A remarkable phenomenon is the spill-over effect that was found tor beginning readers: the 

reading time tor a word is influenced by characteristics of the previous word. This suggests 

that the reader is still processing the previous word while looking at the following word. 

Skilled readers (adults) do not show such a spill-over effect in comparable reading tasks . 

Samenvatting 

In een pilot studie zijn voor twee groepen beginnende lezers leestijden per woord gemeten. 

Proefpersonen waren 12 leerlingen van groep 3 (ca. 6 jaar oud) en 14 leerlingen van groep 4 

(ca. 7 jaar) van de basisschool. Leestijd wordt als sterke indicator voor cognitieve belasting 

beschouwd. De verschillen in cognitieve belasting tussen de twee groepen worden veroorzaakt 
door verschillen in de invloed van lexicale eigenschappen van het gelezen woord. Inderdaad zijn 

hierbij duidelijke verschillen te ontwaren tussen beide onderzoeksgroepen en met 

onderzoeken, zoals in de literatuur beschreven, naar de factoren die de leestijd bij volwassen 
(geoefende) lezers beïnvloeden. 

Waar bij de meest beginnende lezers (groep 3) voornamelijk kenmerken op woordniveau de 

leestijd lijken te bepalen, spelen kenmerken op zins-, tekst- en lay-out-niveau bij lezers 
van groep 4 en volwassenen een grotere rol. 

Opvallend is verder dat beginnende lezers een overloop effect vertonen: de leestijd van een 

woord wordt beïnvloed door lexicale eigenschappen van het vorige woord. Dat duidt erop dat de 

lezer nog bezig is met het verwerken van het vorige woord terwijl de blik al gericht is op het 

daaropvolgende woord. Geoefende lezers vertonen in vergelijkbare leestaken een dergelijk 

overloop effect niet. 



Pref ace 

This report describes the results of a pilot study that was run to determine the factors that 
influence word reading times for initia! readers. The experiment was run within the 

Leesbord project, a project that is adressing the development of computerized reading 

exercises for beginning readers. 

Since the pilot study was based on other experiments with computer aided reading time 

measurement, the methods of computerized text presentation and reading time 

measurement are summarized in this report. A brief overview of reading time analysis 

and the factors that are claimed to affect reading time is given in the introduction of this 

report. 

The hypotheses of the pilot study are described in section 2, followed by the description of 

the pilot study itself in section 3. The basic results found after analysing the reading times 

are given in section 4. These results are discussed in section 5, where they are considered 

against a background of ether reading time analyses and genera! reading theory. Finally, 

section 6 gives the conclusions that can be derived from the data and its analyses. 

The analysis of the reading times formed a training project, which is part of my doctoral 

curriculum at Eindhoven University of Technology (faculty of Philosophy and Social 

Science). The trainee ship took place between March 15 and May 15 1990. The 

traineeship was coached by Gerard Spaai and Hsuan-Chih Chen. Gerard Spaai is an 

educational psychologist who studied at Nijmegen University. Hsuan-Chih Chen is an 

experimental psychologist who is attached to the Chinese university in Heng Kong, Shatin, 

at the department of psychology. He worked as a research fellow at IPO during the project. 

The data was gathered by Hans Maas and Eric Kreuwels. 
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1. lntroduction 

1.1 Presenting texts on a screen 
Computer screens offer possibilities tor text presentation that cannot be achieved with 
ordinary paper. Various methods of presentation can offer a braad range of text 

applications where reading is necesary. Using a screen tor text presentation has many 

advantages: not only in professional applications -like process control or management 
information- or entertainment -like minitel or the subtitling of films- but also in 

reading instruction (computer assisted learning) and reading research. The various 

methods of presentation can be characterized in terms of tour dimensions (Just, Carpenter 

and Woolley, 1982): 

1. The duration of exposure can be under the control of the reader, the computer or 

the experimenter. 
2. The duration of exposure can be uniform or variable. 

3. Previous read words can be visible or invisible. 

4. Words can be presented on a single location of the screen, or can be distributed in lines 

over the screen, like in a normal reading text. 

In normal reading, exposure duration is variable and reader controlled, previous words 

(if on the same page) remain visible and words are conventionally distributed on the page. 

In reading research other settings of these characteristics are aften desirable, like 

experimenter paced presentation. 

Computer displays make various combinations possible, which Juola (1988) groups as 
fellows: 

Scrolling: as a reader proceeds through the text, the top line of the text disappears trom 

the screen and the bottom line is advanced. The words are distributed as they are on a 
normal page. This method is aften used in cinema tor showing the credits at the end of a 
film. The advantage is that a large part of the text remains visible on the screen, so that 

the rereading of words or parts of the texts is possible. The reader does not have to turn 

pages, so that he does not have to cross the screen with his eyes when pages change. The 
speed of scrolling can be either subject paced or experimenter paced. A disadvantage is that 

the movement of the text interferes with the movement of the eyes, so that practica is 

needed tor optimum use. 

Leading: words moves across the screen on a single line with the letters entering on the 

right side of the screen and leaving on the left side. This method is aften used in an 
illuminated news trailer. The advantages are that the space on the screen can be very 

small, and that the reader does not have to skip to the next line (which takes time) like in 

conventional reading. A disadvantage is that long texts are difficult to process because 
paragraph boundaries are not very well distinct in leading presentation. Another 

disadvantage is that the movement of the text interferes again with the movement of the 



eyes. Letters can move smoothly over the screen, or by a group of characters at the same 

time (e.g. corresponding to word size). The length of the screen can be varied. The leading 

speed can be either under control of the subject or under control of the experimenter. 

RSVP (Rapid Sequentia! Visual Presentation): words (or two or three small words) are 

presented on the same location of the screen, every new word replacing the old word. RSVP 

has the disadvantage that it is very different to the normal reading task. The impossibiliy 

of reprocessing the words and controlling the presentation rata gives RSVP similar 

characteristics to listening to speach rather than normal reading. These characteristics 

are an advantage for some experiments. For instance, there is no need for the reader to 

plan and make fixations and saccades like in normal reading. Planning the fixations and 

saccades could be difficult for beginning readers, which would explain why RSVP (where 

the text is already divided in parts) gives relative better results for beginning readers 

than for advanced readers (Juola, 1988). 

Moving windows: words are shown one at the time, but following the layout of the text. 

Therefore the screen is first filled with characters indicating the contours of the words, 

e.g. representing each letter with a dash. Words are usually presented one by one, each 

word replacing its dashes. Only one word is present on the screen so that dashes replace 

the old word when a new word is presented. Often, the presented word is boxed in a 

rectangle: the window, which explains the name 'moving windows'. 

The reader moves his eye over the lines, scanning the page trom the top to the bottom, just 
like in normal reading. In normal reading, 12 to 15 characters to the right of the fixation 

point give information on word length patterns. Only about 1 O characters of them can give 

letter and word shape information (the actual reading). Word length pattern information 

helps the reader to locate the next fixation point (McConkie and Rayner, 1975). The 

moving window method provides this information outside the window. In this respect 

moving windows resembles normal reading more than RSVP. Another advantage of moving 

windows is that the measurement of reading times is very easy using subject paced 

presentation rate. The measurement gives results that are close to results using gaze

duration observation. The next paragraph will discuss this subject more. 

1.2 Computer display techniques and reading time analysls 
Because reading times are supposed to reflect the momentary cognitive processing load 

during reading, much effort is put into analyzing reading times. Reading times are 

measured most precisely by monitoring eye movements during normal reading (the gaze

duration method). Typically, the accuracy of measurement is about half the size of a 

character and the eye position is sampled every millisecond (Rayner and Carroll 1984). 

This method gives a good indication for processing times during reading (Just and 

Carpenter, 1980) because measurement is on-line. The reading conditions are very close 

to normal reading conditions. However, the method is difficult to use in experiments as it 



is very time consuming, large and expensive equipment is needed, and it requires 

experimenters who are very well experienced with the procedure (Just and 

Carpenter1984). To register eye movements the head of the subject must be immobilized 

(e.g. by using a chin cushion), which is not only uncomfortable tor the subject but also an 

unnatural reading condition. 

Just, Carpenter and Woolley (1982) found that moving window measurement resembled 

gaze duration measurement more than measurement with either subject paced stationary 

window (RSVP) or cumulative window presentation. (In the cumulative window condition 

words replace dashes on the screen, but unlike in moving windows words do not disappear 

after presentation.) The moving window condition correlated most with gaze duration 

(correlation coefficient r= .57), closely followed by the RSVP condition (r=.54), and the 

cumulative condition a distant third (r=.40). Because the reader has to encounter every 
word in the moving window and RSVP condition, unlike in normal reading, maan reading 

times are higher than in gaze duration measurement. In the cumulative condition a number 

of subjects adopted the strategy of letting three or four words appear immediately after 

another and read them per set. In that case, reading times for individual words were 

impossible to recover. 

Both moving and stationary window displays are easy to apply. The subject clicks a button 

to change words, so the reading time of a word is the time a word is present on the screen 

between two clicks of the button. Reading tmes are then easy to retrieve. Equipment is 

relatively cheap (any microcomputer can do the job), easy to use and portable so that data 

gathering is tremendously simplified. 

The reading time of a word is supposed to reflect the processing load of that word, so that 

the factors that influence the processing load will also influence the reading time. A 

number of word properties are assumed to have an influence on processing load. In several 

experiments, word properties have been used to build models, which accounted for about 

60% of the variance in reading times (Aaronson and Ferres, 1984; Just and Carpenter, 

1980 and 1982; Graesser and Riha, 1984; and Haberlandt et al., 1984, 1985 and 

1989). These models, that were built for adult readers, provided the variables for the 

children's reading time model that is presented in this paper. 

With a number of word properties a linear model can be built with the form 

Y = a + b1 *X1 + b2 *X2+ ... + bk*Xk; 

the reading time (Y) can be predicted by adding the influence of a property (with a 

numerical value X1 ), which is multiplied with a weight (b1), to a basic time (a) . The 

dependance of the reading time on word features will not be linear, but a fair prediction 

can be made with a linear model. The values of the variables are generally easy to derive 

trom the text, and the predictors have been proven significant in other studies. 

The predictor variables are divided in four classes: word level variables, sentence level 

variables, text level variables and lay-out variables. Word level variables include the 

word length, the word frequency, the word type and a dummy variable indicating if a 

content word occurs for the first time. Sentence level variables are the variables that 



indicate sentence boundaries (beginning and end of the sentence) and the amount of new 

information in the sentence. The text level variables indicates how much of the text is 

already read, and the two layout variables indicate the page boundaries. For some 

experiments with the different predictor variables see also Aaronson and Ferres (1984), 

Just and Carpenter (1980, 1982), Graesser and Riha (1984) and Haberlandt et al. 

(1984, 1985 and 1989). 

1.3 Predlctor varlables 
The predictor variables that are used are specified below, with the effect they are expected 

to have on reading times. The correlation coefficients that Haberlandt and Graesser 

(1985) found between the variable and adult reading time are given between parentheses: 

The variable 'word length' gives an indication whether a word is difficult to pronounce, 

and reflects the time needed to monitor all the letters separately. When a word has more 

letters, it is often harder to pronounce, and it takes a longer time to process the word. 

(r=0.47) 

'Word frequency' indicates the frequency with which the word occurs in written 

materials. Frequent words are familiar, and are therefore easier to raad than less frequent 

words . lt is possible that reading time has an inverse relation with word frequency. To 

provide a linear relation , the logarithm of the word frequency is used. (r=-0.45). 

For 'word type' Clark and Clark (1977) distinguish content words and function words. 

Content words are nouns, verbs, adjectives and adverbs. Function words are pronouns, 

quantifiers, prepositions etc .. The word type could influence reading times because 

content words bear the information of a sentence; function words give details, syntactic 

structure and relations. More information should increase reading times. lf this 

information is processed instantaneously, then the reading time for that specific word 

should increase. (r= 0.37). 

When a content word appears in the text for the first time the reader has to fit the 

content of that word in his mental representation of the rest of the story. Therefore, a 

content word will contribute more to the reading time the first time it is presented in a 

story than when it is repeated. In addition to the share of the variable 'word type' the 

effect of a new content word will be put in the model by the variable 'new content word. 

This variable is expected to have a positive coefficient. 

The variables 'beginning of sentence' (r=0.04), 'end of sentence' (r=0 .46), 

'beginning of screen' (r=0.12) and 'end of screen' (r=0.05) capture the effect of 

waiting at the end of a sentence or page, or the additional time for moving the eyes to the 

first word of a sentence or page. The distinction that Haberlandt and Graesser (1985) used 

between line and sentence does not occur in the pilot study because all sentences consist of 

exactly one line. 

The number of new content words in a sentence reflects the amount of information in 

the sentence, including the encountered word. lf a word is preceded by a number of new 



content words, processing of that word can take longer, depending on the number of new 

content words (r=0.25). 

The position in the text reflects how much information was given before the 

encountered word in the whole text. The value of the variable is the line-number. More 

reading time might be needed towards the end of the text (r=-0.14). 

Using these predictor variables, a linear prediction model will be built tor the reading 

times that were gathered in the pilot study. Haber•andt and Graesser (1985) also use the 

variables 'narrativity' and 'familiarity' of the text. Because all texts in this study were 

designed to resemble typical reading texts in schoolbooks, they can be considered as 

equally familiar and narrative. These variables are therefore not included in the analysis. 

Difficulties in determining the values of these variables are then avoided 

2. Hypotheses 

The reading times tor individual words can be predicted by a number of independent 

characteristics. The predictor variables and their expected influence on reading time are 

outlined in the previous section. 

More experienced readers should show more resemblance to the adult models, detectable in 

the results of the two groups of subjects with different ages. Younger readers are expected 

to pay more attention to word level features, because in many cases the meaning of words 

will be accessed letter by letter. More experienced readers will be able to read more 

words as a whole, and will spend relatively more time to higher levels of reading. 

Sentence, text and layout level variables are expected to have a higher significance tor the 

more experienced readers. 



3. The pilot study 

Apparatus: 

The hardware was an Apple Macintosh, with a push-button (mouse) as input device. The 

software used was stored on a 20 Mbyte hard disk, the reading times tor each individual 

were saved on a 3 1 /2 inch floppy disc. Words were presented in letter type Amsterdam 

(the same letter type as used in Appendix 2) with a height of about 4 mm. 

Subjects: 

Subjects tor the experiment were taken trom two groups: the third group and the fourth 

group of a regular primary school. Group 3 subjects were around 6 or 7 years old, group 

4 subjects were about 7 or 8 years old. Experiments were run in December, so that 

subjects in the third group had had about tour months of reading education. Subjects in the 

fourth group had one year of education more. There were 12 subjects in group 3, and 14 

subjects in group 4. According to their teachers, the subjects could be considered normal 

readers tor their age. 

Mate rial: 

A total of 12 texts (see Appendix 1) was presented to every subject. The order in which 

the subjects read the text differed for each individual, according to the scheme in table 9 

(Appendix 1 ). Texts consisted of nine or ten lines, each line containing exactly one 

sentence. The texts consisted of 565 words in total, that is an average of 47 words per 

text. The 12 texts were grouped in tour clusters, each cluster containing 3 texts. Four 

additional exercise texts were available, to train the subject with one text before starting 

a session with the three texts of one cluster. 

For every cluster a set of 12 target words was made, and each of the three texts in a 

cluster contained each of the target words one time. The target words were selected to be 

these that readers had not previously encountered in reading class, although they should 

know their meaning (e.g. 'strand' (beach); 'speelplaats' (playground)). The ether words of 

the texts were easy to read tor the subjects. 

Procedure: 

Texts were presented on the screen of the Macintosh using the moving-window technique. 

At the start of the session, all the words of the text on the screen were represented by 

boxes. Each box had the size of the word it hides. Exposure duration was subject controlled. 

The subject pushed the button when a change of word was desired. The old word was 

replaced by a box again. Thus the subject was instructed to read the whole text silently, 

pushing the button after each word. No speech feedback was available or given. The 

computer registered the time between the clicks of the button, which is the reading time of 

the word that was visible between two clicks. After each text the experimenter asked the 

subject questions about the plot of the text to verify if the subjects did indeed read the 



texts. No numerical values were attached to the question session, and question results are 

not assessed here. Data were gathered on tour mornings or afternoons. On each morning or 

afternoon subjects were given an exercise text to get used to the experimental procedure, 

and then all three texts of one cluster. After the tour days all pupils had read all texts of 

all clusters. 



4. Results 

4.1 Basic analyses 
To analyse the effects of the predictor variables on reading times multiple linear 

regression analysis was performed on the data (see appendix 2 tor soma notes on multiple 

regression). The four dependent variables were the means and the medians of the reading 

times of group 3 and group 4. Reading times are represented in tickcounts, one tickcount 

being 1/60 second. Analyses were run on a Digital VAX 8530 under VAXNMS, using the 

programs of BMDP tor the statistica! calculation~. 

In the analysis, both the maan and the median were used because it was not certain how 

extreme values in observations would contribute to the end results. While using the mean, 

extreme values are taken into account, which should be done when extremes are caused by 

difficulties in the words that were read. While using the median, extreme values are 

filtered out, which shoud be done when extremes are caused by external factors, like a 

distracted subject. Many analyses are performed on both the median and the mean of the 

reading times, so that possible differences can be detected. For one of the subjects of group 

4 the reading times of one of the texts (cluster 3 text 1) was lost. Means and medians were 

calculated leaving out that subject in that text. The data of both text and subject is used like 

all other data in th~ analyses. 

The first analysis, multiple regression on the means and medians with the set of ten 

independent variables, gave the results that are shown in table 1. The tabla gives the 

multiple R-square tor the model and the coefficients, the T-value and the p-value of the 

independent variables. 

Table 1: results of multiple linear regression on the means and medians of group 3 and 4. (For 

the coding see table 2.) 
Dependent variable ME:ANGR3 Dependent variable MEDGR3 
Multiple R-square 0.2844 Multiple R-square 0.2807 

variable coefficient T p(2 taill variable coefficient T p(2 
INTERCEPT 31 2.74371 INTERCEPT 179. 68513 
WLENG -15.9453 -1. 60 0 .11 WLENG -8.5381 -1 .50 0. 
WFREQ -1.3892 -4 . 47 0.00 WFREQ -0.6916 -3. 88 0. 
WTYPE -25.9267 -0.78 0.44 WTYPE -8.1895 -0.43 0. 
WNCW -139.8903 -3.36 0.00 WNCW -95.4991 -4.00 0. 
SBEG,~ 459.6551 12.31 0.00 SBEGN 262.4573 12.25 0. 
SEND -60.1243 -1. 49 0.14 SEND -31.5468 -1.37 0 . 
SNCW 85.0196 4.19 0.00 SNCW 64.1573 5.51 0. 
TPOS 3.8625 0.80 0 .42 TPOS 5.0667 1. 8 3 0. 
SCRBEG -256 . 0409 -3.84 0.00 SCRBEG -239.2942 - 6 .25 0. 
SCREim -67 . 7517 -1.02 0 .31 SCRENO -46 . 1641 -1.22 0. 

Oependent vaciable MEANGR4 Oependent variable MEOGR4 
Multiple R-squace 0.2176 Multiple R-square 0.2721 

variable coefficient T p(2 taill variable coefficient T p( 2 
INTERCEPT 57. 99577 INTERCEPT 55.29606 
WLENG -0.7974 -1. 61 0.11 WLENG -0.60 74 -1.78 0 . 1 

WFREQ -0.0345 -2.23 0.03 WFREQ -0.02 67 -2.50 0 . 1 

WTYPE 2.0844 1. 26 0.21 WTYPE -0.4787 -0. 4 2 0. 1 
WNCW -4.62 75 -2.23 0.03 WNCW -0.8413 -0 .59 0. 1 

SBEGil 15.4423 8 .30 0.00 SBEGN 14.29 17 11.14 0 . 1 
SENO -4 . 9959 -2.49 0.01 SEND -4.6479 -3. 36 0 . 1 

SNC, 2.5249 2.50 0.01 SNCW 2.0913 3.00 0. 1 

TPOS 0 .8954 3. 72 0.00 TPOS 0 . 6970 4. 20 0. 1 

SCRBEG 4.6593 1. 40 0 .16 SCRBEG -19 . 0332 -8.29 0 . 1 

SCREND 0.0 625 0.02 0.98 SCREND 1.20 21 0.53 0. 1 



The R-squares tor mean and median of group 3 are 0.2844 and 0.2807. That is, 28.44% 

of the variation of the mean reading times is predicted by a linear function of the set of 

independent variables. The most significant variables are 'beginning of sentence' (T-value 

is12.25), 'beg inning of screen' (T =-6.25), 'end of sentence' (T =5.51 ), 'new content 

word' (T =-4 .00) and 'word frequency' (T =-3 .88) tor the median of group 3 

observations. The variable 'word type' reaches no significance (p-value=0.67) . 

For group 4 readers R-squares are 0.2176 and 0.2721 tor the mean and the medians of 

the observations. The most significant independent variables are 'beginning of sentence' 

(T-value = 11.14), 'beginning of screen' (T=-8.29) , 'position in the text' (T=4.20) , 

'end of sentence' (T =-3.36), 'number of new content words in the sentence' (T =3.00) and 

'word frequency' (T =-2.50) . The variables 'word type' (p-value is 0.68), 'end of screen' 

(p=0.60) and 'new content word' (p=0.56) do not reach significance. 

Table 2: overview of the variables 
Independent variables 

Word level WLENG length of the word (number of letters). 

PWORDLEN length of the previous word (number of letters). 

WFREQ logarithm of the word frequency. 

PWORDFRQ logarithm of the word frequency of the previous word. 

WTYPE content word = 1 ; function word = 0. 

content words are verbs, nouns, adverbs and adjectives. 

function words are pronouns, prepositions, conjunctions etc. 

WNCW new content word = 1; ether words = 0. 

Sentence level SBEGN beginning of sentence = 1; ether words = 0. 

SEND end of sentence = 1; ether words = 0. 

SNCW number of new content words in the sentence. 

Text level TPOS 

Layout variables sCRBEG 

SCREND 

position of the word in the text: first line = 1 ; second line = 2; etc. 

beginning of screen = 1 ; ether words = o. 
end of screen = 1 ; ether words = 0. 

Dependent variables 

MEANGR3 mean of the reading times (in 1/60 sec) ; group 3. 

MEDGR3 median of the reading times (in 1/60 sec) ; group 3. 

MEANGR4 mean of the reading times (in 1/60 sec) ; group 4. 

MEDGR4 median of the reading times (in 1/60 sec) ; group 4. 

_ 11 



4.2 Additlonal analyses 
The models that were found in the basic analysis were not satisfactory in their predictive 

power. The R-squares that were tound are much lower than the R-squares that were found 

tor adult models in literature. To see if the low R-squares are caused by deviances in 

individual texts or individual subjects, additional analyses were run. A standard residual 

analysis was also performed. 

4.2. 1 Clusters and texts 

Because the set of target words differs only per cluster, the stories within one cluster are 

very similar. Analysis per cluster reveals that there are rather large differences between 

clusters. Table 3 shows the results of the analysis on the medians of group 3 and group 4. 

The analysis reveals the difference between the first two and the second two clusters. The 

set of independent variables seem to predict reading times better in the clusters 3 and 4 

(R-squares = 0.3828 and 0.4730 resp. tor the means) than in the clusters 1 and 2 (R
squares = 0.2176 and 0.2182 resp.). 

To get a better insight into the origins of these differences, the data of all 12 texts was 

separated and subjected to multiple regression. In case one of the texts were to show very 

poer values tor the R-squares, then this text might be regarded as a problem text, and 

omission trom the data of this text could be considered. In the analysis on separate clusters 

and texts the number of observations was relatively small. The higher R-squares can 

partly be explained by the lower number of observations that is used in each analysis. The 

low number of observations is also the reason that differences between the significance of 

predictors tor group 3 and group 4 were not seriously investigated here. 

Relatively high R-squares can be found tor text 3 of cluster 4; tor the means of group 3 

the R-square is .6049, tor the medians .5701, tor the means of group 4 the R-square is 

.5438 and tor the medians .7046. The reading times tor text 3 of cluster 1 seem to be 

relatively unpredictable, with R-squares = .1920 and .1836 tor the means and medians of 

group 3, and .1951 and .2279 tor the means and medians of group 4. The full results are 
given in Table 4. The third text of cluster one is the first text that could be considered a 

problem text. For all means and medians the R-square is low. Furthermore, both the first 

text and the third text of cluster 2 have relativa low R-squares, so omitting them could 

improve the genera! prediction tor reading times. Leaving out more than three texts seems 

unreasonable, for none of the ether texts show overall extreme low R-squares, and the 

validity of the prediction is lowered when observations are left out. 

A further analysis was made, omitting the data of the third text of cluster 1 and the first 

and third text of cluster 2. The total number of observations decreased trom 565 to 411 . 

Differences in R-squares are presented in table 5. Although there is a significant 

improvement, the R-squares remain fairly low. For the medians of group 3 the R-square 

rises trom .2807 to .3342, tor group 4 the improvement goes trom .2721 to .3126. 



Table 3: results of regression analysis on separate clusters. 

Cluster 1: NUMBER OF CASES : 155 

DEPENDENT VARIABLE MEDGR3 DEPENDENT VARIABLE MEDGR4 
MULTIPLE R-SQUARE 0.2176 MULTIPLE R-SQUARE 0.2678 

VARIABLE COEFFICIENT T P(2 TAIL) VARIABLE COEFFICIENT T P(2 TAIL) 
INTERCEPT 105.67388 INTERCEPT 59 . 09628 
WLENG -4.8741 -0.49 0.62 WLENG -0 . 1745 -0.20 0.84 
WFREQ -0.0096 -0.03 0.98 WFREQ -0 . 0321 -1.16 0 . 25 
WTYPE 31.2260 1. 03 0 . 3 0 WTYPE -4.5353 -1.74 0.08 
WNCW -97.2389 -2.33 0.02 WNCW -0.9096 -0.25 0 . 80 
SBEGN 190.8253 5.29 0.00 SBEGN 18 . 4237 5.93 0.00 
SEND -12.2330 -0 . 31 0.76 SEND -3.0331 -0.88 0.38 
SNCW 54.2202 2.42 0.02 SNCW 1.5179 0.79 0.43 
TPOS 3.4568 0.76 0 . 45 TPOS 0.2462 0 . 63 0.53 
SCRBEG -56.0857 -0.82 0.42 SCRBEG -26.6230 -4.49 0.00 
SCREND 16.7457 0.24 0.81 S(:REND 3.8909 0.64 0.52 

Cluster 2: NUMBER OF CASES: 151 

DEPENDENT VARIABLE MEDGR3 DEPENDENT VARIABLE MEDGR4 
MULTIPLE R-SQUARE 0.2182 MULTIPLE R-SQUARE 0.2559 

VARIABLE COEFFICIENT T P( 2 TAIL) VARIABLE COEFFICIENT T P(2 TAIL) 
INTERCEPT 159.33212 INTERCEPT 50.50657 
WLENG -12.9339 -1.07 0 . 29 WLENG -0.3087 -0.40 0 . 69 
WFREQ -0.5168 -1.54 0.13 WFREQ -0.0155 -0.73 0.46 
WTYPE 9 . 7466 0.25 0.80 WTYPE 3.6199 1. 46 0.15 
WNCW -95.9757 -2.22 0.03 WNCW -4.7543 -1. 75 0.08 
SBEGN 164.8805 4 . 17 0.00 SBEGN 11.6885 4.70 0.00 
SEND -34.0745 -0.86 0 . 39 SEND -6.0515 -2.44 0.02 
SNCW 68.5354 3.63 0.00 SNCW 3.5510 2.99 0.00 
TPOS 8.9003 1. 98 0.05 TPOS 1.0152 3.59 0 . 00 
SCRBEG -177.8644 -2.54 0.01 SCRBEG -13.9500 -3.17 0.00 
SCREND -51.2046 -0. 72 0 . 47 SCREND 1. 3406 0.30 0.76 

Cluster 3: NUMBER OF CASES : 134 

DEPENDENT VARIABLE MEDGR3 DEPENDENT VARIABLE MEDGR4 
MULTIPLE R-SQUARE 0.3828 MULTIPLE R-SQUARE 0.3877 

VARIABLE COEFFICIENT T P(2 TAIL) VARIABLE COEFFICIENT T P(2 TAIL) 
INTERCEPT 262 . 01593 INTERCEPT 57.54265 
WLENG -14.0903 -1. 56 0.12 WLENG -1. 2541 -2 . 84 0 . 01 
WFREQ -0.7515 -2.66 0.01 WFREQ -0.0384 -2.78 0.01 
WTYPE -58.1000 -1.70 0.09 WTYPE 0.3798 0.23 0.82 
WNCW 2.7782 0 . 06 0.95 WNCW 2.0319 0.93 0.36 
SBEGN 281.6562 7.22 0.00 SBEGN 11.1600 5.85 0.00 
SEND -25 . 5699 -0.58 0.57 SEND -5.7953 -2.67 0.01 
SNCW 36.4499 1. 59 0 .11 SNCW 1. 6707 1. 49 0.14 
TPOS -0.4634 -0.08 0.94 TPOS 0.8014 2.80 0 . 01 
SCRBEG -359.1632 -5.20 0.00 SCRBEG -13.2345 -3.93 0.00 
SCRE ND -67.4322 -1.05 0 . 30 SCREND -0 . 6809 -0.22 0.83 

cluster 4: NUMBER OF CASES: 125 

DEPENDENT VARIABLE MEDGR3 DEPENDENT VARIABLE MEDGR4 
MULTIPLE R-SQUARE 0.4730 MULTIPLE R-SQUARE 0.4221 

VARIABLE COEFFICIENT T P(2 TAIL) VARIABLE COEFFICIENT T P(2 TAIL) 
INTERCEPT 106.88942 INTERCEPT 53.63727 
WLENG 2.9887 0.19 0.85 WLENG - 0 . 2857 -0 . 42 0.67 
WFREQ -0.7786 -1. 47 0.14 WFREQ -0.0276 -1. 20 0.23 
WTYPE -57 . 3895 -1.02 0.31 WTYPE 1. 7050 0.69 0.49 
WNCW -85 . 8968 -1. 23 0.22 WNCW -2.4068 -0.79 0.43 
SBEGN 476.0549 7.93 0.00 SBEGN 15.6312 5. 99 0.00 
SEND -85. 0137 -1. 34 0.18 SEND -6.0652 -2.20 0.03 
SNCW 91 . 2500 2.60 0.01 SNCW 1.8006 1.18 0.24 
TPOS 13.3972 1. 60 0 . 11 TPOS 0 . 4821 1. 32 0 . 19 
SCRBEG -443.7963 -4.57 0.00 SCRBEG -24.7704 -5 . 87 0.00 
SCREND -77.7642 -0.80 0.43 SCREND 0.0131 0.00 1.00 
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Tabla 4: Analysis on separate texts: the proportion of variance that is explained by 

the set of predictors: the R-squares. Between parentheses the texts are ranked by 

their R-square. 

Group 3 Group 4 
mean median mean median 

cl.1 text 1 . 4072 (8) .3643 ( 6) .3887 (5) .3881 ( 6) 

cl.1 text 2 .3574 ( 6) .4309 (7) . 2661 (3) .3025 (4) 

cl.1 text 3 .1920 (1) .1836 ( 1) .1951 (1) .2279 ( 1) 

cl.2 text 1 .2289 (2) .3069 (2) .2125 (2) .3316 (5) 

cl.2 text 2 .3165 (4) .3313 (5) .5999 (11) .5017 (10) 

cl.2 text 3 .3311 (5) .3322 (4) .3416 ( 4) .2745 (2) 

cl.3 text 1 . 2867 (3) .3153 (3) .5585 ( 10) .4130 ( 7) 

cl.3 text 2 .3631 (7) .4804 ( 9) .5001 (8) .4968 ( 9) 

cl.3 text 3 .4741 (9) .4342 (8) . 6795 (12) .6121 (11) 

cl. 4 text 1 .6248 (12) .5508 (11) .4146 ( 6) .3024 (3) 

cl. 4 text 2 .5901 (10) .5331 (10) .4993 (7) .4834 (8) 

cl. 4 text 3 .6049 (11) .5701 ( 12) .5438 ( 9) .7046 (12) 

Table 5: results of regression analysis on the data with the observations of three texts omitted. 

(For the coding of the variables see table 2.) 
NUMBER OF CASES READ. 565 

CASES WITH USE SET TO ZERO 154 
REMAINING NUMBER OF CASES 411 

DEPENDENT VARIABLE MEANGR3 DEPENDENT VARIABLE MEDGR3 
MULTIPLE R-SQUARE 0.3539 MULTIPLE R-SQUARE 0.3342 

VARIABLE COEFFICIENT T P(2 TAIL) VARIABLE COEFFICIENT T P(2 
INTERCEPT 298.70206 INTERCEPT 176.48576 
WLENG -14.5914 -1. 38 0.17 WLENG -6.3841 -0 . 95 0 
WFREQ -1.2699 -3.87 0.00 WFREQ -0.6990 -3.34 0 
WTYPE -35.4223 -0.97 0.33 WTYPE -19.9634 -0.86 0 
WNCW -119. 4638 -2.57 0.01 WNCW -87.9625 -2.97 0 
SBEGN 501.3905 12.44 0.00 SBEGN 308.2602 ll. 98 0 
SEND -87.8711 -1.96 0.05 SEND -53.8282 -1.88 0 
SNCW 85.8878 3.92 0.00 SNCW 65.8913 4. 71 0 
TPOS 5 . 5997 1.03 0.30 TPOS 6.1744 1 . . 7 8 0 
SCRBEG -327.5836 -4.55 0.00 SCRBEG -279.3830 -6.08 0 
SCREND -61.7365 -0.86 0.39 SCREND -39.3298 -0.86 0 

DEPENDENT VARIABLE MEANGR4 DEPENDENT VARIABLE MEDGR4 
MULTIPLE R-SQUARE 0.2589 MULTIPLE R-SQUARE 0.3126 

VARIABLE COEFFICIENT T P(2 TJ\IL) VJ\RIJ\BLE COEFFICIENT T P(2 
INTERCEPT 57.38981 INTERCEPT 55. 74077 
WLENG -0.6651 -1.17 0.24 WLENG -0.7340 -1. 83 0. 
WFREQ -0.0296 -1. 67 0.10 WFREQ -0.0220 -1.76 0. 
WTYPE 2.4562 1. 25 0.21 WTYPE -1.0482 -0.76 0. 
WNCW -4.5205 -1.80 0.07 WNCW 0.4528 0.26 0. 
SBEGN 17 .1276 7 . 87 0.00 SBEGN 15.9294 10.41 0. 
SEND -4.8080 -1. 98 0.05 SEND -4.8453 -2.84 0. 
SNCW 1.8384 1. 56 0.12 SNCW 1.5436 1. 86 0. 
TPOS 0 . 9095 3.11 0.00 TPOS 0.7218 3.51 0. 
SCRBEG 4.4397 1.14 0.25 SCRBEG -21.3607 -7 . 81 0. 
SCREND -0.4562 -0.12 0.91 SCREND 0.7222 0.26 0. 



Conditions tor each text should be considered equal as the order of presentation was 

changed tor each individual (see tabla 9). Differences in results between separate texts 

and separate clusters should be due to differences in the composition of the texts. Texts 

were designed to be highly comparable, but later on in this report some differences will be 

indicated. 

4.2.2 . lndividual subjects 

lt is also possible that individual differences between subjects make their means and 

medians unpredictable. Because of the small number of subjects, the differences between 

individuals can have a great influence on the mean of the population, but also some 

difference on the median. Therefore further analysis is performed on individual data. Four 

of the individuals, two in every group, had large extreme values tor their reading times : 

the two extreme long reading times tor group 3 subjects were 177.8 and 163.1 sec. while 

the overall mean of reading times was 49.5 sec. For group 4 two subjects showed an 

occasional extreme reading time of about 25.3 sec. against an overall mean reading time of 

1.04 sec .. lndividual regression analysis revealed that none of the individuals could have 

their reading times predicted with significance. The mean R-square was .1352 tor group 

3 and .0792 tor group 4. There were no particular problematic individuals to be 

recognized as the R-squares of all individuals were within 2 s.d. of the mean R-squares. 

These results advise against el iminating either of the reading times of individual subjects. 

4.2.3 Residual analysis 

Still the regression equations do not succeed in predicting an acceptable proportion in the 

variance in reading times so far. To see where a prediction fails it is useful to look at the 

residuals. A residual is the error of a prediction, the difference between a predicted value 

and the observation. For this reason residuals were plotted against the medians of group 3 

and group 4 (Figure 1 ). These plots show that a number of positive extreme residu als 

appear, but that a large number of observations are predicted quite well and have their 

residuals around the x-axis. Due to the great influence of the variable 'beginning of 

sentence' the plot has groups tor high predicted values (Y'>302 tor group 3 when 

SBEGN=1) and tor low predicted values (Y'<302 tor group 3 when SBEGN=0). 

Close scrutiny of the residual lists indicated that a substantial number of high residuals 

(more than 2 standard deviations trom the mean) occurred in words just after target 

words: 

A total of 35 predictions had high residuals tor either group 3 or group 4; 27 of them 

followed a target word. 

A total of 23 predictions had high residuals tor group 3; 18 of them followed a target word. 

A total of 19 predictions had high residuals tor group 4; 15 of them followed a target word. 



A total of 7 predictions had high residuals tor both group 3 and group 4; 6 of them followed 

a target word. 

Thera ware 96 occurrences of target words in the whole session. 

lf the reading time of a word is really influenced by the presence of a target word 

preceding it, then a more genera! hypothesis would be "Children's reading show lag effects: 

reading times are affected by the characteristics of previous words". Evidence tor a lag 

effect can also be found in the basic analysis: the only difficult words in the texts are 

target words. Many target words are situated at the end of a sentence, and many sentences 

end with a target word. This differs with the clusters (table 6). When a target word is 

situated at the end of a sentence, the word following will be situated at the beginning of the 

next sentence. The variable 'beginning of sentence' can then predict the high value of the 

reading time. The more target words are situated at the end of a sentence, the more reading 

times can be predicted. That can then explain the differences between clusters in the 

analysis of separate clusters. Correlations between number of target words at the end of a 

sentence and the R-squares indicate that there is indeed a large dependance between the two 

(table 7). 

Table 6: the number of times a target word is situated at the end of a sentence (with the 

proportion} 

end of not end of 

sentence sentence 

cluster 1 13 (.542) 11 (.458) 24 (1 .0) 

cluster 2 11 (.458) 13 (.542) 24 (1.0) 

cluster 3 19 (.792) 5 (.208) 24 (1.0) 

. cluster 4 20 (.833) 4 (.167) 24 (1.0) 

63 (.656) 33 (.344) 96 (1.0) 

Table 7: correlations with position of targetword and medians. 

target words at R2 median R~ median 

end of sentence group 3 group 4 

cluster 1 13 0.2176 0.2678 

cluster 2 11 0.2182 0.2559 

cluster 3 19 0.3828 0.3877 

cluster 4 20 0.4730 0.4221 

correlation coefficient 0.963 0.988 

-16 



res idual pl o t medi an group 3 basic set of independent variables residual plot median group 4 basic set of independent variables 
. • . . + . . • ••.. + .. .. ••. + ••• • • •• + .. •. . . . + • ••••• • + .•• .... + . ••.. . • + • •..•• • + • .•• .+ •• •• •• + . •.• • • + • •• • • • + •• . ••• + • •• • •• + •••••• + .. •• .• + • • •••• + ••••• . + ..... . + . 

1200 + + 90 + l 

80 + 

1000 + + 

1 70 + 

1 

800. + + 
1 60 + 1 

1 
R 1 

1 
E 

1 50 + 
600 . + + s 1 

1 1 1 
I 

D 40 + 1 + 
1 

1 u 
400. + 1 + 1 

1 1 A 1 l l 
1 1 1 1 30 + 1 

1 1 L 
1 1 1 1 1 1 - s 1 

11 1 11 l 1 
1 11 11 1 1 1 11 1 1 1 1 1 1 

200 . + 1 11 1 1 1 1 + 20 + 1 
1 11 1 1 2 1 1 1 11 1 1 1 1 1 1 

11 1 1 1 1 1 1 - 1 1 
1 1 1 1 21 1 1 1 1 1 

1111 141 11 21 21 1 1 - 1 1 1 13 l 1 1 l 
- 2 1 1 12 3 125 2 12 1 10 + 21 23 1111 2 1 1 1 1 l 
- 1124111311 24 131 1 1 1 2 1 1 1 1 1 1 211 1 1 1131 111 1 1 1 1 

0.00 + 1 1444842773 351 11 21 11 1 1 1 1 1 1 1 1 1 1 + 1 211 1 111 2341222122 1 11 2 1 
1 11AC5899A4142 111 11 1 1 1 2 1 - 1 2311221121121 32246 2 11 1 2 

2336BH78B323321 1 1 1 1 11 1 1 11 l 632253 33121 1 11 l 1 -
125C6C471322 l 11 1 1 l - 0. + 2121 33115353765434762 l 1111 

124217333 1111 1 1 111 13 42 1343763887411 l 12 1 1 1 1 1 
1 1134 5 3 1 1 1 1 1 1 3 13225522146411131 1 1 1 1 1 1 1 

111 2 1 1 1 1111 11211343113 2315 2141 1 1 1 2 1 1 121 
- 200. + 1 1 1 1 1 1 + l 1 1 1231223231111112 1 1 111 1 

1 2 -10 + l 1 21 22121 2 1 211 1 1 1 1 112 1 
1 121 1 1 11 1 1121 1 21 

1 211 3 1 1 1 1 1 11 
12 11 1 1 1 

1 1 1 l 21 
-20 + l 

-400. + + l 
•••. + ...• • •• + . . ••••. + ....•• • + ...• •• • + • •••••. + ... • ••• + .. •• ••• + ••••••• + • • • - • + • • • ••• + •• • ••• + • ••• • • + • • • ••• + .••••• + •••.•• + .••••• + • ••••• + .••.•. + • • ..• • + . 

50 . 100 150 200 250 300 350 400 450 45 48 51 54 57 60 63 66 69 72 7: 

MEDGR3 Figure 1: residual plots for the medians of group 3 and 4, using the basic set of MEDGR4 

-- . - ·'. -. - - -



To calculate the lag effect in the model two features of the previous word are included in 

the set of independent variables: word length and word frequency. Both Just et al (1982) 

and Haberlandt et al (1989) use these variables as predictors tor spill-over effects. For 

the first word of every text the previous word characteristics are undefined, so these 

(12) observations are taken out of the population. Tabla 8 gives the results of the analyses 

with previous word variables included. The variable Previous Word Length shows the 

greatest significance: T-=16.99 tor the medians of group 3 and T=-15.88 tor group 4. The 

previous word frequency is only significant tor group 3 readers (T --6.13). After adding 

the variables the R-squares increase to .6039 tor the medians of group 3 and .5096 tor 

group 4. These values are comparable with the results of ether studies (Haberlandt and 

Graesser, 1985; Just, Carpenter and Woolley, 1982). Apart trom the large 'previous 

word' dependency the analysis shows largely the same trends. Group 3 subjects still are 

more dependent on word level variables than group 4 subjects. Group 4 pupils depend 

more on higher level variables. 'Word frequency' loses its predictive power tor both 

groups (p=.51 tor group 3; p=.69 tor group 4). 

Table 8: results of regression analysis with previous word variables. (For the coding of 

the variables, see tabla 2.) 

NUMBER OF CASES READ. 565 
CASES WITH USE SET TO ZERO 12 

REMAINING NUMBER OF CASES 553 

DEPENDENT VARIABLE MEANGR3 DEPENDENT VARIABLE MEDGR3 
MULTIPLE R-SQUARE 0.5875 MULTIPLE R-SQUARE 0.6039 

VARIABLE COEFFICIENT T P(2 TAIL) VARIABLE COEFFICIENT T 
INTERCEPT -95.48657 INTERCEPT -75.52475 
WLENG -8.4929 -1.10 0.27 WLENG -2.4048 -0 . 56 
PWORDLEN 117.5495 15.71 0.00 PWORDLEN 71.2237 16.99 
WFREQ -0.3455 -1.40 0.16 WFREQ -0.0911 -0.66 
PWORDFRQ -1.2758 -5.27 0.00 PWORDFRQ -0.8324 -6.13 
WTYPE 28.5353 1. 09 0.28 WTYPE 31.5501 2 .14 
WNCW -36.3784 -1.11 0.27 WNCW -49.9393 -2.71 
SBEGN 210.5943 6 . 67 0.00 SBEGN 107 . 1026 6.06 
SEND 0 .9420 0. 0 3 0.98 SEND 9.1748 0 . 53 
SNCW 29. 51U 1. 87 0.06 SNCW 31.6344 3.57 
TPOS -2.4820 -0 . 66 0.51 TPOS 2.4726 1.18 
SCRBEG -38.1639 -0.57 0.57 SCRBEG -213.9767 -5.68 
SCREND -28.1123 -0.55 0.58 SCREND -25.3660 -0.89 

DEPENDENT VARIABLE MEANGR4 DEPENDENT VARIABLE MEDGR4 
MULTIPLE R-SQUARE 0.4253 MULTIPLE R-SQUARE 0.5096 

VARIABLE COEFFICIENT T P( 2 TAIL) VARIABLE COEFFICIENT T 
INTERCEPT 40.92614 INTERCEPT 38.27391 
WLENG -0.6895 -1. 61 0.11 WLENG -0.3922 -1. 38 
PWORDLEN 4.7795 11. 52 0.00 PWORDLEN 4.3813 15.88 
WFREQ 0.0068 0.49 0.62 WFREQ 0.0036 0.40 
PWORDFRQ -0.0061 -0. 4 5 0.65 PWORDFRQ 0.0084 0. 9 4 
WTYPE 2.8841 1. 98 0.05 WTYPE 0.6152 0.64 
WNCW 0.1118 0.06 0.95 WNCW 1.3662 1.13 
SBEGN 6.6368 3.79 0.00 SBEGN 6.3288 5. 4 4 
SEND -3 . 1042 -1.80 0.07 SEND -2.8231 -2.46 
SNCW 0.5224 0.60 0.55 SNCW 0:5099 1.04 
TPOS 0.5927 2 . 86 0.00 TPOS 0.5869 4.25 
SCRBEG 18 . 2909 4. 91 0.00 SCRBEG -19.5154 -7.88 
SCREND 1.1406 0.40 0.69 SCREND 1.4728 0.79 
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5. Discussion 

Both groups show greatly dependance on the beginning of sentence and the beginning of 

screen. lt may be that initia! readers are dependent on sentence and page boundary 

variables because their eye motor system might not be as accustomed to reading as the eye 

motor system of advanced readers. An indication of this dependance is when a beginning 

reader puts his finger under the line of a text to direct his eyes. Group 3 subjects show 

more dependance to variables on word level: previous word frequency, word type and new 

content word have higher modulo T-values tor group 3 than tor group 4. The number of 

new content words in the sentence has a larger influence tor group 3 readers too. Group 4 

subjects show greater dependance to variables on sentence and text level: end of sentence 

and position of the word in the text have higher modulo T-values tor group 4 than tor 

group 3. An explanation tor these differences between group 3 and group 4 is, that 

beginning readers are spending more time processing separate words, perhaps even 

reading words letter by letter, whereas more advanced readers have learned to read 

separate words fluently. Word level variables will then have a great influence on reading 

times of beginning readers (group 3) where they can be masked by the influences of 

sentence and text level tor more advanced readers (group 4). 

For the analysis with the basic set of variables, there is only little correspondence in the 

role of the predictor variables between both groups of initial readers and the results of 

analysis of adult reading times (Haberlandt and Graesser 1985). For initia! readers word 

length does not seem significant at all. Both adult as initial readers however have a large 

negative T-value tor word frequency. The dominance of 'end of sentence' over 'beginning of 

sentence' tor adult readers is contrary to the effect that both initial reader-groups show. 

An explanation could be found in the possible unskilled eye mobility of beginning readers 

that causes longer pauses when the eyes are moved to the beginning of the line. The same 

holds true tor the differences in 'beginning' and 'end of screen'. 

In literature two schools argue over the existence of a lag (or spillover) effect. The first 

school is represented by Marcel Just and Patricia Carpenter. They assume that reading 

processing is immediate. The eyes keep fixating at the word that is being processed, and 

jump to the next word when processing is finished. With processing not only lexica! access 

of the word is meant, but also integration into the meaning of the sentence and text. lf 

reading is under immediate control, then reading times measurement would be a direct 

indicator tor cognitive processing. Although interpreting words without knowing what is 

coming next can cause incorrect interpretation, reading experience can cape well with 
predicting what is going to carne. lf that prediction appears to be wrong, then corrections 

can be made as soon as that is discovered. "The old train the young" is an example where 

the word 'train' causes confusion (in Kieras and Just 1984, p.166-). Evidence tor the 

immediacy hypothesis is given in experiments (Just and Carpenter, 1980; Just, 

Carpenter and Woolley, 1982)) where reading time was found to be highly correlated 



with characteristics of the fixated word, and no dependance was found on the 
characteristics of previous words. These results are the same tor the measurement of 

gaze-duration (registering the movements of the subject's eyes while he is reading), and 

measurement of reading times tor moving window and RSVP presentation. 

The second school is represented by D.C. Mitchel! (1984) and Keith Rayner (1984, 

1989), amongst others. They suggest that the processing of words is not executed 

immediately, but some of the processing is buffered to be executed later. Then reading time 

will not be entirely dependent of the word that is fixated, but will be influenced by other 

(previous) words. This is called the Buffer Control hypothesis (in Kieras and Just, p71-

). Haberlandt, Graesser and Schneider (1989) introduced variables indicating spill-over 

in their model: the word length and the word frequency tor the previous word. These two 

variables were found significant tor tast readers, but slower readers do not show such an 

effect: they apparently take the time to process immediately. The same results occur when 

readers are instructed to deliberately read tast or careful (i.e. slow). 

These pilot study results are in a way contrary to the observations of Haberlandt at al 

(1989), because the more slower readers (group 3) show greater dependance on previous 

word features than the taster readers (group 4). On the other hand, it is possible that 

beginning readers (group 3) tend to show a great lag-effect. As adults generally do not 

show a lag-effect, it is logica! that group 4 readers, who float between the stage of initia! 

reading and skilled reading, show a less pronounced lag effect. In the pilot experiment the 

children were not encouraged to read rapidly, but they were told to read like they 

normally did. 

A phenomenon that could cause lag effects is inner speech. When reading silently, we often 

hear ourselves say the words our eyes fall on. We do not speak out loud, but apparently the 

phonetic representation of words help us comprehend a text. Sometimes we even move our 

lips when our inner voice is at work. With adults, it is not clear if reading processing 

takes place via a visual route or a phonological route (or a mixture of the two) (Rayner 

and Pollatsek 1989). But initia! readers know many words in the spoken form only, and 

have never seen the written equivalent. So tor them, the phonological route will be very 

important. Moreover, there seems to be a time lag between the voice and the eyes in 

normal silent reading: this phenomenon was found by monitoring eye and lip movement in 

silent reading. Rayner and Pollatsek (1989) found a substantial lag, with a length of about 

two words, between the eyes and the voice in oral reading. These effects are, again, 

perceived tor adult readers. 



6. Conclusions 

The basic set of independent variables does not predict children's reading times with 

sufficient accuracy. To lift the R-square of the model trom about 0.28 to about 0.55 two 

variables had to be added: the word length and the word frequency of the previous word. The 

presence of these variables in the prediction model indicate an unexpected lag effect tor 

initial readers. The large dependance on the 'spoken vocabulary' (the knowledge of words 

in spoken form) and the inner speech phenomenon may cause this lag effect. Younger 

readers demonstrated more lag effect than older readers, the latter therefore resembling 

adult readers who show no such lag in similar circumstances. 

The youngest readers respond relatively more to word level variables than older readers, 

who show relatively more dependance on higher level variables. This confirms the 

assumption that very beginning readers have to access the meaning of many words through 

the appearance of the word itself, and not its context. In the set of variables attention must 

be given to the variable 'new content word' in further research. Collinearity problems can 

occur when this variable is included. Replacing this variable with another variable of the 

same background (like (number of) repetitions) could resolve most of these collinearity 

problems. 

Finally it must be stressed that due to the small number of subjects in both groups the 

results of these analyses must be considered tentative. 
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Appendices 



Appendix 1: Material (texts and target words). 

Target words 
cluster 1 cluster 2 cluster 3 cluster 4 
straatsteen grasveld speelplaats stad 
stoelpoot blad vriend speld 
krant herfst sterk kwast 
kleed kruipt baard worst 
hond bord straks zwembroek 
blind slurpt markt geld 
straft stofdoek brood strand 
helpt brand bloemkool kletsnat 

Table 9: Presentation order of the texts 

subject nr story nr 

1 f,OC, OEF GHI JKL 

2 OCA EFO HIG KLJ 

3 CAB FDE IGH LJK 

4 OEF GHI f,OC, JKL 

5 EFD HIG OCA KLJ 

6 FDE IGH CAB LJK 

7 GHI JKL OEF f,OC, 

8 HIG KLJ EFD OCA 
9 IGH LJK FDE CAB 
1 0 JKL f,OC, GHI OEF 
1 1 KLJ OCA HIG EFD 
1 2 LJK CAB IGH FDE 

1 3 f,OC, OEF GHI JKL 

1 4 OEF GHI f,OC, JKL 

Text A is text 1 of cluster 1, text B is text 2 of cluster 1 etc. 



cluster 1 text 1: de weg 

op de weg ligt een straatsteen 
op de weg ligt een stoelpoot 
een krant ligt er ook 
en op de weg ligt een kleed 
miep loopt op de weg 

op de weg loopt een hond 
oom loopt ook op de weg 
miep is blind 
oom straft miep niet 
oom helpt miep 

text 2: pim 

de hond van oom heet pim 
pim is blind 
soms is pim stout 
oom straft pim. niet 
oom helpt pim vaak 

pim staat op de weg 
op de weg ligt een kleed 
op de weg ligt een straatsteen 
op de weg ligt een krant 
op de weg ligt een stoelpoot 

text 3: oom 

oom is niet blind 
de hond van oom heet pim 
pim is heel lief 
oom helpt pim 
oom straft pim niet 

oom en pim gaan naar het bos 
in het bos ligt een straatsteen 
in het bos ligt ook een kleed 
een krant ligt ook in het bos 
en een stoelpoot ligt er ook 

-2s 

uncle 's dog is named pim 

pim is blind 

sometimes pim is naughty 

uncle does not punish pim 

uncle helps pim of ten 

pim stands on the rood 

on the rood lies a carpet 

on the rood lies a rood stone 

on the rood lies a newspaper 

on the rood lies a chair-leg 



cluster 2 text 1: de boom 

kees gaat naar een grasveld 
daar staat een boom 
een blad vale van de boom 
het is herfst roept kees 
kees kruipt in de boom 

kees ziet een poes en een huis 
het huis staat in brand 
de poes eet een bord leeg 
en slurpt haar melk op 
kees ziet ook een stof doek 

text 2: in de keuken 

het is herf se 
een blad vale van de boom 
een muisje kruipt in haar hol 
en het grasvel<;l is nat 
kees zit in de keuken 

kees zit op een stof doek 
hij zit voor het raam 
een man blust een brand 
eet je bord leeg. roept mamma 
kees slurpt de soep op 

text 3 : poes 

poes zit op het grasveld 
poes ziet een blad 
poes ziet ook een muis 
de muis kruipt in haar hol 
het is herf se 

poes wil naar huis 
het huis staat in brand 
poes eet haar bord leeg 
en slurpt de melk op 
poes zie op een stof doek 

- 26 

cat sits on the lawn 

cat sees a leaf 

cat sees a mouse too 

the mouse crawls in her hole 

it is autumn 

cat wants to go home 

the house is on fire 

cat clears her plate 

and sips the milk 

cat sits on . a duster 



cluster 3 text 1: sarn en kees 

som staat op de speelplaats 
som is de vriend van kees 
som Is heel sterk 
som heeft een baard 

straks gaan som en kees weg 
som en kees gaan naar de markt 
som koopt een brood 
kees koopt een bloemkool 
dan gaan som en kees naar huis 

text 2: papa 

papa staat op de speelplaats 
papa is heel sterk 
papa heeft een baard 
die moet eraf. roept een vriend 

dat kan straks ook. roept papa 
papa moet naar de markt 
hij koopt een brood 
papa koopt ook een bloemkool 
en gaat weer naar huis 

text 3: kees 

kees is de vriend van miep 
kees is heel sterk 
kees heeft nog geen baard 
kees wil naar de speelplaats 

straks moet kees weg 
kees moet naar de markt 
kees wil een brood 
kees wil ook een bloemkool 
dan gaat kees naar huis 

- 27 

kees is miep·s friend 

kees is very streng 

kees hos got no beard yet 

kees wants to go to the playgroun 

soon kees must leave 

kees must go to the market 

kees wants a bread 

kees wants a cabbage too 

then kees goes home 



cluster 4 text 1: miep 

miep gaat naar de stad 
miep koopt een speld 
ze wil ook een kwast 
miep lust ook wel een worst 

miep wil ook een zwembroek 
maar het geld is op 
miep gaat naar het strand 
daar is het leuk 
miep gaat kletsnat naar huis 

text 2 : juf 

juf heeft heel veel geld 
ze wil naar het strand 
juf pakt haar zwembroek 
maar die is kletsnat en stuk 

juf gaat naar de stad 
ze koopt een speld 
ze koopt een kwast 
ze eet een worst 
en gaat naar huis 

text 3: mama 

mama wil geen speld 
ze loopt naar de stad 
mama koopt een kwast 
mama lust ook wel een worst 

mama is kletsnat 
mama wil geen zwembroek 
mama wil niet naar het strand 
het geld is op 
mama gaat naar huis 
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miep goes to the city 

miep buys a pin 

she wants a brush too 

miep likes a sausage too 

miep wants swlmm ing trunks too 

but the money is gone 

miep goes to the beach 

lt Is f un the re 

miep goes home soaking wet 



Appendix 2: Linear Multiple Regression Analysis 

Multiple regression is a technique that is used to describe the effects of a number of 

independent variables on a dependent phenomenon. Using linear regression means that only 

linear effects are taken into account. Thus a model can be built with the genera( form: 

Y' = 8a + b1 *X 1 + b2*X 2+ ... + bk*Xk. 

Y' is the predicted value of the dependent variable, 

~ is the value of the predictor variable or independent variable 

bi is the coefficient which determines the importance of the predictor Xi on the total prediction 

Y' 
a0 is the intercept, the value of Y' when all predictors have value 0. 

Generally the prediction Y' is not equal to the real observation Y. The error in the model is 

then e=Y-Y'. For all observations Y1 ... Yn there will be an error in the prediction. Squaring 

the errors of all the observations and adding them gives a sum which can indicate the 

quality of the model. (Squaring is done because two errors, one negative and one positive 

could sum up to 0.) The set of coefficients which minimizes the sum of the squared errors 

gives the best prediction. This is why this form of analysis is called a 'least squares 

prediction". 

lt is the computer that does the calculations involved in building an optimum regression 

equation. A number of characteristics of a regression equation are provided by the 

analysis, such as: 

the R-square, which is the part of the variance of Y (the dependent variable) that is 

predicted by the model, or 1 minus the part of the variance of Y which remains 

unexplained by the model, or 1 minus the ratio (sum of squares of the errors)/(total 

variance of Y). 

T-values estimate the significance of each independent variable in the equation. 

The p-value of a predictor variable is the probability that the coefficient of that 

predictor is in tact 0: the predictor is not significant. A typical value tor deciding on the 

significance of a predictor is p=0.05. lf p<0.05 then the variable has significance; if 

p>0.05 then the coefficient of that variable should be considered 0. 

A warning should accompany any regression analysis: a prediction equation is only valid 

within the boundaries of the observations. Extrapolation is very dangerous and must 

always be advised against. 
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Appendix 3: Collinearity tests 

In an ideal regression equation all the independent variables are really independent; they 

are orthogonal; their correlation is O. However, in most of the cases this can not be 

achieved and collinearity effects occur. Two predictors are collinear when they tend to 

change together. For instance, in the leesbord experiment word length and word frequency 

are closely related: a long word is often infrequent, most short words are frequent. When 

two predictors are correlated, it is hard to esti'Tlate the influence on the dependent 

variable of each of them separately. Often two collinear variables are both influenced by 

one underlying feature. Underlying features are often difficult to detect and hard to 

quantize. 

Collinearity can be detected by calculating the correlation between each pair of 

independent variables. Literature gives some possibilities for coping with the collinearity 

problem (e.g. in Kieras and Just 1984 p.16-). 

To determine if collinearity effects occur in the pilot study variables, a correlation 

matrix is produced (table 10). For the previous word characteristics separate 

correlations were computed in the matrix, because these characteristics did not exist for 

the first word of every text (leaving out 12 observations). lnteractions between all other 

variables were calculated using all the observations. 

'Word type' and 'new content word' are closely related (r=.635), because many content 

words appear only once in a text. There are 334 content words in the population, 208 of 

them are also a new content word. The 'number of new content words in a sentence' 

correlates highly with 'new content word' (r=.572). 'New content word' correlates too 

with the word length (r=.521); long words are almost always target words, which appear 
only once in a text. 

Even if a variable does not correlate significantly with any of the other variables, still 
collinearity problems can occur. When a variable can be predicted by a subset of other 

variables this variable is multicollinear. Multicollinearity can be detected by performing 

linear multiple regression on the data, treating one of the predictors as a dependent 
variable and the other predictors as independent variables. The R-square reflects the 

amount of variance of the 'dependent predictor' that can be explained by the other 

predictors. Table 11 shows the results of such regression analysis on each of the predictor 

variables. 

Table 11 shows that the 'New content word' predictor can be predicted itself by other 

independent variables with an accuracy of more than 65%. With the high correlations that 

'new content word' has, one could decide on statistica! grounds to leave out this variable. In 

that case, the real influence of the other independent variables on reading times can be 

better estimated. 



Table 10: correlation matrix of all the variables. 

WLENG :•ifREQ ;•;TYPE MKl'I SBEGN SEND SNCW TPOS SCRBEG SCREND MEANGR3 MEDGR3 HEANGR4 MEDGR4 PWORDLEtl PWORDFF. Q 
;~LENG 1.000 * * WFREQ -0.448 1 .000 
WTYPE 0.460 -0.348 1.000 
WNCW 0.521 -0. 419 0.635 1.000 
SBEGN -0.165 0.170 -0.034 -0 .262 1 . 000 
SEND 0 . 441 -0 .23 0 0.299 0.453 -0.250 1.000 
SNCW 0.297 -0.184 0.215 0.572 -0.455 0.512 1.000 
TPOS -0.010 0.037 -0.047 -0.169 -0.014 -0.014 -0. 302 1.000 
SCRBEG -0.023 0.063 0.050 0 . 003 0.421 -0 . 105 -0 .130 -0.158 1.000 
SCREND 0.175 -0.077 0.104 0 . 149 -0 . 105 0.421 0.204 0.127 -0.044 1.000 
MEANGR3 -0.173 0.008 -0.142 -0.247 0.441 -0.189 -0.170 0 . 005 0 . 040 -0.105 1.000 
MEDGR3 -0.167 0.021 -0.146 -0 . 247 0.377 -0.155 -0 .117 0 . 046 -0.073 -0.091 0.874 1. 000 
MEANGR4 -0.159 0.053 -0.052 -0.204 0.411 -0.216 -0.226 0 .117 0.192 -0.068 0.626 0.519 1.000 
MEDGR4 -0.161 0 . 030 -0.099 -0.187 0.329 -0.199 -0.182 0.174 -0.164 -0.045 0.631 0.620 0. 711 1.000 
Pl,OR DLEN -0.164 -0.006 -0 . 172 -0 .25 8 0.441 -0.212 -0.185 0.026 0.148 -0 . 090 0.720 0.723 0.578 0.640 1.000 
PWORDfRQ 0.259 -0.082 0.312 0.264 -0.234 0 . 245 0.120 0. 011 -0 . 084 0.152 -0 . 469 -0 . 480 -0.280 -0.266 -0.447 1.000 

*: to calculate the correlations with previous word length and -frequency the first 
observation of each text is left out. The nurnber of cases is then 553. 



Because 'new content word' is not always significantly present, the R-square of the 

prediction for reading times medians and means will not drop. Most (multi)collinearity 

effects disappear when 'new content word' is left out of the analysis. 

A statistica! ground for leaving out a predictor variable is not enough though. One has to 

have a theoretica! ground too, because the predictor was included in the analysis with a 

reason. A new content word should give a positive contribution to reading times. However, 

this influence could be irrecognizable due to the nature of the texts: short texts with short 

sentences and with a limited set of content words. 

The theoretica! grounds tor leaving out 'new content word' trom the analysis lacks. 

Replacing this variable with a variable indicating the (number of) repetitions of content 

words would eliminate most of the collinearity problems, but leaves the influence of a new 
content word present in the model. 

Table 11: multicorrelations of the predictor variables. 

VARIABLE 
NAME 

WLENG 
PWORDLEN 
WFREQ 
PWORDFRQ 
WTYPE 
WNCW 
SBEGN 
SEND 
SNCW 
TPOS 
SCRBEG 
SCREND 

SQUARED 
MULTIPLE 
CORRELATION 

0.41313 
0 . 35009 
0.30019 
0.28644 
0.48882 
0.65745 
0.42616 
0.45801 
0.57872 
0.16060 
0.10923 
0.20303 

F
STATISTIC 

34.62 
26.49 
21.10 
19.74 
47.03 
94.39 
36.53 
41.56 
67.56 

9.41 
6.03 

12.53 


