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Abstract 

 There has been a lot of research on dyslexia. However, the cause of this impairment is 

still not clear. One potential skill underlying dyslexia could be the process of categorization. 

The human language system uses abstract categories on a phonological level (phonemes) and 

on a grammatical level. One way to examine the sensitivity to grammatical relationships is 

with non-adjacent dependency learning (NADL). Non-adjacent dependencies (such as is X-

ing, as in ‘the bird is singing’, or the X-s, as in ‘the chairs’) were investigated with an 

artificial language in an experiment of Gómez (2002) and Gómez and Maye (2005). But how 

would people with dyslexia perform on a non-linguistic (visual) task? Is dyslexia a domain 

specific, or domain general problem? 

 In the present study, young adults with and without dyslexia were presented with three-

element strings, consisting of three pictures, produced by one of two visual ‘languages’. 

During a test phase, they were presented with element strings from both languages 

(grammatical and ungrammatical ones). Subjects could only distinguish the ‘languages’ if 

they had acquired the non-adjacent dependencies. Results show that subjects said ‘yes’ more 

often to grammatical strings than to ungrammatical strings, indicating sensitivity to the 

dependencies. However, no difference was found on the performance of the task between 

dyslexics and controls. 
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Introduction 

Developmental dyslexia can be defined as a reading disability in people with normal 

intelligence, with no sensory or neurological impairments, who had conventional instruction, 

and an adequate socio-economic opportunity (Lyon, 1995). About 10% of all children 

experience difficulties in reading. Around 4% of all school aged children have a persistent 

problem with quick and accurate reading and/or spelling. These children are diagnosed with 

dyslexia (Van der Leij et al. 2004).  

 Dyslexia runs in families: it is heritable. Children with one dyslexic parent have a chance 

of 32 to 66% of becoming dyslexic. When both parents have dyslexia, the risk that the child 

has dyslexia is over 80% (Scarborough, 1990). It is remarkable that there are more boys than 

girls with dyslexia. Childs and Finucci (1983) talk about a relationship of (an average of) 4:1.  

 Nowadays, dyslexia is described as a disorder with a core deficit in phonology. People 

with dyslexia have difficulties with connecting letters (graphemes) to sounds (phonemes), and 

problems with phonological processing and awareness (like non-word repetition). This is the 

so called “Phonological Deficit Hypothesis” (PDH) of dyslexia. This theory postulates that 

people with dyslexia have a specific impairment in the representation, storage and/or retrieval 

of speech sounds. It explains the reading impairment on the basis that learning to read an 

alphabetic system requires learning grapheme/phoneme correspondence, i.e. the 

correspondence between letters and constituent sounds of speech (Ramus et al. 2003). Adults 

and children with dyslexia are assumed to have difficulty encoding, maintaining and 

retrieving phonological representations. This is due to the less efficient coding of 

phonological processes in the brain of people with dyslexia (Snowling, 2001). These weak 

phonological representations are some of the most consistent symptoms of dyslexia, and can 

cause instabilities in morphology and syntax.  

 Over the last decades, dyslexia has been interpreted as a language-related deficit. It 

usually expresses itself in poor literacy skills, but a relation is found between early language 

acquisition and later reading problems. Scarborough (1990) and Snowling et al. (2003), for 

example, have found that children at-risk of dyslexia already have problems with language 

acquisition at a young age, which could be linked to reading problems at later age. If a child 

experiences difficulties in its development of spoken language, it is likely that it will also 

encounter problems in acquiring literacy skills at later age (De Bree, 2007). 

 This can be due to one of the problems that have been reported in people with dyslexia: a 

deficit in implicit learning. Nicolson and Fawcett (2007) argue that one of the primary 

difficulties in people with dyslexia is procedural learning. These motor difficulties are related 
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to language acquisition. Speech articulation is one of the most complicated motor skills, and 

because this is very attention demanding, fewer resources are available for speech and 

feedback ensuing. This might cause the phonological skills problems and it is therefore 

thought that implicit learning might be an underlying problem of dyslexia.  

    

Statistical learning in language acquisition 

Language acquisition involves experience-independent and experience-dependent 

mechanisms. Young language learners rely on a combination of both types of mechanisms. 

Saffran and colleagues (1996) found that 8-month-old infants can accomplish the 

segmentation of words from fluent speech (a fundamental task of language acquisition), based 

solely on the statistical relationship between neighbouring sounds. This task was based on 

statistical learning after two minutes of exposure, “suggesting that infants have access to a 

powerful mechanism for the computation of statistical properties of the language input” 

(Saffran, 1996). But how do learners discover the structure in linguistic input?  

 One potential skill underlying language development could be the process of 

categorization. The human language system uses abstract categories on a phonological level 

(phonemes) and on a grammatical level (word classes such as ‘verb’ and ‘noun’). The rules to 

build words and sentences are based on these categories. The analysis of frequencies of 

elements in language input plays an important role in the acquisition of these categories. This 

requires a learning system that is sensitive to the place of an element in a string. Wijnen 

(2006) postulates that a deficit in implicit sequence learning, which might underlie the 

categorization of phonological and grammatical elements, could partly cause dyslexia. Failing 

to keep track of frequencies hinders the acquisition of rules and patterns in a language. Pattern 

recognition is not only essential in acquiring phonemic categories, but is also important at the 

lexical, morphological and syntactic level.   

 Not only do people with dyslexia have problems with phonology, also difficulty with 

grammar seems to lead to problems. Several authors have investigated whether dyslexia is 

associated with grammatical problems, and found that 8-year old children with dyslexia 

(Rispens & Been, 2007) and 5-year old and 18- and 24-month old children at-risk of dyslexia 

(Wilsenach & Wijnen, 2004) are less sensitive to grammatical cues. Rispens (2004) found 

that people with dyslexia performed significantly poorer on grammatical competence in 

discriminating grammatical and ungrammatical subject-verb combinations. Rispens and Been 

(2007) investigated awareness of agreement relations in 8-year-old dyslexic and typically 

developing children. The children got to see a sentence like ‘de grappige clown maakt een 
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grapje’ (‘the funny clown makes a joke’) versus ‘de grappige clown maken een grapje’ (‘the 

funny clown make a joke’), and had to judge if the sentence was right (grammatical) or wrong 

(ungrammatical). Results showed that children with dyslexia were less aware of subject-verb 

agreement structure than typically developing children. Santelmann and Jusczyck (1998) 

examined 15- and 18-month-old children’s sensitivity to morphosyntactic dependencies in 

English, using the ‘Headturn Preference Procedure’. The children were exposed to two types 

of passages: passages with a well-formed English dependency between the auxiliary verb ‘is’ 

and a main verb ending ‘–ing’, and an ungrammatical combination of the modal auxiliary 

‘can’ and a main verb with the ending ‘-ing’ (i.e. ‘is running’ versus ‘can running’). The 

distance between the dependent morphemes was systematically varied. Results showed that 

18-month-olds are sensitive to the basic relationship between ‘is’ and ‘-ing’. They listened 

significantly longer to the well-formed passages, but 15-month-olds did not. Wilsenach 

(2006) investigated if Dutch children at-risk for dyslexia can discriminate well-formed and ill-

formed morphosyntactic agreement relations, containing auxiliaries. The infants were 

presented with grammatical sentences containing the temporal auxiliary ‘heeft’ (‘ have’) and 

the past participle prefix ‘ge-’ on the main verb, and ungrammatical sentences with instead of 

the auxiliary verb ‘have’ the modal verb ‘kan’ (‘ can’), like ‘de man heeft gelachen’ (‘the man 

has laughed’) versus ‘de man kan gelachen’ (‘the man can laughed’). Wilsenach found that 

19-month-old children at-risk performed worse on distinguishing grammatical and 

ungrammatical morphosyntactic ‘agreement’ relationships, than controls. Controls showed a 

preference for grammatical passages (they listened significantly longer to these grammatical 

sentences). Children at-risk showed no difference between the conditions.  

 

Non-adjacent dependency learning 

 There is evidence that people with dyslexia are less sensitive to the grammatical relations 

mentioned above, and therefore have more problems with implicit sequence learning. A way 

to examine a child’s sensitivity to grammatical relationships is with non-adjacent dependency 

learning (henceforth NADL). Non-adjacent dependencies (such as is X-ing, as in ‘the bird is 

singing’, or the X-s, as in ‘the chairs’) are extremely difficult to acquire (Newport & Aslin, 

2004), but play an important role in language. Learning dependencies between non-adjacent 

words and morphemes is fundamental in acquiring the syntax of a language. The aim of 

investigating NADL is to establish whether children can pick up regularities in a language, 

and use this to form categories, based on frequently recurring grammatical patterns in 

language. Non-adjacent dependencies are more difficult than adjacent dependencies, because 
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learners have to notice that the first and the third element always occur together, separated by 

a word of a different category in the middle. The question arises whether these difficulties are 

also attested when learning a new (artificial) language. If children with (a risk of) dyslexia fail 

to perceive the dependencies here, this could be an indication of difficulties with pattern 

learning based on frequency. However, do they also have more trouble with learning patterns 

in an artificial language than typically developing children?  

 Gómez (2002) and Gómez and Maye (2005) studied NADL using an artificial language 

with American adults and children of 12-, 15- and 18-months of age. Gómez (2002) tested 

adults on non-adjacent dependency learning, in order to investigate if adults are sensitive to 

these dependencies. It consisted of two parts: a training phase and a test phase. First, the 

students were trained on an artificial language (L1 or L2) for approximately 18 minutes, while 

they were presented with a colouring picture. The participants in the group with L1 were 

trained on ‘a X b’ and ‘c X d’. The participants in the group with L2 were trained on ‘a X d’ 

and ‘c X b’. The strings consisted of 3 words, where the first and last word always appeared 

together and the middle element was always different (e.g. pel-wadim-jic, pel-kicey-jic). In 

the test phase, subjects got to hear 12 sequences (6 of which they had heard previously, and 6 

which violated the order). Subjects were instructed to push a ‘yes’ or ‘no’ button, ‘yes’ if they 

thought the string followed the rules determining word order and ‘no’ otherwise. Gómez 

found that adults could distinguish grammatical (‘a X b’) from ungrammatical sentences  

(‘a X d’) with X = 24, but scored around chance level when X = 12 or X = 2 (with 3 

dependencies). When the number of X-elements decreases, participants seem to focus more 

on the adjacent dependencies instead of the non-adjacent dependencies. The more variable the 

X-element is, the better the grammar was learned.  

 Infants were tested with a head turn preference procedure (Gómez & Maye, 2005). First, 

they were trained for 3 minutes on a ‘novel language’ with 2 dependencies. In the test phase, 

4 trained sequences and 4 untrained sequences were presented. The looking time (matched to 

sound) was measured and analysed to determine if there was a difference between these types 

of trials. Gómez found that children of 15-months old differentiated between trained (‘a X b’ 

and ‘c X d’) and untrained dependencies (‘a X d’ and ‘c X b’). This means that they could 

learn the non-adjacent dependency between ‘a and b’, with an intervening X-element. Gómez 

and Maye (2005) tested NADL on 12, 15 and 18-month old infants. The 15- and 18-month 

old infants noticed the difference between grammatical and ungrammatical sentences, but the 

12-month olds did not. 
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 De Bree and Kerkhoff (in prep) attempted to replicate these experiments with Dutch 

adults and 18-month old infants. The same non-words were used from the designed language 

in the experiment of Gómez, but were adjusted to make them sound more Dutch. (Example of 

the artificial language: ‘tep wadim lut’, ‘tep kasi lut’, ‘tep X lut’, see table 1). For the adults, 

there were 3 dependencies with X = 18. In test phase, half of the sequences presented were 

taken from L1 and half were taken from L2 (rendering 12 test trials in total) and participants 

were asked if they had heard the sequence in the training phase before. 

 

Table 1: Experimental design of De Bree and Kerkhoff (in prep)1 

L1 L2 

a X b c X d a X d c X b 

tep – 1 – lut sot – 1 – jik tep – 1 – jik sot – 1 – lut 

tep – 2 – lut sot – 2 – jik tep – 2 – jik sot – 2 – lut 

tep – ... – lut sot – ... – jik   tep – ... – jik sot – ... – lut 

 

 There was an effect of grammaticality; the adults made a difference between trained and 

untrained test strings; 75% said ‘yes’ to trained strings, 55% to untrained strings. The scores 

(in percentages endorsements; number of times subjects responded with ‘yes’) of the group 

with dyslexia were slightly lower than the control group, however, this difference was not 

significant. Hence, dyslexic adults were equally sensitive to non-adjacent dependencies as 

non-dyslexic adults. In the infant experiment, conclusions could not be drawn for the 

performance of the at-risk group on the linguistic NADL, nor for the controls (with 2 

dependencies, and X = 24). There were very few infants in the at-risk group and there was no 

evidence that infants (controls or at-risk) could make a difference between the trained and 

untrained language.  

  

 People with dyslexia seem to have more problems with implicit and statistical sequence 

learning. This is attested in different matters. Results show problems in language learning 

(linguistic domain), but will the same difficulties occur in an experiment with non-linguistic 

stimuli? The present study aims to establish whether the learning mechanism as described 

earlier is domain specific or not, using a visual non-linguistic NADL task with Dutch adults.  

 

 

                                                 
1 In the adult experiment, the ‘e’ and ‘f’ elements of the third dependency were ‘rak’ and ‘toef’. 
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The study will therefore attempt to answer the following research questions: (1) Are adults 

able to learn non-adjacent dependencies in non-linguistic (visual) stimuli? (2) Are there any 

differences in performance between a non-linguistic and a linguistic non-adjacent dependency 

learning task? (3) And do adults with dyslexia differ from controls? 

 

 The expectation is that adults can make a distinction between trained and untrained 

strings. The results are expected to be roughly the same on the linguistic as well as the visual 

domain, based on the results of De Bree and Kerkhoff (in prep). In a study of Saffran (2002), 

participants were presented with a linguistic segmentation task as well as a non-linguistic 

segmentation task with visual nonsense shapes presented sequentially (experiment 4) and 

simultaneously (experiment 6). She investigated the predictive relationships (or dependencies) 

which link elements within phrases, which learners might use to acquire phrase structure. She 

states, that statistical learning concerning language might not be specific to language, but to a 

general learning mechanism that might also aid us in developing our auditory and visual 

systems. Learning regularities gives the same pattern on linguistic, auditory and visual levels 

and she concluded that it is more likely that one segmentation mechanism is responsible for 

the segmentation of the visual strings and the linguistic strings, rather than two domain-

specific mechanisms.  

  

Method 

 

Participants 

 Forty-five undergraduate students of the University of Utrecht (35 female, 8 male) and 16 

students with dyslexia (9 female, 7 male) (diagnosed with dyslexia)2 were asked to take part 

in the experiment.3 These students do not have a history of overt language problems, 

behavioral problems or hearing problems.4 Subjects were randomly assigned to the two 

experimental ‘languages’. One additional subject was excluded from analysis because of a 

mistake the program made, so that not all questions could be answered and no reliable data 

could be obtained. In advance, twenty students of the University participated in the pilot 

study. 

 

                                                 
2 One of the subjects in the group of dyslexics was not diagnosed with dyslexia, but was a very poor reader, 
according to the results on the EMT, Klepel and NRT.  
3 Not all subjects were still students (two controls and one dyslexic), but they finished their schooling at the 
University of Utrecht, and therefore data were included in the results. 
4 One of the subjects in the group of dyslexia claimed to have ADHD but was nevertheless included in the study.  
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Stimuli 

 During training, each participant looked at visual strings, consisting of 3 elements 

(pictures). All the pictures were two figures overlapping each other, creating nonsense shapes. 

The nonsense shapes, which did not conform to known shapes or objects, were difficult to 

label linguistically (to make it a purely visual task rather than a linguistic task). The first and 

third element of the string were always ‘closed’ shapes, the X-element in the middle was a 

more ‘open’ figure. This was done to make the experiment as similar as possible to the 

artificial language from Gómez (2002) and de Bree & Kerkhoff (in prep.), where the middle 

element consisted of a bi-syllabic word (‘kicey’) and the first and last element were both 

mono-syllabic words (‘pel’ and ‘jic’). The participants were trained on one of two visual 

“languages” (L1 or L2). Language 1 consisted of strings with the elements ‘a X b’ and ‘c X 

d’, and language 2 consisted of strings with the elements ‘a X d’ and ‘c X b’ (see figure 1). 

All the pictures were the same height and width. There were 250-ms pauses between pictures 

and 750-ms between strings, so that pictures were distinguishable in strings and strings were 

distinguishable from one another (see the appendix for all stimuli). 

 

Figure 1: Experimental stimuli in L1 and L2 with variable X-elements 

 

 

 

 

 

 

  

 

 

 

 

 

 

Procedure 

 The experiment took place in a sound-proof booth in the UIL OTS phonetic labs at 

Utrecht University. Each participant was tested by the same examiner, to eliminate 

differences between the scoring of the different tasks (the background measures, see below). 

All participants were tested individually. The experiment was run using the experimental 

program FEP (Flexible Experimental Program, Veenker 1998), on a computer. During 
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training, subjects were exposed to 2 iterations of 64 (2 dependencies x 24 X-elements) 

training strings, consisting of 3 stimuli with non-adjacent dependencies, shown sequentially 

(one at a time) in the middle of the screen. Training lasted approximately 8 minutes. Subjects 

were told to look at the pictures for a subsequent test, while listening to (classical) music 

through headphones. (They are supposed to learn the dependencies implicitly, in the linguistic 

experiment the participants were presented with a coloring picture while listening). While 

watching the pictures, when a black screen appeared, they were asked to hit the middle button 

of a button box, as quickly as possible. This was done to keep their attention to the screen. 

Before the test phase, they were told that they would now see a few strings, again sequentially 

presented on the screen. The question at each string was: ‘Did you see these pictures in this 

order?’ (‘Heb je deze plaatjes in deze volgorde gezien?’), and they had to push a ‘yes’ or ‘no’ 

button. Half of the 12 strings presented would follow the same order as the training strings, 

and half would violate the order (strings of the other language). For subjects trained on L1, a 

string of L2 will be ungrammatical, and vice versa (e.g. ‘a X b’ versus ‘a X d’).    

 In addition, each participant had to complete the ‘One-Minute-Test’ (Brus, 1972), ‘the 

Klepel’ (Van den Bosch, 1994), a non-word repetition task (NRT), a verbal competence task 

and a dictation, to assess the subject’s phonological memory and reading and writing abilities. 

In the ‘One-Minute-Test’ (EMT), the subject needs to read aloud as many words as possible, 

in one minute. The Klepel is similar to the EMT, but it consists of non words, and the 

participants get 2 minutes to read as many words as possible. During the non-word repetition 

test (NRT), subjects listened to non-words, in an audio-fragment. After hearing the word 

twice, they had to repeat the word out loud. The verbal competence task consists of stating 

what two words have in common, like ‘broadcasting media’ for ‘radio’ and ‘television’.  

These background measures were predictors for dyslexics. The tasks were also used to 

exclude poor reading controls.  

 

Results 

 Every participant in this experiment had to complete additional tasks, to assess the 

phonological memory and reading and writing abilities. Table 2 shows the scores of the One-

Minute-Test’ (EMT), the ‘Klepel’, non-word repetition task (NRT) and the verbal 

competence task. 
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Table 2: Mean scores and standard deviations on background measures 

 EMT Klepel NRT Verbal Competence 

 Mean SD Mean SD Mean SD Mean SD 

Dyslexics 82.4 15.56 74.0 13.97 35.6 4.44 19.7 2.55 

Controls 102.7 12.97 104.6 9.78 38.6 4.11 18.7 2.07 

Total 97.4 16.28 96.6 17.43 37.8 4.36 19.0 2.23 

 

 A MANOVA was conducted, with sum of scores as dependent variable and GROUP 

(dyslexics versus controls) and BACKGROUND MEASURES (EMT, KLEPEL, NRT and 

verbal competence) as independent factors. A confidence interval of 95% was employed. 

Results showed a significant effect on EMT F(1,59) = 26.045, p < 0.000, Klepel  

F( 1,59) = 91.666, p < 0.000, and NRT F(1,59) = 5.845, p = 0.019, but no significant effect on 

the verbal competence task. This was predicted, according to the fact that subjects with 

dyslexia are less accurate in (fast) reading of words (especially nonsense words), and have 

more problems with phonological tasks, but should not have difficulties in verbal competence 

tasks (Kuijpers et al, 2003). See figure 2. 

  

Table 3: Percentages endorsements and standard deviation for untrained and trained for both groups 

 Untrained Trained 

 Mean SD Mean SD 

Dyslexics 28.1 % 29.64 80.2 % 20.38 

Controls 37.8 % 31.06 78.2 % 22.36 

Total 35.2 % 30.75 78.9% 21.71 

 

 A repeated measures analyses of variance (ANOVA) was performed with percentage 

endorsements as dependent variable, and GRAMMATICALITY (untrained versus untrained), 

GROUP (people with dyslexia versus controls), GENDER (female versus male) and 

LANGUAGE (L1 versus L2) as independent factors. A confidence interval of 95% was 

employed. Subjects said ‘yes’ to an ungrammatical string 35% of the time (while they should 

have said ‘no’), and said ‘yes’ to trained strings in 79% of the time. A significant effect of 

GRAMMATICALITY (trained versus untrained) was measured, F(1,57) = 38.505, p < 0.000. 

Subjects said more ‘yes’ to trained items than to untrained items. There was no interaction 

between GRAMMATICALITY * GROUP (p = 0.381). This means that both groups 
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(dyslexics and controls) showed the same effect of grammaticality. In table 3 and figure 3, 

percentages endorsements for untrained and trained for both groups are displayed. There was 

an interaction between GRAMMATICALITY * GENDER, F(1,57) = 4.094, p =  0.048, due 

to a larger effect of grammaticality for women. Men scored 40% versus 68% endorsements 

(untrained versus trained), women 34% versus 82% endorsements. There was no interaction 

between GRAMMATICALITY * GENDER * GROUP (p = 0.320). Women scored better, 

but this was not dependent of the group that they were in. Dyslexic men score as high as men 

in the control group (see figure 4).  

 

Figure 2: Mean scores on background                   Figure 3:  Mean percentage endorsements on 

measures for both groups                     untrained and trained for both groups 

                   
 

 

Figure 4: Mean percentage endorsements 

on untrained and trained strings for both genders  
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No interaction between GRAMMATICALITY * LANGUAGE was found (p = 0.552). This 

means that there is no difference in scores between L1 and L2, so there is no difference 

between the difficulty of the languages. 

 

Discussion 

 This study was designed to address three questions. First, are adults able to learn non-

adjacent dependencies in non-linguistic (visual) stimuli? The outcome of this experiment 

shows that we can learn visual non-adjacent dependencies statistically. A grammaticality 

effect in both groups was found. This means that subjects are sensitive to structure. Dyslexics 

and controls more often said ‘yes’ to trained strings than to untrained strings.  

 Second, do adults with dyslexia differ from controls? There was no difference between 

groups; people with dyslexia perform as well as controls. According to Wijnen (2006), people 

with dyslexia would have more difficulties with implicit sequence learning. However, this 

experiment was based on visual non-linguistic stimuli. It might be true that people with 

dyslexia are more visually adjusted. And results of the experiment of De Bree and Kerkhoff 

showed the same trend: people with dyslexia did not score significantly worse than controls. 

 Third, are there any differences in performance between a non-linguistic and a linguistic 

non-adjacent dependency learning task? In the linguistic experiment of de Bree and Kerkhoff 

(in prep.) the same result was found: there was only an effect of grammaticality, but no 

interaction with group. Dutch adults made a distinction between trained and untrained strings. 

They said ‘yes’ to 75 % of the trained strings, and 55 % to untrained strings. Adults thus seem 

to perform even better on the visual experiment (as the difference between trained and 

untrained strings was larger; 35% for untrained strings and 79% for trained strings)! Saffran 

(2002) stated that learning regularities gives the same pattern on linguistic, auditory and 

visual levels and she concluded that it is more likely that one segmentation mechanism is 

responsible for the segmentation of the visual strings and the linguistic strings, rather than two 

domain-specific mechanisms. According to these findings it might be true. However, note that 

the linguistic experiment consisted of 3 dependencies with 18 X-elements, against the 2 

dependencies with 24 X-elements in this visual experiment. This was done, because a pilot 

study with 20 students showed that 13 scored below chance-level, with 2 dependencies and 18 

X-elements. The task seemed to be too difficult, so the number of X-elements was increased. 

Like Gómez (2002) found, the more variable the X-element is, the better the grammar was 

learned. The instruction before the training phase was also adjusted: subjects heard before 

watching the pictures that ‘the order of the pictures was important’. In language, the effects of 



Non-adjacent Dependency Learning in Adults with Dyslexia: the Visual Domain 
 

13 

word order are implicitly present, so there was no need to emphasize this in the instruction of 

the linguistic experiment. With visual elements, this might not be that obvious, since we do 

not have a particular order in pictures, as we have in language. That is the reason why this 

was emphasized in the instruction of the experiment, after it seemed to be too difficult in the 

pilot study. 

  For further research, some points need to be taken into consideration. The sample of 

people with dyslexia was too small for a good statistical power. More dyslectic subjects need 

to be tested to make a good comparison between the performance of people with dyslexia and 

controls on this visual task. Hopefully, also the division of the number of men and women 

will be more even. In this study, only 8 men participated in the control group, next to 35 

women. A more equal distribution would be nice to investigate the effect of ‘gender’ more 

thoroughly. In the group with dyslexics, there were almost as much men as women. (Maybe 

this was due to the fact that there are more men than women with dyslexia).  

 It would be very interesting to test this visual task on 8-year olds and infants. Eight-year 

olds are going to school and can read and write, and from eight years on they can be 

diagnosed with dyslexia. Infants on the other hand, are very young, and to test them on such a 

young age can tell a lot about the sensitivity to structures within pictures. The task as it looks 

now will be suitable to test on 8-year-olds children. The appearance of the black screen during 

training is inserted to make it as fun as possible. The children will be instructed to push the 

button as quickly as possible, to make it like a game and to keep their attention to the screen. 

The music can be adjusted to something more suitable for children.  

 To make a broad overview of what dyslectic subjects and controls are really capable of, 

they should be attested with different numbers of dependencies (3, or maybe even 4 or 5!) and 

different sets of X-elements. As Gómez investigated, subjects could distinguish the 

‘grammatical’ and ‘ungrammatical’ strings better from each other when set size was high. (So 

more different X-elements). But what are we capable of when we test this in the visual 

domain? 

 For a complete overview and a good comparison between the linguistic and the non-

linguistic (visual) non-adjacent dependency task, it would be useful if we could investigate a 

within-subject effect on grammaticality between domains. This would be possible if every 

subject, dyslexics and controls, would be tested on the linguistic and the non-linguistic 

NADL. But, enough time needs to be in between both trials, so no learning-effect (learning 

the non-adjacent pattern) can occur!  
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 In this study, only students of the University of Utrecht participated. All of the 

participants were therefore highly educated. Both groups are equal now, but most people with 

dyslexia are not so high educated. That is why also other groups of subjects on different 

educational levels should be investigated.  
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Appendix A: Dependencies and X-elements used 

 

Dependencies (e + f not used) 

 

       a               b     c     d 

 

X-elements 

 


