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¿De dónde viene el problema?

Theoretical Framework.

• Population with a severe to profound hearing loss have improved their linguistic performance due to advances on auditory technology

and early cochlear implantation. 

• However still differences arise between those people who receive a Cochlear Implant and people with normal hearing, e.g. as shown by

longer latencies in the P300 in response to audio-tone frequencies (Ghiselli, Gheller,Trevisi, Rampazzo, Ermani & Martini, 2016)

• There are also improvements in Reading comprehension due to Cochlear Implants BUT still significant variability. (Mayer & Trezek, 

2017)

• In need to explore in higher grades, where the gap between deaf and typical hearing (TH) students tends to increase (Arfé, Guiselli & 

Montino, 2016)

• Barajas , Gonzalez-Cuenca & 
Carrero, 2016

• Takahashi, Isaka, Yamamoto & 
Nakamura, 2017

• Worsfold, Mahon, Pimperton & 
Stevenson, 2018.



¿De dónde viene el problema?

Theoretical Framework.

Poor Grammatical
Skills and Reading 
Comprehension

Grammatical
markers are 
perceptually
less salient • Le Normand, 2004

• Boons et al., 2013
• Guo& Spencer, 2017

OFF-LINE
• Key- Word Strategy

(Domínguez, Carrillo, Pérez & 2014)

=
• Gallego,  Martín-Aragoneses, 

López-Higes & Pison (2016)

ON-LINE
• Breadmore, Krott and Olson, 

2014
• Piñar, Carlson, Morford and 

Dussias, 2017
• Gómez-Merino, Fajardo & 

Ferrer, 2019 (in prep.)

Are they
sensitive to 
grammatical

cues?



Objetive

To have an insight into the reading behavior of orally educated deaf
students by analyzing their eye-movements while taking part into a

gramatical judgment task during sentence reading.



Participants

Students with deafness should:

 Be diagnosed with a Bilateral Prelingual
severe to profound hearing loss (BIAP, 1997)

 Attend to a 4th to 10th grade.

They were excluded if:

× Decoding skills were 2DT below the mean.
× Additional difficulties which could interfere.
× Not using spoken Spanish as a primmary

communication mode. G
ro

u
p

w
it

h
d

ea
fn

es
s

(N
=2

0
)

Bilateral CI 

n=8

Unilateral CI

n=4

Bimodal (CI + HA)

n=4

Bilateral HA

n=4



Participants

N= 40

Deaf TH

Gender
12 Girls
; 8 Boys

11 Girls;   
9 Boys

Chronological Age 12:05 12:00

Students from both groups
were matched according to 

Non-Verbal IQ and 
Chronological age.

p= .503



Background Assesment

• Non- verbal IQ (Matrices Subtest, K-BIT)

• Reading Comprehension (EMLE –TALE 2000)

• Word and Non-Word Reading (PROLEC-Se / PROLEC-R)

• Receptive Vocabulary. (Peabody Picture Vocabulary Test- PPVT-III)

• Oral Syntactic Ability. (Formulated Sentences, CELF-IV)

• Written Syntactic Ability. 



Experimental Task: Apparatus

• Participants’ eye movements during the task were 
tracked using an SMI eye tracker with a recording 
sampling rate of 60Hz



Experimental Task: Apparatus

1.For analyzing and designing the stimuli, it is divided into
Areas Of  Interes (AOIs)

2. A critical region should be identify (mainly where the
manipulation occurs)

3. It’s also important to analyse spillover region (the text
that follows the critical region)

4. Fixation durations index cognitive effort (longer fixation
duration = more difficulty /more cognitive effort required)



Experimental Task: Stimuli

• 24 sentences written in Spanish (12 
congruent and 12 incongruent). 

• A target word was manipulated in order to 
generate a grammatical incongruence in 
half of the trials .

• The incongruent  word was semantically 
associated with the congruent one and 
matched on  length and frequency.

• The congruency of the sentences was 
checked in a pilot study with n=88 Typical 
Hearing students.



Experimental Task

Students read in silent and 
judged the correctness of 
the sentences by clicking
on YES or NO, after the
Reading of each sentence.



Results: Background assesment.

RS= Raw Scores
SS= Standard Scores
Sec= Seconds



Results: Background assesment.

RS= Raw Scores
SS= Standard Scores
Sec= Seconds



1) Deaf readers would be less able than TH readers to detect the grammatical 
incongruence of the sentences read.

2) No significant effects of grammatical violations on the target area for the deaf 
readers,  but delayed effects in terms of number and duration of visits and 
regressions to pre- and post-target areas (Breadmore et al., 2014).

Hyphotesis



Results: Experimental Task

Eye-Movement Measure

First Fixation Duration: The Duration of the First Fixation in an AOI. (i.e = t.5 )

First Pass Gaze Duration: Sum of fixations durations from the first entry into an AOI until the
eyes leaves it in any direction. (i.e= t.5 + t.6)

Second Pass Gaze Duration: Sum of fixation durations from the second entry to the AOI until the
eye leaves it in any direction. (i.e= t.8+ t.9)

Regressions into AOI: Number of revisits to the AOI from the right. (i.e= 8 + 9= 2n)

Fixation Time: Sum of all fixations durations within the area of interest. 
(i.e= t.5+t.6+t.8+ t.9)

Fixation Count: Total number of fixations within the area of interest. (i.e= 5+6+8+9=4)

AOI AOI AOI

1 2 3 4 5 6 78 910



Experimental Task: Apparatus

• Fixations shorter than 80 ms were excluded from the data set. 

• For each eye-movement time measure, the cells >2.5 SDs above or below each participant 
mean for each condition were excluded from the analyses (following Micai et al., 2017)



Results: Experimental Task

Accuracy.

Deaf TH

****



Results: Experimental Task

P= <.001

• Early detection of the incongruence by both groups.
• However, deaf students needed to “Revise” as shown by

their Second Pass Gaze Duration.



Results: Experimental Task

P= <.001

• Inverted data: They spent more on congruent sentences.
• TH follow a different type of correctness once the

ungrammaticality has been discarded.



Results: Experimental Task

P= .006

• Group effects: Late stage processing measures (Second Pass and 
Regressions into AOI) showed that deaf students spent longer time and 

regressed more to the PRE than TH students.



Conclusions

1) Deaf readers would be less able than TH readers to detect
the grammatical incongruence of the sentences read.

2) No significant effects of grammatical violations on the target
area for the deaf readers, but delayed effects in terms of number and

duration of visits and regressions to pre- and post-target areas (Breadmore
et al., 2014).



Conclusions

• Deaf readers re-read more and spend more time integrating the
grammatical information delivered when judging for sentence correctness.

Need to focus not only in  instructional intervention on deaf students’ 
grammatical knowledge, but also on their explicit awareness and use of 
syntactic cues during reading.

• In our study the deaf group did not ignore morpho-syntactic cues as
suggested by Dominguez and Alegría (2009). They actually used them
very early as can be inferred from the grammaticality effects in the
target region.
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