
Temporal and causal reasoning in deaf and hearing novice readersTemporal and causal reasoning in deaf and hearing novice readers
Susan Sullivan, Jane Oakhill, Barbara Arfé, Magali Boureux

Publication datePublication date
01-07-2014

LicenceLicence
This work is made available under the Copyright not evaluated licence and should only be used in accordance
with that licence. For more information on the specific terms, consult the repository record for this item.

Citation for this work (American Psychological Association 7th edition)Citation for this work (American Psychological Association 7th edition)
Sullivan, S., Oakhill, J., Arfé, B., & Boureux, M. (2014). Temporal and causal reasoning in deaf and hearing
novice readers (Version 1). University of Sussex. https://hdl.handle.net/10779/uos.23404076.v1

Published inPublished in
Discourse Processes

Link to external publisher versionLink to external publisher version
https://doi.org/10.1080/0163853X.2014.910341

Copyright and reuse:Copyright and reuse:
This work was downloaded from Sussex Research Open (SRO). This document is made available in line with publisher policy
and may differ from the published version. Please cite the published version where possible. Copyright and all moral rights to the
version of the paper presented here belong to the individual author(s) and/or other copyright owners unless otherwise stated. For
more information on this work, SRO or to report an issue, you can contact the repository administrators at sro@sussex.ac.uk.
Discover more of the University’s research at https://sussex.figshare.com/

https://rightsstatements.org/page/CNE/1.0/?language=en
https://doi.org/10.1080/0163853X.2014.910341
mailto:sro@sussex.ac.uk
https://sussex.figshare.com/


This article was downloaded by: [University of Sussex Library]
On: 09 July 2015, At: 07:29
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: 5 Howick Place, London, SW1P 1WG

Click for updates

Discourse Processes
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/hdsp20

Temporal and Causal Reasoning
in Deaf and Hearing Novice
Readers
Susan Sullivana, Jane Oakhilla, Barbara Arféb &
Magali Boureuxc

a School of Psychology, University of Sussex,
Brighton, United Kingdom
b Department of Developmental Psychology and
Socialization, University of Padova, Padova, Italy
c Department of Philosophy, Pedagogy and
Psychology, University of Verona, Verona, Italy
Accepted author version posted online: 14 Apr
2014.Published online: 01 Jul 2014.

To cite this article: Susan Sullivan, Jane Oakhill, Barbara Arfé & Magali Boureux
(2014) Temporal and Causal Reasoning in Deaf and Hearing Novice Readers, Discourse
Processes, 51:5-6, 426-444, DOI: 10.1080/0163853X.2014.910341

To link to this article:  http://dx.doi.org/10.1080/0163853X.2014.910341

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,

http://crossmark.crossref.org/dialog/?doi=10.1080/0163853X.2014.910341&domain=pdf&date_stamp=2014-04-14
http://www.tandfonline.com/loi/hdsp20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/0163853X.2014.910341
http://dx.doi.org/10.1080/0163853X.2014.910341


and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Su

ss
ex

 L
ib

ra
ry

] 
at

 0
7:

29
 0

9 
Ju

ly
 2

01
5 

http://www.tandfonline.com/page/terms-and-conditions


Temporal and Causal Reasoning in Deaf
and Hearing Novice Readers

Susan Sullivan and Jane Oakhill
School of Psychology

University of Sussex, Brighton, United Kingdom

Barbara Arfé
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Temporal and causal information in text are crucial in helping the reader form a

coherent representation of a narrative. Deaf novice readers are generally poor at

processing linguistic markers of causal/temporal information (i.e., connectives), but

what is unclear is whether this is indicative of a more general deficit in reasoning

about temporal/causal information. In Study 1, 10 deaf and 63 hearing children,

matched for comprehension ability and age, were compared on a range of tasks

tapping temporal/causal reasoning skills. In Study 2, 20 deaf and 32 hearing

children, matched for age but not reading comprehension ability, were compared on

revised versions of the tasks. The pattern of performance of the deaf was different

from that of the hearing; they had difficulties when temporal and causal reasoning

was text-based, but not when it was nonverbal, indicating that their global temporal/

causal reasoning skills are comparable with those of their hearing counterparts.
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INTRODUCTION

The motivation to read, and indeed the essence of reading, is in being able to

comprehend the text (Durkin, 1993). Because deaf students do not generally achieve

reading levels above that of a typical 9-year-old hearing child (Traxler, 2000), it is

not surprising that research has found that deaf children typically lack the motivation

to read and have difficulties comprehending the texts with which they engage.

A number of studies indicate that deaf children are significantly delayed in reading

attainment (e.g., Allen, 1986; Banks, Gray, & Fyfe, 1990; Harris & Moreno, 2004;

Kyle & Harris, 2006), and a number of researchers note that despite several decades

of research there has been little improvement in deaf children’s reading achievements

(Marschark & Harris, 1996; Musselman, 2000; Luckner & Handley, 2008).

Word reading and reading comprehension difficulties are related in deaf

children, but this relation does not entirely explain their delays in reading

attainment and indicates that other factors need to be taken into consideration to

account for their well-established difficulties with text comprehension

(Vermeulen, van Bon, Schreuder, Knoors, & Snik, 2007; Wauters, van Bon, &

Tellings, 2006). For instance, in the case of narrative texts, comprehension

depends primarily on relating the narrated events to form a mental representation

of their temporal and causal sequence. Readers use their knowledge of language,

and of the world, to construct this mental model of the text (e.g., Kintsch &

Rawson, 2005). Explicit connectives such as before, after, because, and so help

readers recognize causal and temporal relations in texts, and their effective

processing has been shown to be crucial to good text comprehension (e.g., Cain &

Nash, 2011; Ge & Xuehong, 2002; McColgan & McCormack, 2008; Trabasso &

Van den Broek, 1985; Winskel, 2004).

The studies reported in this article add to our knowledge of text

comprehension processes in deaf readers by examining their ability to recognize

temporal and causal relations when these are expressed by linguistic connectives

and in nonverbal tasks. Very few studies have investigated these sorts of text-

level processes in deaf students; most research into the reading abilities of deaf

children has focused on lower level component skills involved in text

comprehension (e.g., vocabulary or phonology) (e.g., Kyle & Harris, 2006;

Leutke-Stahlman & Nielsen, 2003).

Although some research demonstrates that causal understanding may be

relatively unimpaired in deaf readers and that deaf students can use causal

information when producing narratives (e.g., Arfé & Boscolo, 2006; Marschark,

Mouradian, & Halas, 1994), other findings suggest that deaf readers have

difficulty in this domain (e.g., Eden, 2008; Banks et al., 1990). For instance, they

are known to have problems when using and comprehending connectives in

narratives (e.g., Yoshinaga-Itano & Downey, 1996) and in organizing and

relating ideas in a text according to temporal and other logical relations (Banks
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et al., 1990; Weiss & Johnson, 1993; Yoshinaga-Itano & Downey, 1996). These

problems likely affect their reading comprehension and ability to identify and

understand the global organization of meaning within a text (Wilbur, 2000).

However, what is unclear in the literature is whether deaf children’s difficulties

are specific to understanding linguistic markers of temporal and causal

information or whether they arise from a general global deficit in being able to

process temporal and causal information.

For instance, children with hearing loss have been found to have difficulty

arranging pictures in a temporal order to produce a story (Eden, 2008), and

Marschark, Lang, and Albertini (2002) postulate that even on nonverbal IQ tests

(designed for deaf children), hearing children outperform them on tasks tapping

sequential/temporal ordering. Such findings suggest that deaf readers may have a

global deficit in reasoning about temporal and causal information, because their

sequential ordering skills are impaired even when the tasks do not involve the

processing of textual information or connective understanding. However, Ingber

and Eden’s (2011) successful intervention with deaf readers made use of picture

arrangement tasks to train story-telling skills, and their deaf readers performed well

in sequencing events when using nonverbal tasks. Banks et al. (1990) also found

that deaf students perform well when asked to pictorially represent a written story.

The motivation for the current studies was to examine whether deaf children’s

difficulties in processing temporal and causal information are limited to text-based

tasks and are related to their poor understanding of linguistic connectives that

signal these relations, or whether their difficulties reflect a more general deficit in

reasoning about temporal/causal information, independently of the nature of the

task (text-based or not). With this aim in mind, we used tasks that differed in the

degree to which they required the child to make use of textual versus pictorial

information to recognize temporal or causal relations between events.

Given the typical verbal language delay of deaf children, we expected that deaf

children would perform significantly worse than their hearing matched counterparts

on tasks that required them to understand temporal and causal linguistic markers

(i.e., connectives) in text (e.g., Yoshinaga-Itano & Downey, 1996). We were

particularly interested in how deaf children would perform compared with their

hearing counterparts on the tasks that did not involve textual information but still

required the child to reason about temporal and causal relations.

STUDY 1

Participants

Seventy-three children participated in the first study: 10 deaf children (3 boys, 7

girls) aged between 8 and 11 years (mean ¼ 9.40, SD ¼ 1.17) and 63 hearing
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control subjects (31 boys, 32 girls) aged between 7 and 11 years (mean ¼ 9.03,

SD ¼ 1.22) who were matched for comprehension ability and age with the deaf

children. The hearing children were selected from three schools in East Sussex,

United Kingdom, in predominantly White middle-class areas. All had English as

their first language.

Table 1 shows the characteristics of the deaf participants. All participants were

congenitally deaf. Six children wore hearing aids, and four children were fitted with

cochlear implants. They attended two schools in East Sussex: three participants

attended a school solely for the deaf, where the main form of communication is

British Sign Language (BSL), combined with oral language, and seven attended a

mainstream school in which the main form of communication is oral language

combined with sign-supported English (which uses the same signs as BSL but

follows the same word order as spoken English). Nine children had hearing parents

and the main form of communication at home was oral, and one child had deaf

parents but was fully bilingual and used both oral language and BSL.

Materials

Children were administered a standardized assessment of reading comprehension

and three experimental tasks designed to assess their understanding of temporal

and causal coherence relations specifically.

Standard comprehension measures. Most children attending junior

school in the United Kingdom are required to take national exams, known as

Statutory Assessment Tests (SATs), in reading comprehension; the child is given

15 minutes to read a booklet and 45 minutes to answer questions about the text. In

the current study, SATs results (from 2012) were obtained for all hearing

participants and for seven of the deaf participants. The remaining three deaf

participants were described as “average text comprehenders” by their teacher.

Reading comprehension: Picture ordering. Children were asked to read

one written sentence and sequence three pictures to correctly represent the

temporal or causal sequence of events it described. The task consisted of 16 items

describing causal or temporal sequences of events. The following connectives

were used: after, before, because, and while. Sentences varied in length from

between 9 and 13 words. Two sets of eight sentences were presented to the

participant at two different time points within the same test session in

counterbalanced order. The internal consistency of this task, as assessed by

Cronbach’s alpha, was .75.

Reading comprehension: Sentence choice. Children were presented

with a picture and three sentences, differing only in the (causal or temporal)
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connective used, and were asked to decide which of the three sentences best

matched the picture. There were 21 items in total. For 12 items the correct

response was a temporal connective (i.e., while, before, after), and for 9 items a

causal connective was the correct response (i.e., so, therefore, because).

Sentences varied in length from 8 to 15 words and, as in the picture ordering

task of reading comprehension, they were all affirmative sentences. The items

were divided in two sets and were presented to participants at two different

time points within the same test session, in counterbalanced order. The internal

consistency of this task, as assessed by Cronbach’s alpha, was .82. Example

items from both the reading comprehension tasks are provided in the

Appendix.

Sequence understanding (nonverbal). Children were given two sets of

pictures drawn from Vianello (2000), one set at a time. Each set varied between

five and six pictures. Children were required to place the pictures into a logical

sequence that reflected a coherent story. They then placed the pictures into a

booklet in the order they deemed correct. The two sets of pictures were

counterbalanced across participant groups. There were too few items to assess the

internal consistency of this task.

Procedure

All children completed all tasks, with the order of presentation of the tasks

counterbalanced across participants within the deaf and hearing groups. For each

task the child was presented with written instructions and a practice item. The

researcher clarified the procedure with each child individually before the child

commenced each task. The children were instructed to complete the tasks

independently.

Results

There were no significant differences in comprehension scores between the

hearing and deaf children: t(67) ¼ .14, n.s., and no significant differences

between the groups in chronological age: t(71) ¼ .89, n.s.

Scores on the three tasks were converted to proportional scores to allow for

comparisons across tasks. Figure 1 shows the scores for hearing and deaf

participants on the three tasks.

We first explored the relation between comprehension ability (as measured by

SATs scores) and performance on the three experimental tasks. Hearing children

showed strong significant correlations between performance on each of the tasks

and comprehension ability; picture ordering: r(62) ¼ .27, p ¼ .031, sentence

choice: r(62) ¼ .66, p , .0001, and sequence understanding (nonverbal):
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r(62) ¼ .51, p , .0001. Comprehension ability for deaf participants was highly

correlated with performance on the picture ordering task: r(7) ¼ .83, p ¼ .022,

and the sentence choice task: r(7) ¼ .88, p ¼ .010, but not on the sequence

understanding task: r(7) ¼ .44, p ¼ .33.

Second, to examine differences in performance between deaf and hearing

children on the tasks, a 2 (hearing status: hearing vs. deaf) £ 3 (task) ANOVA

was carried out, with scores on each task (as a proportion) as the dependent

variable. The main effect of hearing status was only marginally significant: F

(1,71) ¼ 3.16, p ¼ .08. There was a main effect of task: F(2,142) ¼ 27.44,

p , .0001, hp
2 ¼ .28, and a significant interaction between hearing status and

task: F(2,142) ¼ 10.03, p , .0001, hp
2 ¼ .12.1 The interaction was explored with

t-tests, which revealed that whereas hearing children significantly outperformed

deaf children on the two reading comprehension tasks: picture ordering:

FIGURE 1 Mean proportion of correct scores on the three tasks in Study 1 as a function of hearing

status (hearing vs. deaf).

1Because of differences in group size between hearing and deaf participants, we also conducted the

same analyses using mixed effects modeling. The interaction remained significant ( p ¼ .001).
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t(71) ¼ 3.19, p ¼ .002, and sentence choice: t(71) ¼ 3.59, p ¼ .001, the same

was not true for performance on the nonverbal sequence understanding task,

where there was no significant difference in performance between the hearing

and deaf participants: t(71) ¼ 1.28, p ¼ .20

We then examined the children’s pattern of performance across the three

tasks. The deaf children scored significantly higher on the nonverbal sequence

understanding task than on the reading comprehension tasks: picture ordering: t

(9) ¼ 6.22, p , .0001, and sentence choice: t(9) ¼ 3.36, p ¼ .008, and there was

a significant difference in performance on the two reading comprehension tasks,

with better performance on the sentence choice task: t(9) ¼ 3.79, p ¼ .004. The

pattern of performance was similar for the hearing children, with superior

performance on the sentence choice task compared with the picture ordering task:

t(62) ¼ 7.26, p , .0001. However, the hearing children’s highest score was on

the sentence choice task (mean score as a proportion: .79), although their score on

this task was not significantly different from their score on the nonverbal

sequence understanding task: t(62) ¼ .42, n.s. In comparison, the deaf children’s

highest score was on the nonverbal sequence understanding task (mean score as a

proportion: .90), and this was significantly better than their performance on the

two reading comprehension tasks.

Discussion

The findings from Study 1 were in keeping with our prediction that hearing

children would significantly outperform deaf children (matched for comprehen-

sion ability) on tasks tapping text processing and understanding of temporal and

causal connectives. Previous research was unclear as to whether deaf readers’

difficulties in processing temporal/causal information were restricted to problems

in processing linguistic markers of these events or indicative of a more general

difficulty in processing temporal and causal information per se. The findings from

Study 1 indicate that when the task used to examine understanding of these

relations is entirely nonverbal, then deaf children’s performance is not

significantly different from that of their hearing counterparts and is considerably

better than their performance on either of the tasks that require reading

comprehension.

It is not simply the case that the nonverbal sequence understanding task is

easier than the reading comprehension tasks, becasue the highest scores for

hearing children were on one of the reading comprehension tasks. Hence, the

main finding from this study is that deaf readers not only found the nonverbal task

substantially easier than either of the tasks requiring reading comprehension

(unlike the hearing children), they also performed somewhat better than the

hearing children on that task (although not significantly so). This pattern of

performance indicates that deaf children have problems with temporal and causal
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markers in written text (as predicted), but their difficulty is specific to these

linguistic markers, because they do not have problems with temporal/causal

reasoning when using nonverbal tasks. This would support the hypothesis of a

specific linguistic deficit in the understanding of temporal causal relations.

This pattern of results also indicates that the deaf children tested in this study

have a specific deficit in reasoning about temporal and causal information in text

that would not have been predicted from their overall level of reading

comprehension skill. Indeed, these deaf students were fairly advanced as a group

in terms of their reading comprehension abilities, with most attending

mainstream schools and with reading comprehension scores commensurate

with those of the group of hearing children. This finding has implications for deaf

students in mainstream schools, where their difficulties in processing connectives

may be underestimated when using their general reading comprehension scores

as an indicator of their text comprehension skills.

The picture ordering task was the hardest for both hearing and deaf children,

and this may be due to the structure of the task. In this task there are no cues for

interpreting the meaning of the connective because the pictures represent events

but do not allow for inferences about their relations, whereas in the sentence

choice task the child can compare sentences on the basis of the picture, which

provides a context for inference making (see Boureux et al., 2012). Thus,

successful performance on the picture ordering task relies on the processing and

understanding of the connective in the sentence to a greater degree than the

sentence choice task.

Overall, the results of the study suggest that deaf children’s problems with

causal and temporal information may be limited to tasks where this

information is given in the text. Where the task is nonverbal, they perform at a

comparable level with their hearing peers. However, Study 1 included only a

small group of deaf children who were relatively able in terms of their

comprehension ability, as can be seen from their comprehension scores, which

were not significantly different from those of their same-aged hearing

counterparts; also, the majority attended a mainstream school. If causal and

temporal reasoning is mediated by experience of verbal language, it is possible

that deaf children with lower linguistic skills or a different background may

exhibit a different pattern of performance, with difficulties on nonverbal

sequential reasoning tasks as well.

STUDY 2

In Study 2, we wanted to explore whether the findings from Study 1 could be

generalized to deaf children whose verbal language and reading skills were

significantly below those of their hearing peers and who may be more
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representative of the population of deaf young readers. Study 2 also built on the

findings from the original study in a number of ways. First, Study 1 included only

two items in the nonverbal sequence understanding task, and so in Study 2 the

original task was replaced with the picture sequences fromWechsler Intelligence

Scale for Children Revised, which included a greater number of items. Second,

we also increased the number of items used in the picture ordering task. Third, we

revised the sentence choice task so there were an increased, and equal, number of

temporal and causal connectives. Fourth, we controlled for language abilities by

administering the British Picture Vocabulary Scale (BPVS-II).

Participants

Fifty-two children participated: 20 deaf children (13 boys, 7 girls) aged between

7 and 11 years (mean ¼ 9.97, SD ¼ 1.22) who attended a school for the deaf

where the main form of communication is BSL (combined with oral) and 32

hearing children (15 boys, 17 girls), matched for age with the deaf children, who

attended a mainstream school in East Sussex, United Kingdom, from a

predominantly White middle-class area. All used English as their first language.

Their age ranged between 7 and 11 years (mean ¼ 8.97, SD ¼ 1.27).

Eighteen deaf children had hearing parents, and the main form of

communication at home varied between oral language and BSL. All were

congenitally deaf. Three children were diagnosed as being on the autistic

spectrum, one child had Charge syndrome, two children had medical diabetes,

two children had moderate learning disabilities, and one child had microcephaly.

It is common for deaf children to have additional difficulties (over and above

deafness; see Arfé, 2011; Fortnum, Marshall, & Summerfield, 2002). Twelve

children wore hearing aids, and 8 children were fitted with cochlear implants. Not

every deaf child was capable of completing every task, and so the number of deaf

participants in the analyses varies across tasks. These children attended a school

where participants were not entered for national SATs exams because their

ability was considered below that needed to sit the exam. Table 2 shows the

characteristics of the participants in Study 2.

Materials

Standardized reading comprehension. Different comprehension tests

were used to assess reading comprehension ability in hearing and deaf children. In

hearing children, reading comprehension level was taken from SATs exams (2012).

In deaf children, reading age was derived from the Suffolk Reading Scale (SRS).

Vocabulary. The BPVS-II was administered. Although most deaf

participants were administered the BPVS-II, the teachers of two deaf participants
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believed that this task would be too difficult for them to complete, so no

vocabulary data are available for those participants.

Revised reading comprehension: Picture ordering. The revised version

consisted of 32 items compared with the original 16 items. These were randomly

allocated to two sets, each set consisting of 16 items in total. The sets were

presented to the participant at two different time points within the same test

session. The internal consistency of this task over all 32 items, as measured by

Cronbach’s alpha, was .84.

Revised reading comprehension: Sentence choice. The revised

sentence choice had 24 items in total, compared with the original 21. For 12

items the correct response was a temporal connective, and for the remaining 12

items a causal connective was the correct response. The items were assigned to

two different sets, and these were presented to participants at two different time

points within the same test session. Order of presentation was counterbalanced

across participants. The internal consistency of this task over all 24 items, as

measured by Cronbach’s alpha, was .91.

Sequence understanding (nonverbal). Picture sequences were taken

from the Wechsler Intelligence Scale for Children Revised. The child was

presented with five envelopes and asked to randomly select one of them. Each

envelope contained a set of either five or six pictures. The child had to examine

the set of pictures and then place them in a sequence that represented a coherent

story. They were instructed to indicate the correct order of the pictures by writing

a number on the front of each one (i.e., 1 for the first picture in the sequence, 2 for

the second picture in the sequence, etc.). When all pictures had been numbered,

the child placed them back in the envelope, randomly selected a different

envelope, and repeated the procedure until all five sequence tasks were

completed. The internal consistency of this task over the five items, as measured

by Cronbach’s alpha, was .62.

Procedure

The presentation of the tasks was counterbalanced across all participants. For

deaf participants the BPVS-II was administered in a quiet room that had hearing

loops installed (thus amplifying sound). The test words were presented orally

(with no signing) and in written form simultaneously. In contrast, the hearing

participants were administered the BPVS-II in the standard format, whereby the

test word is orally spoken to the participant and not provided in written form. Test

words were only repeated if the child requested it. There were few requests for

repetitions.
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Results

Scores on the three tasks were converted to proportional scores. The relation

between language (BPVS-II) and comprehension ability (as measured by SATs

scores for hearing children and SRS for deaf children) and performance on the

three experimental tasks was examined. Hearing children showed strong

significant correlations between performance on the reading comprehension tasks

and comprehension ability (SATs scores); picture ordering: r(32) ¼ .55,

p ¼ .001, sentence choice: r(32) ¼ .69, p , .0001, but not for the nonverbal

sequence understanding task: r(32) ¼ .24, p ¼ .20. Performance on both reading

comprehension tasks was also significantly correlated with language scores

(BPVS-II) for the hearing children: r(31) ¼ .55, p ¼ .001, and r(31) ¼ .56,

p ¼ .001, respectively. Language (BPVS-II) was not correlated with perform-

ance on the sequence understanding task: r(31) ¼ .23, n.s.

For deaf participants, although comprehension (SRS) and language measures

(BPVS-II) were intercorrelated: r(16) ¼ .59, p ¼ .02, there were no significant

correlations between these measures and performance on the three experimental

tasks: language (BPVS-II) and performance on the picture ordering task: r

(12) ¼ .47, n.s.; the sentence choice task: r(9) ¼ .40, n.s., and the nonverbal

sequence understanding task: r(15) ¼ .44, n.s. Also, there were no significant

correlations between reading comprehension ability (SRS) and performance on

the picture ordering task: r(15) ¼ .47, n.s.; the sentence choice task: r(12) ¼ .49,

n.s., and the nonverbal sequence understanding task: r(20) ¼ .14, n.s.

To examine differences in performance between deaf and hearing children on

the tasks and in keeping with the analyses for Study 1, we conducted a 2 (hearing

status: hearing vs. deaf) £ 3 (task) ANOVA, with proportional scores on the tasks

as the dependent variable. This revealed a significant main effect of hearing

status: F(1,42) ¼ 15.99, p , .0001, hp
2 ¼ .28, a significant main effect of task: F

(2,84) ¼ 9.02, p , .0001, hp
2 ¼ .18, and a significant interaction between hearing

status and task: F(2,84) ¼ 18.43, p , .0001, hp
2 ¼ .31.2 The interaction was

explored with t-tests, which revealed that hearing children outperformed deaf

children on the two reading comprehension tasks: picture ordering: t(45) ¼ 4.99,

p , .0001, and sentence choice: t(42) ¼ 7.02, p , .001, but not on the nonverbal

sequence understanding task: t(50) ¼ .78, p ¼ .44. Figure 2 shows the scores for

hearing and deaf participants on the three tasks.

We then examined whether the children’s pattern of performance across the

three tasks was consistent with that found in Study 1. In keeping with the findings

from Study 1, the deaf children scored significantly higher on the nonverbal

sequence understanding task than on either of the reading comprehension tasks:

2Because of differences in the group size of hearing and deaf participants, we also conducted the

same analyses using mixed effects modeling. The interaction remained significant ( p , .001).
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picture ordering: t(14) ¼ 3.02, p ¼ .009, and sentence choice: t(11) ¼ 3.57,

p ¼ .004. However, contrary to the findings from Study 1, there was no

significant difference between their performance on the two reading

comprehension tasks: t(11) ¼ 1.39, p ¼ .19. As in Study 1, the hearing children

demonstrated superior performance on the sentence choice task than on the

picture ordering task: t(31) ¼ 5.37, p , .0001, and their highest score was, again,

on the sentence choice task (compared with the deaf children, whose highest

mean score was on the nonverbal sequence understanding task).

We also examined whether the same pattern of performance would be found

between the hearing and deaf children once those deaf participants exhibiting a

syndromic profile and cognitive impairment were excluded from the analyses

(n ¼ 7). The relation between language (BPVS-II) and comprehension ability

(reading age derived from SRS) and performance on the three experimental tasks

was examined for the 13 remaining deaf participants. Once more, comprehension

and language measures were intercorrelated: r(11) ¼ .62, p ¼ .041, and there

was a significant correlation between performance on the sentence choice task

and reading age: r(10) ¼ .77, p ¼ .01, but not between the other experimental

tasks and measures. We then conducted a 2 (hearing status: hearing vs. deaf) £ 3

FIGURE 2 Mean proportion of correct scores on the three tasks in Study 2 as a function of hearing

status (hearing vs. deaf). WISC-R ¼ Wechsler Intelligence Scale for Children Revised.
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(task) ANOVA, with proportional scores on the tasks as the dependent variable.

In keeping with the previous findings, we found a main effect of hearing status: F

(1,40) ¼ 11.59, p ¼ .002, hp
2 ¼ .23, a significant main effect of task: F

(2,80) ¼ 11.27, p , .0001, hp
2 ¼ .22, and a significant interaction between

hearing status and task: F(2,80) ¼ 21.81, p , .0001, hp
2 ¼ .35 The interaction

was explored with t-tests, which revealed, once again, that hearing children

outperformed deaf children on the two reading comprehension tasks: picture

ordering: t(42) ¼ 4.20, p , .0001, and sentence choice: t(40) ¼ 6.80, p , .0001,

but not on the nonverbal sequence understanding task: t(43) ¼ .96, n.s.

Discussion

The deaf participants in Study 2 were at a disadvantage to their hearing

counterparts in terms of both comprehension and language skills, and they were

also significantly older; however, the results were consistent with those from the

original study in which the deaf and hearing students were matched for both

comprehension and chronological age. That is, across both studies, hearing

children significantly outperformed the deaf children on tasks tapping temporal

and causal understanding, but only when the tasks required the understanding of

written text. When the tasks were nontextual in nature, and tapping more general

aspects of temporal and causal understanding, deaf children’s performance was

not significantly different from that of their hearing counterparts. This was also

true when children with comorbidities were included in the deaf group and across

different cohorts of deaf and hearing children.

As in Study 1, it was not simply the case that correct performance on the

nonverbal sequence understanding task was easier than on the reading

comprehension tasks, because the highest scores for hearing children were, once

again, on one of the reading comprehension tasks. Also in keeping with the findings

from Study 1, the deaf children’s scores were significantly higher on the nonverbal

sequence understanding task than either of the reading comprehension tasks,

despite the use of a more difficult nonverbal task in the second study (as reflected in

the lower scores for both hearing and deaf children in Study 2 vs. Study 1).

In keeping with the findings from Study 1, hearing children once more showed

the same advantage on the sentence choice task in comparison with the picture

ordering task (although the deaf children did not).

GENERAL DISCUSSION

The primary aim of these studies was to examine whether deaf readers’

difficulties in processing temporal and causal information is specific to

understanding linguistic markers of these relations or indicative a more general
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problem in reasoning about such information. Although previous research

indicated that deaf readers have difficulty processing connectives (in comparison

with hearing children), previous findings were unclear as to whether they have

problems processing temporal and causal information when working with

nonverbal stimuli. Some researchers suggested intact temporal/causal reasoning

skills in deaf children when working with pictorial stimuli (Banks et al., 1990;

Gentry, Chinn, & Moulton, 2004), whereas others had indicated difficulties even

on such tasks (e.g., Eden, 2008; Marschark et al., 2002).

We found across two studies (including children who varied widely in their

language and comprehension abilities) that deaf children’s temporal and causal

reasoning abilities are comparable with those of their hearing counterparts

when using nonverbal tasks, but, as predicted, they were significantly worse

than hearing children when processing connectives in text. The pattern of

performance of the deaf children across the tasks (a pattern not observed in the

hearing children) suggests that deaf readers do not have a general deficit in

being able to reason about temporal and causal information but their deficit is

specific to reasoning about linguistic markers of these relations.

Most deaf students are primarily visual leaners (Luckner,Bowen,&Carter, 2001;

Nover & Andrews, 1998), which may underpin their successful performance on the

nonverbal sequence understanding tasks used in the current studies. Because deaf

participants in both studies outperformed their hearing counterparts (although not

significantly so) on these tasks, future research should explore how this apparent

strength in deaf readers profiles could be used for future text intervention strategies.

Because of the variability in the population of deaf readers (with regard to primary

language and comorbidities) used in the current studies, it would be beneficial to

replicate their specific linguistic deficit in reasoning about temporal/causal relations

in a more homogenous group of deaf readers.

This pattern of performance (i.e., deaf children’s comparable performance

with hearing children when using nonverbal tasks but worse performance when

processing connectives in text) was apparent even in Study 1, where the hearing

and deaf groups were matched for overall text comprehension skill. This pattern

might be explained by different processes leading to similar outcomes in a

general reading comprehension assessment, where deaf readers might be able to

gain a global impression of what a text is about even without precise

comprehension of the linguistic markers in that text; such a strategy might result

in adequate comprehension scores up to a certain level. This finding also has

implications for deaf children attending mainstream schools, because it suggests

that difficulties in processing connectives may go unnoticed if a general measure

of text comprehension is relied upon when determining text comprehension

skills. That is, comprehension of temporal and causal connectives may be a

specific kind of linguistic comprehension, which could be delayed even in deaf

readers who have good general text comprehension skills.

TEMPORAL AND CAUSAL REASONING IN DEAF READERS 441

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Su

ss
ex

 L
ib

ra
ry

] 
at

 0
7:

29
 0

9 
Ju

ly
 2

01
5 



ACKNOWLEDGMENTS

Many thanks to Alan Garnham (University of Sussex) for his valuable input

concerning mixed effects modeling.

REFERENCES

Allen, T. (1986). Patterns of academic achievement among hearing impaired students: 1974 and 1983.

In A. Schildroth & M. Karchmer (Eds.), Deaf children in America (pp. 161–206). San Diego, CA:

Little, Brown.
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APPENDIX

Example Item From the Reading Comprehension: Picture Ordering Task

Children read the sentence and then sequenced the pictures into the correct order by
placing a number (1, 2, 3, etc.) under each picture.

e.g., Because John forgot the sugar and the washing powder, Isabel went back to the shop.

Example Item From the Reading Comprehension: Sentence Choice Task

Children read three sentences and decided which one best matched the picture.

+ The policeman fell asleep after leaving the office
+ The policeman fell asleep before leaving the office
+ The policeman fell asleep while leaving the office
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