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Abstract 
Research on deaf and hearing children’s academic achievement demonstrates that deaf children whose 
level of hearing loss is greater than moderate show a delay in mathematics achievement comparing 
with hearing students [1]. Studies from cognitive science and educational research have been focused 
on language (e.g. phonological abilities) to find answers regarding deaf student’ academic 
underachievement in order to explore new ways of giving deaf students access to mathematics but it is 
not been productive enough [2]. For instance, deaf students with cochlear implants still lag behind 
hearing students even when having more access to language. Using a Systematic Literature Review on 
the last two decades, this study aims to synthesize the information about the cognitive foundations of 
mathematics learning of deaf students. More specifically, what are the cognitive abilities differences 
between deaf and hearing learners (and among deaf learners). We were able to identify 22 relevant 
publications EBSCO database with the descriptors “deaf”, “cognitive”, “achievement” and 
“mathematics”. The domain-general cognitive abilities likely to influence learning outcomes for deaf 
students are related not only with language. Domain-general cognitive abilities such as memory or 
inhibition control) are also considered in this literature review.  Results show that working memory and 
executive functioning were significantly lower on deaf students comparing with hearing students. 
Although some studies indicate poorer visual-spatial memory between the two groups, further studies 
found no significant differences between deaf and hearing students. These inconsistent findings indicate 
that deaf students may perform as well or better than hearing students in a variety of visual-spatial tasks. 
This literature review analysis also indicate that deaf students performed less on verbal and nonverbal 
memory tasks comparing with hearing students, especially when the information is presented 
sequentially. Other studies focused on numerical cognition show that the delay in mathematics does not 
appear when non-symbolic number representations tasks are used. On the contrary, non-symbolic 
number representations are stronger in deaf students than hearing students. Concerning symbolic 
number representations tasks, studies indicate that deaf children have lower performance in abstract 
counting and symbolic addition and subtraction problems tasks. The association between these 
cognitive foundations of mathematics learning on deaf students will be discussed with further detail. This 
study is included on a research project which explores the impact of an educational/serious videogame 
on deaf children´ mathematics learning. 

Keywords: deaf students, mathematics achievement, learning, cognitive factors, comparisons with 
hearing children. 

1 INTRODUCTION  
Sixteen mathematical cognition researchers from across the fields of Mathematics Education, 
Psychology and Neuroscience jointed together on a collaborative exercise designed to generate a small 
list of priority research questions on different topic areas related to mathematical cognition [3]. One of 
the main topics are related to identify the predictors and processes of mathematics competence 
development. For instance, what the reliable predictors of the development of number abilities, 
arithmetic and other aspects of mathematics are. According to these mathematical cognition 
researchers, it might include: domain-specific factors (e.g. symbolic and non-symbolic numerical 
representations); domain-general factors (e.g. working memory, executive functions, language, spatial 
abilities); non-cognitive factors (e.g. motivation, anxiety); environmental factors (e.g. home, school, 
outside of school learning, early education [3]. 

Researchers in the field of Deaf Education are interested on finding the same answers. Some of them 
focus on the influence of environmental factors of deaf student’s scholar underachievement. As an 
example, Marschark and colleagues [4, 5], concluded that despite of the high abilities of teachers or the 
high abilities of sign language interpreters, deaf students, on average, still leave mainstream classroom 
with less content knowledge than hearing peers.  
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Other authors are concern to the impact of non-cognitive (emotional factors) on deaf students’ school 
achievement, such as individual learning behaviors in reference to engagement, resilience, curiosity, or 
challenge seeking [6]. 

Most part of the researchers focused their studies on language and literacy to find answers in regard of 
deaf students’ scholar underachievement, however, according to Marschark and colleagues [2] it still 
appears that is not productive enough. For instance, despite of the positive effects of cochlear implants 
- attributable to the fact that allow deaf children access to language - deaf students with these 
advantages still lag behind hearing students [7].  

Other literature tendency is considering deaf students as visual learners (Marschark et al., 2016) [4]. 
Recent studies of Marschark and colleagues [4, 8] indicated that deaf children may not be as good as it 
seems in visual-spatial tasks comparing with hearing peers. For example, Marschark and colleagues [4] 
have found that “deaf students do not see themselves as stronger in their visual skills or visual 
preferences than hearing peers” (p. 167). Moreover, their results indicated that “deaf students are no 
more likely than hearing students to be visual learners and are no stronger in their visual skills and habits 
than their verbal skills and habits, nor are deaf students’ visual orientations associated with sign 
language skills” (p 153). 

Apart from language and visuospatial abilities, other domain-general cognitive differences are likely to 
influence learning outcomes for deaf students, such as working memory [9] or executive functioning 
[10]. Other authors are interested in numerical cognition, especially, domain-specific foundational 
competencies (e.g. ANS - Approximate Number System) and their correlational evidence with 
mathematics achievement on students with normal hearing and hearing loss [11]. 

This paper reports a systematic literature review on the last two decades to collect the cognitive 
differences that might influence mathematics achievement of deaf students from different educational 
level (preschool, school years and postsecondary). This study aims to answer one research question: 
What are the cognitive abilities related to mathematics achievement of Deaf or Hard of Hearing students 
(DHH) or of deaf with Cochlear Implant (CI) (and among deaf students) compared to Normal Hearing 
students (NH)? 

2 METHODOLOGY 
Literature review criteria were established using only articles with peer reviewed. The range of the 
sample was limited to the last two decades (1999 – 2019) and only studies with deaf/hard of hearing 
students or students with cochlear implants were included in the sample. Publications with no data 
results or with no cognitive variables available or without measures/tasks of mathematics achievement 
were not considered eligible.   

2.1 Sample Collection 
The search for legible publications was carried out using SCOPUS and PSYCHO index databases with 
the descriptors “deaf” or “hard of hearing” and “cognitive” and “achievement” or “performance” and 
“mathematics”. From 404 relevant publication, 51 were selected, but only 22 were considered eligible. 

2.2 Code System and Data Analysis 
The codebook was developed in order to provide answers to the research question of the present study.  
Studies were coded by the publication status (place, year, institutions, type of journal, and authors), 
description of the participants (sample size, age, level of hearing loss, hearing device, type of school 
and educational level), and results (tests used and findings). NVivo software (v 12.2 Pro) was used for 
the analysis of the data collected. 

3 RESULTS 
The results are divided into three sections: publication status, description of the participants and 
cognitive abilities by measures used and results.   

Table 1 condenses the articles by the countries where the studies were conducted, the year of 
publication and the title of the journals. Table 2 presents the studies by sample size, age of the 
participants, level of hearing loss, hearing device, the type of school where the participants are enrolled 

5915



and their educational level at the time the studies were conducted. Detailed information regarding 
measures used and results by cognitive domains is summarized in Table 3 and Table 4. 

3.1 Publication status 
Apart from one study that take place in Japan and other in Brazil, most of the studies were conducted 
in United States, followed by Central and Nordic Europe countries (Table 1). The studies were published 
between 1999-2018 on journals specializing in Deaf Education (n = 10), Education & Psychology (n= 
7), Deaf & Special Needs (n = 4) and Paediatric & Neuropsychology (n= 2). 

Table 1. Studies that considered cognitive abilities by publication status. 

Article Country Year Journal* 
[ [6] USA 2012 Australasian J Early Child 
[11] USA and UK 2017 Br J Dev Psychol 
[12] England (UK) 2013 Child Neuropsychol 
[13] Norway 1999 Educ Stud Math 
[14] USA 2016 J Deaf Stud Deaf Educ 
[15] USA 2001 Am Ann Deaf 
[16] Czech Republic, Slovakia, Hungary 2014 Procedia Soc Behav Sci 
[17] USA 2006 J Deaf Stud Deaf Educ 
[18] USA 2007 J Deaf Stud Deaf Educ 
[19] USA 2018 Deafness Educ Int 
[20] USA 2007 J Deaf Stud Deaf Educ 
[21] Brazil 2014 Educação e Pesquisa 
[22] USA 2006 J Deaf Stud Deaf Educ 
[23] Japan 2005 J Deaf Stud Deaf Educ 
[24] Austria 2014 Int J Pediatr Otorhinolaryngol 
[25] USA 2005 Learn Individ Differ 
[26] USA 2011 Learn Individ Differ 
[27] USA 2012 J Deaf Stud Deaf Educ 
[28] USA 2012 Am Ann Deaf 
[29] England (UK) 2008 J Deaf Stud Deaf Educ  
[30] USA 2009 J Deaf Stud Deaf Educ 
[31] USA 2016 School Psych Rev 

Note. *The journals abbreviations followed the NLM Catalog Title Abbreviation. 

3.2 Description of the Participants 
As indicated in Table 2, ten studies contrast cognitive abilities scores of groups of DHH students with 
NH students, while two studies compare CI students with NH students. Among deaf students, ten other 
studies compare their cognitive abilities with mathematics performance. 

The number of different samples sizes of DHH and CI students are very large with a sample variation 
between 11 and 474 deaf participants. The sample size variation in NH students can reach 666 students.  

The educational level of the DHH students’ educational level varies between preschool (3-6 years old), 
passing through the school years (7-17 years old) until postsecondary (>18 years old). Ten authors 
concentrated their studies on the preschool and first years of schooling and five studies on the 
postsecondary educational level.  
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Table 2. Studies that considered cognitive abilities by participants description. 

Article Sample size Age Level of 
hearing loss 

Hearing 
device Type of school Educational 

level 
[6] n deaf = 29 4 - 6 years n/d Hearing aid Special Preschool until 

1st grade 
[11] n deaf = 75 

n hearing = 75 
5 – 12 
years 

(M = 9) 

n/d n/d Special and 
mainstream 

Preschool until 
School years 

[12] n deaf = 24 
n hearing = 22 

7 - 12 
years 

(M = 10) 

Severe to 
Profound 

Cochlear 
Implant 

Mainstream School years 

[13] n deaf = 29 6 - 10 
years 

Moderate to 
Profound 

n/d Mainstream with 
special units 

School years 

[14] n deaf = 35 n/d n/d n/d Special 6th to 11th grade 
School years 

[15] n deaf = 33 
n hearing = 11 

M = 23.13 Moderate to 
Profound 

n/d Mainstream Postsecondary 

[16] n deaf = 177 n/d Severe to 
Profound 

Hearing aid 
and 

Cochlear 
Implant 

N/d 5th to 9th grade 
School years 

[17] n deaf = 59 5 - 9 years 
(M = 7.4) 

n/d n/d Special Preschool until 
3rd grade 

[18] n deaf = 149 
n hearing = 156 

M = 17.5 n/d n/d n/d 7th grade to 
postsecondary 

[19] n deaf = 63 
n hearing = 30 

17.7 - 23.5 
years 

(M = 19) 

n/d Cochlear 
Implant and 

unaided 

n/d Postsecondary 

[20] n deaf = 18 
n teachers = 75 

 M = 17.8  n/d n/d n/d Postsecondary 

[21] n deaf = 11 
n hearing = 32 

M = 5.5 n/d n/d Mainstream with 
special units 

Preschool until 
1st grade 

[22] n deaf = 20 
n hearing = 20 

 18 - 27 
years 

n/d n/d Mainstream Postsecondary 

[23] n deaf = 13 
n hearing = 13 

 19 - 50 
years 

Profound n/d n/d Postsecondary 

[24] n deaf = 40 7 - 11 
years 

n/d Cochlear 
Implant n/d School years 

[25] n deaf = 20 
n hearing = 20 

 18 - 28 
years 

Severe to 
Profound 

n/d n/d Postsecondary 

[26] n deaf = 39 
n hearing = 37 

17 - 31 
years 

(M = 21.5) 

n/d n/d Mainstream Postsecondary 

[27] n deaf = 22 3 - 5 years Moderate to 
Profound 

Hearing aid 
and Cochlear 

Implant  

n/d Preschool 

[28] n deaf = 59 5 - 9 years 
(M = 7.4) 

n/d n/d Special Preschool until 
3rd grade 

[29] Study 1: 
n deaf = 28 

n hearing = 78 

Study 1: 
M = 6.5  

Study 1: 
Moderate to 

Profound 

Study 1: 
Cochlear 
Implant 

Study 1: 
Special and 
mainstream 

Study 1: 
1st to 2nd grade 
School years 

5917



Study 2: 
n deaf = 27 

n hearing = 33 

Study 2: 
M = 6.6  

Study 2: 
Moderate to 

Profound 

Study 2: 
Moderate to 

Profound 

Study 2: 
Special and 

mainstream with 
special units 

Study 2: 
1st to 2nd grade 
School years 

[30] n deaf = 197 n/d Moderate to 
Profound 

n/d Mainstream 2th to 8th grade 
School years 

[31] n deaf = 474 
n hearing = 666 

 13 - 16 
years 

n/d n/d Special, mainstream, 
and mainstream with 

special units 

School years 

Note. Sample size (n deaf and n hearing). Level of hearing loss (mild, moderate, severe, profound). Type of school (special, 
mainstream, mainstream with special units, private school). Educational level (preschool, school years and 
postsecondary). n/d = non determined 

3.3 Domain-general Cognitive Factors 
The analysis is structured into two domains: domain-general cognitive factors and domain-specific 
cognitive factors. The first domain embraces cognitive abilities as language, visual-spatial processing 
and memory or inhibitory control. The second includes two cognitive components: non-symbolic and 
symbolic numerical representation. Detailed information regarding measures used and results by 
cognitive domains is summarized in Table 3 and Table 4. 

Table 3. Domain-general cognitive factors, measures used and results. 

DOMAIN-GENERAL COGNITIVE FACTORS 
Components Measure Results 

Language British Picture Vocabulary Scale, (BPVS-
II; Dunn, Dunn, Whetton, & Burley, 
1997). 

CI group performed significantly below the NH on both 
types of math performance (arithmetic and 
geometrical reasoning). Language skill mediate the 
differences between the two groups [12] 

 Sign Language use on deaf children’s 
strategies in elementary arithmetic. Word 
problems tasks requiring Siegler’s 
strategy-choice model (Siegler and 
Shrager, 1984)  
Carpenter and Moser (1982) model, 

On DHH, Sign Language Counting are significantly 
associated with procedural strategy, but not with 
derived fact strategy in word-problem solving tasks 
[13] 

 Sign language - NWEA Measures of 
Academic Progress (MAP)  

Among DHH, students highly proficient in American 
Sign Language significantly outperformed on the 
standardised measures of mathematics compared 
with less proficient peers [14] 

 Word problem requiring readability grade 
ranges 
Readability formula (Chall & Dale, 1995)  

Both groups (DHH and NH) show similar patterns of 
performance on the least complex set of word 
problems tasks (p>.05). As word problems complexity 
increased along with the complexity of the problem 
situations, the performance scores of the deaf 
students decreased compared to NH group (p<.05) 
[15]. 

 Reading Comprehension - Tests from 
national language (Slovak, Czech and 
Hungarian) 

 Among DHH, there are a statistically significant 
correlation between reading comprehension and 
mathematics achievement [16] 

Visual-Spatial 
Processing 

Word problems tasks requiring visual-
spatial processing 
 
Primary Mental Abilities Spatial Relations 
Test (Optometric Extension Program, 
1995) 

The visual–spatial nature of the problem presentation 
appeared not to assist the DHH students in solving the 
problems”.[17] 
Both groups (DHH and NH) show similar patterns of 
performance in their use of visual–spatial schematic 
representation. Deaf students used iconic-only 
representation strategy to a greater degree than 
hearing subjects [18] 
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 - Learning, Executive, and Attention 
Functioning (LEAF) scale (Castellanos, 
Kronenberger, & Pisoni, 2018; 
Kronenberger, Beer, Castellanos, Pisoni, 
& Miyamoto, 2014) 

The MANOVA involving LEAF scores failed to yield a 
significant effect  of the differences between groups 
(CI, CI non-users, NH) (p> .05) DHH students do not 
demonstrate any consistent advantage over NH 
students on a variety of visual-spatial tasks [19] 

Memory and 
Inhibitory 

Control 

Working memory (WM), short-term 
memory (STM), inhibition tasks 

For both groups, WM, STM, and inhibition mediate the 
differences between ANS acuity and math 
achievement. For NH students, WM and STM fully 
mediated the differences between ANS acuity and 
math ability. For CHL, WM and STM only partially 
mediated this relationship[11] 

 Long term memory task – geometry 
terms recall 

Among DHH, Imagery was the best predictor of 
geometry word recall. Student memory for high 
imagery geometry terms was significantly better than 
for low geometry imagery terms (p < .0001) [20] 

Note. DHH = Deaf and Hard of Hearing; NH = Normal Hearing; CI = Cochlear Implant; SD = Standard Deviation; LD = 
Learning Disability; ANS = Approximate Number System. 

3.4 Domain-specific Cognitive Factors 
Table 4. Domain-specific cognitive factors, measures used and results 

DOMAIN-SPECIFIC COGNITIVE FACTORS 
Components Measure Results 
Non-symbolic 

numerical 
representation 

Quantitative Representation 
Tasks  

Both groups (DHH and NH) show similar patterns of 
performance on quantitative representations tasks or in 
some cases DHH group show even higher performance 
than hearing children [21]. 

 ANS – Aproximate Number 
System 
 
 
Nonnumerical (real-world) 
estimation task  
 
 
Stroop SNARC task and 
Subitizing task  

There are significant differences between DHH and NH. 
DHH have less acuity in the ANS compared to NH and that 
this contributes to lower performance in mathematics [11]. 
Hearing participants generally demonstrated better real-
world estimation abilities than their deaf peers. Deaf 
college students may be more limited in some of their 
fundamental mathematics-related abilities [19]  
There are no significant differences between both groups 
(DHH and NH) on: 1) the use of visual–spatial number line 
representing approximate quantity; 2) the subitizing tasks; 
and, 3) the amounts of interference in an analysis of 
congruity effects [22] 

 Non-verbal arithmetic tasks 
Comparison with dot arrays 

The DHH performance levels were higher than NH adults. 
Overall mean accuracy scores for non-symbolic 
subtraction and comparison with dot arrays were 72% and 
75% for the group of deaf adults, and 65% and 74% for the 
group of hearing adults.” [23]. 
There are no significant differences between both groups 
(CI and NH) on non-verbal arithmetic tasks. [24] 

Symbolic 
numerical 

representation 

Number line estimation/Number 
Position task 

There are no significant differences between both groups 
(DHH and NH) on Numerical representation tasks. 
However, deaf participants were slower overall in making 
comparative judgements [25]. 
There are no significant differences between the CI users 
and the nonusers or among the three groups on the 
estimation task [19]. 
DHH group significantly underperformed on the number-
line estimation task compared to NH group [26]. 
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 - Bracken Basic concept scale-
revised (BBcs-r) 
Test of Early Mathematics 
Ability (TEMA-3). 

Children with lower mathematics ability demonstrated 
limited understanding of basic concepts at a level 
comparable to their more mathematically able peers [6]. 
DHH students show areas of strength on geometry and 
weakness on problem solving and measurement [27]. 

 Problem-solving tasks requiring 
type framework strategies 
(Carpenter et al, 1999) 

There are no significant differences on both groups (DHH 
and NH) on the use general types of strategies (i.e., 
modeling, counting, and fact-based strategies) [18]. 

 Problem-solving tasks requiring 
multiplicative reasoning. 

DHH group had significantly lower scores on the informal 
multiplicative reasoning in comparison to the NH group in 
their first two years of school [28]. 

 Problem-Solving Tasks (MPI - 
Hegarty and Kozhevnikov 
(1999) 

The DHH group underperformed in solving the 15 
mathematical problems compared to NH [18]. 

 Wechsler Individual 
Achievement Test (WIAT-II, 
Wechsler, 2005). 

Deaf students had significantly lower scores on the 
Numerical Operations and Mathematical Reasoning 
subtests compared to hearing students [26]. 

 Stanford Achievement Test 9th 
edition (Stanford-9; Harcourt 
Educational Measurement, 
1996) 

”The standardized test scores for the group of DHH were, 
on average, half an SD below hearing norms” [29]. 
 

 Woodcock–Johnson Tests of 
Achievement III (WJ III) 

“DHH group tended to perform 1 SD better on math 
calculation tasks and problem-solving tasks than hearing 
students with an LD and students who are DHH with an LD 
[30]. 

 - RM Maths (RM Maths, 2002) 
- Wechsler Intelligence Scale 
for Children (WISC-IV, 2004) 
Arithmetic Subtest. 

The CI group performed significantly below the NH group 
on both types of math questions (Arithmetic – 2.73 SD 
below NH; Geometrical Reasoning – 1.63 below NH) [12] 

Note. DHH = Deaf and Hard of Hearing; NH = Normal Hearing; CI = Cochlear Implant; SD = Standard Deviation; LD = 
Learning Disability. 

4 CONCLUSIONS 
Using a systematic literature review, the present study aims to identify the cognitive abilities related to 
mathematics achievement of DHH students compared to NH students. As studies with NH students 
reported, two cognitive domains factors might be considered to influence the variability of mathematics 
achievement on deaf students: domain-general cognitive factors and domain-specific-cognitive domain 
factors [3]. Ten studies analysed the influence of the domain-general cognitive abilities on mathematics 
achievement and 12 studies are oriented to the influence of domain-specific cognitive abilities. Two 
articles used both domains (references). 

The analysis of 9 studies reported a delay on mathematics achievement on DHH/CI compared to NH 
with no learning disability [references]. The delay is observed independently of the nature of the symbolic 
numerical tasks (e.g. calculation/number operations, multiplicative reasoning, mathematics reasoning 
including geometrical reasoning tasks). 

The sample of studies emphasizes the domain-general cognitive factors in deaf student’s mathematics 
learning process. Language seems to be a relevant factor in the mediation of the differences between 
CI and hearing children in mathematics performance [12]. Moreover, positive associations are also found 
between the proficiency in ASL and mathematics learning [14], and the usage of Sign Language 
Counting on procedural strategy in mathematics problem-solving [13]. Highlighting the relevance of 
language in the process, Kelly and Mousley [15] reported that the performance difference between deaf 
and NH students increase with the increasing of the problems verbal complexity. In least complex 
problems, both groups tend to perform similarly [15]. 

Unlike common sense conceptions regarding the visual-spatial advantages of deaf students, such 
factors not seem to support or enhance DHH students’ performance, when comparing with NH students 
[17, 19], with researchers being unable to report consistent advantages of DHH students on a variety of 
visual-spatial tasks [19]. Furthermore, similar patterns of performance in visual-spatial schematic 
representation are registered in DHH and NH students. 

5920



Memory and inhibitory control are also reported as crucial cognitive domains in mathematical learning 
processes. Even though WM, STM and inhibition mediate the differences between ANS acuity and math 
achievement for both NH and CHL groups, this mediation is complete for NH and only partial CHL 
students [11]. Regarding, the memory for geometry imagery terms, Lang & Pagliaro [20] reported better 
results in high imagery geometry terms, with imagery being the best predictor of geometry word recall 
in DHH [20]. 

The sample of studies also highlight the influence of domain-specific cognitive factors on deaf student’s 
(DHH and CI) mathematics learning process. 

Number Line Estimation task is reported on three of 12 studies [19, 25,26]. Only deaf pre-schooler show 
weakness on this ability and lag behind comparing to normal hearing children. On the opposite, scholar 
and Postsecondary deaf students and hearing students show similar results.   

Concerning non-symbolic numerical abilities, six study´s reported deaf students’ strengths on 
quantitative representation and non-verbal arithmetic abilities [21, 22, 23, 24]; and weakness on non-
symbolic estimation tasks (e.g. ANS acuity) across the three educational levels [11, 19]. 

These findings emphasize the need for establishing a wider base of studies among deaf students in 
cognitive general and specific abilities to corroborate that those would likely influence mathematics 
abilities as well as the practical application of numerical abilities in day-to-day living on deaf people. 

The analysis of these studies also suggests that difficulties in mathematics may begin close to the start 
of formal schooling which explain almost half of the studies concentrated in preschool or in the first years 
of schooling. Evidence of poor foundational performance on non-symbolic and symbolic numerical 
representation related to later mathematics achievement is well accepted in numerical cognition 
literature [3] supported by the importance of early identification and intervention on mathematics abilities. 

As a final consideration, this study is included on the research project GBL4deaf – Game-Based 
Learning for Deaf Students (LISBOA-01-0145-FEDER-032022) that explores the impact of an 
educational/serious videogame on deaf children´ mathematics learning. Analysing the correlation 
between cognitive factors and broader mathematical competence on deaf students, give us value 
indications about deaf’ cognitive strengths and weaknesses that might be explore on the development 
of the videogame. 
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