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Review of Research on Mathematics and Deaf Students – Implications for Teaching

In this review, we examine research studies, book chapters, and general articles which have implications for teaching mathematics to deaf learners. In categorizing these reports, we use the following coding system:

Code 1 — Quantitative Research

1a: The study utilizes either a true experimental or quasi-experimental research design with randomization for both the experimental and control groups to address all eight issues of internal validity (i.e., history, maturation, testing, instrumentation, regression, selection, mortality, and interaction of selection and maturation). While quasi-experimental design variations may or may not use randomization or control groups in all instances, they do address most of the internal validity issues and thus, are excellent methods to introduce scientific research rigor to study participants in natural social settings and classrooms. If properly designed and implemented both approaches can examine cause and effects of the intervention or treatment variables with the dependent measures. 

1b: Data based research studies that also utilize experimental and quasi-experimental research design and analysis procedures. These studies, however, do not randomly assign an independent variable (i.e., intervention or treatment) to the participants in the experimental group. Rather in these studies, the independent experimental variable(s) of interest occur naturally in the population under investigation such as deafness or hearing, gender, socio-economic status, type of school attended, etc. As a result, such studies cannot interpret their findings in terms of cause and effect. Rather, significant findings are interpreted in terms of an association or relationship between the naturally occurring independent variables and the dependent measures. 

Code 2— Qualitative Research

Data based research that utilizes a qualitative methodology that emphasizes inductive analysis, description, and the study of people’s perceptions. It may also include content analyses of documents and written materials. Qualitative investigations use rigorous and systematic methodologies to objectively as possible examine people’s perceptions of issues and situations, while minimizing biases. Because qualitative studies are generally tied to people’s perception of a specific event, educational setting, or situation, the aspect of replication and verification by others in other settings is not possible. The strength of qualitative research is that it examines perceived reality and brings a dimension of understanding to a specific event, setting, or situation that some contend cannot be accomplished solely with a more traditional empirically based quantitative approach. Generalization and application of findings to the broader population and other similar settings is not a goal of qualitative research.

Code 3 — Narrative Perspectives and Secondary Sources

This code represents articles that provide scholarly perspectives on instruction, student populations, case studies, program data, and other information that may be relevant to teaching deaf students. These perspectives are supported by research, and well documented with scholarly references that can connect the reader to other valuable primary sources.

Information for the first two codes was found in the following two sources:

Bogdan, R.C., & Biklen, S.K. (1982). Qualitative research for education: An introduction to theory and methods. Boston, MA: Allyn and Bacon.

Campbell, D.T., & Stanley, J.C. (1963). Experimental and quasi-experimental designs for research. Chicago, IL: Rand McNally College Publishing Company.

National Standards and the Education of Deaf Students in Mathematics

National Council of Teachers of Mathematics (2000). Principles and standards for school mathematics. Preston, VA: National Council of Teachers of Mathematics. 

We begin this review with a brief examination of the standards established by the National Council of Teachers of Mathematics (NCTM). The Principles and Standards for School Mathematics includes four major components. The Principles reflect basic perspectives which establish a foundation for school mathematics programs by considering the broad issues of equity, curriculum, teaching, learning, assessment, and technology. The Standards describe a comprehensive set of goals for mathematics instruction in the content areas of number and operations, algebra, geometry, measurement, and data analysis and probability, as well as the processes of problem solving, reasoning and proof, connections, communication, and representation. In the Standards we find many of the “best practices” identified and supported by research, which apply equally well to both hearing and deaf students throughout the K-12 years. 

As stated by the NCTM, “Effective mathematics teaching requires understanding what students know and need to learn and then challenging and supporting them to learn it well.” Students learn mathematics through the experiences that teachers provide. The NCTM Standards also emphasize the following:

· Teachers must know and understand deeply the mathematics they are teaching and understand and be committed to their students as learners of mathematics and as human beings. 

· There is no one "right way" to teach. Nevertheless, much is known about effective mathematics teaching. Selecting and using suitable curricular materials, using appropriate instructional tools and techniques to support learning, and pursuing continuous self-improvement are actions good teachers take every day.

· Effective teaching requires deciding what aspects of a task to highlight, how to organize and orchestrate the work of students, what questions to ask students having varied levels of expertise, and how to support students without taking over the process of thinking for them.

· Effective teaching requires continuing efforts to learn and improve. Teachers need to increase their knowledge about mathematics and pedagogy, learn from their students and colleagues, and engage in professional development and self-reflection. 
In summary, the NCTM Standards call for moving the mathematics curriculum away from a laundry list approach for addressing the development of skills. The emphasis should be on learning mathematics by being able to use mathematics to solve problems, work with appropriate representations, and communicate mathematical ideas clearly.

The studies with deaf learners summarized below provide additional information to teachers. From this research we can enrich the best practices further by integrating special needs of deaf learners as we base instruction on the NCTM standards. These studies point to the need to stimulate active participation by students, promote reasoning and problem solving, encourage discussion and insight, and make appropriate use of technology and real-world situations to enhance understanding.  

Characteristics of Effective Teachers of Deaf Students

Marschark, M., Lang, H.G., & Albertini, J.A. (2002). Educating deaf students: From research to practice. New York: Oxford University Press.

Code 1b

In this comprehensive review of research with deaf learners, the authors state, “‘If there is a problem, it is much more likely to be found in the way that we teach and what we expect from deaf students than in the students themselves.” This book summarizes many studies on the cognitive and linguistic development of deaf learners, including aspects relevant to mathematics instruction such as metacognition, organizing knowledge, memory, and visuo-spatial reasoning. The emphases on student-centered activity, content knowledge, and research-based instructional strategies are consistent with the NCTM standards.
*****

Lang, H. G., McKee, B. G. & Conner, K. (1993). Characteristics of effective teachers: A descriptive study of the perceptions of faculty and deaf college students. American Annals of the Deaf, 138, 252-259.

Code 1b
In this study of the perceptions of deaf adolescents and their teachers, content knowledge was found to be the most valued characteristic of an “effective teacher,” the term defined in terms of one’s ability to communicate facts and skills. Thus, the perception of deaf learners is consistent with the NCTM emphasis on content knowledge for teachers. Of 32 distinct characteristics examined in this study, others rated highly by deaf learners included the ability to communicate clearly in sign language and the ability to use clear examples in explanations.  

*****

Lang, H. G., Dowaliby, F. J. & Anderson, H. P. (1994). Critical teaching incidents: Recollections of deaf college students. American Annals of the Deaf, 139, 119-127. 

Code 1b

In interviews with 56 deaf students, 839 "critical incidents" describing effective and ineffective teaching were collected. From those incidents, 33 specific teaching characteristics were derived and were analyzed in relation to teacher, student, and course variables. The primary goal was to identify the teaching characteristics underlying deaf students' recollections about their classroom learning experiences. The most frequently mentioned characteristics are similar to those found in studies of hearing college students, particularly within the domain of Teacher Affect. The teacher's ability to communicate clearly in sign language, however, was not only a characteristic unique to deaf students but also the most frequently occurring characteristic of effective teaching in this study.

Curriculum Reform and the National Standards

Schoenfeld, A. H. (2002 Jan/Feb) Making mathematics work for all children: Issues of standards, testing, and equity. Educational Researcher, 31, 13 - 25. 

Code 1b

Schoenfeld conducted an extensive analysis of teachers who did and did not follow the national standards. This study is relevant to the education of deaf students since parallels may be drawn with the results found in this study for other marginalized students. As Schoenfeld emphasized, "disproportionate numbers of poor, African-American, Latino, and Native American students drop out of mathematics and perform below standard on tests of mathematical competency, and are thus denied both important skills and a particularly important pathway to economic and other enfranchisement."  

Based on his analysis of 97 public schools in the Pittsburgh (PA) area, Schoenfeld concluded that when schools implement the reform curricula following the national standards, "data indicate that…traditional performance gaps between majority students and poor or underrepresented minorities are diminished, through not eliminated." Schoenfeld suggests that this result is a means of hope that with time, research, and more experience, the gaps between student performances will continue to lessen. 

This study shows promise for educators of deaf students who carefully follow the standards set forth by NCTM. Deaf students share many of the characteristics of hearing minority students, including substandard performance on tests and economic disenfranchisement.

*****

Hiebert, J. (1999). Relationships between research and the NCTM standards. Journal for Research in Mathematics Education, 30, 3-19.
Code 3 

Hiebert argues that although mathematics standards have changed, traditional teaching of mathematics has not. The achievement data indicate that traditional teaching approaches are deficient and can be improved. With traditional teaching, students have limited opportunity to extend skills beyond basic computation. Hiebert identifies four things that alternative mathematics teaching methods have in common: 1) build directly on students’ entry knowledge and skills; 2) provide for both invention and practice; 3) focus on analysis of multiple methods; and 4) ask students to provide explanations.

*****

Dietz, C. H. (1995). Moving toward the standards: A national plan for mathematics education reform for the deaf: A Report on the Recommendations of the NAPMERD Committee, Charles H. Dietz, Ph.D., Project Director and Committee Chair, Gallaudet University Pre-College Programs. Washington, DC:

Code 3

Leaders in the field of mathematics education for deaf students have considered the effect of reform-based education. One aim is to focus on the intellectual development of deaf children. This report summarizes the recommendations generated as a result of the work done by the National Action Plan for Mathematics Education Reform for the Deaf (NAPMERD) committee. An overview of demographic data concerning deaf students in 1995 and their education is included.

*****
Pagliaro, C. M. (1998). Mathematics reform in the education of deaf and hard of hearing students. American Annals of the Deaf, 143, 22-28.

Code 1b
While research on the implementation of the Standards shows much support and awareness within the general population of teachers in deaf education, little research has been done, and what has been done is out of date. In light of the recent reform movement to bring schools up to date with the Standards, this study was designed to answer the following questions: to what extent do teacher and administrators reflect the mathematics reform in deaf education? In what ways is the education in the school structured to promote reform? The authors designed their study from the theoretical standpoint of quantitative theory.

Pagliaro sent 95 Program questionnaires to school administrators. Teacher questionnaires were sent to 259 teachers at those schools in K-4, 5-8, 9-12 grades. The results indicate that while teachers in deaf education are incorporating more reform-like methods in their teaching, traditional methods are still used, especially in the higher grade levels, and increased reform is needed. Technology, while available, needs to be made accessible in the classroom and used for enhancing the learning process. Also, communication must be increased, both among teachers and between teachers and administrators.

Mathematics and the Deaf Learner —General Considerations

Wood, D.J., Wood, H.A., & Howarth, S.P. (1983). Mathematical abilities of deaf school-leavers. British Journal of Developmental Psychology, 1, 67-73.

Code 1b
Degree of hearing loss (and, by implication, linguistic ability) was not highly correlated with mathematical attainment in deaf and hard-of-hearing subjects, accounting for less than 2 percent of the variance in achievement. Both deaf samples scored significantly lower than the hearing controls. One possible explanation for this discrepancy… is that the difference between deaf and hearing children results not from deafness per se but from educational experience. “If, for example, deaf and partially hearing children receive less instruction in mathematics than hearing children, or receive different types and quality of instruction from their teachers, then it would follow that their performance might differ from those of hearing  children.

*****

Wood, H.A., Wood, D.J., Kinsmill, M.C., French, J.R.W., & Howarth, S.P. (1984). The mathematical achievements of deaf children from different educational environments. British Journal of Education Psychology, 54, 254 - 264.

Code 1b

Multiple regression analysis reveals that while a mainstreamed sample of deaf students performed better than those in special education, educational placement per se is not an important determinant of achievement. No sex differences emerge for any deaf group and the degree of hearing loss remains a significant but weak predictor of performance.

*****
Nunes, T., & Moreno, C. (1998). Is hearing impairment a cause of difficulties in learning mathematics? In C. Donlan (Ed.), The development of mathematical skills (pp. 227-254). Hove, Britain: Psychology Press.

Code 3

This book chapter discusses evidence for why deaf children lag substantially behind hearing children of the same age on achievement tests for mathematics. The authors review data-based literature and conclude that it does not support a causal link between hearing loss and the difficulties deaf children experience in developing mathematical knowledge and skills. Rather than being a cause of the delay in mathematical learning, the authors suggest that deafness should be considered more of a risk factor in learning numerical concepts, and that it can be successfully addressed through appropriate instructional interventions. Furthermore, the correlation analyses in this study suggest that deaf children deal with the same conceptual obstacles in understanding numerical concepts as hearing children, and that they deal with such obstacles in similar ways.

*****
Hillegeist, E., & Epstein, K. (1989) Interactions between language and mathematics with deaf students: Defining the "language-mathematics" equation. In D.S. Martin (Ed.), Advances in Cognition, Education, and Deafness. Washington, DC: Gallaudet University Press (pp. 302-307). 

Code 3

Many deaf students finishing high school exhibit an inadequate level of skill development and a poor understanding of mathematical concepts in algebra and geometry. Reasons for the relative lack of success of the more advanced students are not well understood. The authors believe that one explanation involves a combination of the increasing abstractness and complexity of the mathematical concepts and the difficulty of finding an effective language in which to teach and learn those concepts.

*****
Kidd, D. H. (1991). A language analysis of mathematical word problems: No wonder they are so difficult for deaf students to read. Teaching English to Deaf and Second-Language Students, 9 (1), 14-18.

Code = 2

This article discusses the language issues associated with mathematical word problems that make them difficult for deaf students to understand and solve. The author selected five word problems from a commonly used mathematics textbook and provides a detailed language analysis for each of the word problems. The language analysis of these five sample word problems for mathematical application provides insights into why these kind of text descriptions of problem situations present reading comprehension difficulty for deaf learners. This article provides a workable model for educators who want to teach the language of mathematics along with the teaching of the mathematical concepts.

The authors list the following reasons for the difficulties that deaf students have with mathematics problems: Words with special emphasis are often seen every day but have special meaning in mathematics so it is possible that students rely too heavily on their general knowledge of the word. In signed languages, there often is only one form of a word and so deaf students might use the English words that have more than one form interchangeably when they see them in print. Deaf students may have little to no exposure to technical vocabulary that is only used in higher level mathematics courses, there may be no sign for the word and it must be fingerspelled instead and therefore could be harder to teach and recall. Also, weaknesses in reading mathematics vocabulary cause low understanding in reading about mathematics concepts in general.
*****
Kidd, D. H., Madsen, A. L., & Lamb, C. E. (1993). Mathematics vocabulary: Performance of residential deaf students. School Science and Mathematics, 93, 418-421.

Code = 1b

This descriptive study examined the performance of 25 deaf residential high school students in grades 9-12 on a 50 item multiple choice mathematics vocabulary test. For the total test, the overall mean percentage of correct responses was 46%. The students performance on vocabulary subcategories were: More than one meaning = 58%; Special emphasis = 42%; Technical = 38%; Varied forms = 39%; and Symbols = 53%. These results provide guidance as to what areas of instructional emphasis teachers should give to the learning of mathematics vocabulary.

*****
Hyde, M., Zevenbergen, R., & Powers, D. (2003). Deaf and hard of hearing students’ performance on arithmetic word problems. American Annals of the Deaf, 148, 56-64.

Code 1b

In this study the arithmetic word problem solving performance of 77 deaf and hard of hearing students in Australia was examined. Their performance was compared to that of hearing peers and the authors claim that the study confirms the fact that language acquisition is a factor. The results indicate a need for greater use of direct teaching of analytic and strategic approaches.

*****
Mason, M. M. (1994). The role of language in geometric concept formation: An exploratory study with deaf students. Proceedings of the Sixteenth Annual Meeting of the North American Chapter of the International Group for the Psychology of Mathematics Education, 296-302.

Code 2

This exploratory study examines geometric understanding and misconceptions among five deaf students, age 7-10, enrolled in a residential state school for the deaf, and their deaf teacher. During interviews the subjects visualized a triangle and then described it; sorted quadrilaterals and triangles, and answered questions dealing with triangles, squares, rectangles, and circles. After eight days of instruction, the six subjects were interviewed again. Prior to instruction, the subjects were operating at van Hiele Level 1 (i.e., they were able to recognize objects by appearance), but with many misconceptions such as all triangles have two or three sides the same. Some difficulties that appear to arise from the limited exposure to mathematical language and the use of particular symbols in sign language were identified. 

*****
Bandurski, M., & Galkowski, T. (2004). The development of analogocial reasoning in deaf children and their parents’ communication mode. Journal of Deaf Studies and Deaf Education, 9, 153-175.
Code = 1b

This study involved 64 deaf children and 40 hearing children in Poland divided into groups of younger and older participants – ages 9-10 and ages 12-13. The development of analogical reasoning was analyzed in the deaf participants coming from two different linguistic environments: 1) deaf children of deaf parents – sign language, and 2) deaf children of hearing parents – spoken language, and in hearing children of hearing parents (spoken language). The research tasks involved three series of analogy tasks based on different logical relations: a) verbal analogies on the relations of opposite, part-whole, and causality; b) numerical analogies on the relations of class membership, opposite, and part-whole; and c) figural-geometric analogies on the relations of opposite and part-whole. The findings showed that early and consistent sign-language communication with deaf children plays an almost equivalent role in the development of verbal, numerical, and spatial reasoning by analogy similar to early and consistent spoken-language communication with hearing children. In the domains of verbal and numerical analogical reasoning, deaf children of deaf parents almost equal hearing children of hearing parents, whereas deaf children of hearing parents lag behind hearing children of hearing parents. In other words, language familiarity can result in an appropriate level of numerical thinking in children.

*****
Ottem, E. (1980). An analysis of cognitive studies with deaf subjects. American Annals of the Deaf, 125, 564-575.
Code 1b

Deaf and hearing children perform equally well when there is a single dimension in a problem solving task (e.g., comparing objects by size). Deaf children do not perform as well as hearing children when there are more than one dimension in a problem (e.g., when different numbers and sizes of objects are compared). More than 50 studies were reviewed by Ottem and in 83 percent of the studies involving more than one dimension hearing subjects performed better than deaf subjects.

*****

Craig, H. B. & Gordon, H. W. (1988). Specialized cognitive function and reading achievement in hearing-impaired adolescents. Journal of Speech and Hearing Disorders, 53, 30-41.

Code 1b

This study evaluated the performance of deaf adolescents on tests of specialized cognitive functioning and explored the linkage between cognitive profile and reading achievement. Other variables noted were mathematics achievement, speech production, etiology, and age of onset of hearing loss. Subjects were 62 severely-to-profoundly deaf students between 15 and 20 years of age, 31 "high readers" and 31 "low readers". Results indicated that, for this sample, cognitive function was below average for the verbal and sequential skills associated with the left hemisphere but above average for the "visuospatial" skills associated with the right hemisphere. Reading performance proved to be highly correlated with cognitive profile, as did mathematics performance and, to a lesser extent, speech and age of onset. The authors suggest development of strategies for using the right hemispheric cognitive strengths to help overcome the deficits in "verbosequential" processing and reading achievement traditionally associated with deaf students.

*****

Schwam, E. (1980). “More” is “Less”: Sign language comprehension in deaf and hearing children. Journal of Experimental Child Psychology, 29, 249-263.

Code = 1b

This descriptive study examined matched groups of deaf children of deaf parents with hearing children of hearing parents ranging in age from 3 years 6 months to 7 years 6 months. The research task required the students to indicate which of two glasses contained more or less water. Four consecutive blocks of seven instructions regarding the two glasses were given to each child in random order. Deaf children received instructions exclusively in sign, while the hearing children received alternating instructions in speech and sign. The results for five age group ranges (3, 4, 5, 6, and 7) showed that overall the deaf children produced significantly higher accuracy for the sign “LESS” than the hearing children for the word “less”. In contrast, the hearing produced significantly higher accuracy for the word “more” compared to the deaf accuracy for the sign “MORE”. However, the deaf children did show an age related increase in accuracy for the sign “MORE”. These findings are discussed in terms of the relative iconicity of the two signs, as well as Furth’s (1966) hypothesis that young deaf children interpret instructions such as “WHAT GLASS HAS MORE?” to mean “WHAT GLASS NEEDS MORE?”

*****

Zarfaty, Y., Nunes, T., & Bryant, P. (2004). The performance of young deaf children in spatial and temporal number tasks. Journal of Deaf Studies and Deaf Education, 9(3), 315-326.

Code = 1b

This study investigated 3- and 4-year-old deaf and hearing children’s ability to remember and to reproduce the number of items in a set of objects under two different conditions: in a spatial array and in a temporal sequence. The 10 participating deaf children were all being given an oral education in the UK and 8 of them had cochlear implants. Thus, the findings may not be generalizable to deaf children educated in a signing environment. The results showed that the deaf children performed equally well as the hearing children on the temporal tasks, and outperformed them on the spatial task. These findings led the authors to two tentative conclusions. The first is that deaf children in their early years do not appear to have any particular problem with representing number. This is important … “because it suggests that the mathematical abilities that older deaf children encounter at school are not caused by beginning school with inadequate number representation” (p. 323). Rather these results suggest that deaf children’s later difficulties with mathematics are because they either have fewer opportunities to learn or are less able to learn the culturally transmitted aspects of mathematical knowledge. The second conclusion is that deaf children may learn about mathematics more quickly and effectively if the teacher’s presentations take a spatial rather than a temporal form. In short, deaf children’s difficulties with learning mathematics are not a due to a delay in number representation and that they should benefit from mathematical instruction that emphasizes spatial representation.
Teaching Mathematics Word Problem Solving to Deaf Students

Kelly, R. R., Lang, H. G., & Pagliaro, C. M. (2003), Mathematics word problem solving for deaf students: A survey of practices in grades 6-12. Journal of Deaf Studies and Deaf Education, 8(2), 104-119.

Code 1b

This study surveyed 133 mathematics teachers of deaf students from grades 6-12 on their instructional practices for mathematics word problem solving. Half the respondents were teachers from center schools and the other half from mainstream programs. The later group represented both integrated and self-contained classes. The findings clearly show that regardless of instructional setting, deaf students are not being sufficiently engaged in cognitively challenging word problem situations. Overall, teachers were found to focus more on practice exercises as compared to true problem solving situations. They also place more emphasis on problem features, possibly related to concerns about language and reading skills of their students, and much less emphasis on analytical and thinking strategies. Consistent with these emphases, teachers gave more instructional attention to concrete visualizing strategies as compared to analytical strategies. Based on the results of this study it appears that in two of the three types of educational settings, the majority of instructors teaching mathematics and word problem solving to deaf students lack adequate preparation and certification in mathematics to teach these skills. The responses of the certified mathematics teachers support the notion that preparation and certification in mathematics makes a difference in the kinds of word problem solving challenges provided to deaf students. The results of this study suggest that teachers of deaf students typically do not challenge their students cognitively in solving mathematical word problems. This appears to be related to a number of contributing factors such as 1) insufficient teacher preparation in mathematics, 2) low teacher perceptions and expectations of deaf students’ capabilities limiting how they expose students to more challenging problem solving situations; and 3) the perception that English skills are the primary barrier to learning, causing teachers to emphasize comprehension strategies and cues, while neglecting the complete analytical process of problem solving.
*****

Mousley, K., & Kelly, R. R. (1998). Problem-solving strategies for teaching mathematics to deaf students. American Annals of the Deaf, 143(4), 325-336.

Code = 1b

This study investigated the use of three problem-solving strategies with 46 deaf college undergraduate students enrolled in mathematics courses at NTID at RIT. The strategies involved the students in 1) giving an explanation to a peer in sign language, followed by writing their understanding of the problem and solution; 2) visualizing one’s problem-solving steps prior to starting a visual/manipulative puzzle task; and 3) a teacher modeling the analytical process step-by-step with sample problems prior to students’ attempts at solving mathematical word problems. The results showed that reading ability clearly influenced how students articulated their problem-solving strategies, as well as their written explanations for solving both the visual/manipulative puzzle task and mathematical word problem task. No differences in problem solving performance were observed with regard to the students’ primary language of ASL or signed English. For the visualization strategy, the deaf students in the experimental group performed significantly more efficiently in terms of fewer movements to solve the visual/manipulative puzzle as compared to the control group. And finally, teacher modeling showed a significant effect for the experimental group as compared to the control group for analyzing all of the information contained in the mathematical word problems and explaining their solutions. These findings demonstrate that the problem-solving performance of deaf students can be enhanced through exposure to a number of analytical strategies.
*****

Kelly, R. R., & Mousley, K. (2001). Solving word problems: More than reading issues for deaf students. American Annals of the Deaf, 146(3), 253-264.

Code 1b

This study presented 44 deaf and hearing college students 30 mathematics problems to solve. The initial 15 were presented as numeric/graphic mathematical problems, followed by 15 corresponding mathematical word problems, with both conditions sequenced for a progressive increase in problem complexity. Each word problem described the kind of shape and measurement information that was presented in its corresponding numeric/graphic problem. The deaf students were divided into three reading ability groupings representing lower ability readers (7.8 or below), middle ability readers (8.0 – 8.8 grade level), and higher ability readers (9.3 grade levels and above). The results showed that the deaf college students, regardless of reading level, were comparable in performance to the control group of hearing college students for solving the numeric/graphic math problems and the initial, least complex set of corresponding word problems. However, as the descriptive information demands in the word problems increased to describe the more complex problem situation, the performance scores of the deaf students decreased regardless of reading abilities. No comparable decrease was observed in the hearing students’ performance. While reading ability level was associated with the deaf students’ word problem solving performance, the analyses show that other factors also contributed to their decline in scores on the word problems. These other factors included computation errors (rather than procedural errors), leaving word problems blank, and a negative, disengaged approach to the word problem solving tasks. The results of this study demonstrated that successfully solving mathematical word problems involves more than reading comprehension. Thus, teachers of deaf students need to emphasize the complete problem solving process including the analytical and evaluative components, not just the reading and comprehension of the word problem text. Additionally, teachers of deaf students need to persist in providing word problem situations so students become comfortable and confident with this genre of problem solving, and do not develop avoidance strategies and negative attitudes about text descriptions for problem situations.
*****

Kelly, R. R., Lang, H. G., Mousley, K., & Davis, S. (2003). Deaf college students' comprehension of relational language in arithmetic compare problems. Journal of Deaf Studies and Deaf Education, 8(2), 120-132.

Code 1b

This study examined 80 deaf college students’ performance for solving compare word problems where relational statements were either consistent or inconsistent with the arithmetic operation required for the solutions. The results support the consistency hypothesis proposed by Lewis and Mayer (1987) based on research with hearing students. That is, deaf students were more likely to miscomprehend a relational statement and commit a reversal error when the required arithmetic operation was inconsistent with the statement’s relational term (e.g., having to add when the relational term was less than). Also, the reversal error effect with inconsistent word problems was magnified when the relational statement was a marked term (e.g., a negative adjective such as less than) rather than an unmarked term (e.g., a positive adjective such as more than). Reading ability levels of deaf students influenced their performance in a number of ways. As predicted, there was a decrease in goal monitoring errors, multiple errors, and the number of problems left blank as the reading levels of students increased. Contrary to expectations, higher reading skills did not affect the frequency of reversal errors. Based on these findings, it is recommended that teachers of deaf students provide instruction and practice for 1) a variety of representational strategies (both written and graphic); 2) multiple-step problems; 3) increasingly complex compare problems with a variety of comparative language; and 4) in developing strategies to evaluate the reasonableness of their plans and solutions relative to specific problem parameters.
*****

Serrano Pau, C., (1995) The deaf child and solving problems of arithmetic: The importance of comprehensive reading. American Annals of the Deaf, 140, 287-291.

Code = 1b

This descriptive study analyzes the influence of reading comprehension level on the solution of verbally expressed problems of arithmetic. Three types of mathematical word problem situations (change, compare and combine) were examined with 12 elementary Spanish deaf students (ages 8 to 12). Results show that if deaf children are unable to understand the verbally presented problem, they will be unable to solve it. These findings suggest that reading comprehension level influences deaf students’ problem solving success with word problems involving mathematics application.
*****

Ansell, E. & Pagliaro, C. (2001). Effects of a signed translation on the types and difficulty of arithmetic story problems. Focus on Learning Problems in Mathematics, 23(2), 41-69.

Code = 2

This qualitative research study was part of an interdisciplinary project to describe and evaluate the presentation and solution of story problems within the deaf education classroom. The investigation utilized content analysis to examine the changes that occurred in problem type and/or problem difficulty when primary-level teachers of deaf and hard-of-hearing students translated written English story problems into sign. The findings showed that of the 15 story problems translated from written English to sign language, three reflected a change in problem type and 10 exhibited a shift in difficulty within problem type. Sign language variations used within problem type as well as the dynamic, visual nature of sign language can clarify the relationships and/or actions depicted within a problem situation. However, these lessen the inference from problem statement to its modeled solution and therefore decrease problem difficulty. Furthermore, the results indicate that both the presentational features of sign language and teachers’ choices can either create bridges or barriers to deaf students’ understanding. Changes in problem type resulting from the interaction of sign language features and teachers’ choices may limit the types of problems deaf and hard-of-hearing students are given to solve, thereby restricting their access to mathematical understanding. The findings of this study raise important issues about the translation of arithmetic word problems into sign language. This research should cause professionals in deaf education to reflect on the mathematics they present to their students. Too often teachers and teacher educators in the field of deaf education focus on linguistic issues without considering the resulting effects on content knowledge.
*****

Frostad, P. & Ahlberg, A. (1999). Solving story-based arithmetic problems: Achievement of children with hearing impairment and their interpretation of meaning. Journal of Deaf Studies and Deaf Education, 4, 283-293.

Code = 2

This study investigated how 32 Norwegian hard of hearing students, ages 6 through 10, learned different types of elementary arithmetic problems presented in a non-reading format. The arithmetic tasks covered three types of subtractive change situations in the number range 1 to 25 (Change 2, Change 4, and Change 6 according to the Greeno categorization system). Both quantitative and qualitative analyses of the data were conducted with the primary qualitative goal of understanding how the students themselves experienced the educational situation and subject matter. The results showed that the students interpreted the meaning of the imposed problems in three different ways: 1) as numbers and procedures, 2) as take-away situations, and 3) as part-part-whole relations. Furthermore, there was a lack of increase in ability to solve the problems from grade 1 to grade 4. In addition to a ceiling effect on the change problems 2 and 4, one possible explanation for the lack of development across ages in solving Change 6 problems is that deaf and hard of hearing students typically approach the problems as numbers and procedures, without reflecting on the semantic relations between the parts. The authors stress that deaf and hard of hearing students should be given the opportunity to develop their understanding of problem structures and strategies in contexts where inferior text comprehension does not represent a constraint to their problem solving.
*****
Pagliaro, C. M., & Ansell, E. (2002). Story problems in the deaf education classroom: Frequency and mode of presentation. Journal of Deaf Studies and Deaf Education, 7, 107-119.

Code = 2

This descriptive study involved 36 primary-level (K-3) teachers at five schools for the deaf that varied in sign communication philosophy. The investigation focused on the use of mathematics story problems in the primary-level curriculum. Specifically, the teachers were asked with what frequency and in which communication mode they presented story problems to their students. The results showed that teachers presented story problems 1-3 times per week in modes consistent with their school communication philosophy. This study also yielded two unexpected results. First, there was no apparent influence of mathematics-related in-service participation on the frequency of teachers’ story problem presentations, and second, teachers with fewer than 10 years experience included story problems less frequently than those with more experience. They discuss implications and recommend an instructional approach based on children constructing mathematical knowledge through problem solving.

*****

Titus, J. C. (1995). The concept of fractional number among deaf and hard of hearing students. American Annals of the Deaf, 140, 255-263.
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This study involved 47 student participants between the ages of 10 and 16 to investigate their understanding of the mathematical concept of fractional number as measured by their ability to determine the order and equivalence of fractional numbers. Twenty-one of the students were deaf or hard-of-hearing, while the comparison group consisted of 26 with normal hearing. In terms of overall performance, the hearing students had an age-related increase in fractional ordering skills. In contrast, the deaf and hard-of-hearing students did not show a similar effect. The findings revealed that the deaf and hard-of-hearing students performed similarly to younger hearing students in overall performance by fraction type and problem solving strategies. Specifically, they had a tendency to order fractions by the values of the counting numbers composing them. These results were explained in part by a lack of emphasis on mathematics for deaf students.
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Gross, T.F. (1977). The effect of mode of encoding on children’s problem-solving efficiency. Developmental Psychology, 13, 521-522.
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This study investigated the performance of 10-year old deaf and hearing children matched for age and IQ on a concept discovery task. The children were asked to solve six discovery-of-concept problems that consisted of two types: three problems were defined by one attribute and three problems were defined by two attributes. The children’s performance was measured by number of trials to solution and a continuous focusing score. The results showed that the participating deaf children show a slower rate of problem solving and a lower focusing score as compared to the hearing participants. This finding suggests that the modality in which information is encoded may influence strategy efficiency in problem solving, and that this effect may be independent of any general ability to employ mediators for information processing.

Research-Based Web Resources

PROJECT SOLVE

Kelly, R. R. (2003). Using technology to meet the developmental needs of deaf students to improve their mathematical word problem solving skills. Mathematics and Computer Education, 37(1), 8-15.
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The PROJECT SOLVE web site (http://problemsolve.rit.edu/) addresses in an innovative and practical way, a critical problem facing most deaf college students and other learners with special needs – inadequate preparation and practice in problem solving and analytical thinking. Supported by a grant from the Fund for the Improvement of Postsecondary Education (FIPSE), U.S. Department of Education, PROJECT SOLVE provides web-based problem-solving instruction and guided practice for mathematical word problems. While deaf students are the primary audience, this project is appropriate for other learner populations at both the high school and college levels for whom reading and mathematical word problem solving is difficult, especially Learning Disabled (LD) students. The web site provides a range and variety of word problems presented in language typically found in high school and college mathematics courses. An optional help menu provides clear concise written and graphic information to guide students with a range of reading abilities (8th-12th grade) through each mathematical word problem. There are five help buttons available to guide students through each word problem: 1) The Question; 2) Given; 3) Find; 4) Definitions; and 5) Graphic that provides animated illustrations or other graphic representations of the word problem. After the students understand and solve the problem, they type their answer in the window labeled "Your Response" followed by clicking on the “Submit Response” button. Once they submit, the correct answer then appears along with a “Show Me How” button that gives one clear example of a step-by-step procedure for solving that specific word problem. There are over 300+ mathematical word problems in the PROJECT SOLVE item pool that include both arithmetic problems (fractions, variations, percents, averages, conversions) and algebra problems (symbols, coins, consecutive integer, age, investment, mixture, motion/distance, work, probability, and logarithms).

*****
Clearinghouse On Mathematics, Engineering, Technology and Science (COMETS)

http://www.rit.edu/~comets
COMETS is an information dissemination project funded by the National Science Foundation, implemented to address the urgent need for well-grounded information about "best practices" in teaching and curriculum development for deaf students in science, technology, engineering, and mathematics (STEM) courses. The primary focus of COMETS is K-16 STEM educators. One of the goals of COMETS is to develop a network for systemic reform through information dissemination in mathematics. The website contains documentation, called "workshops," designed to help teachers more effectively teach science and mathematics to deaf and hard-of-hearing students. 

Academic Achievement in Mathematics

Kluwin, T. & Moores, D. (1985). The effects of integration on the mathematics achievement of hearing impaired adolescents. Exceptional Children, 52, 153-160.

Code 1b

The participants of the study were 36 mainstreamed students and 44 in self contained students matched on mathematics ability, reading achievement, degree of hearing loss, and social adjustment. Prior achievement and gender were also controlled for in the analysis. Nonintegrated students were accepted as participants if they were not placed in an integrated classroom for a reason other than mathematics achievement. 

Findings of this study show that students who were integrated achieved significantly higher than those who were candidates for integration but not integrated. Possible reasons for the higher achievement, according to Kluwin and Moores, are differences in expectations, exposure, teacher training, parental involvement, and support services. Typically, the expectations in the regular classrooms of the integrated child are higher. Students in integrated classrooms have more demanding content and a greater amount of corrected homework and number of problems worked. There are also more subject area specialists in integrated classrooms. In fact, the schools that this study included had no specialty area teachers in the self-contained classrooms. 

*****

Traxler, C. B. (2000). The Stanford Achievement Test, 9th Edition: National norming and performance standards for deaf and hard-of-hearing students. Journal of Deaf Studies and Deaf Education, 5(4), 339-348.
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This study examined the performance of deaf and hard-of-hearing students on the Stanford Achievement Test, 9th Edition for the purpose of establishing national norms and performance standards. The norming sample consisted of 4,808 students ranging in ages from 7 through 18 and their scores on eight test levels — Primary (P1, P2, P3); Intermediate (I1, I2, I3) and Advanced (A1, A2). For norming purposes, these deaf and hard-of-hearing students scores were compared to the national data for hearing students on the four Stanford performance standard levels of Below Basic, Basic, Proficient, and Advanced. Percentile comparisons were provided on these four Performance Standard Levels for the following skill areas: 1) Reading Comprehension, 2) Reading Vocabulary, 3) Mathematics Problem Solving, 4) Mathematics Procedures, 5) Language, and 6) Spelling. For Mathematics Procedures, the 80th percentile of the deaf and hard-of-hearing sample equates only to the Level 1 Below Basic Performance Standard for hearing students, while for Mathematics Problem Solving, the 80th percentile equates with the Level 2 Basic for hearing students. Additional analyses were conducted with a smaller sub-sample of the deaf and hard-of-hearing students who take the same test levels as hearing students. Results showed that this smaller sub-sample scored similarly to their hearing peers on Reading Comprehension and Vocabulary, and Mathematics Problem Solving and Procedures. In Language they clearly performed lower, but in Spelling clearly higher. The findings of this test will help teachers interpret the performance scores of deaf and hard-of-hearing students on the Stanford Achievement Test within a normative context compared to their hearing peers.

Mathematical Tasks

Davis, S. M., & Kelly, R. R. (2003). Comparing deaf and hearing college students' mental arithmetic calculations under two interference conditions. American Annals of the Deaf, 148(3), 213-221.
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This study compared the mean reaction times (RT) of deaf higher and lower level readers (n = 30) with hearing college students (n = 14) on a mental calculation task for verifying the accuracy of addition and multiplication problems while their thought processes were simultaneously subjected to either tapping or voicing interference. The mental calculation performance of both the deaf students with higher reading skills and the hearing students were clearly affected by the voicing interference as compared to the tapping condition. This suggests that they were using some form of articulatory loop or inner voice for the mental verification task. In contrast, the group of lower reading deaf students showed no differential performance between the two interference conditions and exhibited slower responses across all experimental tasks. This may indicate a less efficient use of working memory and internal processing codes by deaf students with low reading ability. Additionally, the lower reading deaf students’ were significantly less accurate across all mental calculation tasks as compared to both the higher deaf readers and hearing student. Overall, the higher-reading deaf college students exhibited performance patterns similar to the hearing college students for both RT and accuracy.

*****
Epstein, K. I., Hillegeist, E. G., & Grafman, J. (1994). Number processing in deaf college students. American Annals of the Deaf, 139 (3), 336-347.
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This study included three experiments on magnitude comparison, calculation verification, and short-term memory span in order to investigate number processing in deaf college students. While the results showed that deaf students’ level of accuracy was similar to that of their hearing peers in the study, there were significant differences in mean response times (RT) for all three experimental tasks. The deaf students had consistently slower RTs as compared to the hearing participants. Additionally, the effects of the deaf subjects tended to be more exaggerated than those of the hearing subjects. The possible explanations for these differences were discussed in terms of developmental deficits (e.g., in experience, language, and education), and the use of working memory (e.g., relative efficiency of the articulatory loop limited working memory capacity, and deficits in sequential memory). It was further suggested that the “relationship between development and mathematical competence closely parallels current explanations of reading competence in the Deaf” (p. 345).
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Barham, J., & Bishop, A. (1991). Mathematics and the deaf child. In  K. Durkin and B. Shire (Eds.), Language in mathematical education: Research and practice. Philadelphia, PA: Open University Press, 179-187.
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This book chapter provides insights into the issues and problems of deaf children learning mathematics. It discusses the language difficulties and mathematical concept formation relative to the characteristics of deaf children that might affect their mathematical thinking. Practical implications are provided for educators, as well as suggestions for using computers to aid in the teaching of mathematics to deaf children.

*****
Nunes, T., & Moreno, C. (2002). An intervention program for promoting deaf pupils' achievement in mathematics. Journal of Deaf Studies and Deaf Education, 7(2), 120-133.
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This study investigated the efficacy of an intervention program for improving deaf students’ achievement of numeracy. Twenty-three deaf students ages 7-11from six different classes in six schools for the deaf or with units for deaf pupils in London, UK participated in this research project. Their pre- and post-intervention performance on the NFER-Nelson Age Appropriate Mathematics Achievement Test was compared to the baseline control group of 65 comparable aged deaf students from the previous year in those same schools. Teachers conducted the intervention program during the time normally scheduled for mathematics lessons. The deaf students in this project did not score differently than their baseline counterparts on the pretest, but performed significantly better on the posttest. Also, the deaf students performed better than expected on the basis of their pretest scores according to normative data for assessing the progress of hearing students. These findings demonstrate that the intervention program was effective in promoting deaf students’ mathematics achievement in numeracy.
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Hitch, G.J., Arnold, P., & Philips, L.J. (1983). Counting processes in deaf children’s arithmetic. British Journal of Psychology, 74, 429-437.
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This study screened 52 deaf children (ages 6-11) from a school using oral methods and 31 hearing children for mathematical achievement, resulting in 10 deaf students matched with 10 hearing children balanced for competence in basic arithmetic operations. The research task involved integer additions and measuring the students’ reaction times for indicating whether each problem was correct or incorrect. Contrary to expectations, the results did not support the hypothesis that deaf children solved elementary addition problems by relying on more on associative retrieval from long-term memory and less on covert counting strategies. In fact, the findings suggest that both the deaf and hearing children similarly used counting strategies. The theoretical implications are discussed including that deaf students engage in subvocal counting at this age.
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Nunes, T. (2004). Teaching mathematics to deaf children. London, England: Whurr Publishers, Ltd.
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This book provides valuable guidance to educators on how to teach mathematics to deaf children. The author’s assessment of the problems facing deaf children in learning mathematics and pertinent instructional intervention programs are supported with scholarly references. The topics covered are 1) counting, 2) additive reasoning for connecting addition and subtraction, 3) reading and writing numbers, and 4) multiplicative reasoning for multiplication, division, and other mathematical ideas. The recommended instructional interventions to teach deaf children about these four arithmetic operations are based on visual-spatial representations in problem solving with numerous examples. A teaching program using this approach was tested with deaf children in six schools with documented results. 
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Nunes, T., & Moreno, C. (1997). Solving word problems with different ways of representing the task. Mathematics and Special Educational Needs, 3(2), 15-17.
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This qualitative study investigated the use of signed numbers as mediators for deaf children (ages 6-8) in their development of addition skills. The findings showed that the systems of signs used during the problem solving process does indeed influence children’s reasoning. Additionally, these results demonstrated that the same children solving problems with different kinds of representational support performed significantly differently. This shows that it is not comprehension issues, but rather difficulty with formulating that leads to deaf children’s poor performance when solving certain classes of problems.

PAGE  
20

