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Introduction

Some research studies in this review have specifically addressed instructional strategies, while others originally set out to examine such topics as multimedia and the use of adjunct questions in instructional prose. The research findings have shown strong support for the argument that the most efficacious instructional strategies are those that cognitively engage deaf students. Both educational research and narrative reports from experienced science teachers generally point to the definition of "best practices" as those which are student centered and emphasize active involvement. The notion of “active involvement” underlying best practices in the science education of deaf students includes such key terms as “hands-on learning,” “participation,” “interactive learning,” “experiential learning,” “Inquiry learning,” and “discovery learning.”  Best practices that stress "minds on" activities, however, are as critical, or more so, than those encouraging "hands on" manipulation of materials in the science classroom. 

As for learning styles, the one study reported in the literature was based on the Grasha-Reichmann Student Learning Styles Scales and the results indicated that deaf adolescents have similar patterns in learning styles as compared to hearing peers. In particular, the deaf adolescents in this study had high scores in the “dependent” learning style, indicating that they value clarity, organization, and structure. As with the findings for hearing students, the only style (out of six evaluated) that correlated to achievement (as measured by course grades) was the participative learning style.

Deaf science students generally have similar perceptions as do hearing students with regard to the characteristics of effective teachers, especially valuing content knowledge and the ability to offer clear explanations. Deaf students, understandably, value teachers who understand deafness and deaf people, and who respect diversity and can use sign language clearly.

While the best practices derived from this literature review are similar to those reported in the large body of literature for hearing students in science education, it should be emphasized that deaf students primarily learn through the sense of vision, and it is not surprising to learn that this review revealed that multimedia approaches enhance factual recall as compared to traditional lecture formats. The combined effects of clear signing, use of media, structured lesson material, and, especially, the involvement of deaf students through the use of adjunct questions throughout the lessons have been found particularly important in terms of performance on post-tests.

This review of research provides summaries for published studies and reports found in the literature on teaching science to deaf students. A rating has been assigned to each entry as follows:

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 in Science

The standards-based reform movement throughout the 1990s promoted the application of benchmarks and standards to many of the important tasks educators perform in their schools.  Nelson (1997), Project 2061 director at the American Association for the Advancement of Science, writes that “Although standards alone cannot bring all the necessary reforms, when used with effective implementation tools, they can make it possible to do some things better.” For example, at the state and local levels, educators can use benchmarks or standards to: 1) define the territory; 2) promote k-12 coherence; 3) rationalize curriculum, instruction and assessment; 4) provide a foundation for teacher preparation and continuing professional development programs; and 5) guide efforts to improve achievement for all students.  

Another popular standards reform project is the National Science Education Standards developed by the National Research Council. These standards are grouped into six areas: 1) Science Teaching; 2) Professional Development; 3) Assessment; 4) Science Content; 5) Science Education Programs; and 6) Science Education System standards. They write: 

…teachers need support from the rest of the educational system if they are to achieve the objectives embodied in the Standards. Schools, districts, local communities, and states need to provide teachers with the necessary resources—including time, appropriate numbers of students per teacher, materials, and schedules.  For teachers to design and implement new ways of teaching and learning science, the practices, and overall culture of most schools must change.(NSES, 1997).

“Teaching Standard B” of the National Science Education Standards emphasize that teachers of science should guide and facilitate learning. In doing this, teachers should:

*
Focus and support inquiries while interacting with students.

*
Orchestrate discourse among students about scientific ideas.

*
Challenge students to accept and share responsibility for their own learning.

*
Recognize and respond to student diversity and encourage all students to participate fully in science learning.

*
Encourage and model the skills of scientific inquiry, as well as the curiosity, openness to new ideas and data, and skepticism that characterize science.

National Research Council (1996). National Science Education Standards. Washington, DC: National Academy Press.
Nelson, G. (1997). Benchmarks and standards as tools for science education reform. http://www.project2061.org/publications/articles/nelson/nelson1.htm
Inquiry/Discovery Learning

Boyd, E., & George, K. (1973). The effect of science inquiry on the abstract categorization behavior of deaf children. Journal of Research in Science Teaching, 10, 91-99.

Rating=2

An inquiry learning approach to study the manipulation of objects and classification abilities of deaf 10-13 year-old students focused on the use of Science Curriculum Improvement Study (SCIS) and Science: A Process Approach (SAPA) materials. The investigators observed increased scores for deaf students in the experimental group who used the hands-on materials.

Elefant, E.F. (1980). Deaf children in an inquiry training program. The Volta Review, 82, 271-279.

Rating=2

Twenty-seven deaf students aged 10-13 participated in an Inquiry Development Program in five instructional groups ranging from 3 to 7 students each. The program lasted 8 weeks with two sessions per week. The focus was on whether such an inquiry approach could be used with deaf learners. The investigator concluded from her study that the actual number of inquiry behaviors and time spent doing experiments exhibited per lesson tended to increase over time and that the time spent doing "non-involved tasks" either remained constant or decreased over time for each student. All of the students involved in the study were able to acquire inquiry skills. Science content learning was not evaluated in this study.

Experiential Learning

Quinsland, L.K. (1986). Experiential learning vs. lecture learning with postsecondary hearing-impaired learners: a study of the potential need for change to occur in instructional methodology. Ph.D. Dissertation, Walden University.

Rating=2

Learning through a traditional lecture was compared with an experiential learning (role playing) strategy followed by "processing" the information learned. The investigator reported that the experiential treatment subjects demonstrated superior retention on a three-day delayed test of factual knowledge. In addition, the effect was significant regardless of the locus of control or whether the deaf students were grouped as low ability or high ability readers.

Active Learning

Van Wagner, B, Jr. (1980). Cognitive Growth Via Hands-On Science Activities for Severe and Profound Hearing Impaired Students in a Self-Contained Classroom. Doctoral Dissertation. University of Northern Colorado.

Rating=2

In this doctoral dissertation study, Van Wagner (1980) examined the learning by 13-17 year-old deaf students and found a total average increase for subjects in the experimental group was 324% on a science content test as opposed to 187% for the control group which did not use "hands-on" experiences.

Problem-Based Learning (PBL)

Brown, S., Babb, I., Johnson, P.R., Scheifele, P.M., Lang, H.G., Zheng, D., Monte, D.,, U LaPorta, M. (2002). Classroom of the Sea: Problem-based learning for the deaf

Proceedings of the International Conference on Computers in Education.
Rating=3

This paper presents a description of a student-centered Problem-Based Learning (PBL) approach used in the National Science Foundation grant project "Classroom of the Sea." The method is also collaborative, case-based, and involves teams of students working with a PBL coach/mentor in solving a problem. In PBL, a problem or case is "ill-structured," requiring the students to problem solve from a minimum of presented information, like many found in the "real world." The approach is particularly helpful in developing thinking skills and problem-solving skills in the students.

Science as a Context for Thinking Skills Development

Molander, B.-O., Pedersen, S., & Norell, K. (2001). Deaf pupils' reasoning about scientific phenomena: School science as a framework for understanding or as fragments of factual knowledge. Journal of Deaf Studies and Deaf Education, 6, 200-211.

Rating=2

This interview study examined how deaf pupils in a Swedish compulsory school reason about phenomena in a science context. The students varied in the extent to which they use scientific principles for reasoning about science phenomena. For some, school science appears to have little to offer as a framework for reasoning. The authors generated questions about the need in school instruction of deaf and hard-of-hearing pupils to consider the specific teaching and learning situations in a deaf environment.

Multimedia Approaches

Diebold, T. J. & Waldron, M. B. (1988). Designing instructional formats: The effects of verbal and pictorial components on hearing-impaired students' comprehension of science concepts. American Annals of the Deaf, 133, 30-35.

Rating=2

Four different printed science instructional formats were assigned to 60 deaf students ages 12 to 22. The use of highly pictorial content and simplified English text produced significantly higher pre- to posttest gain scores than formats with less pictorial content and more complex English patterns in the text.

Dowaliby, F. & Lang, H. G. (1999). Adjunct aids in instructional pose: A multimedia study with deaf college students. Journal of Deaf Studies and Deaf Education, 4, 270-282.

Rating=1a

In this multimedia research study with 144 deaf students, Dowaliby and Lang (1999) examined the influence of four types of adjunct instructional aids on immediate factual recall of science content in a series of 11 lessons about the human eye. Students were grouped by standardized test scores as low, middle, and high ability readers and were assigned to condition which included: 1) text plus viewing "content movies" (animation),

2) text plus sign language translations of the text, 3) text plus answering adjunct questions about the text, and 4) all conditions together (text, sign language translations, animations, and adjunct questions). Low reading ability students learning through text with adjunct questions performed on a test of immediate factual recall as well as high-reading-ability students learning through text only. The improved recall was attributed to the engaging nature of the adjunct questions. Moreover, the combined use of signs, graphics, text, and adjunct questions also resulted in statistically significant gains as compared to the control group (text only).

Lang, H.G., and Steely, D. (2003). Web-based science instruction for deaf students: What research says to the teacher. Instructional Science, 31, 277-298

Rating=1b

To effectively present science material to deaf and hard-of-hearing students, the content of each lesson was presented through a series of "triads," each containing a short text screen, a corresponding animation explicating that passage of text, and an American Sign Language (ASL) version of that text. Students typically first read the text screen, then viewed the ASL movie, and then watched the animations. The results of three different studies with Earth Science, Physical Science, and Chemistry, each 8 months long, conducted by Donald Steely at the Oregon Center for Applied Science(ORCAS), indicated that the interactive multimedia and web-based curriculum materials yielded significantly greater knowledge gains for deaf students as compared to traditional classroom experiences. The authors of this article write that well-designed, proven-efficacious science instructional programs for hearing students can be successfully adapted for use with deaf students by interspersing text and ASL explanations with content animation and by providing additional practice on vocabulary and content graphic organizers.

Reynolds, H. N. & Booher, H. R. (1980). The effects of pictorial and verbal instructional materials on the operational performance of deaf subjects. Journal of Special Education, 14, 175-187.

Rating=2

This study compared the effectiveness of pictorial and verbal information in printed instructional materials for deaf college subjects. Four types of instructional formats were prepared, varying in proportion of pictorial and verbal information. Results showed that the best instructional format was predominantly pictorial, with some ancillary verbal information. 

Learning Styles

Rating=2

Lang, H.G., Stinson, M.S., Basile, M., Kavanagh, F., & Liu, Y. (1998). Learning styles of deaf college students and teaching behaviors of their instructors. Journal of Deaf Studies and Deaf Education, 4, 16-27.

Six learning styles were studied with 100 deaf adolescents and the relationships of these styles to course grades were examined. The study indicated that deaf students who have higher participative learning styles tend to receive higher course grades.

Characteristics of Effective Teachers

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.

Rating=2

Rating and ranking scales were developed for 32 teaching characteristics and administered to teachers and deaf adolescents, who were found to differ in their views of the importance of certain characteristics. Content knowledge was identified as the most important characteristic by both students and teachers. Other characteristics highly rated by students included use of visual materials, understanding deafness, Deaf culture, and deaf people, the ability to sign clearly, lecturing at a good pace, and communicating expectations and assignments clearly.

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.

Rating=2

Interviews with 56 deaf students using the "critical incident technique" led to the collection of 839 teaching incidents, which were categorized and analyzed. When deaf students are asked to reflect on their learning experiences and describe incidents that motivated them to learn in the classroom, the most frequently mentioned characteristics are those found in studies with hearing students as well, 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.

Cognitive Development

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

Rating=3

In this summary of research studies, deaf and hearing children were reported to 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).

Curriculum Development

Grant, W., Rosenstein, J. & Knight, D. L. (1975). A Project to Determine the Feasibility of BSCS's "Me Now" for Hearing-Impaired Students. American Annals of the Deaf, 120, 63-69.

Rating=2

An innovative science program recently developed for use with EMH students was tested on a small group of low-verbal hearing-impaired secondary students of normal intelligence. Information gathered helped to determine the appropriateness of this currently available science program for use with a non-target population. Data show the group clearly attained cognitive gains and retained portions of these gains. Results of pre- and post-administration of an index of affective attitude toward Science showed some positive changes in affect toward Science as a result of the program. Strong recommendations are made considering adoption of the program in other educational settings where there are similar groups of low-verbal hearing-impaired students.

Lang, H.G. (1987). Academic development and preparation for work. In M.C Wang, H.J. Walberg & M.C. Reynolds (Eds.), The Handbook of special education: Research and practice. Oxford, England: Pergamon Press.

Rating=3

This is a general summary of curriculum efforts in science, mathematics, and social studies for deaf students. The chapter presents a review (up until 1987) of the literature on curriculum movements and how educators of deaf students related to them.

Graphic Organizers

Borron, R. (1978). Modifying science instruction to meet the needs of hearing impaired. Journal of Research in Science Teaching, 15, 257-262.

Rating=3

Braverman, B. B., Egelston-Dodd, J., & Egelston, R. L. (1979). Cue utilization by deaf students in learning medical terminology. Journal of Research in Science Teaching, 16, 91-103.

Rating=2

Sixty-eight science vocabulary terms were classified into one of five categories and each term was randomly assigned to one of four cue conditions (verbal cues, pictorial cues, both, and no cues). The use of cues facilitated relearning more than initial learning of medical terminology. Redundant cues were more helpful than single cues. The researchers concluded that when learning a large quantity of technical vocabulary in a short time, the use of cues to label related groups may inhibit rather than facilitate learning.

Communication


Reading

Kelly, R.R., Albertini, J. A., & Shannon, N. B. (2001). Deaf college students' reading comprehension and strategy use. American Annals of the Deaf, 146, 385-400.

Rating=2

Two comprehension studies were conducted with 46 deaf college students reading science text. The results indicate that deaf students have difficulty identifying a topically incongruent sentence in a passage. Students reading at a higher level showed improved comprehension of short passages after training while the students at a lower reading level did not.

Yore, L.D. (2000) Enhancing science literacy for all students with embedded reading instruction and writing-to-learn activities. Journal of Deaf Studies and Deaf Education, 5, 105-122.

Rating=3

Deaf students need opportunities to express what they are learning and experiencing in science and to contrast their understandings with the interpretations of the science establishment. The author of this article discusses how science literacy is developed as students learn about the "big" ideas of science and how to inform and persuade others about these ideas. A framework for using science reading and science writing with deaf students is proposed, based on research and informed practice with hearing students.


Writing/Writing-to-Learn

Lang, H. G. & Albertini, J. A. (2001). Construction of meaning in the authentic science writing of deaf students. Journal of Deaf Studies and Deaf Education, 6, 258-284.

Rating=2

This study examines how students construct meaning through writing during authentic science activities. To determine how well students understood science concepts, 228 writing samples from deaf students in grades 6 through 11 were examined, as well as the explanatory and reflective comments of their teachers. The analyses indicate that certain process writing strategies were differentially useful in helping deaf students to construct meaning and in allowing teachers to evaluate the constructed meaning. Three instructional conditions and two teacher variables were found to play roles in determining the accuracy and adequacy of the writing: (1) the writing prompts the teachers used, (2) the focus for the writing, (3) follow-up to the initial writing activity, (4) the teacher's content knowledge, and (5) the teacher's ability to interpret student writing. 

Assessment/Testing

McKee, B. & Lang, H.G. (1982). A comparison of deaf students' performance on true-false and multiple choice items, American Annals of the Deaf, 127, 49-57.

Rating=2

Students enrolled in a physics course were given a 100-item final examination in which six items appeared in both a true-false and a multiple-choice verson. Results indicate that item format alone may be a factor affecting the performance of deaf students and that different conclusions may be possible concerning specific course objectives mastered. 

Support Services for Mainstream Classrooms


Interpreting

Marschark, M., Sapere, P., Convertino, C., Seewagen, R. & Maltzen, H. (2004). Comprehension of sign language interpreting: deciphering a complex task situation. Sign Language Studies, 4, 345-368.

Rating=1b

Three experiments reported here examined deaf students' comprehension of interpreting in American Sign Language and English-based signing (transliteration) as a function of their sign language skills/preferences. In Experiments 1 and 2, groups of deaf students varying in their sign language skills viewed either an ASL or English-based interpretation of a non-technical lecture, followed by either a written comprehension test (Experiment 1) or a signed comprehension test (Experiment 2). Experiment 3 involved a more technical (physics) lecture, separate testing of students with greater ASL or English-based sign skills/preferences and control of students' prior content knowledge. Results consistently demonstrated that regardless of the deaf students' reported sign language skills and preferences, they were equally competent in comprehending (ASL) interpreting and (English) transliteration; but they gained less from lectures than hearing peers in comparison groups. The results raise questions about how much deaf students actually learn in interpreted classrooms and the link between their communication preferences and

learning.

Marschark, M., Sapere, P., Convertino, C., Seewagen, R. & Maltzen, H. (in press). Access to postsecondary education through sign language interpreting. Journal of Deaf Studies and Deaf Education.

Rating=1b

In this study that included 23 interpreters, 105 deaf students, and 22 hearing students, students watched two interpreted, university-level science lectures, each preceded by a test of prior content knowledge and followed by a post-lecture assessment of learning. Variables of primary interest included the effects of a match or mismatch between student interpreting preferences (interpreting vs. transliteration) and the actual form of interpreting (interpreting vs. transliteration), student-interpreter familiarity, and interpreter experience.  Results extend earlier studies, indicating that deaf students come into the postsecondary classroom and leave with less than hearing peers. Issues relating to access and success in integrated academic settings are discussed in the context of these findings and related research.


 Captioning

Hertzog, M., Stinson, M. S. & Keiffer, R. (1989). Effects of caption modification and instructor intervention on comprehension of a technical film. Educational Technology Research and Development, 37, 59-68.

Rating=2

In this study, 32 deaf engineering technologies students viewed two captioned versions of a film about cement manufacturing. Both high and low reading groups benefited from instruction when the captions were on an 8th grade level, while only the high reading group benefited from the 11th-grade level captions. This study shows how the development of technology along with a sound educational research program may lead to optimal teaching and learning strategies.

Jelinek L., M. S., (1999, March). Television captioning: A vehicle for accessibility and literacy. Paper presented at the annual conference, Technology and Persons with Disabilities, Los Angeles, CA.

Rating=2

Deaf students appear to enhance their literacy through captioning, although even when they are at equivalent reading levels with hearing students, they were found to lag behind in their ability to generalize or use prior knowledge to answer questions. 

Rubin-Mindell, A. (2000). Understanding Science through Captioning. NSF Grant No. HRD-9712964.

Rating=3

Video captioning promotes essential student learning benefits not easily measured on standardized tests, including the enhancement of deaf students' understanding of scientific processes, review and self-correction, and the translation of ASL to English. 

While this approach was evaluated primarily with deaf middle school students, it was also replicated in the project's second year in a public school classroom with students with language and learning disabilities. According to qualitative data analysis, the video captioning strategies were found to have benefits for both populations.


Tutoring

Lang, H.G., Biser, E., Mousley, K., Orlando, R., & Porter, J. (2004). Tutoring deaf college students: A Comparison of baccalaureate and sub-baccalaureate student perceptions. Journal of Deaf Studies and Deaf Education, 9, 189-201.

Rating=2

Seventy-three deaf college students completed a survey examining perceptions about tutoring outcomes and emphases, characteristics of tutors, and responsibilities associated with learning through tutoring. The comparisons revealed that while baccalaureate and sub-baccalaureate students have many similar perceptions about tutoring, there are also some striking differences. In particular, as compared to the sub-baccalaureate students, baccalaureate students have a stronger preference for focusing on course content and for working with tutors who actively involve them during the tutoring sessions. In addition, baccalaureate students prefer to decide the focus of the tutoring themselves while sub-baccalaureate students tend to leave the decision to the tutor. 

Teacher Education/Preparation

Lang, H.G., Mallory, J., & Cutcliffe, A.B. (2003, July). Evaluation of Virtual Asynchronous Resources for Teacher Education. Paper presented at the Instructional Technology and Education of the Deaf Symposium, Rochester, NY.

Rating=2

The Clearinghouse On Mathematics, Engineering, Technology and Science (COMETS) is a comprehensive web-based resource developed through a grant project funded by the National Science Foundation. The focus of the project is to provide information about "best practices" to a variety of target audiences, including K-12 and college educators, parents, support personnel, and those responsible for teacher education and professional development. One goal of this project is to evaluate whether the World Wide Web can be effective in providing useful information to support the needs in the field. This presentation will summarize the evaluation of many features of the Web-based clearinghouse project by more than 50 teachers and in-service and preservice teacher educators. The features of the asynchronous website evaluated include the quality of information, reliability, accuracy, stability, scope, organization, search ability, interactive elements, and ease of technological access.

Roald, I. (2002). Norwegian deaf teachers' reflections on their science education: Implications for instruction. Journal of Deaf Studies and Deaf Education, 7, 57-73.

In this study, five teachers are interviewed about their views, based on their own former experiences as Deaf students. These teachers see the systematic work in class discussions, especially on the concepts of physics, as a major contributor to their success, and they try to use similar methods in their own teaching. They believe that a thorough discussion of a topic using sign language prior to the reading of the textbook is crucial.

Postsecondary Learning

Lang, H.G. (2002). Higher education for deaf students: Research priorities in the new millennium. Journal of Deaf Studies and Deaf Education, 7, 267-280.

Rating=3

A review of research on deaf students in higher education reveals a significant body of knowledge about the barriers these students face in gaining access to information in the classroom. Much less is known about the potential solutions to these problems. In addition, there is a dearth of research on the effectiveness of such support services as interpreting, note taking, real-time captioning, and tutoring, particularly with regard to their impact on academic achievement. This article summarizes relevant research and suggests directions for educational researchers interested in enhancing academic success and the retention of deaf students in higher education programs.
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