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Designing Technology



Abstract Students with learning disabilities (LD), now being educated in general education classrooms, face greater challenges in school than before. It is widely known that students with LD experience difficulties, especially in comprehending expository texts, which is a critical skill for learning. Responding to this problem, this research project focuses on the design of a technology-based comprehension aid tool, FIT-RD, to improve learning disabled students’ comprehension skills of expository text. The research will consist of three phases. In the first phase, students’ deficits in comprehension skills will be analyzed to identify their specific needs. The second phase will involve the design, development, and formative evaluation of two prototypes of FIT-RD. Through these two iterations, the FIT-RD tool will be refined. In the third research phase, a summative evaluation of the FIT-RD tool will be conducted. Development of the FIT-RD tool in this research will contribute to improving expository text comprehension skills of students with LD, as well as helping teachers meet the special needs of students with LD in inclusive classrooms. The research will also benefit educational researchers and instructional developers by yielding design principles for the development of a comprehension aid tool for students with LD in inclusive classrooms.
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Designing technology to meet needs of students with learning disabilities in inclusive classrooms



Project Description Problem Statement Traditionally, students with special needs have been educated in self-contained classrooms. However, as the Individuals with Disabilities Education Act (IDEA, 2004) mandates students with special needs must be educated in the least restrictive environment, most learning disabled students are now served in general education classrooms. This means that students with learning disabilities (LD) receive the same instruction as do those without disabilities. In addition, the NCLB Act requires that 100% of students, including those with disabilities, reach state standards for proficiency in reading and math. As students with LD normally fall behind their peers in academic performance, the current circumstances place greater challenges on learning disabled students and their teachers. One of the major problems learning disabled students experience is reading expository texts. Students with LD lack basic decoding skills such as phonological processing, phonics, word recognition, and fluency (Siegal, 2003). Even with fluent decoding skills, many learning disabled students still experience poor reading comprehension (Englert & Thomas, 1987; Leach, Scarborough, & Rescorla, 2003). They demonstrate greater deficiency in comprehension abilities when they are reading expository texts as compared to reading narrative texts (Saenz & Fuchs, 2002). From the 4th grade on, much of the content students are expected to learn is presented in the form of expository text (Moss, 2005). These texts are generally more difficult to comprehend than narrative texts because they have conceptually dense, unfamiliar content, employ complex
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and varied text structures, and include technical vocabularies. However, students rarely receive explicit instruction on how to read expository texts (Saenz & Fuchs, 2002). Although good readers are able to acquire the skills and strategies to comprehend expository texts without additional instruction, struggling readers fail to develop such skills by themselves (Englert & Thomas, 1987). Thus, students with LD experience more difficulties in comprehending expository texts than those without LD (Saenz & Fuchs, 2002). When studying science texts in particular, students are exposed to numerous new vocabulary words (Yager, 1983). Science teachers in a general education class have recognized the severe difficulties that students with LD experience in class. However, classroom teachers have found it challenging to provide specifically designed accommodations to students with special needs (Mastropieri, Scruggs, & Graetz, 2003). Some teachers are not adequately trained, and others do not find the time to deliver special instruction during class time as more learning disabled students are included in the general education curriculum. Accordingly, it seems necessary to examine ways to assist reading comprehension of learning disabled students in a general education science class. The current research will focus on providing supports that can enhance learning disabled students’ comprehension of expository text. Review of Literature A number of interventions to improve expository text comprehension in students with LD have been reported. Gajria, Jitendra, Sood, and Sacks (2007) categorized different interventions for reading disabilities into two types: content enhancement and cognitive strategy instruction. Content enhancement focuses on improvement of comprehension of specific content information. It involves instructional strategies designed to make a text more organized and meaningful. Examples of content enhancement strategy are graphic organizers, visual displays,
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and study guides. Cognitive strategy instruction, on the other hand, refers to teaching students how to approach and interact with expository text. The goal of cognitive strategy instruction is to teach students how to learn from the text so that they can become more active and self-regulated learners. Cognitive strategies include summarization, self-monitoring, and questioning. According to the research synthesis prepared by Gajria et al. (2007), cognitive strategies yielded stronger effects, although both types of interventions were found to enhance reading comprehension of expository text. Similar results were reported in Sencibaugh’s (2007) study. Despite the reported effectiveness of comprehension interventions, Shaywitz, Morris, and Shaywitz (2008) noted inconsistent effects of interventions for reading comprehension as compared to consistent benefits from interventions focusing on word-level reading. In addition, only a few studies reported maintenance or transfer effects of the comprehension interventions, and most did not show generalized effects to materials not used in individual study (Gajria, et al., 2007; Sencibaugh, 2007). One of the reasons for the inconsistent effects may lie in the varying measures of comprehension used in different studies. While some studies employed measures of main ideas, summarization, or relational and inferential knowledge (Williams, Hall, & Lauer, 2004; Williams, Nubla-Kung, Pollini, Stafford, Garcia, & Snyder, 2007) others relied on recall of factual knowledge (Bakken, Masatropieri, & Scruggs, 1997). Inconsistent evidence of comprehension intervention effects could be also attributable to the appropriateness of strategies taught during the intervention. Most of the interventions applied strategies that were effective for students typically without LD. In other words, the interventions were not designed to address specific reading strategies or skills that students with LD lack. Reading comprehension involves several processes and requires multiple skills (Klinger, Vaughn, & Boardman, 2007; Rapp, van den Broek, McMaster, Kendeou, & Espin, 2007). It is
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possible that individual students with LD have different patterns of deficits within the processes of reading comprehension. If so, remediation for students with LD should address the specific problems they have. For example, students with LD are known to have difficulties identifying main ideas. Identifying main ideas involves several cognitive processes and students with LD may have deficits in different cognitive processes. Simple instruction about how to find main ideas is not likely to help every struggling reader and each LD student may need a different kind of support. However, most of the existing comprehension and intervention assessments are productbased, not process-based (Rapp, et al., 2007). Students with LD are usually assessed according to how well they perform on a test, which does not provide information on how they process the text. In addition, most studies have evaluated the quality of reading interventions exclusively by relying on students’ scores on a comprehension test. This kind of assessment is not useful in examining struggling readers’ underlying deficiencies. Rather, the comprehension and intervention assessment should be based on cognitive processes of students with LD so that the specific deficits the students have in comprehension processes can be identified. Such processbased assessment may provide clearer guidance on the components of effective interventions for students with LD. There is, in fact, a lack of research on the processes in which struggling readers engage while reading a text (Rapp et al., 2007). Although some studies reported LD students demonstrated different deficits within the processes of word reading (Lovett, 1984; Wolf & Bowers, 1999), few examined the processes of reading comprehension that learning disabled students actually utilize. Therefore, this study will examine the expository text comprehension processes of learning disabled students and identify comprehension deficits these students have. Furthermore,
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the study aims to determine appropriate supports that can compensate for the students’ deficits and improve their comprehension skills. Acknowledging that learning disabled students receive instruction on decoding skills but continue to suffer comprehension difficulties, the study will focus on improving their higher-order comprehension skills of cognitive processes. Theoretical Framework Reading comprehension is a complex cognitive process. It requires higher-order cognitive skills as well as basic decoding skills. Even though students are able to read individual words, they may have difficulty comprehending texts if they lack higher-order skills. Irwin (1991) described five cognitive processes of reading comprehension as essential reading comprehension skills: microprocesses, integrative processes, macroprocesses, elaborative processes, and metacognitive processes. These five processes work together and interact with each other. Microprocessing represents the initial chunking of ideas within individual sentences. Chunking involves grouping words into meaningful units and this action requires understanding vocabulary and syntactical awareness. Chunking then leads to selective recall, another important aspect of microprocessing. The reader must decide which chunks of ideas are crucial to remember. Integrative processes refer to making connections among ideas across sentences. When reading a sequence of sentences, the reader processes individual meaning units in different sentences and integrates those units. This process involves inferring the meaning of individual ideas and understanding the relationships among them. Irwin (1991) identified two sub skills related to integrative processing: an ability to recognize the meaning of pronoun referents and an understanding of text relationships such as causation and sequence.
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The third cognitive process of reading comprehension is macroprocessing. When identifying the relationships among the information chunks, the reader also organizes those interconnected ideas in a coherent way. In so doing, the reader may select the most important information and remove incidental details. Using this process, the reader increasingly gains an overall idea of a text. Some skillful readers use a structure or visual organizer to help them arrange these important ideas. This process is closely related to summarization skills and identification of main ideas. Elaborative processes involve activating prior knowledge. The reader makes inferences beyond ideas presented explicitly in the text through linking prior knowledge with information from the text. Making inferences is a critical process of reading comprehension, as the reader often has to understand the hidden meaning of the text. Inferences made by the reader, however, could be different from those by other readers because of different background knowledge that readers bring to the text. The last cognitive process proposed by Irwin (1991) is metacognitive processing. Metacognition refers to the reader’s awareness of his or her cognitive processes. The readers monitor their understanding, determine what is important to remember, and select strategies to use. If readers are aware of their miscomprehension, they employ fix-up strategies to solve the problem. Fix-up strategies include reviewing, reading slowly, underlining, and note taking. This regulation of cognitive activities is called metacognitive processing. From the five cognitive processes of reading comprehension, four specific higher-order skills (cf. decoding skills) are identified. The first skill involves making connections among information presented in a text by relating and organizing information into a coherent structure. Expository texts usually have complex structures; consequently, it is harder for readers to make
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connections among ideas presented in an expository text. Another skill necessary for reading comprehension is identifying main ideas and distinguishing them from extraneous information. The third comprehension skill is activating and linking appropriate prior knowledge to the information in the text and then making inferences. This skill can be subdivided into 1) activating prior knowledge and 2) making connections between information in the text and pertinent prior knowledge. Because relations between information in the text are not always obvious, readers frequently need to call on their prior knowledge to understand the underlying meanings of a text. The fourth higher-order comprehension skill is the use of metacognitive strategies that include monitoring comprehension and employing fix-up strategies. Conceptual Framework It could be assumed that students with LD have deficits in these four comprehension skills. In fact, they may lack all four skills. It is also possible that individual students demonstrate differing deficits among the skills. Recently, Rapp and colleagues (2007) identified two sub groups of struggling readers. One group had difficulties constructing inferences from information presented in the text; in contrast, the other group was able to make inferences but was not successful at calling on appropriate prior knowledge. In this proposed study, students with LD will be assessed to determine whether they lack each of the four comprehension skills. If different profiles of deficits are identified among students with LD, they should be provided with specialized support that compensates for the deficits each student has because the four comprehension skills would be improved and facilitated through different aids. For example, the skill of building connections between information in the text can be enhanced by using a graphic organizer during reading. Graphic organizers (GOs), also called concepts maps, are visual representations that depict a structure of information taken from the
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learning text (Moore & Readence, 1984). They provide labels to link information from the text in order to highlight the relationships among the key concepts. They have been used to assist student comprehension of expository text across various grades and content areas. It was found that students with LD were better at understanding relational knowledge from expository text when they used GOs (DiCecco & Gleason, 2002). Thus, provision of GOs seems an appropriate aid to help students who have difficulties linking information in the text. Students with LD also may not be able to differentiate key information from incidental details in the learning text. Those students can benefit from study guides. Study guides, also called reading guides, refer to teacher-generated questions or statements emphasizing important information in the text (Herber, 1978). Generally speaking, study guides are developed for two purposes: (1) to focus students’ attention on important ideas in the text, and (2) to guide students through the thinking processes needed to discover key ideas (Herber, 1978). Many studies have reported that study guides enhanced students’ comprehension test scores (Horton & Lovitt, 1989; Lovitt, Rudsit, Jenkins, Pious, & Benedetti, 1985). Thus, when study guides are provided with the text, students may able to distinguish noteworthy content from extraneous information. Study guides can be also helpful for those who are not able to activate relevant prior knowledge. In fact, there are various types of study guides, each of which serves a different function. In order to assist students in linking prior knowledge to information in the text, questions and statements contained in study guides can be framed to prompt relevant prior knowledge. Previous studies also demonstrate a potential of study guides to support and scaffold students’ higher-order thinking skills, including inference making (Wood, Lapp, Flood, & Taylor, 2008). Hence, when study guides are constructed to cue pertinent prior knowledge to
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information in the text, they can promote the elaborative processes needed for successful reading comprehension. Finally, learning disabled students may not know to monitor their understanding and to use fix-up strategies to resolve ambiguities in the text. For these students, explicit instruction on the use of metacognitive strategies will be necessary. Previous research has shown that explicit instruction on self-monitoring strategies was effective in increasing the comprehension performance of learning disabled students (Jitendra, Cole, Hoppes, & Wilson, 1998; Wong & Jones, 1982). Self-questioning training is an example of one strategy that promoted students’ metacognitive processing in reading comprehension (Wong & Jones, 1982). In this study, in order to identify deficits in comprehension skills of students with LD, their cognitive processes of reading comprehension will be examined. These students’ comprehension processing will be analyzed by asking different levels of comprehension questions. According to Raphael (1986), there are four types of comprehension questions, depending on the levels of skills necessary to answer the question: 1) Right There, 2) Think and Search, 3) The Author and You, and 4) On Your Own. Each type of question requires different comprehension skills to arrive at an answer. The first type of comprehension question, Right There, refers to literal questions. Answers to this type of query can be found in one sentence. Any student who can comprehend a single sentence can find the answer to such questions. The second type, Think and Search, requires students to integrate information from more than one place in the text. Students may need to look at several sentences, or even different paragraphs, to answer the questions. The Author and You requires even more knowledge and skill from the readers. To answer such a question, students need to connect content from the text to what they have previously known and
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integrate the two in a coherent way. It is critical in this type of question that students retrieve appropriate prior knowledge. The final type of question, On Your Own, can be answered from the students’ own knowledge without any information from the text. These questions can be used to activate and assess students’ prior knowledge. How students answer these different types of questions will identify students’ deficits in comprehension skills. For example, difficulties answering Think and Search questions indicate deficits in building relationships among information presented in the text. If students are not able to answer The Author and You questions, they may lack a skill requiring activation of pertinent prior knowledge. Correct answers to On Your Own questions will imply that students have appropriate prior knowledge. In addition to the four types of questions, in this study a summary question will be asked to assess whether students are able to differentiate main ideas from extraneous information. Furthermore, monitoring skills will be examined by observing the patterns of students’ answering behaviors with each question. As described above, students with LD, now in the general educational classroom, currently encounter greater challenges than before. They especially have difficulties acquiring information from the expository text, a primary means to learning in school. Thus, students with LD should be supported with special guidance. However, it is also challenging for teachers to provide effective and sufficient support to those struggling learners. In addition to a lack of research on effective support for students with LD, most teachers have difficulty providing special attention to at-risk students within the inclusive classroom environment, for the most part because of large class sizes (Mastropieri, Scruggs, & Graetz, 2003). Regarding this problem, technology offers great potential. Technology-based learning environments afford individualized instruction that can be designed to meet the special needs of students with LD. Using
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technological innovations, struggling students especially can be provided with appropriate support without restricting the curriculum of the general education class or modifying a significant amount of the teacher’s practices. Thus, this study will adopt and develop a technology-based intervention program to help comprehension skills of students with LD in inclusive classrooms. The technology-based learning tool, temporarily named FIT-RD, will be developed and refined through a series of iterative processes. The tool will provide specific comprehension aids respective to different profiles of comprehension deficits. Across the complete iterations of the study, a 4th grade science teacher will be involved in the prototype development processes working with the primary researchers. Input from the teacher will guide the design of comprehension aids that can deal with peremptory problems encountered during class and that fit well within the classroom context. (It is important to keep in mind that picking the best teacher for this project should be done with great care. It will be essential to have a teacher with great teaching expertise, especially with respect to both science and reading. This teacher will also need to have the stamina and commitment to maintain her/his engagement in the research.) Research Questions The study will address three research questions. First, what are comprehension deficits of students with LD when reading expository texts? Second, what appropriate supports compensate for different comprehension deficits of students with LD? Third, how can these supports be effectively integrated into and delivered by a technology-based learning environment? Accordingly, this study has three major objectives. The first is to identify needs of students with LD in comprehending an expository text. Students with LD may demonstrate different deficits in cognitive processes of reading comprehension. Based on the heterogeneity of
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comprehension deficits among individual students with LD, the study will analyze the unique needs of the students. The results from this analysis will contribute to an understanding of reading disabilities. Second, the study will develop the FIT-RD, a technology-based intervention that will ideally accommodate special needs of struggling readers in inclusive classrooms, enhance their comprehension abilities, and eventually improve their content learning. Lastly, the study aims to identify design principles for the development of a comprehension aid tool for students with LD in inclusive classrooms. Research Design Research Approach This study will employ a design-based research approach (van den Akker, Gravemeijer, McKenney, & Nieveen, 2006). This approach has been chosen for several reasons. First, designbased research yields an opportunity for analysis of imperative needs in a real context. Analysis of needs of learning disabled students is an essential procedure in the present study on the way to developing an intervention tool because previous research has not yielded sufficient results with respect to remediation of the specific deficits students with reading disabilities have. Second, design-based research involves iterative stages of design and research of an instructional innovation. The innovation is enhanced over time by experimenting with it in a real context. The present study will develop and refine an intervention product, FIT-RD, with a series of systematic evaluative processes during several study iterations. Because of the absence of specific guidelines to design a technology-based intervention for struggling readers, an iterative refining procedure for the intervention product is critical. Lastly, the study aims to establish design principles for the development of a comprehension aid tool for students with LD, which is one of the outcomes in a design-based research study of this kind.
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Participants Participants will be learning disabled students in a fourth grade science class taught by the same teacher. These students are placed in a general education classroom and educated with students without LD. The students with LD in this study are identified by school district criteria for learning disabilities. Those who suffer neurological disease, chronic medical illness, or a sensory deficit will be excluded. English Language Learners will not be included as well. Fourthgrade students are chosen for this study because beginning in the fourth grade, most of the textbooks are written in the form of expository text. Many studies have also reported a huge drop in students’ reading skills in the fourth grade. Thus, it seems meaningful to support fourth grade students with their reading comprehension of expository texts. (How many LD students will you need to have in the class for a sufficient sample?) Instrumentation Read&Answer. A software program, Read&Answer (Martinez & Selles, 2001), will be used to examine students’ use of four comprehension skills (i.e., connecting information in the text, activating prior knowledge, identifying main ideas, and monitoring and employing fix-up strategies). The Read&Answer software presents a screen showing a complete text. All the text except for the paragraph currently selected by the student is masked. Students unmask a paragraph by clicking on it, and all the other paragraphs, including the one previously selected, will be masked. Once students read the entire text, questions will be available to answer in a different window. The Read&Answer software was originally used to examine the effects of questions on reading comprehension (Cerdan, Vidal-Abarca, Martinez, Gilabert, & Gil, 2009). In this study, Read&Answer will be adapted to examine what students do when they are answering different types of questions. Five types of questions (i.e., Right There, Think and Search, The
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Author and You, On Your Own, and summary) will be embedded in the Read&Answer program. Questions will be presented to students after they have read the text at least one time. The Read&Answer software can track reader activities and behaviors on the task such as selecting or reading a paragraph, selecting or reading a specific question, and writing the answer to a question. It records the order of activities the student undertakes and the time each activity lasts. It also provides data on the number and percentage of relevant paragraphs a student has visited to answer a question. In addition to a separate use of the software for the initial analysis of students’ deficit skills, the tracking features of the Read&Answer software will be adapted into the FIT-RD as well in order to evaluate the effectiveness of the interventions. Student-Interview protocol. Student interviews will be conducted immediately after the fifth day of the learning session. During the interview, students will be asked about their comprehension skills and their experience with the FIT-RD. The interview questions will concern 1) the most difficult thing(s) when students read the science text, 2) what students do when they do not understand what they read, 3) whether reading aids provided in the FIT-RD are helpful for comprehension of the text, 4) how students like using the FIT-RD, and 5) how students perceive the overall reading task, especially in terms of its difficulty. The interview will be audio-recorded and transcribed. (Do you think observations will also prove to be useful for data collection?) Measure of content learning. The study is also interested in the impact of the comprehension aid tool on content learning. That is, how much do students learn from the science text after using the FIT-RD? Multiple-choice tests will be used to assess students’ learning of content. Students will take two equivalent multiple-choice tests: a pre-test before the first day of the intervention and a post-test after the last day of the intervention.
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An Intervention tool A computer software program, FIT-RD, will be developed for reading activities on one unit (e.g., Food chain) of a fourth-grade science class. The contents of the FIT-RD will be adopted from a school science textbook. At the beginning of each lesson, students will read the relevant text presented on a computer screen by the FIT-RD software. Based on identified comprehension deficits of the learning disabled students and input from the teacher, appropriate supports to help comprehension of expository texts will be determined and embedded in the FITRD program. The FIT-RD will have two main features. One will deliver comprehension aids to students with LD while they are reading a text on a computer screen. Students with LD will be provided with appropriate reading aids that correspond to their deficit skills. Thus, several versions of the FIT-RD will be developed based on the number of different deficit profiles of students with LD. Students without LD will read the same text using the FIT-RD software but they will not be given any reading aid. The second feature of the FIT-RD will track students’ activities while reading and answering comprehension questions. This feature will be adapted from the Read&Answer software. Thus, the tracking feature will be used to examine students’ use of comprehension skills and to evaluate the effectiveness of the provided reading aids. Procedures The study will consist of three phases. The initial phase is needs-context analysis. It will focus on identifying deficits in the comprehension processes of students with LD. Students’ use of comprehension skills and their cognitive processes of reading comprehension will be examined with the Read&Answer software. Also, visiting the site, the researchers will interview a classroom teacher and, if possible, a special education teacher to discuss their concerns about and difficulties with teaching struggling readers in inclusive classrooms. Based on design
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principles derived from the literature and the identified deficits and special needs of the students with LD, researchers and school teachers will discuss design specifications of the intervention prototype and develop different versions of the FIT-RD that support struggling readers with different comprehension deficits. All versions of the FIT-RD prototype will present the same content, but each version will contain different comprehension aids. Students without LD will also use the software but they will not be given any comprehension aids. The FIT-RD will cover a topic from a fourth-grade science curriculum encompassing a five-day learning session. The FIT-RD prototype will be evaluated and modified during the second phase of the study. The second phase of the research will involve two separate studies. In the first, the initial prototype of the FIT-RD will be implemented. Researchers and practitioners will work closely to discuss the possible modifications to be made in the prototype throughout the study. Based on the results from the first study, researchers and teachers will refine the preliminary design principles and develop the second prototype of the FIT-RD that will be used in the second study. Both studies will follow the same procedures. Before the class begins the new unit of a science lesson, the targeted science content of this study, students with LD will be assessed with the Reading&Answer tool to identify their comprehension deficits. On the first class of the new unit, all students in the classroom, including students with and without LD, will take a multiple-choice item test about the topic to be learned (i.e., pre-test on the content). After the brief pre-test, students will use the FIT-RD to read the science text on the computer screen. Once students finish reading the text, the FIT-RD will present the five types of questions and record student answers. During the rest of the class period after students have finished the FIT-RD program. related activities will follow. A similar procedure will be repeated for the five-day learning session. At the end of the fifth class period, all students will take a multiple-choice item test on
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what they have learned during the previous five days in science class. Students with LD will be interviewed on the same day about their experience with the FIT-RD. Based on the results from the second study, the final prototype of the FIT-RD will be developed. The last phase of the study is to evaluate the final product of the FIT-RD. This stage will include the final iteration of implementation, data collection, and refinement of design principles and theories. The study procedure in the third phase will follow the same process employed in the earlier second phase studies. (How will the reading of the science test be aligned with other activities in which the students will engage related to the specific scientific content?)



Data analysis The Read&Answer software will yield two main types of data. One is the record of student behaviors when answering questions. It includes the order of activities a student undertakes, the time each activity lasts, and the number of paragraphs a student visits to answer a question. These data will be analyzed to examine the cognitive processes of students’ reading comprehension. The other data record students’ answers to five different types of comprehension questions (i.e., Right There, Think and Search, The Author and You, On Your Own, and a summary question). Student answers will be scored according to a rubric. Based on these two types of data, individual students’ cognitive processes of reading comprehension and deficits in comprehension skills will be identified. As the Read&Answer feature is embedded in the FITRD, these data will be also obtained after implementation of the FIT-RD program. In each learning session, students will read a text and answer questions. Thus, after an iteration, which includes the five-day learning sessions, a total of five sets of data will be acquired. The differences between individual students’ initial deficit profiles and the five sets of data will be
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evaluated to determine improvement in student comprehension skills. Student interview data will be used to support the observed results from the FIT-RD. Interview data will also be analyzed to evaluate the usability and perceived effectiveness of the FIT-RD program. Based on improvement in students’ comprehension skills and the interview data, the FIT-RD will be revised and refined. Substantive design principles for the development of a comprehension aid tool for learning disabled students in inclusive classrooms will be developed through complete records of revisions and modifications made in the prototypes in individual implementation iterations. In addition to the outputs from the FIT-RD and interview data, content learning test scores will be analyzed using SPSS to evaluate the effectiveness of the FIT-RD program. Research plan The first stage of the research is to identify deficits in comprehension processes of students with LD. This stage will begin in Spring 2010. Learning disabled students will be tested with the Read&Answer tool, and data on students’ cognitive processes of reading comprehension will be acquired. During Summer 2010, the research team will identify comprehension deficits of learning disabled students and design the first prototype of the FIT-RD. The first iteration of implementation and data collection will be Fall 2010. During Spring 2011, the research team will analyze the data collected in the first implementation study and will refine and develop the second prototype of the FIT-RD collaborating with practitioners. The second iteration of the implementation and data collection will be Fall 2011. The third, final prototype of the FIT-RD will be developed during Spring 2012, and the final iteration of data collection will be Fall 2012.



Limitations and Implications of the Study
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There are mainly two limitations in this research. First, the ultimate goal of the research is to improve students’ use of comprehension skills as they read expository texts. Nevertheless, due to time and budget constraints, the FIT-RD for this study will be developed to cover only one unit from the fourth grade science curriculum. Thus, the findings from this study may not generalize to other units or subjects. Similarly, the results may not be replicated with other grade level students. Second, comprehension aids embedded in the FIT-RD will be based on the observed deficits in students with LD participating in this study. It is possible that other learning disabled students may demonstrate different deficit profiles from the ones identified in this study. As a result, the FIT-RD may not be applicable to every learning disabled student. It is necessary to add relevant comprehension aids if different deficits of learning disabled students are identified. (What evidence suggests that reading a text using FIT-RD will eventually enable LD students to read a textbook?) Despite these limitations, the research holds several potential implications for practice and future research. In this investigation, the final version of FIT-RD, as a design product, will be developed through two iterations of the study. The FIT-RD will provide appropriate support to help learning disabled students comprehend expository science texts in class. The implementation of the FIT-RD is expected to improve learning disabled students’ comprehension skills with expository texts and to promote content learning as well. Accordingly, this research will contribute to providing meaningful accommodations to students who have difficulties reading the texts used in inclusive classrooms. In addition, this research will offer design principles for the development of a comprehension aid tool for learning disabled students in inclusive classrooms. Instructional developers can apply these design principles to their development projects for students with special needs. The design principles can be further
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developed and refined in future studies. The results of the study will be disseminated primarily through journal publications and researcher conferences. The design product of the study, FITRD, may be diffused initially to teachers at a local school participating in this study.
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