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Abstract

The effectiveness of using visual/tactile materials and methods of instruction in math for one student with Down syndrome was compared to the effectiveness of using auditory methods alone.  The student’s math skills were measured at baseline and compared with data from a researcher-designed test given after the intervention.  Short tests were given at the end of most sessions to obtain more quantitative data on daily progress in addition to observational records that were taken each day noting the student’s behavior and reaction to the lesson for the day and progress with each method of instruction.  The results indicated that the student was able to count by tens to 100 at the end of the three week study, but he could not count consistently by ones to 100.  He could not read, recognize, or write numbers to 100 consistently either, though he improved his self-correction rate, which was nonexistent at the beginning of the study.  He did pay closer attention to lessons presented visually or with hands-on activities and materials than auditory lessons, which is supported by the literature on children with Down syndrome in relation to mathematical learning.  

Auditory vs. Visual/Tactile Math Intervention

for a Student with Down Syndrome


Down syndrome was first described by John Langdon Down in 1862 as “Mongoloid Idiocy” (Ward, 1999, p. 20).  From that time until the recent past, people have not had high expectations for the achievement of children and adults with Down syndrome.  It has been believed that they could be trained through exercises to learn some academic and functional life skills, but that their ability to learn math was extremely limited; they most likely would only learn to rote count (deGraaf, 1997; Martinez, 2002).  


While the negative stigma of Down syndrome is fading with time, there is still not a great deal of research into the math learning of these individuals, particularly in the United States, because of the focus on reading and language skills instead (Nye, Fluck, & Buckley, 2001).  Even in the United Kingdom, where much of the current research can be found, Porter (1999) states, “Until recently there has been limited interest in the attainments of children with Down syndrome in relation to numeracy” (p. 85).


The focus is shifting to include math in recent years mainly because of the change in education laws that encourage schools to include more people with disabilities in general education settings, where higher expectations are held for the learning of all students.  This is a critical change because number skills are crucial for an individual to live an independent life as an adult.  The earliest, most important number skill for children to learn is counting.  Learning how to count is required before children can track the mistakes of others (showing true understanding of number sequence and vocabulary), and many later arithmetic skills (Nye et al., 2001; Porter, 1999).  


In the past, these skills were thought to be unattainable for children with Down syndrome; they were merely passive learners who could not construct strategies to solve mathematical problems.  This passive-learner construct has been diluted by studies such as those done by Baroody (1996) and Huffman, Fletcher, Bray, and Grupe (2004).  Both studies found that children with mental retardation, including those with Down syndrome, do solve problems similarly to their typical peers.  When presented with unfamiliar problems, they attempt to solve them with known strategies from least to most sophisticated, as long as they have an underlying number competence.  Furthermore, not only can children with mental retardation use strategies taught to them, they can also invent strategies, transfer them to related problems, and retain knowledge of them for an extended period of time.  Because of studies like those by Baroody and Huffman et al., as well as current educational laws, students in recent generations who have Down syndrome have greater learning opportunities than those who came before them (Martinez, 2002).  What is important to remember in this and all future generations is that all students, those with and without Down syndrome or any other disability, benefit from adult support and need to be treated as unique individuals with varying skills and needs (Horstmeier, 2004; Nye et al., 2001; Porter, 1999).  


While each child should be treated as an individual, there are many strengths and weaknesses children with Down syndrome tend to have in common due to their genetic make-up.  However, any one particular child may or may not have any particular characteristic, and a few of the characteristics labeled as a strength by one researcher may be disputed by another.  The general strengths and weaknesses agreed upon by most researchers will be presented here, in relation to mathematical learning. 


Like many children with disabilities, learning more abstract concepts in math such as counting backwards, counting numbers greater than 20, decimals, multiplication, and measuring is difficult for children with Down syndrome.  They also may have difficulties producing a stable conventional count order, even with numbers under 20, and detecting the errors of others (Martinez, 2002; Porter, 1999).  They have a hard time focusing on the important aspects of a problem to be solved, have difficulty generalizing a skill taught to other problems, fail to demonstrate skills spontaneously, and need many cues to focus on tasks in math (Vaughn, 1997).  


These difficulties experienced by many children with Down syndrome arise from several different possible causes.  Language, auditory processing, and memory deficits appear noted most frequently in the literature (e.g. Martinez, 2002; Paterson, 2001).  Delays in language, including math vocabulary, are apparent from birth in most students with Down syndrome.  They begin as infants/toddlers making slower transitions from babbling to speech and have a smaller vocabulary than typical peers.  As they progress through adolescence, the difficulties continue and the gap between their expressive/receptive language and their non-verbal cognitive skills grows further apart (Chapman & Hesketh, 2001; Horstmeier, 2004; Paterson, 2001). This applies to math vocabulary as well, as demonstrated by Nye et al. (2001) when they compared students with Down syndrome with typical peers of the same non-verbal mental age.  They found that children with Down syndrome produced a shorter count sequence and fewer count words, and could typically not count sets as large as those counted by their peers.  When Nye et al. looked at the children with Down syndrome’s overall mean language scores, they found the scores to be significantly below their non-verbal mental age as well as their chronological age.  


These language deficits may be due to lack of exposure to verbal and mathematical experiences, or they may be due to auditory processing delays (Horstmeier, 2004).  The presence of the extra twenty-first chromosome itself appears to have biological and developmental ramifications (Chua, Weeks, & Elliott, 1996; Germain, 2002).  According to the study done by Chua et al., people with Down syndrome appear to have brains wired differently than the general population.  In typical brains, the left hemisphere is specialized for motor control, speech production, and speech perception.  In the brain of a person with Down syndrome, the left hemisphere still governs motor control and speech production, but the right hemisphere is responsible for speech perception.  Due to this separation between the perception and movement/production systems, the hemispheres have to interact in order to perceive speech and react to it.  In the process, information is lost.  Therefore, children and adults with Down syndrome tend to have a difficult time processing speech and reacting to it with a complex motor or oral movement.  


Even when students are able to process what is being asked of them, they often have difficulty remembering what they are supposed to do and retrieving the appropriate information from their short or long term memory.  Working (short-term) memory deficits are particularly problematic for many children with Down syndrome.  Working memory is the memory span that deals with newly coded information from the environment or information from the long-term memory that is currently active.  It plays a central role in almost every cognitive activity.  By nature, working memory is limited in capacity and time because a person can only use a finite amount of information at any given time.  However, the working memory in most people with Down syndrome appears to be extremely limited, which leads to a breakdown when dealing with long messages and sets limits on higher level processing.  The memory span deficits are compounded when materials are presented auditorily.  In addition, as a person with Down syndrome gets older, it has been shown that the memory span gets shorter as the gap between their mental and chronological age grows further apart (Conners, Rosenquist, & Taylor, 2001).  These short-term memory deficits cause everyday problems in the classroom and at home, and can lead to difficulties with long-term memory storage.  Children with Down syndrome and short-term memory problems don’t rehearse what they are learning as they are being taught – possibly because they are having difficulties processing auditory information – so they fail to store information in their long-term memory for later retrieval (Horstmeier, 2004; Laws, MacDonald, & Buckley, 1996; Martinez, 2002).  They can then have a difficult time reaching automatic mastery of basic facts, like remembering not to leave out numbers in the conventional number string as they are counting (Krosbergen & VanLuit, 2005; Porter, 1999).  


Students with Down syndrome may not rehearse these facts and commit them to memory because they do not find them useful to their daily lives.  They are simply counting or answering questions because other people ask them to and they are eager to please others (Horstmeier, 2004; Nye et al., 2001).  Math does not make other concepts clearer for them, so after repeated failures they are too frustrated and lack the self-esteem to attempt to solve mathematical problems.  Instead, children with Down syndrome often adopt counter-productive behaviors like avoidance or simply responding “yes” to every question when presented with new problems (Germain, 2002; Horstemeier, 2004; Martinez, 2002).  


Being eager to please is one of the great strengths of children with Down syndrome that can help them to keep attempting solutions even when they typically would have given up.  They also tend to enjoy social interactions with their peers and model positive behavior they observe.  It is helpful for parents and educators to know that children with Down syndrome go through the same developmental stages as their typically developing peers, but at a slower rate (Horstmeier, 2004).  Despite their weaknesses in working memory and auditory processing – or perhaps to make up for them – students with Down syndrome tend to have a good implicit memory and excellent visual motor processing abilities (Conners et al., 2001).  Because they learn visually, many students with Down syndrome are good at one-to-one correspondence, classification, and other spatial skills tasks (Horstmeier, 2004; Martinez, 2002; Paterson, 2001).  In addition, the study discussed previously by Nye et al. (2001) found that students with Down syndrome scored equal with their non-verbal cognitive age peers on tasks requiring knowledge of cardinality (the understanding that the last number counted is the total number of items represented).  This concrete understanding of the number system shows that students with Down syndrome have more than mere processing skills as previously thought.  


Teachers should use these strengths to teach math most effectively to children with Down syndrome. The first thing to be decided is where to begin math instruction.  This decision is different for each child, as they are unique in their previous knowledge and interest in math.  Researchers disagree on the particular order in which to teach math concepts, so teachers need to use their knowledge of the specific student to make that determination.  According to Best, Heller, & Bigge (2005) and Horstmeier (2004), children need to have had early mathematical experiences they refer to as acquiring prenumber skills before learning to count.  These skills include making comparisons, sorting, identifying patterns, and understanding the concepts of seriation (ordering objects by a particular attribute) and one-to-one correspondence.  Then a student can learn to count, which researchers such as Gelman and Gallistel (as cited in Nye et al., 2001) say requires knowledge of one-to-one correspondence, the count-word sequence in a stable order, and cardinality.  Students then need to learn about quantities, written numerals, place value, and higher level concepts such as fractions and decimals – though no two researchers seem to agree in which order these skills should be taught (Best et al., 2005; Horstmeier, 2004; Nye et al., 2001; “Teaching number,” 2003; Vaughn, Bos, & Schumm,  1997).  


Most researchers do seem to agree on the general methods that should be used to teach mathematics to children with Down syndrome.  The United States has a reputation for being one of the lowest scoring major countries on measures of math learning because of the traditional teaching of rote memorization of facts (Vaughn et al., 1997).  Only recently have educators realized that we need to begin using multisensory, engaging activities to teach math, as other countries have been doing for years.  The same is true when teaching children with Down syndrome – perhaps even more so because of their difficulties with auditory processing and working memory.


The number system as a whole is an abstract system (Horstmeier, 2004).  Children with Down syndrome do not tend to deal will with abstract concepts that they cannot visualize and manipulate.  Teachers need to keep this in mind when teaching these students.  They need to instead begin with concrete materials and work toward more abstract ideas.  Students also need to be actively engaged to stay interested and feel they are learning something worthwhile to them.  Therefore, teachers should start with manipulatives, games, and other hands-on activities to help the students grasp concepts successfully early in learning.  This early success will spark their interest and boost their self-esteem so they will continue wanting to learn (Horstmeier, 2004; Kroesbergen & VanLuit, 2005; Vaughn et al., 1997).  After hands-on materials are introduced, visual representations of concepts can be added, tapping into these students’ strong visual-processing abilities for further success.  Both visual and tactile materials are particularly important for initial instruction (Horner, 2002; Horstmeier, 2004; Martinez, 2002; Porter, 1999).  Once a student initially grasps the concepts through these methods, the teacher can move the student towards more abstract lessons or variations of the strategy by encouraging them to talk to others and create their own representation of the concept (Vaught et al., 1997).


While students with Down syndrome should be learning the same mathematical concepts as their peers, their instruction needs to be modified in ways other than just the materials used to present it.  All instruction needs to be presented more slowly and broken down into explicit, simple, clear, step-by-step directions, including the why of learning.  The directions and the activities then need to be repeated and retaught, and checks for understanding need to occur on a regular basis (Horner, 2002; Horstmeier, 2004; Kroesbergen & VanLuit, 2005; Martinez, 1997; Vaughn et al., 1997). 

 The skills then need to be practiced by the student to insure retention of the material.  The practice needs to be varied with many examples occurring across many different settings to help the student generalize the strategies to all situations.  (Horner, 2002; Horstmeier, 2004; Vaughn et al., 1997).  

Most researchers also agree that this instruction should be direct instruction that occurs one-on-one or in small groups (Germain, 2002; Horstmeier, 2004; Kroesbergen & VanLuit, 2005; Martinez, 1997).  Kroesbergen and VanLuit found that, while most typical children and children with specific learning disabilities learn best through a constructivist model, that is not the case for children with mental retardation, including those with Down syndrome.  Germain conducted a case study and found that the child she worked with, who had Down syndrome, learned more effectively in a one-on-one or small group situation.  Although there was only one child in this study, it led the way for further investigation with other students with Down syndrome.

Throughout the mathematical instruction, the students need to be actively engaged and know that their learning can be applied in other daily situations and in their adult lives.  Teachers need to be enthusiastic in their delivery of lessons and instruction needs to be connected to the children’s everyday lives so they can relate to the material.  Skills taught should be functional and relate to adult life, and positive reinforcement should be given frequently to increase the students’ motivation to learn (Horstmeier, 2004; Vaughn et al., 1997).  

Some specific strategies have been suggested by various authors to further encourage mathematical learning, understanding, and retention.  Horstmeier (2004) and a study done by Schloss, Kobza, and Alper (1997) both suggest that peer tutors can help encourage students with Down syndrome to be motivated to learn math.  Vaughn et al. (1997) suggests that teaching students to talk themselves through problems can help eliminate frustration in learning.  Conners et al. (2001) state that improving working memory is extremely important in order for students with Down syndrome to continue in their mathematics learning.  Conners, Laws et al. (1996), and Porter (1999) all cite teaching rehearsal strategies as an effective way to increase memory span.  Through their collective studies they have found that the way these strategies work most effectively is if they are taught by familiar adults (parents or teachers), and if visual stimuli is presented instead of auditory stimuli.  Finally, Horstmeier (2004) suggests using music, visualizations, or mnemonic devices to help students commit facts to long-term memory.  

There are a number of math programs that use a combination of several of the above teaching strategies through a particular method to teach math to students.  The Structural Mathematics Program by Stern (2004) uses multisensory materials, activities, and games in a structured way to teach math. The program encourages teaching in small, broken down steps, building on previous learning experiences.  The program’s author encourages teachers not to use the number names or symbols when first introducing quantities, but rather using patterns and relationships among the quantities to facilitate learning.  Only after students have mastered this portion of the program do they move on to the number names. 

 Numicon is a program structured very similarly to the Stern program and has the philosophy, “The richer a person’s concept image is in terms of number, the more competent they are likely to be in arithmetic” (Ewan & Mair, 2002, p. 12).      

Touch Math is probably the most well-known program in the United States for teaching math to students with disabilities.  This system uses visual, auditory, and kinesthetic methods to teach numbers and their quantities.  It uses a set of dots on each written numeral to represent the corresponding quantity.  This program has been shown to be particularly effective in teaching students to add more quickly and efficiently than using the written numerals on their own (Wisnewski & Smith, 2002).  

No matter what program or strategy is chosen, it is imperative that each child be dealt with on an individual basis and that mathematical intervention begin as early as possible in order to stimulate learning during the time of maximal cortical plasticity – or the time when students can absorb the most information (Nye et al., 2001; Paterson, 2001).  All children, with and without Down syndrome, have the ability to learn if they are taught in the way that best suits them.  Martinez (1997) states “to have no prejudice about what a person with a disability can learn, but to believe that, if we are patient and find the right way of teaching, there are no limits to what people with disabilities can learn” (Discussion section, para. 1).  

A case study was chosen as the design for this study because of the research suggesting the effectiveness of one-on-one instruction and the repeated emphasis on treating each child as an individual.  This study aims to determine whether or not instruction employing visual or tactile materials is more effective in teaching one child with Down syndrome to count to 100 by ones and tens and recognize all the written numerals to 100 more effectively than auditory instruction.  Several of the best practice strategies stated earlier will be used including relation to the student’s real life, visualization, self-talk, step-by-step instruction, positive reinforcement, checks for understanding, and generalization techniques.  Using these strategies in addition to multisensory materials, it is expected that the student will learn at a faster rate and commit the facts to memory more easily than when the lesson is presented auditorily, due to the auditory processing delays of this child, and most others with Down syndrome.

Method

Participants


Sam (names have been changed to protect confidentiality), a twelve-year-old student with Down syndrome classified as multiply disabled, was chosen for this case study due to his math scores and accessibility to the researcher.  He was an outgoing student who could attend to instruction for extended periods of time and was known to work well with positive reinforcement, including praise and tangible rewards.  Sam has been involved in many different school programs over the last several years because he was in the foster system.  He had recently been adopted and attended a functional skills classroom in a suburban town in upstate New York at the time of this study.  According to his IEP, he scored 1.0 Grade Equivalent on the Star Math Test given by his BOCES teacher earlier this year.     

Materials


At the beginning of the study, the Brigance Inventory of Basic Skills (Brigance, 1977) was used to obtain a baseline score of math and overall readiness skills.  During the first two sessions, only limited visuals were used in the form of pencil, paper, and three simple worksheets with numbers printed in black and white.  

During the third and fourth sessions, visuals alone were used.  The student was presented with ten full pages of cardstock on which the numbers 10, 20, 30…100 were written in bright colors.  The numbers 1-9 were written on half sheets of paper.  Bingo cards were also used with the word “MATH” written across the top of the cards instead of “BINGO.”  Each of four rows were filled in with either dots representing the numbers 1-9 (2 cards) or the written numerals 10-100 (2 cards), with all numbers chosen at random for each slot on the board.  The numbers to be called were written on small pieces of paper.  The same paper was used to cut blank markers for the bingo cards.  

For the fifth and sixth sessions, more hands-on manipulatives were used, all found in the participants’ home.  During the fifth session, Sam was asked to find trains, cars, and books.  His Lego™ blocks were used to build towers of ten.  The cardstock numbers and MATH bingo cards were also used during this session.  In addition to the Legos™, bingo, and the cardstock, base ten blocks and a “Missing Numbers” sheet (Horstmeier, 2004) were also used during the final session.  

After the intervention, Sam was given an examiner-created test based on questions from the Brigance skill inventory (Brigance, 1977).  The math section of the skill inventory was used to create the questions, which were the same type of questions as the Brigance, with the quantities, numerals, and pictures varied to avoid rehearsal errors.  

Procedures


This case study occurred over a three week period of time and followed an A/B design (Creswell, 2005).  Baseline was taken prior to the first session using the Brigance Inventory of Basic Skills (Brigance, 1977).  During week one the student was given two 60 minute instructional sessions on counting by ones and tens to 100, using auditory stimuli and limited visual aids.  The second week the student was given two more 60 minute instructional sessions on the same topic, using visual activities and engaging games.  The third week the student participated in two final 60 minute sessions on counting to 100 by ones and tens using hands-on manipulatives in addition to visual and auditory stimuli.  At the conclusion of this week, the intervention effectiveness was measured by the examiner-created test.


During the first session Sam was introduced to the topic of counting to 100 by ones and tens.  The session was conducted like a classroom lesson, with the examiner talking to the student and writing examples on paper with pencil.  He was asked to read written numerals and to identify numerals read to him.  After he finished that task and observations were recorded the student was introduced to the tens.  A number line was drawn on paper by the examiner showing numbers 10-40.  The examiner talked about how the numbers in each set (10-19 for example) keep the same first number and the second digit changes from 1-9.  The student’s knowledge of rote counting was used to determine the digit span discussed.  At the end of the session he was again asked to identify ten random written numerals 10-100.  


The second session also was conducted with limited visual stimuli.  The student was presented with three worksheets.  On the back of the first worksheet, the examiner wrote out the numbers 10, 20…100 in words next to the written numerals.  This was done to correct the student’s mispronunciation of the words.  The student was then given a sheet with the tens (10, 20…100) placed in random order.  He was asked to connect them from lowest to highest with his pencil after the examiner helped him identify each number.  The second sheet contained six random numbers between 10 and 100.  He was asked to read each numeral.  A discussion followed regarding which directions numbers need to be read in.  Finally, the student was given a sheet with 12 numbers between 10 and 100 and asked to identify numbers read to him by the examiner.  Many of the numbers were the opposites of others on the page (for example: 59 and 95).  When the student correctly pointed to the number asked for, he was then asked to read the number back to the examiner and to circle or underline a particular number place (e.g. “Find the sixty” in the number 63).  


The third session began with the introduction of the cardstock numbers.  The student used the numbers to count to 100, pairing the number 10 with each of the half-sheet single-digit numbers, then the number 20 paired with each and so on.  The student was then introduced to the MATH bingo game.  He had never played bingo before, so a brief introduction to the rules needed to be given.  Following the introduction, the student and the examiner each took one bingo card containing colored dots of differing quantities, one through nine.  The examiner and the student took turns choosing the numbers to be read.  The student then needed to match the written numeral on the card with the quantity shown on his card.  Play proceeded using cards with written numerals 10-100 randomly assigned to each space.  


In the following session we played bingo again, using cards with five spaces in each column rather than four.  In each column there were two sets of numbers that were opposite of each other (45 and 54, for example) and one randomly assigned number.  Sam needed to make sure that he not only read the correct number he chose from the pool of numbers to be called, but that he also identified the correct number on his card.  Sam was also taught how to visualize numbers in his head during this session using the cardstock numbers as visual cues when needed.  He was asked to trace numbers in the air and picture in his head with his eyes closed what number would come next.  If he had a difficult time, the cardstock numbers were used to help him determine which number came next.  He then practiced counting by ones and tens to 100 using the cardstock numbers.


The fifth day Sam was asked to find ten toy trains, ten toy cars, and ten books and bring them to a central room in the house.  We looked at the collections he brought.  He compared the quantities and it was discussed that they were all equal, despite the different objects.  We also talked about how many objects there were in total.  Sam was then presented with ten towers of Legos™, each containing ten Legos™.  He was asked several questions about the towers including their size in comparison to one another and the total number of towers.  Sam then took one tower apart and discovered that there were ten Legos™ in the tower.  He put the tower back together and counted the towers by ones and tens, discovering that there were one hundred in all (the cardstock numbers were also used as a visual reminder of the written numerals represented).  He then broke apart all the towers and counted each Lego™ one at a time, concluding that there were still one hundred.


The final session began with using the materials from the previous day.  Sam built four towers of ten Legos™ and discussed his predictions for if he had built more towers.  An association between the Legos™ and base ten blocks was made when the new blocks were introduced.  The same questions asked in the previous session were asked in this session (e.g. “If you had four blocks of ten, how many blocks would there be in all?”).  A transition to visual materials was then made with the cardstock numbers.  After he practiced with them, a page from Horstmeier’s (2004) book How to Teach Math to Children with Down Syndrome and Other Hands-On Learners was used.  Sam was given the page, containing all the numbers 1-100.  Several numbers were blocked with small pieces of paper and he was asked to identify which numbers were missing.  We ended the session with another game of bingo using the more difficult cards.


At the end of the third week, the student was given the examiner-created math test as a means of measuring the effectiveness of the intervention.  Throughout the three weeks observational records were also taken for qualitative data on behavior and the student’s reaction to the math intervention.  Quantitative data was gathered in the form of percentages correct on questions asked at the end of four of the six sessions (in one session games were played and only observational data was recorded; the last day the examiner-created test was given at the conclusion of the session), testing Sam’s ability to recognize and read various numbers 10-100, as well as rote count by ones and tens to 100.  

Results


On the Brigance Inventory of Basic Skills (Brigance, 1977), Sam scored between kindergarten and first grade equivalent on all of the readiness tests, including the math items.  He scored similarly on the math subtest, with a few exceptions.  He was able to recite all of the months of the year, which is a fourth grade skill according to the Brigance, and measure to the nearest inch – a second grade skill.  He was also able to recognize all the shapes and read diagrams of their sizes, with the exception of a circle, which is noted to be a third grade level skill.  Some mistakes he made on the math portions included: skipping the number 13 when rote counting and counting objects; recycling to 30 after counting 39 when rote counting; beginning counting from one when asked to join sets of numbers together (for example, starting from one and counting all objects when asked to join a set of four and a set of five together); skipping numbers when writing even when he had said them aloud; making reversals when writing, reading, and otherwise identifying numerals (e.g. 24 for 42).  

On the first day, the student was focused and attentive for the first half of the lesson.  He could not count by tens when asked and did not know how to represent ten on his fingers.  He correctly read five out of ten (50%) written numerals.  He made substitution errors that included reversals (81 read for 18), substitutions (58 read for 28), and confusions in wording (“sixty hundred” read for 60).  


The second day the student was again focused at the beginning of the lesson but lost interest after 15 minutes.  He read four out of six (67%) written numerals correctly, making two reversals (25 read for 52, 38 read for 83).  When asked to identify numerals written for him by pointing, he correctly identified five out of ten (50%).  Again, he made only reversal errors (pointed to 59 for 95, 95 for 59, 48 for 84, 63 for 36, 23 for 32, and 72 for 27).  He also counted to 100 by tens with teacher assistance.


On the third day Sam was focused, even though he said he was tired.  He smiled when he saw the cardstock numbers and eagerly participated in all activities.  After practicing with the cards, he counted by tens to 100 unassisted.  There was no written test at the end of this day because we only played games, but he did confuse 23 and 32 when playing bingo. 


The fourth day Sam had a difficult time focusing, concentrating on the other children in the pool instead of on the lesson.  He needed several reminders to pay attention.  When asked to read numerals represented by the cardstock numbers, he read all five correctly (100%).  Sam was then asked to read numerals written for him on paper, and read three out of seven (43%) correctly.  He made one reversal error when reading (12 read for 21), two number substitutions (86 read for 56 and 42 for 72), and one wording error (“four eighty” for 48).  When asked to identify numerals by pointing, he got four out of nine (45%) right.  Of the five errors, all were reversals (pointed to 21 for 12, 24 for 42, 81 for 18, 93 for 39 and 32 for 23) – two of which he corrected without a prompt from the examiner.  He again counted by tens to 100, only forgetting the number 30. 


On the fifth day, Sam was very focused and attended actively through the entire lesson.  At the end of the session, Sam was asked to read numerals from the cardstock numbers.  He read nine out of ten (90%) correctly.  His only mistake was reading “one fifteen” for 15.  He self-corrected with no prompt from the examiner.  When he was asked to point to a number written for him and say the number aloud, he got eight out of ten (80%) correct. The two mistakes he made were both reversals (78 for 87 and 12 for 21), and he self-corrected both errors when prompted by the examiner to reread the numbers aloud.  During this session he counted to 100 by tens successfully.  He had forgotten 30 at first, but quickly self-corrected with no examiner prompt.  


The sixth day Sam was again highly distracted, for no apparent reason.  He stated that he was hungry, then thirsty, then tired and made comments about other parts of his day throughout the lesson.  While playing bingo he made many reversals in reading and locating numerals.  He did attend to the portion of the lesson using the Legos™ and the base ten blocks but lost interest when the lesson shifted to the missing numbers game.  


Following the final session, Sam was given the examiner-created test designed to mimic the style of the Brigance.  Sam continued to forget the number 13 when rote counting and counting objects until reminded.  When asked to rote count, Sam was only able to count to 29 before recycling numbers.  After he was prompted by the examiner to close his eyes and visualize the next number, he was able to count to 89 with few errors.  He again started from one when counting sets, with the exception of one plus two and one plus three, which he identified automatically.  Sam was given 24 written numerals to read aloud.  He read 21 of them correctly.  The three errors he made were surprisingly not reversals, but number substitutions (20 read for 21, 45 read for 48, and 24 read for 27).  He self-corrected one of the errors without teacher assistance, and the other two following teacher prompts.  Sam counted by tens to 100, forgetting 30 at first and quickly self-correcting.  He was able to write numbers on paper dictated to him by the examiner, but when asked to write the numerals in order from 1-100, he made many errors so the examiner stopped him at 40.  He skipped several numbers, even though he said them aloud – as he had in the pre-test – and he made many reversals (61 for 16, 13 for 31, and 04 for 40).  Out of curiosity, the examiner also had the student try counting on from any given number stated orally.  Even though he had difficulty doing this on paper, he did not when reciting orally.  He counted on from whatever number was given with 100% accuracy.

Discussion


As suggested by Horner (2002), Horstmeier (2004), Martinez (2002), Porter (1999), and Vaughn et al. (1997), students with Down syndrome and other disabilities do seem to learn better when presented with visual materials and hands-on activities than with auditory instruction alone.  Based on the findings of this case study, Sam fit this profile with few exceptions.  


During the first two sessions Sam was focused to begin the lesson and seemed interested in sitting with the examiner to learn.  His attention drifted after several minutes of lecture with limited visual cues to keep him interested.  Had he been in a classroom setting where this type of teaching typically occurs, his inattention would probably not have been noticed.  In a one-on-one setting it was apparent to the examiner that he was not paying attention and prompts were given to refocus him.  Even after redirection, Sam kept drifting from the lesson. 

Some visuals were used in these first two lessons because, as the examiner realized, it is very difficult to teach any lesson with absolutely no visual representation of concepts.  Since some limited visuals were used (paper and pencil drawings, black and white worksheets, and Sam’s fingers), it is unclear how Sam learned to count by tens so quickly within these first two lessons.  He may have learned from the repeated oral practice, or by the limited visuals that were used.  Future studies could isolate the two to determine causality.  

Visuals were also used because Sam was having a difficult time pronouncing the “-ty” sound at the end of the tens words.  Instead he was saying “-teen.”  Because of this confusion, he was consistently counting “10, 20, 13, 14, 15, 16, 17, 18, 19, 20” rather than counting by tens to 100.  Writing the numbers out in words seemed to help Sam distinguish between “-ty” and

“-teen” in order for him to successfully count by tens.  


Sam certainly got more excited when colorful visuals were introduced to the lessons.  He was more focused during the visual parts of the lessons, even when he was having an overall inattentive day, whereas the opposite was true when using auditory lessons.  He began the auditory lessons focused and became unfocused.  Using the visual and tactile lessons, Sam was generally unfocused throughout the lesson but became more focused when working with the materials. 

 When using the cardstock numbers as cues, Sam counted to 100 by ones and tens with 100% success every time, a task he could not complete with full success without the cards.  At the end of the sessions when he was asked to identify numbers on the cards and numbers written in black and white on paper, he consistently scored higher when using the colorful cards that cued his eyes to the tens and ones places.  

He also enjoyed the bingo games and stayed focused through those each and every time we played.  After teaching him to stop and read each number (self-talk – Vaughn et al., 1997) before covering it with a marker, he was making fewer mistakes that went uncorrected at the end of the six sessions than he was in the beginning.  He still made a lot of reversals, but he was learning to stop and check which numeral came first and what the number was supposed to be read as.  He made many more self-corrections at this point in the study both in the bingo game and when he was asked to read and identify numerals at the end of the sessions.


However, even with the visuals, Sam was not grasping what the numbers meant.  Because of his home situation, he had been in many different schooling programs in two different states over the last several years.  Sam knew how to write all numerals to 10 and rote count to 29 (with the exception of forgetting the number 13 consistently) at the beginning of these lessons.  He could also write numbers dictated to him to 100.  The concept he did not grasp was that of quantity.  He knew what the numbers looked like, but not what they represented.  Going back to teach this concept proved to be very difficult since he was already focused on writing large numbers.  This is the precise reason the programs by Stern (2004) and Numicon (Ewan & Mair, 2002) do not teach number names and symbols until after a basic understanding of quantity is achieved.  Sam can count objects, showing one-to-one correspondence, but he does not transfer that knowledge even to the counting of his own fingers.  


When the visuals did not seem to be enough to help Sam understand the quantities of ten and 100, basic for the accomplishment of this study, it became apparent that it was necessary to use more hands-on materials.  The researcher then combined the visual and tactile methods, as suggested by Horstmeier (2004) and Vaughn et al. (1997).  It was then that Sam appeared to grasp the concept of what the number 10 represented and he used that to count to 100.  


Sam made several accomplishments through this lesson, counting by tens to 100 being the most consistent.  While he did not make much progress in recognizing written numerals without reversal confusions or in counting by ones, he learned to stop and think about his answers and to visualize (Horstmeier, 2004) numbers that come next when counting by closing his eyes.  In addition, with the use of manipulatives he began to recognize quantities that are equal, particularly sets of ten. 


There were many limitations to this study, the biggest of which was time.  Because students with Down syndrome require a lot of repetition and reteaching of strategies (Horner, 2002; Horstmeier, 2004; Vaughn et al., 1997), 6 one hour long sessions was not enough time to effectively teach this student all that was presented in these lessons.  With continued practice with the visual and tactile materials presented, the researcher believes that Sam could make further progress toward counting to 100 by ones successfully.  He needs more repetition with the cardstock numbers to practice changing from 39 to 40 or 49 to 50, for example.  


Since this study occurred in the home, there were other distractions as well.  There were three to eight other children and adults present at the time of the sessions.  Although they were outside for the majority of the time, they still posed distractions for Sam.  He was either intent on what they were doing or he would become distracted when they came inside.  This distractible environment did simulate a classroom setting at many points in the day, so it probably gave a fairly accurate view of what how a child with Down syndrome would react to the lessons in a typical class.  He had a few days where he was easily distracted and on those days he did not perform as well as on the days when there were few distractions.  This was the case on the final day when the end of study test was conducted.  If this study were to be repeated, the examiner should retest the student on a day when he is more focused to obtain more accurate results, since he was focused when he took the test for baseline.  As a result, Sam did not appear to score any differently on the post test than he did on the Brigance given at the beginning of the study, with the exception of being able to count by tens to 100.  


Finally, this study was done on only one student with Down syndrome.  Not all students with Down syndrome have the same abilities and difficulties as this child.  While it can not be generalized to the population as a whole, this study did show what methods worked for this particular student and could be effective for others as well.  


Overall, the hypothesis that use of visual/tactile materials and instructional methods are more effective for teaching math to Sam than auditory methods alone was supported through this study.  However, repetition of the count sequence orally also appeared to have an effect on helping Sam learn to count by tens.   Instruction using all three methods would probably provide the greatest benefit to Sam in mathematics learning.  Further studies could investigate the effectiveness of different methods for other students, in addition to providing less distractible environments and a more clear definition between the auditory intervention and the visual/tactile intervention.  A consistent method of measuring success after each session should also be established.  It would be most beneficial to any student with Down syndrome if these lessons could also be taught on a daily basis for an extended period of time to allow for rehearsal of strategies and commitment to long-term memory.
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Table 1

Student Behavior and Errors Recorded on Student Identification of Numerals

Session
Behavior
NR
NI
Types of errors



Visuals
Written 

Reversals
Substitutions
Wording

1
A ½
___
50%
___
2
2
1

2
A ½ 
___
67%
50%
8
___
___

3
A
___
___
___
1
___
___

4
U
100%
43%
45%
6
2
1

5
A
90%
___
80%
2
___
1

6
U
___
___
___
___
___
___

Note.  NR = percentages of numerals read aloud correctly; NI = percentages of numerals identified by pointing correctly; A = attentive for the whole lesson; A ½ = attentive for half the lesson; U = unattentive or distracted through the lesson.

