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Computer-Assisted Instruction (CAI) offers the potential to deliver cognitive and 

meta-cognitive strategies in mathematical word problem-solving for students with 

mathematics difficulties. However, there is a lack of commercially available CAI 

programs with cognitive and meta-cognitive strategies for mathematical word problem-

solving that pay particular attention to the critical design features for students with 

mathematics difficulties. Therefore, empirical evidence regarding the effects of CAI 

program with cognitive and meta-cognitive strategies on the word problem-solving of 

students with mathematics difficulties has not been found. 

Considering the imperative need for a CAI program with cognitive and meta-

cognitive strategies for students with mathematics difficulties, an interactive multimedia 

software, ‘Math Explorer,’ was designed, developed, and implemented to teach one-step 

addition and subtraction word problem-solving skills to students with mathematics 

difficulties. Math Explorer incorporates: (a) four-step cognitive strategies and 

corresponding three-step meta-cognitive strategies adapted from the research on 
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cognitive and meta-cognitive strategies, and (b) instruction, interface, and interaction 

design features of CAI identified as crucial for successful delivery of cognitive and meta-

cognitive strategies for students with mathematics difficulties. The purpose of this study 

was to investigate the effectiveness of Math Explorer, which was designed to be a 

potential tool to deliver cognitive and meta-cognitive strategy instruction in one-step 

addition and subtraction word problem-solving.  

Three research questions guided this study: (a) To what extent does the use of 

Math Explorer affect the accuracy performance of students with mathematics difficulties 

in grades 2-3 on computer-based tasks with one-step addition and subtraction word 

problem-solving?, (b) To what extent does the use of Math Explorer generalize to the 

accuracy performance of students with mathematics difficulties in grades 2-3 on  

paper/pencil-based tasks with one-step addition and subtraction word problem-solving?, 

and (c) To what extent does the use of Math Explorer maintain the accuracy performance 

of students with mathematics difficulties in grades 2-3 on computer- and paper/pencil-

based tasks with one-step addition and subtraction word problem-solving? 

A multiple probe across subjects design was used for the study. Four students 

with mathematics difficulties participated in the pre-experimental (i.e., introduction; 

screening test; and computer training I) and experimental (i.e., baseline, computer 

training II, intervention, and follow-up) sessions over an 18-week period. Each week of 

the intervention phase, the students received an individual 20- to 30-minute Math 

Explorer intervention, at most, five days. After each intervention, they took the 10-

minute computer- or paper/pencil-based tests developed by the researcher. The 

intervention phase for each student lasted five to seven weeks. Two weeks after 

termination of the intervention phase, their accuracy performance on the computer- and 

paper/pencil-based tests were examined during the follow-up phases.  
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The findings of the study revealed that all four of the students were able to use the 

cognitive and meta-cognitive strategies to solve the addition and subtraction word 

problems and improved their accuracy performance on the computer-based tests. Their 

improved accuracy performance found on the computer-based tests was successfully 

transferred to the paper/pencil-based tests. About two weeks after termination of the 

intervention phase, except for one student who had many absences and behavioral 

problems during the extended intervention phase, the three students successfully 

maintained their improved accuracy performance during the follow-up phase. Taken 

together, the findings of the study clearly provide evidence that Math Explorer is an 

effective method for teaching one-step addition and subtraction word problem-solving 

skills to students with mathematics difficulties and suggest that the instruction, interface, 

and interaction design features of CAI program is carefully designed to produce 

successful mathematical performance of students with mathematics difficulties. 

Limitations of the research and implications for practice and future research were 

discussed.  
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 1 

CHAPTER I:  

INTRODUCTION 

Ginsburg, Klein, and Starkey (1998) emphasized, “We live in a society in which 

mathematical knowledge is commonly portrayed as vitally important for economic 

success, and indeed for everyday functioning” (p. 402). Given such importance of 

mathematics in the society, national efforts have been made to improve students’ 

mathematics performance over the past few decades (Maccini & Gagnon, 2000). 

However, evidence from national and international mathematics assessments has 

demonstrated that U. S. students exhibit serious mathematical difficulties (Beatty, 1997; 

Bernstein, 1997; Braswell, Danne, & Grigg, 2003; Mayer, Tajika, & Stanley, 1991; 

National Center for Education Statistics [NCES], 2006; Program for International Student 

Assessment in Education [PISA], 2003). For example, according to results of the Trends 

in International Mathematics and Science Study (TIMSS), U.S. fourth- and eighth-grade 

students’ mathematics performance decreased between 1995 and 2003 (NCES, 2006). In 

2003, U.S. fourth- and eighth-grade students showed poor mathematics performance in 

comparison with their counterparts from 11 and 14 industrialized countries respectively 

(e.g., Singapore and Hong Kong: NCES, 2006). Over the past decade, U. S. students’ 

poor mathematics performance was especially prominent in problem-solving skills across 

all grade levels (NCES, 2006).  

As a response to these disconcerting results, mathematical problem-solving has 

received considerable attention in typical mathematics curriculum and instruction (Miller 

& Mercer, 1993; Moore & Carnine, 1989). National mathematics reform efforts have 

recommended that higher order mathematics skills, such as problem-solving, should be 

the focus of mathematics instruction and curriculum (Jitendra & Xin, 1997; Miller & 

Mercer, 1993). In fact, mathematical problem-solving has been emphasized as an 
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essential means for students to construct their own understanding of mathematical ideas 

and processes and to develop their logical thinking (Taplin, 2006). Further, it has been 

argued that mathematical problem-solving is critical for students to utilize and adapt 

acquired mathematical skills and knowledge to deal with unexpected problem-solving 

situations in their everyday life (Bottge & Hasselbring, 1993; Taplin, 2006; Van de 

Walle, 2004). Accordingly, the National Council for Teachers of Mathematics (NCTM) 

has emphasized that problem-solving should be the first priority of the curriculum at all 

grade levels, and students were encouraged to explore and solve many mathematical 

problems in meaningful real-life contexts (NCTM, 1989, 2000).  

MATHEMATICAL WORD PROBLEM-SOLVING  

According to Cawley, Fitzmaurice-Hayes, and Shaw (1988), mathematical 

problem-solving is defined as “the interpretation of information and the analyses of data 

to arrive at a single acceptable response or to provide the bases for one or more arguable 

alternatives” (p. 167). There are three types of problems in the mathematical problem-

solving area: word problems, subject area (e.g., science and recreation) application 

problems, and decision-making and argument problems (Cawley et al., 1988). Among 

these types of problems, the word problems ranging from simple to complex are the most 

common in the mathematical problem solving area of elementary and secondary school 

mathematics curricula (Cassel & Reid, 1996; Cawley et al., 1988; Jonassen, 2003).  

Theoretical Models of Mathematical Word Problem-Solving 

The solving of mathematical word problems has been identified as a complex 

process involving a variety of tasks that require students to possess certain skills (Cawley 

& Miller, 1986). To understand the processing components of word problem-solving and 

to identify specific skills which contribute to students’ mathematical word problem-

solving performance, much attention has been paid to theoretical models of mathematical 

word problem-solving. The theoretical models of mathematical word problem-solving are 

grounded in the information-processing theory from cognitive science. Several cognitive 
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scientists proposed information-processing models of problem-solving (Newell & Simon, 

1972; Polya, 1957; Shaw, 1981; Wallas, 1926). For example, Wallas (1926) introduced a 

series of four steps in problem-solving. Wallas’s four steps include: (a) preparation, (b) 

incubation, (c) illumination, and (d) verification. At the preparation stage, the solver 

gathers information about the problem. At the incubation stage, the solver puts aside the 

problem to do other activities. At the illumination stage, the solver finds the key to the 

solution. At the verification stage, the solver checks the solution.  

Similar to Wallas’s four steps of problem-solving, Polya (1957) conceptualized 

problem-solving as a four-stage processing consisting of: (a) understanding the problem, 

(b) devising a plan, (c) carrying out the plan, and (d) looking back. At the first stage (i.e., 

understanding the problem) the solver restates the problem, identifies the goal, and draws 

a picture or diagram to understand the problem. At the second stage (i.e., devising a plan) 

the solver outlines a potential solution and paraphrases the problem. At the third stage 

(i.e., carrying out the plan) the solver refines and transforms the problem into a solution, 

checks each step, and defines each step in relation to the problem. At the last stage (i.e., 

looking back) the solver checks the previous steps to verify that the answer is reasonable 

and correct. At this stage, the solver finally confirms results and arguments. Also, the 

solver assesses the effectiveness, accuracy, and usefulness of a solution for solving other 

problems.  

Newell and Simon (1972) analyzed problem-solving process as a two-step 

process: (a) understanding process and (b) search process. The understanding process 

requires the solver to understand the problem itself and to identify the initial information 

to solve the problem. The solver uses a variety of perceptual stimuli (e.g., drawing a 

diagram or picture) in this process. On the other hand, the search process requires the 

solver to find or calculate the solution to the problem.  

Based on these information-processing models of problem-solving, several 

researchers proposed theoretical models of mathematical word problem-solving. For 
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example, after identifying five essential knowledge components (i.e., linguistic, semantic, 

schematic, strategic, and procedural knowledge) for mathematical word problem-solving, 

Mayer (1992) conceptualized mathematical word problem-solving as a two processes 

consisting of: (a) problem representation and (b) problem solution. The problem 

representation process involves paraphrasing, visualizing thorough illustrations (e.g., 

drawing a diagram or picture), and hypothesizing a problem. This process also involves 

transforming linguistic and numerical information of the problem into mathematical 

equations and operations. On the other hand, the problem solution process involves the 

planning and executing of the strategies to find a solution to the problem.  

Cawley et al., (1988) proposed three stages in mathematical word problem-

solving that includes: (a) confrontation, (b) exercise, and (c) examples. At the 

confrontation stage, the solver recognizes and understands a problem without a final 

solution. At the exercise stage, the solver constructs a representation of the problem by 

connecting it to his/her prior experience. At the example stage the solver selects the 

appropriate strategies and finally solves the problem.  

Extending the previous word problem-solving models, which only focus on the 

cognitive processing components of word problem-solving, Montague (1992) developed 

a comprehensive model that consists of cognitive and meta-cognitive processes of 

mathematical word problem-solving. In this model, the cognitive process encompasses 

the problem representation and problem solution process identified by Mayer (1992). The 

meta-cognitive process involves self-awareness of cognitive knowledge, using cognitive 

processes, and regulating and monitoring cognitive performance. Integrating the word 

problem-solving processes into schema theory, Jitendra and Hoff (1996) presented a 

three-stage schema-based processing model in mathematical word problem-solving. The 

first stage involves processing problem schemata. The solver identifies definite 

characteristics, features, and facts of the situation of a problem. At the next stage, the 

solver activates action schemata by selecting strategies and a mathematical operation for 
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the problem. At the last stage the solver executes the mathematical operation and reaches 

a solution for the problem by using strategic knowledge.  

Word Problem-Solving and Students with Mathematics Difficulties   

Due to the complex nature of mathematical word problem-solving processes, it 

has been found that students with mathematics difficulties have considerable difficulties 

solving mathematical word problems and show significantly poor word problem-solving 

performance compared to their typically achieving peers (Cawley & Miller, 1989; 

Cawley, Miller, & School, 1987; Englert, Culatta, & Horn, 1987; Glaser, 1991; Lee & 

Hudson, 1981; Mercer & Miller, 1992; Miller & Mercer, 1993; Montague, 2006; 

Montague & Applegate, 1993, 2000; Rivera, 1997). For example, Lee and Hudson (1981) 

found that students with learning disabilities (LD) in seventh grade had serious difficulty 

in mathematical word problem-solving than their typically achieving peers. Cawley and 

Miller (1989) reported that the mathematical problem-solving performance of 16- and 17-

year-old students with LD was similar to that of 10-year-olds.  

Mercer (1992) identified characteristics of students with mathematics difficulties 

that contributed to their mathematical word problem-solving difficulties have been 

identified. These characteristics include reading difficulties, deficits in computational 

proficiency, memory problems, and poor cognitive and meta-cognitive abilities (Mercer): 

Apparently, the lack of essential word problem-solving knowledge and skills (e.g., 

reading and computational skills) of students with mathematics difficulties is a major 

reason for their poor performance (Cawley et al., 1988; Zawaiza & Gerber, 1993). 

However, even students with mathematics difficulties who possess competent reading 

and computation skills often show particular difficulties with mathematical word 

problem-solving skills (Montague & Bos, 1986, 1992; Nuzum, 1987). Memory problems 

exhibited by students with mathematics difficulties are closely related to their poor word 

problem-solving performance (Miler & Mercer, 1997; Parmar & Cawley, 1997). Due to 

their limited short-term, long-term, and sequential memory capacity and organization, 
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students with mathematics difficulties are often not able to retrieve their prior knowledge 

to solve mathematical word problems (Goldman, 1989). At the same time, these students 

often show difficulties with retaining new information (e.g., problem solving algorithms 

and strategies) while understanding and solving mathematical word problems (Goldman, 

1989). Difficulties in cognitive and meta-cognitive processes among students with 

mathematics difficulties also affect their poor mathematical word problem-solving 

performance (Goldman, 1989; Miller & Mercer, 1997; Parmar & Cawley, 1997). Thus, 

students with mathematics difficulties typically exhibit: (a) difficulties in employing 

problem structures; (b) difficulties in translating linguistic and numerical information into 

appropriate mathematical equations; (c) deficits in selecting, planning, and executing 

task-appropriate problem-solving strategies and processes; and (d) lack of self-awareness, 

self-regulation, and self-adjustment in the usage of cognitive processes or strategies for 

word problems (Montague & Bos, 1986, 1990; Pressley, Symons, Snyder, & Cariglia-

Bull, 1989; Swanson & Rhine, 1985; Zawaiza & Gerber, 1989).  

Poor mathematical word problem-solving performance experienced by students 

with mathematics difficulties, especially, students with LD, has become a serious 

problem over the last decade. In the U. S., students are required to participate in statewide 

high-stakes assessments in order to determine their grade promotion and high school 

graduation eligibility (Cortiella, 2004). According to the federal special education law, 

Individuals with Disabilities Education Act (IDEA) Amendments 197 (PL 105-17) and 

No Child Left Behind (NCLB), even students with LD has to participate those 

assessments. Due to the national trend of focusing on word problem-solving in 

mathematics instruction and curriculum, word problem-solving has been increasingly 

emphasized on the high-stakes assessments in mathematics (Lowe, 2004; Sloane, 2003). 

As a result, it may be challenging for students with mathematics difficulties who are 

struggling with mathematical word problem-solving skills to demonstrate successful 

mathematics performance on the assessments. In addition, as contemporary society 
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demands a proficiency in mathematical problem-solving for independent functioning 

(i.e., deal with fast-pacing tasks and unexpected problem situations) in the workplace, at 

home, and in the community, it is critical for students to enhance their abilities to solve 

mathematical problems in school to ensure their successful adult functioning in the real 

world (Bottge & Hasselbring, 1993; Jitendra & Xin, 1997; Patton, Cronin, Bassett, & 

Koppel, 1997). Given the importance of mathematical word problem-solving skills in 

school and society, an adequate number of intervention studies have been conducted to 

find instructional approaches that are effective for students with mathematics difficulties 

to improve their mathematical word problem-solving skills (Hutchinson, 1993; Jitendra 

& Xin, 1997; Xin & Jitendra, 1999).  

Intervention Studies on Mathematical Word Problem-Solving for Students with 

Mathematics Difficulties 

Students with mathematics difficulties often show deficits in specific strategic 

knowledge necessary for successful word problem-solving processes (Montague & 

Applegate, 1993; Montague, Bos, & Doucette, 1991, Zawaiza & Gerber, 1993) and a 

number of these intervention studies have attempted to teach strategies that facilitate their 

problem-solving processes (Case, Harris, & Graham, 1992; Cassel & Reid, 1996; 

Hutchinson, 1993; Jitendra & Hoff, 1996; Jitendra, DiPipi, & Perron-Jones, 2002; 

Montague, 1992; Montague & Bos, 1986; Montague, Applegate, & Marquard, 1993; 

Wilson & Sindelar, 1991; Xin, Jitendra, Deatline-Buchman, 2005; Zawaiza & Gerber, 

1993). These studies demonstrated clear evidence that when students with mathematics 

difficulties are taught an explicit problem-solving strategy, they can improve their word 

problem-solving skills. The strategies employed in the studies are overlapping in terms of 

their main components and procedures (Jitendra and Xin, 1997), but the strategies can be 

broadly categorized as one for cognitive processes and one for meta-cognitive processes. 

The strategies for cognitive processes (i.e., cognitive strategies) are designed to facilitate 

two major mathematical word problem-solving processes: problem representation and 



 

 8 

problem solution (Mayer, 1992). Specifically, the cognitive strategies include a variety of 

techniques for teaching students with mathematics difficulties to represent problems by 

paraphrasing in their own words and visualizing through a picture, diagram, or chart and 

to solve problems by hypothesizing, planning and executing strategies (Montague, 1992, 

1997; Montague & Applegate, 1993, 2000). The strategies for meta-cognitive processes 

(i.e., meta-cognitive strategies) are designed to improve self-awareness and self-control 

processes (Brown, 1978). The meta-cognitive strategies teach students with mathematics 

difficulties how to recognize the cognitive knowledge, use the cognitive processes and 

strategies, and regulate and monitor their word problem-solving performance on their 

own (Montague, 1992, Montague & Applegate, 1993). 

Several studies focusing on cognitive strategies have been conducted for word 

problem-solving skills of students with mathematics difficulties, and demonstrated the 

effectiveness of the strategies for these students across grade levels (i.e., from early 

elementary to college level: Jitendra & Hoff, 1996; Jitendra et al., 1998; Jitendra et al., 

2002; Miller & Mercer, 1993; Montague & Bos, 1986; Wilson & Sindelar, 1991; Xin et 

al., 2006; Zawaiza & Gerber, 1993). For example, in a multiple-baseline across subjects 

design study, Jitendra and Hoff (1996) found that a schema-based strategy that involved 

three types of knowledge (i.e., problem schemata, action schemata, and strategic 

knowledge) for cognitive processes of word problem-solving, was effective for 

enhancing the one-step addition and subtraction word problem-solving skills of three 

students with LD at early elementary level (i.e., grades 3-4). Several studies (Jitendra et 

al, 1998; Jitendra et al, 2002; Xin et al., 2006) were conducted continuously with the 

same schema-based strategy instruction. These studies demonstrated that the word 

problem-solving performances of students with mathematics difficulties in elementary or 

middle school were improved after the introduction of the schema strategy instruction. 

Furthermore, the results also found that the students in the schema-based instruction 

group performed significantly better than the students in the general strategy instruction 
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group (Xin et al., 2006), or traditional basal strategy instruction group (Jitendra et al, 

1998). Wilson and Sindelar (1991) found that, regardless of sequencing problem types, 

direct strategy instruction using diagrams was an effective approach to teach one-step 

addition and subtraction word problem-solving to students with LD in grades 2-5. For 

students with LD at secondary levels (i.e., grades 10-12), Montague and Bos (1986) also 

showed the positive results of an eight-step cognitive strategy for two-step word problem-

solving in four arithmetic operations. In this multiple-baseline across subjects design 

study, the number of correct answers achieved by each of the six students was 

significantly increased, whereas the time to complete the tests was reduced for all 

students. In a study with postsecondary students with LD, Zawaiza and Gerber (1993) 

demonstrated positive outcomes of diagram strategies for the cognitive processes of word 

problem-solving in four arithmetic operations among college students with LD (Zawaiza 

& Gerber, 1993).  

Emphasizing the cognitive and meta-cognitive processes of mathematical word 

problem-solving for students with mathematics difficulties, a few studies have employed 

a combination of cognitive and meta-cognitive strategies and showed the positive results 

of the strategies for their word problem-solving performance across grade levels (Case et 

al., 1992; Cassel & Reid, 1996; Hutchinson, 1993; Montague, 1992; Montague et al., 

1993). For example, in a multiple-baseline across subjects design study, Cassel and Reid 

(1996) demonstrated the effectiveness of an 11-step cognitive strategy with a 

combination of a six-step self-regulated strategy (i.e., meta-cognitive strategy) for 

improving the one-step addition and subtraction word problem-solving skills of four 

students with LD or mild mental retardation (MMR) at early elementary school levels 

(i.e., grades 3-4). With similar strategy components and procedures used in Cassel and 

Reid’s study (1996), Case et al., (1992) reported the positive results of cognitive and self-

regulated strategies for enhancing the one-step addition and subtraction word problem-

solving skills of four students with LD at upper elementary levels (i.e., grades 5-6). In 
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this multiple-baseline across subjects design study, the students were able to choose and 

execute correct operations and reduced the number of errors by applying the strategy to 

solve addition and subtraction word problems. A series of studies by Montague and her 

colleague (Montague, 1992; Montague et al., 1993) demonstrated the effectiveness of a 

combination of seven-step cognitive and three-step meta-cognitive strategies in 

enhancing the word problem-solving skills of students with LD at secondary levels (i.e., 

grades 6-9). In these studies, a significant improvement in the number of correct answers 

on one-, two-, and three-step word problems in four arithmetic operations was found 

among the students. With 20 students with LD at similar grade levels (i.e., grades 8-10), 

Hutchinson (1993) found that the cognitive strategy using self-questioning procedures 

was effective in improving their word problem-solving skills in algebra. In this study, the 

number of errors was significantly reduced on the four types of algebra word problems 

with multiple operations.  

Given these positive results from the intervention studies, the consensus implied 

that explicit instruction that incorporates cognitive and meta-cognitive strategies is 

promising for successful mathematical word problem-solving performance of students 

with mathematics difficulties. However, there are several constraints that limit teachers’ 

successful application of cognitive and meta-cognitive strategies for these students in 

their mathematics instruction. First, teachers lack sufficient time to provide students with 

additional instructional support and strategies (e.g., cognitive and meta-cognitive 

strategies) that are necessary for students to produce successful mathematical learning 

outcomes (Busch, Pederson, Espin, & Weissenburger, 2001; Schumm, Vaughn, Haager, 

McDowell, Rothlein, & Saumell, 1995). According to the recent report from NCES, in 

2003, the ratio of students to teacher was about 17 students per teacher in public 

elementary and secondary schools (NCES, 2006). In the case of public elementary 

schools with large student enrollments (i.e., 1,500 students or greater), the students to 

teacher ratio increased to 20.8 students per teacher in 2003 (NCES, 2006). Given such 
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large number of students in their classrooms, teachers are more likely to focus their 

lessons on the typically achieving students (Brophy & Good, 1974; Kolich, 1985). 

Consequently, students with mathematics difficulties cannot gain the full benefits of the 

lesson (Carnine, Jones, & Dixon, 1994; Salend, 1994). In the area of mathematics, these 

students often fail to develop their mathematical knowledge and skills and commonly 

struggle with the rapid pacing, insufficient examples, and insufficient practice 

opportunities (Carnine et al., 1994; Salend, 1994).  

Second, most teachers are not familiar with the underlying theory, processes, and 

components of cognitive and meta-cognitive strategies (Montague, Warger, & Morgan, 

2000). Montague et al. (2000) found that teachers often lack the skills of how to teach the 

strategies to students because of their limited understanding and knowledge of cognitive 

and meta-cognitive strategies. Pre- and in-service teacher trainings for the strategies are 

necessary but are not provided for frequently enough for teachers to learn cognitive and 

meta-cognitive strategies or develop their abilities to successfully apply the strategies for 

students with mathematics difficulties in their mathematics instruction (Montague et al., 

2000). Given such limited or no teacher training opportunities, teachers often feel that 

they are not competent to provide cognitive and meta-cognitive strategies based on the 

unique needs of students with mathematics difficulties (Montague et al., 2000). As a 

result, teachers may hesitate to use cognitive and meta-cognitive strategies for their 

mathematics lessons.   

Third, the lack of instructional resources and support presents an obstacle for 

teachers for applying effective cognitive and meta-cognitive strategies for students with 

mathematics difficulties (Cawley & Parmar, 1992; Jitendra & Hoff, 1996). Researchers 

have acknowledged that most mathematics textbooks are developed focusing on 

arithmetic computation skills rather than higher order mathematical thinking skills (e.g., 

problem-solving: Cawley & Goodman, 1969; Cawley & Parmar, 1992; Jitendra & Hoff, 

1996; Miller, Butler, & Lee, 1998; Strong, Thomas, Perini, & Silver, 2004). They have 
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also found that many elementary and secondary textbooks incorporate general problem-

solving strategy models consisting of sequenced steps of activities (e.g., read the 

problem, decide what to do, solve, and check the problem: Cassel & Reid, 1996; 

Montague, 1992) to teach mathematical problem-solving. These general problem-solving 

strategy models, however, are often not helpful for students with mathematics difficulties 

who lack problem-solving knowledge for deciding “What to do” (Montague, 1992; 

Montague et al., 2000). Moreover, specific problem-solving strategies (e.g., cognitive and 

meta-cognitive strategies) and adaptation plans exploring strategies for students with 

mathematics difficulties are rarely presented in the textbooks. Therefore, teachers may 

experience difficulty making instructional plans using cognitive and meta-cognitive 

strategies and adapting activities or materials related to the strategies for students with 

mathematics difficulties (Cassel & Reid, 1996). These difficulties are further 

compounded by teachers’ lack of time for instructional preparation (Harskamp & Suhre, 

2006). Consequently, teachers are more likely to use general problem-solving strategy 

models available in the textbooks to teach problem-solving skills to students with 

mathematics difficulties (Cassel & Reid, 1996). Given these challenges for teachers, it is 

hard to expect them to successfully apply cognitive and meta-cognitive strategies to their 

mathematical word problem-solving instruction for students with mathematics 

difficulties.  

To address the challenges confronted by teachers, computer-assisted instruction 

(CAI) can be an effective method for providing students with mathematics difficulties 

with a combination of cognitive and meta-cognitive strategies for mathematical word 

problem-solving. The next section introduces CAI and reviews CAI intervention studies 

in mathematics for students with mathematics difficulties. Also, CAI’s sophisticated 

computer-technology functionalities and features, which can be closely related to an 

effective delivery of cognitive and meta-cognitive strategies for the mathematical word 

problem-solving performance of students with mathematics difficulties, are described.  
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COMPUTER-ASSISTED INSTRUCTION (CAI) 

Technology has been advocated as an essential tool for teaching, learning, and 

doing mathematics by the National Council of Teachers of Mathematics (NCTM, 2000) 

in Principles and Standards for School Mathematics. The NCTM suggests that 

technology is a critical component of effective mathematics instruction to foster students’ 

successful learning and understanding of mathematics (2000). As the quality and 

availability of technology has dramatically increased over the past decade, researchers 

and educators have explored appropriate approaches to incorporate technology into the 

instructional curriculum for students (Anderson-Inman, Knoz-Quinn, & Horney, 1996; 

Ferretti & Okolo, 1996; Raskind & Higgins, 1998; Torgesen & Barker, 1995). As the 

most typical application of technology in education, CAI was introduced in schools in the 

1970s (Aydin, 2005; Dence, 1980). In many studies, CAI is broadly defined as the use of 

a computer as a medium to provide instructional content (Aydin, 2005). During the 1970s 

and 1980s, most CAI incorporated text and still pictures in a linear format. According to 

Taylor (1980) and Wentworth and Earle (2003), this type of CAI was classified as: (a) 

tutor (e.g., tutorial, drill and practice, and simulation), (b) tool (e.g., spreadsheets, word 

processors, spelling checkers, text-to-speech, and graphing program), and (c) tutee (e.g., 

BASIC and LOGO programming software). Emphasizing the instructional aspects of 

CAI, researchers reclassified CAI to include: (a) drill, (b) tutorial, (c) gaming, and (d) 

simulation (Alessi & Trollip, 2001; Gagne, Wagner, & Rojas, 1981; Garbe & Garbe, 

2003, Heinich, Molenda, Russell, & Smaldino, 1999; McClellan, 1985; Watkins &Webb, 

1981). The first instructional category of CAI, drill and practice, provides opportunities 

to master previously learned skills (Elting, 1986; Garbe & Garbe, 2003; McClellan, 

1985). Drill and practice is typically used to present factual information and develop skill 

fluency (Garbe & Garbe, 2003). The second instructional category, tutorial, provides 

lessons to teach new skills, concepts, or processes in a clear and logical sequence (Garbe 

& Garbe, 2003; Shiah, Mastropieri, Scruggs, & Fulk, 1994-1995). After an initial lesson, 
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demonstrations, examples, and steps for learning new information can be provided 

(Garbe & Garbe, 2003; Shiah et al., 1994-1995). Activities can also be presented to 

facilitate students’ understanding of the content (Elting, 1986; Garbe & Garbe, 2003; 

McClellan, 1985). Gaming, the third instructional category, presents a contest where 

students can practice a skill competing with others or the computer for the highest scores 

(Garbe & Garbe, 2003; Heinich, et al., 1999). While playing a game, students have 

opportunities to develop skills, increase attention, and enjoy learning (Appell & Hurley, 

1984; Aydin, 2005; Kolich, 1985). Based on the discovery approach to learning, 

simulation, the fourth instructional category, provides chances to practice a skill in 

situations that are similar to real-life (Elting, 1986; Garbe & Garbe, 2003; McClellan, 

1985). Simulation often presents situations that are too difficult, expensive, or dangerous 

to experience in real life (Elting, 1986; McClellan, 1985).  

During the 1990s, CAI was further developed beyond these traditional categories 

(Babbitt & Miller, 1996; Barker & Tucker, 1990; Handal & Herrington, 2003). More 

sophisticated levels of computer programs including hypermedia, hypertext, and 

multimedia became part of CAI (Babbitt & Miller, 1996; Slawson, 1993; Vernon, 1983). 

Boone and Higgins (1991, 1993) defined hypermedia as computer-based text that 

incorporated graphics, sound, digital video, virtual simulation, and animation in a non-

linear fashion, and hypertext as a type of hypermedia using only text resources. On the 

other hand, multimedia refers to a system that supports the use of various types of media, 

including sound, animation, video, and graphics (Najjar, 1996). Additionally, during the 

1990s online education through the World Wide Web and Internet increasingly occurred 

(Blackhurst, 2005; Handal & Herrington, 2003; Lewis, 1998). Considering such trends in 

CAI developments, researchers reclassified the categories of CAI to include: (a) drill and 

practice, (b) tutorial, (c) game, (d) simulation, (e) hypermedia/multimedia, and (f) web-

based learning (Alessi & Trollip, 2001). Although there have been concerns related to 

CAI, such as decreased independent and creative thinking, and lack of collaborative 
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learning (Sardello, 1985; Vernon, 1983), each category of CAI has been identified as an 

effective method for increasing students’ academic gains and learning (Alessi & Trollip, 

1991, 2001; Boone & Higgins, 1993; Gibbons & Fairweather, 1998; Handal & 

Herrington, 2003; Schwier & Misanchuk, 1993).  

CAI and Students with Mathematics Difficulties 

CAI has been suggested as a promising instructional tool for facilitating the 

academic performance of students with mathematics difficulties (Lin, Podell, & 

Tournaki-Rein, 1994; Okolo, 1992a; Robinson, DePascale & Roberts, 1989; Poplin, 

1995), because the salient design features of CAI (e.g., controlling task difficulty, self-

pacing, self-progress monitoring, corrective feedback, extended practice, and auditory, 

sensory, and visual effects) are closely related to some of the critical instruction 

components identified for students with learning difficulties (Becker, 1983; Budoff, 

Thormann, & Gras, 1984; Lock & Carlson, 2000; Maddux, 1984; Swanson, Hoskyn, & 

Lee, 1999; Xin, 1999). For example, Swanson and his colleagues (1999) identified 

critical instruction components for students with LD. These included: (a) sequencing, (b) 

drill-repetition and practice-review, (c) control of task difficulty, (d) problem solving and 

steps modeling by teacher, (e) direct questioning and responses, (f) strategy cues, (g) 

technology, (h) small group instruction, (i) segmentation, and (j) a supplement to teacher 

and peer involvement. Obviously, several instructional components (e.g., sequencing, 

drill and practice, and difficulty controlling) overlapped with the features of CAI. In 

addition, CAI is considered as a sophisticated way of offering a variety of individualized 

instructional options that meet the needs of students with learning difficulties 

(Hasselbring, Goin, & Bransford, 1988; Symington & Stranger, 2000). A variety of 

technical accommodations delivered by CAI such as spell checking, enlarged text, and 

task organization help these students compensate for their difficulties or disabilities and 

ensure their successful academic achievement (U. S. Department of Education, 2000). 

Given the potential of CAI for students with learning difficulties, a substantial body of 
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studies on CAI has been conducted for these students across various subject areas 

including mathematics, reading, writing, spelling, and social studies (Lewis, 1998). Since 

the 1980s, CAI intervention studies for students with learning difficulties have been 

increasingly emerging in the areas of mathematics and examined the effects of CAI on 

their mathematical learning (Gleason, Carnine, & Boriero, 1990; Lewis, 1998).   

Intervention Studies on CAI in Mathematics for Students with Mathematics 

Difficulties 

A number of CAI intervention studies in mathematics for students with 

mathematics difficulties can be categorized as: (a) CAI versus teacher-directed 

instruction, (b) comparison of CAI types, and (c) enhanced CAI based on the types of 

CAI intervention. These studies have attempted to examine the effects of CAI on the 

mathematical performance of students with mathematics difficulties across grade levels 

but showed a lack of consistent outcomes for students with mathematics difficulties 

(Kroesbergen & Van Luit, 2003; Mastropieri et al., 1991; Miller et al., 1998). For 

example, the studies (Howell, Sidorenko, & Jurica, 1987 [Study 1]; McDermott & 

Watkins, 1983; Moore, 1988; Trifiletti, Frith, & Armstrong, 1984; Watkins &Webb, 

1981; Wilson, Majsterek, & Simmons, 1996) within the category of CAI versus teacher-

directed instruction examined the effects of CAI on the mathematics performance of 

students with LD in comparison with teacher-directed instruction. Results displayed 

mixed findings in terms of the effectiveness of CAI in mathematics for students with LD. 

For example, in a group-design study, Watkins and Webb (1981) found that after five 

months, 28 elementary students with LD who received 10 minute drill and practice CAI 

using The Math Machine (Watkins, Johnson, & Bloom, 1981) achieved greater posttest 

scores than another group of 28 elementary students with LD who received traditional 

mathematics instruction by the teacher. Using the same CAI program (i.e., The Math 

Machine), however, McDermott and Watkins (1983) failed to reveal positive results. 

Specifically, after nine months, posttest scores showed that 129 students who received 



 

 17 

conventional instruction by teachers were found to have achievement scores essentially 

equivalent to those of 38 students who received drill and practice CAI in mathematics. 

Given this result, McDermott and Watkins (1983) concluded that no clear evidence that 

drill and practice CAI was more effective than teacher-directed instruction for students 

with LD. In an alternating treatment single-subject design study, Wilson et al. (1996) 

compared the effects of CAI using Math Blaster (Eckert & Davidson, 1987) to teacher-

directed instruction on students’ mastery and automaticity skills in single-digit 

multiplication ranging from two to nine. In this study, results on the paper-and-pencil test 

indicated that all four students with LD mastered multiplication facts and improved their 

automaticity skills under the CAI condition but all students mastered more multiplication 

facts under the teacher-directed condition.  

The studies (Christensen & Gerber, 1990; Fuchs, Fuchs, Hamlet, Powell, Capizzi, 

& Seethaler, 2006; Howell et al., 1987 [Study 2]; Okolo, 1992a) within the category of 

comparison of CAI types compared the effects of two types of CAI (i.e., drill vs. game, 

math vs. spelling, and tutorial vs. drill with teacher strategy) on the mathematics 

performance of students with mathematics difficulties. The two group-design studies 

(Christensen & Gerber, 1990; Okolo, 1992a) compared the effectiveness of drill and 

practice CAI with game CAI for enhancing the addition skills of students with LD. 

Results of these studies showed contradictory findings. Specifically, in a study by 

Christensen and Gerber (1990), after 13 sessions of CAI with a researcher-developed 

CAI program, results clearly showed that 30 elementary students with LD in the non-

game-type drill and practice group outperformed the students with LD in the game-type 

drill and practice group on the paper-and-pencil, oral-response, and keyboard addition 

tests in single addition. Inconsistent with this finding, Okolo (1992a) found that not only 

drill CAI using a drill section of Math Masters (DLM, 1988) but also game CAI using a 

game section of Math Masters (DLM, 1988) produced positive effects on the single-digit 

addition facts proficiency of students with LD.   
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The studies (Irish, 2002; Okolo, 1992b; Shiah et al., 1994-1995) in the category of 

the enhanced CAI examined the effectiveness of a certain instructional design variable 

embedded within a CAI program. The studies found relatively positive effects on the 

mathematical performance of students with LD. For example, Shiah et al. (1994-1995) 

examined the effects of CAI with a researcher-developed CAI program incorporating a 

seven-step cognitive strategy and animation on the addition and subtraction word 

problem-solving skills acquisition of students with LD. After three 30-minute CAI 

sessions, results showed that on the immediate and delayed computerized tests, 30 

students in all three conditions (i.e., seven-step strategy plus animation [CAI-A], seven-

step strategy plus static picture [CAI-P], and no strategy plus static picture only [CAI-C]) 

significantly improved their addition and subtraction word problem-solving skills. 

Similarly, on the immediate and delayed paper-and-pencil test, students’ scores were 

improved. However, no statistically significant differences among the three conditions 

were found on either test. In a multiple-baseline across subjects design study, Irish (2002) 

investigated the effect of CAI with a researcher-developed CAI program, Memory Math 

(2002), incorporating a cognitive strategy (i.e., mnemonics keyword strategy) on the 

single-digit multiplication facts acquisition of six students with LD or cognitive 

disabilities (CD). As a result, the computerized quizzes showed that all students with LD 

improved their accuracy scores on the single-digit multiplication facts test, and 

maintained those scores over time. On the paper-and-pencil quizzes, all students with LD 

demonstrated improved accuracy and greater gains than on the computerized quizzes. 

Several methodological problems across the CAI studies appear to prevent a clear 

analysis of CAI’s effects on the mathematics performance of students with mathematics 

difficulties. First, nearly all of the studies that compared CAI with teacher-directed 

instruction failed to fully describe whether all instructional variables (e.g., instructional 

content and difficulty level) of the CAI and teacher-directed instruction groups were 

exactly the same with the exception of instructional mediums (i.e., teacher and 
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computer). Without this information, it is not clear whether student outcomes found in 

the study were attributed to different instructional mediums (i.e., teacher and computer) 

or different instructional variables (e.g., instructional content, and difficulty level), which 

were not controlled in the study. Second, many of the CAI studies provided a limited 

number of CAI sessions over a relatively short period of time (i.e., 3-13 sessions for one 

to two weeks). Considering that, in general, students with mathematics difficulties take 

more time to learn than their typically achieving peers, it is hard to expect them to receive 

the benefits of CAI and show significant achievement gains in such a short period of 

time. Third, most of the studies did not adequately assess achievement and 

generalizations of targeted mathematics skills. A majority of the studies measured 

students’ mathematics achievement based, only, on the paper-and-pencil tests; but did not 

consider the issue that students with mathematics difficulties often have a problem with 

generalizing their acquired skills from computerized to paper-and-pencil tasks. Lastly, 

even though the instructional principles and features embedded in CAI programs are 

critical factors closely related to students’ successful outcomes (Clark, 1983), most CAI 

studies failed to provide enough detailed information with respect to the instructional 

features of CAI program. In addition, most CAI studies did not provide any information 

on whether CAI programs incorporated the critical design features that had been 

recommended for students with mathematics difficulties. 

With careful consideration of the aforementioned methodological problems, well-

designed CAI intervention studies are necessary to identify “true” effectiveness of CAI 

for the mathematical learning of students with mathematics difficulties. To this end, 

studies must employ empirically validated CAI programs that incorporate critical design 

features for students with mathematics difficulties based on their learning weaknesses. 

Therefore, it is noteworthy to identify the critical design features of CAI programs for 

students with mathematics difficulties.  
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Critical Design Features for CAI Programs for Students with Mathematics 

Difficulties 

As Clark (1983) pointed out in his review on media research, the computer is not 

a factor that enhances students’ learning, but simply a medium to deliver instruction. 

Rather, the instructional principles and design features of CAI program are critical for 

increasing students’ academic achievement (Clark, 1983). Despite the importance of 

identifying critical design features of CAI programs for students with mathematics 

difficulties, information on how a mathematics CAI program must be designed, 

particularly for students with mathematics difficulties with consideration of their learning 

characteristics and weakness, has not been well-documented in the literature in the field 

of special education (Johnson, Gersten, & Carnine, 1987; Woodward, Carnine, Gersten, 

Gleason, Johnson, & Collins, 1986). In fact, relatively few studies have attempted to 

identify critical design features of CAI programs for students with mathematics 

difficulties (Babbitt, 1999; Babbitt & Miller, 1996; Lewis, 1999). These critical design 

features can be categorized into: (a) instruction, (b) interface, and (c) interaction.  

Instruction design is generally conceptualized as a systematic plan regarding what 

instruction must be delivered and how instruction must be delivered in an effective way 

to facilitate a learner’s meaningful and productive learning (Lee & Boling, 1999). Based 

on instructional theory (e.g., constructivism and cognitivism), it encompasses a process 

of analyzing instructional goals and needs, and developing a qualified instruction, 

activities, and materials (Lee & Boling, 1999). As discussed earlier, a number of studies 

involving students with mathematics difficulties have identified critical instruction 

features for facilitating their mathematical learning (Carnine, 1997; Maccini, Gagnon, & 

Hughes, 2002; Steele, 2002). Across these studies, several instructional features, such as 

clarity of goals, explicit instruction with sufficient modeling and examples, strategy 

instruction, and adequate guided and independent practice opportunities, have been 

consistently seen to contribute to positive learning outcomes of students with 
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mathematics difficulties. In addition, reviewing prerequisite mathematics skills, and using 

manipulatives and representations, has been identified as critical instruction components 

for enhancing the mathematical learning of students with mathematics difficulties 

(Jitendra, Salmento, & Haydt, 1999; Miller et al., 1998; Miller & Mercer, 1993). 

Considering that instructional features embedded in CAI programs are critical for 

students’ positive achievement outcomes during CAI (Clark, 1983), there is no doubt that 

CAI programs for students with mathematics difficulties must be developed incorporating 

those critical instruction features and components which have identified in the studies.  

Interface design involves planning process not only to displays and receives 

information but also increases the quality of interaction between a user and the product 

(Shedroff, 1994). The computer interface includes all aspects of design such as structure, 

layout, colors, shapes, and fonts (Najjar, 1996; Shneiderman, 1998). Good interface 

design features allow users to efficiently find targeted information and to interact quickly 

with the computer or other users (Lee & Boling, 1999; Shneiderman, 1998). Media such 

as images, animation, video, and audio, can also be applied to construct effective 

computer interface design (Shneiderman, 1998). A well-designed interface of CAI 

programs plays a crucial role in how students maintain their attention and interest in 

instructional content and how they interactively acquire targeted knowledge and skills 

(Lee & Boling, 1999; Stemler, 1997). Given the importance of interface design of CAI 

programs, several interface features for students with mathematics difficulties have been 

recommended. For example, simple and consistent interface structure, appropriate 

amount of instruction, suitable animation and graphics, and the use of text highlighting 

and color-coding have been recognized as important features for students with 

mathematics difficulties in facilitating learning through CAI (Babbitt, 1999; Bley & 

Thornton, 2001; Higgins, Boone, & Williams, 2000; Jerrett, 1999; Yook, 2000). 

Precce, Roger, and Sharp (2002) defined interaction design as, “creating user 

experiences that enhances and extend the way people work, communicate and interact”. 
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(p. 12). The interaction design is related to a system or function which utilizes all 

pertinent disciplines, guidelines, and approaches to construct effective interactive 

products and to offer compelling and interactive experiences to users (Preece et al., 

2002). Shedroff (1994) suggested that the essential components of interaction design are 

the control, feedback, and adaptability that users can have. The interaction design of CAI 

program has, also, been emphasized because dynamic interactions between students and 

CAI programs can make students actively involved in the instructional learning process, 

comprehend instruction, and, finally, improve their learning outcomes (Lee & Boling, 

1999; Stemler, 1997). For students with mathematics difficulties, individualized 

interactions with CAI programs have been recognized as one of the most beneficial 

features of CAI. A variety of interaction features, such as immediate and corrective 

feedback, and controlling instructional difficulty levels and time can be incorporated into 

CAI programs for students with mathematics difficulties to effectively improve their 

mathematical performance (Babbitt, 1999; Bley & Thornton, 2001; Higgins et al., 2000; 

Okolo, 1991)  

Cognitive and Meta-cognitive Strategies for Mathematical Word Problem-Solving 

and CAI 

Among the critical design features of CAI programs for students with 

mathematics difficulties, several features are closely related to effective delivery of 

cognitive and meta-cognitive strategies in mathematical word problem-solving for 

students with mathematics difficulties. First, self-pacing and self-progress monitoring 

features of CAI parallel the components of the meta-cognitive strategy. What students 

with mathematics difficulties have learned about the meta-cognitive strategy for word 

problem-solving can be consistently reinforced through CAI. Second, CAI can provide 

students with a sufficient number of practice opportunities to develop their cognitive and 

meta-cognitive strategy skills. Practice problems in CAI can be contextualized to various 

real-world situations that are too difficult, expensive, or dangerous to be presented in 
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classroom environment, but that allow these students to practice applying the newly 

learned cognitive and meta-cognitive strategies to solve real-life mathematical word 

problems. Third, various instructional tools (e.g., number line and drawing and 

computing tools) embedded in CAI programs can provide additional supports for students 

with mathematics difficulties when they solve word problems using cognitive and meta-

cognitive strategies. Such tools can also allow them to focus on word problem-solving 

processes associated with cognitive and meta-cognitive strategies rather than basic 

arithmetic computation. Fourth, a variety of virtual manipulatives (e.g., symbols and 

pictorial representations) employed within CAI programs can help students with 

mathematics difficulties to increase their interactive learning and understanding of word 

problem-solving. Such active use of manipulatives for word problem-solving was 

advocated by the NCTM (2000). Lastly, immediate and corrective feedback provided 

during CAI can help these students improve their lack of academic interest, motivation, 

persistence, and self-perception, which have been identified as attribute factors of their 

poor word problem-solving performance (Montague & Applegate, 1993; Montague et al., 

1993). 

STATEMENT OF THE PROBLEM 

Despite the promising features of CAI for a successful delivery of cognitive and 

meta-cognitive strategies in mathematical word problem-solving for students with 

mathematics difficulties, no study has been conducted on CAI with cognitive and meta-

cognitive strategies for their mathematical word problem-solving performance. Among 

the previous CAI studies in mathematics for students with mathematics difficulties, two 

studies (Irish, 2002; Shiah et al., 1994-1995) focused on CAI incorporating a cognitive 

strategy only. Shiah et al. (1994-1995) employed a CAI program incorporating a seven-

step cognitive strategy to improve the addition and subtraction word problem-solving 

performance of the students with LD. The program delivered the seven-step cognitive 

strategy instruction by presenting the labels and short descriptions of each step (e.g., read: 
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read the problem), but did not provide a meta-cognitive strategy that could provide 

procedural guidelines or prompts for the successful use of cognitive strategies among 

students with mathematics difficulties. Without such meta-cognitive strategies, most of 

the students with LD were unable to execute, regulate, or monitor their use of cognitive 

strategies, because they lacked necessary procedural knowledge of the cognitive strategy. 

To increase such limited procedural knowledge of cognitive strategy among students with 

mathematics difficulties, Irish (2002) employed a CAI program incorporating a 

mnemonic cognitive strategy, and examined its effectiveness for enhancing the 

multiplication skills of students with LD. Even though the strategy produced positive 

effects on the multiplication skills of the students, the program still did not deliver the 

meta-cognitive strategy. Moreover, the effects of the program on the mathematical word 

problem-solving performance of the students with mathematics difficulties remained 

unanswered. 

Given the absence of a CAI study employing cognitive and meta-cognitive 

strategies for the mathematical word problem-solving skills of students with mathematics 

difficulties, the empirical evidence regarding whether CAI with cognitive and meta-

cognitive strategies can be an effective supplement method to teach mathematical word 

problem-solving to students with mathematics difficulties has not been established. In 

addition, little is known regarding how CAI can be designed to effectively deliver 

cognitive and meta-cognitive strategies to teach students with mathematics difficulties 

word problem-solving strategies, which present viable challenges and opportunities for 

further research.  

SIGNIFICANCE OF THE PROBLEM 

There are several reasons that hinder conducting a CAI study with a program 

incorporating cognitive and meta-cognitive strategies to improve the mathematical word 

problem-solving skills of students with mathematics difficulties. First, currently, over 

1,000 commercial CAI programs are available, ranging from preschool to high school, in 
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mathematics (Norton, McRobbie, & Cooper, 2000) but it is difficult to find commercially 

available CAI programs in mathematics that incorporate cognitive and meta-cognitive 

strategies. In fact, despite pedagogical shifts to more cognitive and constructive learning 

theories, most CAI programs are still grounded in behavioral approaches using drill and 

practice or game (Higgins et al., 2000; Lockard, Abrams, & Many, 1997; Woodward & 

Rieth, 1997). In the field of special education, several researchers (Irish, 2002; Shiah et 

al., 1994-1995) interested in the effectiveness of CAI grounded in the contemporary 

learning theories, developed CAI programs with cognitive strategies, yet these CAI 

programs are not available for the public. Given the limited availability of mathematics 

CAI programs incorporating cognitive and meta-cognitive strategies, students with 

mathematics difficulties have limited opportunities to develop their mathematical skills 

using the strategies embedded in CAI programs.  

Second, there is a lack of commercially available CAI programs in mathematical 

word problem-solving area. Instead, most CAI programs are available in only a few 

narrow mathematics areas, such as addition and multiplication, focusing on computation. 

There is no doubt that developing word problem-solving skills is crucial for the success 

of students with mathematics difficulties in schools and, furthermore, in the real world. 

Because of the lack of CAI program for word problem-solving, students with 

mathematics difficulties cannot develop their word problem-solving skills beyond basic 

computation skills through CAI. Furthermore, the number of CAI studies on the word 

problem-solving skills of students with mathematics difficulties is limited. For example, 

in previous CAI studies in mathematics for students with mathematics difficulties, only 

one study (Shiah et al., 1994-1995) was conducted on CAI for the word problem-solving 

performance of students with mathematics difficulties. This study employed a word 

problem-solving CAI program developed by the researchers.  

Third, because of a limited demand for CAI programs especially for students with 

mathematics difficulties in the educational software market, most commercially available 
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CAI programs in mathematics are designed and developed to target typically achieving 

students rather than students with mathematics difficulties. Therefore, most CAI 

programs in mathematics are not designed with particular attention to the critical design 

features for students with mathematics difficulties. Specifically, the instruction, interface, 

and interaction design features of CAI (e.g., modeling in a step-by-step format, strategy 

cues, large font size, and simple navigation system), which are important for facilitating 

the learning of students with mathematics difficulties, are rarely presented in the most 

CAI programs in mathematics. Few CAI programs in mathematics for students with 

mathematics difficulties were developed by several researchers in the field of special 

education (Christensen, & Gerber, 1990; Irish, 2002; Shiah et al., 1994-1995). These CAI 

programs, however, were not published or only available as a beta version (Woodward & 

Rieth, 1997). Thus, students with mathematics difficulties often use CAI programs 

developed for typically achieving students but fail to benefit fully because of too many 

distracting animation and graphics, nonlinear instructional sequences, complex 

navigation systems, and rapid instructional pacing on the programs (Babbit & Miller, 

1996). 

Given the fact that students with mathematics difficulties are some of the most 

frequent users of CAI in schools (Becker & Sterling, 1987; Lewis, 1998; Okolo, 1991), 

developing CAI programs interactively incorporating cognitive and meta-cognitive 

strategies in mathematical word problem-solving for students with mathematics 

difficulties is imperative for enhancing higher order mathematical skills through CAI. 

The CAI programs should be developed with careful consideration of critical design 

features for students with mathematics difficulties to deliver appropriate mathematical 

word problem-solving instruction suited to meet their special needs and learning 

characteristics. In response to such imperative needs for CAI programs that aid for 

students with mathematics difficulties, this study designed, developed, and implemented 

an interactive multimedia software, ‘Math Explorer’ to teach one-step addition and 
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subtraction word problem-solving skills to students with mathematics difficulties. Math 

Explorer was designed to incorporate (a) four-step cognitive strategies and corresponding 

three-step meta-cognitive strategies adapted from the previous research on cognitive and 

meta-cognitive strategies and (b) the instruction, interface, and interaction design features 

of CAI that are identified as crucial for enhancing the mathematical word problem-

solving performance of students with mathematics difficulties.  

PURPOSE OF THE RESEARCH 

The purpose of this study was to investigate the effectiveness of Math Explorer, 

designed to be a potential tool to deliver cognitive and meta-cognitive strategies and to 

supplement a classroom teacher’s word problem-solving instruction in enhancing the 

one-step addition and subtraction word problem-solving skills of students with 

mathematics difficulties in grades 2-3.  

RESEARCH QUESTIONS 

The following research questions guided this study. 

1. To what extent does the use of Math Explorer affect the accuracy performance 

of students with mathematics difficulties in grades 2-3 on computer-based tasks with one-

step addition and subtraction word problem-solving? 

2. To what extent does the use of Math Explorer generalize to the accuracy 

performance of students with mathematics difficulties in grades 2-3 on paper/pencil-

based tasks with one-step addition and subtraction word problem-solving?  

3. To what extent does the use of Math Explorer maintain the accuracy 

performance of students with mathematics difficulties in grades 2-3 on computer- and 

paper/pencil-based tasks with one-step addition and subtraction word problem-solving?   

Given the lack of research on this topic, this study makes a significant 

contribution to the field of special education technology in several ways. First, evidence 

regarding the effectiveness of interactive multimedia software, Math Explorer, as a 

supplemental method of a teacher’s word problem-solving instruction, in improving the 
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word problem-solving skills of students with mathematics difficulties can be established. 

Second, a systematic analysis of critical instruction, interface, and interaction design 

features of CAI program in mathematics, particularly word problem-solving area for 

students with mathematics difficulties can guide future researchers and software 

programmers who are interested in developing CAI programs for students with 

mathematics difficulties. Teachers or other educators in schools also refer to the 

information on those critical design features when they evaluate or purchase CAI 

programs in mathematics for their students. Third, teachers can use Math Explorer to 

provide explicit cognitive and meta-cognitive strategies in mathematical word problem-

solving as part of their mathematics instruction. As such, teachers can be allowed to 

spend more time providing individualized and additional support to students with 

mathematics difficulties during their mathematics instruction. The rationale, purpose, 

research questions, and contribution of the study are summarized in Appendix A. 
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CHAPTER II: 

REVIEW OF LITERATURE 

Due to the complex nature of mathematical word problem-solving processes, it 

has been found that students with mathematics difficulties show significantly poor 

mathematical word problem-solving performance compared to their typically achieving 

peers (Cawley & Miller, 1989; Cawley et al., 1987; Englert et al., 1987; Glaser, 1991; 

Lee & Hudson, 1981; Mercer & Miller, 1992; Miller & Mercer, 1993; Montague & 

Applegate, 1993, 2000; Rivera, 1997). Considering a lack of strategic knowledge on 

cognitive and meta-cognitive processes for mathematical word problem-solving among 

students with mathematics difficulties as a critical factor that affects their poor 

mathematical word problem-solving (Goldman, 1989; Miler & Mercer, 1997; Montague 

& Applegate, 1991, 1993; Montague et al., 1991; Parmar & Cawley, 1997; Zawaiza & 

Gerber, 1993), a number of intervention studies have attempted to teach them cognitive 

and meta-cognitive strategies to facilitate their word problem-solving performance (Case 

et al., 1992; Cassel & Reid, 1996; Hutchinson, 1993; Jitendra & Hoff, 1996; Jitendra et 

al., 2002; Miller & Mercer, 1993; Montague, 1992; Montague & Bos, 1986; Montague et 

al., 1993; Wilson & Sindelar, 1991; Xin et al, 2005; Zawaiza & Gerber, 1993). These 

studies demonstrated the clear evidence that when students with mathematics difficulties 

were taught explicit cognitive and meta-cognitive strategies, they improved their word 

problem-solving skills. Despite these positive effects of cognitive and meta-cognitive 

strategies on the mathematical word problem-solving skills of students with mathematics 

difficulties, several constraints, for example, a lack of time and resources, limit teachers’ 

successful application of cognitive and meta-cognitive strategies for these students in 

their mathematics instruction (Cawley & Parmar, 1992; Jitendra & Hoff, 1996; Montague 

et al., 2000).  
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To address the challenges confronted by teachers, CAI can be suggested as an 

effective method to provide students with mathematics difficulties with a combination of 

cognitive and meta-cognitive strategies in mathematical word problem-solving. However, 

no CAI intervention study employing cognitive and meta-cognitive strategies has been 

conducted for their mathematical word problem-solving skills. Additionally, it is difficult 

to find commercially available CAI programs with cognitive and meta-cognitive 

strategies for mathematical word problem-solving with a particular attention to critical 

design features for students with mathematics difficulties. In light of these findings, 

developing CAI programs interactively incorporating cognitive and meta-cognitive 

strategies in mathematical word problem-solving for students with mathematics 

difficulties is imperative for enhancing their higher order mathematical skills through 

CAI. The CAI programs must be developed with careful consideration of critical design 

features of CAI for students with mathematics difficulties in order to deliver appropriate 

mathematics instruction suited to meet their special needs and learning characteristics.  

In response to such imperative needs on the CAI programs for students with 

mathematics difficulties, an interactive multimedia software, ‘Math Explorer’ to teach 

one-step addition and subtraction word problem-solving skills to students with 

mathematics difficulties were designed and developed incorporating: (a) four-step 

cognitive strategies and corresponding three-step meta-cognitive strategies which were 

adapted from the previous research on cognitive and meta-cognitive strategies and (b) 

instruction, interface, and interaction design features of CAI which were identified to be 

crucial for improving the mathematical performance of students with mathematics 

difficulties. The purpose of this study was to investigate the effectiveness of Math 

Explorer, designed to be as a potential tool to deliver cognitive and meta-cognitive 

strategies and to supplement a classroom teacher’s word problem-solving instruction, in 

enhancing the one-step addition and subtraction word problem-solving skills of the 

students with mathematics difficulties in grades 2-3.  
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This study examined the following three research questions: (a) To what extent 

does the use of Math Explorer affect the accuracy performance of students with 

mathematics difficulties in grades 2-3 on computer-based tasks with one-step addition 

and subtraction word problem-solving?; (b) To what extent does the use of Math 

Explorer generalize to the accuracy performance of students with mathematics 

difficulties in grades 2-3 on paper/pencil-based tasks with one-step addition and 

subtraction word problem-solving?; and (c) To what extent does the use of Math 

Explorer maintain the accuracy performance of students with mathematics difficulties in 

grades 2-3 on computer- and paper/pencil-based tasks with one-step addition and 

subtraction word problem-solving? 

This chapter reviewed four bodies of literature which guided this study. 

Specifically, it examined literature on: (a) performance characteristics in mathematics 

among students with mathematics difficulties; (b) strategic instruction in word problem-

solving for students with mathematics difficulties; (c) CAI in mathematics for students 

with mathematics difficulties; and (d) critical design features for CAI program in 

mathematics for students with mathematics difficulties.   

PERFORMANCE CHARATERISTICS IN MATHEMATICS AMONG 

STUDENTS WITH MATHEMATICS DIFFICULTIES  

A large body of research has identified specific performance characteristics 

exhibited by students who have mathematics disabilities (MD: Geary, 1990, 1993, 2004; 

Geary, Brown, & Samaranayake, 1991; Geary, Hamson, & Hoard, 2000; Geary, Hoard, 

& Hamson, 1999; Mazzocco & Myers, 2003; Mazzocco & Thompson, 2005; Okamoto & 

Case, 1996). Many researchers in the field of MD have attempted to demonstrate that 

students with MD alone show different patterns of mathematical performance than 

students with reading disabilities (RD) as well as MD (Geary et al., 2000; Geary et al., 

1999). In response to this research, this section summarized contemporary studies on the 

performance characteristics in mathematics of students with MD, paying particular 



 

 32 

attention to the comparison between two subgroups of students with MD: those with MD-

only versus those with both MD and RD. In addition, this section reviewed studies that 

focused on performance characteristics of students with MD in mathematical word 

problem-solving.   

Procedural Difficulties  

Immature strategies use. In the study of 29 students with LD and 23 normally 

achieving (NA) students in grades 1-2, Geary (1990) demonstrated that 16 out of 29 

students with LD who exhibited poor mathematical performance during a remedial 

mathematics intervention (i.e., LD-no-change students) used the same types of 

computational strategies (i.e., retrieval and verbal counting without fingers) to solve 

addition problems as students in other groups, but frequently used slower and more 

immature strategies while they engaged in counting. For example, the LD-no-change 

students used a counting-all strategy (i.e., counting both addends starting from one) 

instead of counting-on strategy (i.e., starting with the larger addend and then counting 

upward the number of times indicated by the smaller addend). In contrast, remaining 13 

students with LD who showed significant improvement during the remedial mathematics 

intervention (i.e., LD-improve students) and NA students tended to use more advanced 

and efficient strategies (i.e., counting-on strategy).   

 While reclassifying the LD-no-change students and LD-improve students in 

Geary’s (1990) study into MD and NA students respectively, Geary et al. (1991) 

compared the pattern of addition skill development between the MD and NA students 

across time. In order to do so, Geary et al. (1991) measured the mathematical 

performance of the 26 NA students and 12 MD students who participated in the previous 

study (Geary, 1990). After 10 months, the students were tested again with the same 

measurement. In this longitudinal study, Geary et al. (1991) found that the students with 

MD failed to show a developmental shift towards more advanced and mixed problem-

solving strategies at the second time of measurement. Specifically, the students with MD 
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failed to show a reliable improvement in the rate of executing the memory retrieval 

strategy across the measurements. Rather, they used the verbal counting strategy more 

frequently to solve the majority of addition problems for both times of measurement (i.e., 

62% and 69%). In contrast, the NA students showed an increased reliance on memory 

retrieval (i.e., 39% to 51%) and a decreased reliance on verbal counting to solve addition 

problems across both times of measurement (56% to 44%). 

 Slightly different findings were found in Geary et al.’s (1999) study. In this study, 

Geary et al. (1999) examined different strategies used among four groups (i.e., MD-only, 

MD-RD, RD, and NA groups) of first graders. The results of this study revealed that all 

students in the four groups used the similar types of strategies to solve addition problems 

(i.e., finger counting, verbal counting, and retrieval strategy). Specifically, the students 

with MD-RD or MD-only used the retrieval strategy significantly more than the students 

with RD and NA students (i.e., 38 % and 23% for MD-RD and MD students respectively 

vs. 8 % and 6 % for RD and NA students respectively). The students with MD-RD or 

MD-only used the counting-on strategy less frequently than the students with RD and 

NA. In particular, the students with MD-RD used the counting-on strategy less frequently 

than the students with MD-only. However, none of these differences in use of strategies 

among the students in the four groups were statistically significant.  

A similar performance pattern of strategies used among first- or second-grade 

students with MD-RD or MD-only was found in another longitudinal study by Geary et 

al. (2000). In this study, the first-grade students with MD-RD or MD-only used the 

counting-on strategy less frequently than the NA students. Specifically, the students with 

MD-RD never used the counting-on strategy whereas the students with MD-only rarely 

used it in first grade. However, the students with MD-only showed a substantial increase 

in the use of counting-on strategy, which approached the performance levels of the 

students without MD in second grade. The students with MD-RD also showed a 

substantial increase in the use of counting-on strategy, but they still used the strategy less 
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frequently than the students in the other three groups (i.e., NA, RD, and MD-only 

groups). The students with MD-RD or MD-only did not show a decrease in finger 

counting between first and second grades.  

 Heavily relying on finger counting was also found among the students who were 

at risk for MD-RD and MD (Hanich, Jordan, Kaplan, & Dick, 2001; Jordan, Hanich, & 

Kaplan, 2003). In Hanich et al.’s (2001) study, the second-grade students in all four 

groups (i.e., mathematics difficulties, reading difficulties, mathematics and reading 

difficulties, and NA groups) used finger counting strategies to solve addition and 

subtraction problems, but the students with mathematics and reading difficulties or 

mathematics difficulties relied on their fingers more often than the students without 

mathematics difficulties. In their extended longitudinal study with the same students on 

the same tasks, Jordan et al. (2003) also found both the students with mathematics and 

reading difficulties or mathematics difficulties relied on their fingers through third grade. 

Errors in math problem execution. Geary (1990) found that although the LD-no-

change students, who showed poor mathematical performance during a remedial 

mathematic intervention, tended to use the same types of computational strategies (i.e., 

retrieval and verbal counting without fingers) to solve addition problems as the NA or 

LD-improve students, who showed significant improvement during the remedial 

mathematics intervention. However, when compared to the NA or LD-improve students, 

the LD-no-change students committed three or four times as many errors while using the 

strategy for addition problems. For example, when the LD-no-change students used their 

fingers to count, they committed errors half the time (i.e., 54%). When the LD-no-change 

students counted verbally, they committed errors one third of the time (i.e., 31%). In 

contrast, the NA or LD-improve students rarely committed errors (i.e., 5%-10%) when 

they executed finger or verbal counting strategies. In Geary’s (1991) study, high error 

frequency among the students with MD was also found but their counting error rates 

significantly decreased across times of measurement (i.e., 49% to 10% for the finger-
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counting strategy and 31% to 16% for the verbal counting strategy). However, the MD 

students’ error rates with the memory retrieval strategy did not decrease significantly 

across times of measurement (i.e., 18% to 16%). In contrast, the NR students committed 

fewer errors with the memory retrieval strategy across times of measurement (i.e., 6% to 

2%).  

With regard to differences in error frequency among MD-RD, MD-only, RA and 

NA students, Geary et al. (1999) reported that when the students with MD-RD or MD-

only executed strategies to solve addition problems, they committed more errors than the 

students without MD. For example, when compared with the NA or RD students who 

rarely committed errors (10% to 20%), the students with MD-RD or MD-only 

consistently committed errors almost or more than half the time while using various 

strategies (i.e., 49% to 59% for counting fingers strategy, 43% to 58% for verbal counting 

strategy, and 58% to 82% for retrieval strategy). Although significant differences 

between the MD-RD and MD-only students were not found in this study, the MD-RD 

students committed procedural errors more frequently than the MD-only students. These 

results were also found in Geary and his colleagues’ later study (Geary et al., 2000).  

Similar mathematics performance characteristics were found among students with 

mathematics and reading difficulties who were at risk for MD-RD (Hanich et al., 2001; 

Jordan et al., 2003). Hanich et al. (2001) reported that the students with mathematics and 

reading difficulties committed significantly more counting errors when using the finger 

counting strategy than the students in the other three groups (i.e., mathematics 

difficulties, reading difficulties and NA groups). For example, most of the students with 

mathematics and reading difficulties often over- or under-counted by one with their 

fingers when they used the finger counting strategy on counting tasks. In their extended 

longitudinal study (Jordan et al. 2003), the students with mathematics and reading 

difficulties consistently showed the same error patterns until the end of third grade. Based 
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on these findings, Jordan et al. (2003) concluded that students who were at risk for MD-

RD used counting procedures less skillfully than other students.  

Memory Problems 

Poor long-term memory retrieval skills. Geary et al. (1991) demonstrated that the 

students with MD often showed problems with a storage of number fact in their long-

term memory and retrieval of the number fact from their long-term memory. Based on 

the performance patterns of the students with MD across multiple times of measurement, 

Geary et al. (1991) identified these fact retrieval difficulties exhibited by the students 

with MD as the primary factor contributing to their failure of skill development in 

mathematics. Specifically, Geary et al. (1991) pointed out that the students with MD 

failed to readily retrieve basic facts from their long-term memory, which was closely 

associated with a frequent use of low level problem-solving strategies (e.g., verbal 

counting strategies), instead of advanced strategies (e.g., retrieval strategy) across both 

times of measurement. Consistent with these findings, Geary et al. (1999) also found that 

the MD-RD and MD-only students showed difficulties in accessing addition facts from 

their long-term memory when they tried to use the retrieval strategy. The MD-RD and 

MD-only students committed more memory-retrieval errors than the RD-only or NA 

students. In particular, the MD-RD students committed memory-retrieval errors more 

frequently than the MD-only students (i.e., 82% and 52% for MD-RD and MD students 

respectively). In their later study, Geary et al. (2000) reported the same results showing 

that a relatively high percentage of retrieval errors on counting tasks occurred in the 

students with MD-only or MD-RD. In addition, the MD-RD students had a higher level 

of retrieval errors than the MD-only students (Geary et al., 2000). 

Even though the percentage of retrieval errors was much lower, Hanich et al. 

(2001) reported similar findings among students with mathematics and reading, reading, 

or mathematics difficulties. In this study, the students with both mathematics and reading 

difficulties or just mathematics difficulties showed a relatively high percentage of 
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retrieval errors when compared with the students with only reading difficulties or NA 

students. In keeping with Hanich et al.'s (2001) findings, Jordan et al. (2003) concluded 

that fact retrieval deficits exhibited by the students at risk for MD forced them to 

continue to rely on procedure-based calculations rather than memory-based problem 

calculations and, further inhibited them from developing both procedural and conceptual 

knowledge of abstract mathematical principles.  

Poor working memory. Geary et al. (1991) found that when compared with the 

NA students, the students with MD showed relatively low performance scores on the 

backward digit span subtest and concluded that such a low digit span score was 

associated with their poor working memory resources. In this study, the poor working 

memory resource of the students with MD was identified as the critical contributing 

factor to their counting errors and to their failure of long-term memory development. 

In the study with MD-RD, MD-only, RD-only, and NA students, Geary et al. 

(1999) also found that the students with MD-RD or MD-only showed significantly lower 

backward digit span scores than the NA or RD-only students. The MD-RD or MD-only 

students showed very low backward digit spans of zero or two in this study. Even though 

the students with MD-RD or MD-only showed similar levels of low backward digit span 

scores, the students with MD-RD performed relatively better than the students with MD-

only on the double-counting error trials (Geary et al., 1999). For example, most of the 

students with MD-only missed or incorrectly identified all double-counting error trials . 

Given these results, Geary et al. (1999) suggested that students with MD, especially those 

with MD-only, had difficulty retaining information in their working memory while 

engaging in counting tasks. 

As in the previous study by Geary and his colleagues (1999), Geary et al. (2000) 

also found that the students in the MD-only or MD-RD groups showed significantly 

lower mean scores on the forward and backward digit span tasks than the NA students. 

However, when IQ was partialed the only statistically significant differences between the 
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MD-only, MD-RD students, and NA students were found on backward digit span. Based 

on these results, Geary et al. (2000) suggested that further research was necessary to 

examine how MD and working memory deficits were related and how the working 

memory deficits of many MD students could be understood in terms of their IQ. As in the 

previous study (Geary et al., 1999), Geary et al. (2000) found that the students with MD-

RD or MD-only detected double counting errors less frequently than the students without 

MD. Geary et al. (2000) also found that many students with MD-RD or MD-only had 

difficulties retaining the notation of a counting error in their working memory when it 

occurred early in the counting process. Based on these results, Geary et al. (2000) 

concluded that these difficulties might be more serious when students with MD-only or 

MD-RD were required to maintain information on their counting errors in their working 

memory across a series of long counting tasks.  

Visual and Spatial Deficits 

Weak visual/spatial representations. In Geary et al.’s (2000) study, the mazes 

subtest of WISC-III was administered to find spatial-related deficits in students with MD. 

In this study, the students with MD-RD or MD-only did not show significant deficits in 

spatial cognition. Given this finding, Geary et al. (2000) concluded that there was a 

possibility of spatial deficits among the students with MD, but such deficits were rare in 

comparison to the other types of cognitive deficits.  

With respect to the visual-spatial deficits of students at risk for MD, Jordan et al. 

(2003) argued that weaknesses in visual-spatial representations related to numerical 

magnitudes might lead those students with mathematics difficulties to fail to develop 

rapid fact-retrieval skills. Due to such weaknesses, students with mathematics difficulties 

might be not able to visualize a ‘mental number line,’ which was required to manipulate 

and estimate quantities when solving approximate arithmetic problems.    
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Performance Characteristics in Mathematical Word Problem-Solving among 

Students with Mathematics Difficulties  

A series of studies examined the performance characteristics in mathematical 

word problem-solving among students who were at risk for MD. For example, Jordan and 

Montani (1997) examined the problem-solving skills of third-grade students with 

mathematics difficulties or mathematics and reading difficulties. For both simple and 

complex word problems, the students with mathematics difficulties or mathematics and 

reading difficulties performed worse than the NA students. For the students with 

mathematics difficulties, the findings were different based on the conditions of whether 

the problems were presented in timed or un-timed conditions. The students with 

mathematics difficulties performed worse than the NA students in timed conditions, but 

not in untimed conditions where backup strategies (e.g., finger-counting) could be used. 

However, the students with mathematics and reading difficulties performed worse than 

the NA students both in timed and untimed conditions. Based on these findings, Jordan 

and Montani (1997) suggested that students with mathematics difficulties had weaknesses 

in automatic processing and retrieval, rather than deficits in problem comprehension, 

whereas students with mathematics and reading difficulties had deficits in both. 

Performance comparisons between the students with mathematics difficulties and the 

students with mathematics and reading difficulties revealed that for simple addition and 

subtraction word problems, the students with mathematics difficulties performed better 

than the students with mathematics and reading difficulties in both time and untimed 

conditions. For complex addition and subtraction word problems in untimed conditions, 

the students with mathematics difficulties performed better than the students with 

mathematics and reading difficulties. In terms of the use of backup strategies, the 

students with mathematics difficulties or mathematics and reading difficulties relied more 

on backup strategies than the NA students. As a backup strategy, the students with 

mathematics difficulties or mathematics and reading difficulties used the finger counting 
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more frequently than the NA students. In contrast, the NA students used retrieval as a 

backup strategy more frequently than the students with mathematics difficulties or 

mathematics and reading difficulties.  

Jordan and Hanich (2000) examined three types (i.e., compare, combine, and 

equalize) of addition and subtraction word problem-solving performances among four 

groups (i.e., mathematics and reading difficulties, mathematics difficulties, reading 

difficulties, and NA group) of second graders. Inconsistent with previous findings, all 

students in the four groups relied on physical referents (i.e., fingers and plastic pennies) 

more frequently than other strategies (i.e., automatic and delayed retrieval and verbal 

counting) to solve word problems. The mean number of strategies used on word problems 

was similar across the four groups of students. Compared to the students without 

mathematics difficulties, however, the accuracy of each strategy was very low for the 

students with mathematics and reading or mathematics difficulties. Particularly, the 

students with mathematics and reading difficulties used the strategies less accurately than 

the students with mathematics difficulties. For example, the students with mathematics 

difficulties used the delay retrieval strategy incorrectly most often (i.e., 85%), whereas 

the students with mathematics difficulties used the delay retrieval strategy incorrectly 

half the time (i.e., 46%). The statistical analysis of this study revealed that there were 

significant achievement differences between the students with mathematics difficulties 

and those without mathematics difficulties. For example, compared to the NA students, 

the students with mathematics and reading difficulties or mathematics difficulties showed 

problem with more complex story problems, such as comparison problems and change 

problems with an unknown start.  

Hanich et al. (2001) also found that similar weakness among second-grade 

students with mathematics and reading difficulties or mathematics difficulties when 

solving four types (i.e., change, combine, compare, and equalize) of addition and 

subtraction word problems. Consistent with the findings of Jordan and Hanich's (2000) 
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study, all students in the four groups (i.e., mathematics and reading difficulties, 

mathematics difficulties, reading difficulties, and NA group) relied on counting physical 

referents (i.e., fingers and plastic pennies) more frequently than other strategies (i.e., 

automatic and delay retrieval and verbal counting) on the word problems in this study. 

However, the students with mathematics and reading difficulties or mathematics 

difficulties used the finger counting strategy less accurately than the students without 

mathematics difficulties. In addition, the students with mathematics and reading 

difficulties or mathematics difficulties used the automatic and delay retrieval and verbal 

counting strategies inaccurately. In the error analysis of word-problem tasks, Hanich et 

al. (2001) found that the students with mathematics and reading difficulties simply added 

the two terms on most of problems without carefully reading and understanding the 

problem. As in Jordan and Hanich's (2000) study, the students with mathematics and 

reading difficulties used all strategies less accurately than the students with mathematics 

difficulties to solve word problems in this study. The answers of the students with 

mathematics and reading difficulties were significantly further from the correct answer 

than those students with mathematics difficulties. 

Summary 

 The previous studies on the performance characteristics in mathematics among 

students with mathematics difficulties found that these students with MD showed 

fundamental and persistent deficits in executing strategies, long- and short-term memory, 

and visual and spatial discrimination in the various areas in mathematics. Several studies 

demonstrated the empirical evidence that students with MD-only or MD-RD showed 

poor mathematical performance when compared to NA or RD-only students. 

Additionally, these studies found that there were significant performance differences in 

mathematics between MD-only and MD-RD students. For example, when compared with 

students without MD, students with MD often showed poorer mathematical performance 
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in word problem-solving domain. In particular, students with MD-RD showed more 

serious problems with solving word problems than students with only MD. 

STRATEGIC INSTRUCTION IN WORD PROBLEM-SOLVING FOR 

STUDENTS WITH MATHEMATICS DIFFICULTIES 

A number of intervention studies have attempted to teach students with 

mathematics difficulties strategies to facilitate their problem-solving processes because 

students with mathematics difficulties often show deficits in specific strategic knowledge 

necessary for successful word problem-solving processes (Montague & Applegate, 1991, 

1993; Montague et al., 1991, Zawaiza & Gerber, 1993). The strategies employed in the 

studies are overlapped in terms of their main components and procedures (Jitendra & 

Xin, 1997), so that the strategies can be broadly categorized as cognitive and meta-

cognitive processes. The strategies for cognitive processes (i.e., cognitive strategies) are 

designed to facilitate two major mathematical word problem-solving processes: problem 

representation and problem solution (Mayer, 1992). Specifically, the strategies include a 

variety of techniques for teaching students with mathematics difficulties to represent 

problems by paraphrasing it into one’s own words and using a picture, diagram, or chart 

and to solve problems by hypothesizing, planning, and executing strategies (Montague, 

1992, 1997; Montague & Applegate, 1993, 2000). The strategies for meta-cognitive 

processes (i.e., meta-cognitive strategies) are designed to improve self-awareness and 

self-control processes (Brown, 1978). The strategies teach students with mathematics 

difficulties recognize the cognitive knowledge, use cognitive processes and strategies, 

and regulate and monitor their word problem-solving performance on their own 

(Montague, 1992, Montague & Applegate, 1993). This section reviewed intervention 

studies, which focused on cognitive strategies or a combination of cognitive and meta-

cognitive strategies. A summary of the studies is presented in Appendix B. 
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Intervention Studies on Cognitive Strategies for the Word Problem-Solving of 

Students with Mathematics Difficulties  

Several studies focusing on cognitive strategies have been conducted to test the 

word problem-solving skills of students with mathematics difficulties and to demonstrate 

the effectiveness of the strategy for these students across grade levels (i.e., from early 

elementary to college level: Jitendra & Hoff, 1996; Jitendra et al., 2002; Miller & Mercer, 

1993; Montague & Bos, 1986; Wilson & Sindelar, 1991; Xin et al, 2005; Zawaiza & 

Gerber, 1993). For example, Wilson and Sindelar (1991) examined the effects of 

sequencing problem types and a direct instructional strategy on addition and subtraction 

word problem-solving skills in students with LD. Sixty-two students with LD in grades 2-

5 were assigned to one of three intervention groups: (a) strategy-plus-sequence; (b) 

strategy-only; and (c) sequence-only group. This assignment was decided by school. All 

students with LD in the three groups received instruction with board and seat work 

problems. In terms of problem sequencing, during the 12-day intervention sessions 

consisting of 30 minutes each, the students in the strategy-plus-sequence and sequence-

only groups received board and seat work word problems in a particular sequence (i.e., 

simple action, classification, complex action, and comparison problems: Silbert, Carnine, 

& Stein, 1981). Specifically, during three days of the first intervention period, the 

students received the board and seat work problems involving simple action. During three 

days of the second, third, and fourth intervention periods, the students received the board 

and seat work problems involving classification, complex actions, and comparisons 

respectively. In contrast, the students in the strategy-only group received the board and 

seat work problems with a mixture of problem types without any particular order. In 

terms of instruction, the students in the strategy-plus-sequence and strategy-only groups 

were given strategy instruction on the ‘Big Number Rule (e.g., when the big number is 

given, subtract: Silbert et al., 1981)’. For example, the students received an instructional 

demonstration using a diagram about what to do when the big number was given or not 
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given and then learned how to apply the ‘Big Number Rule’ to solve one-step addition 

and subtraction word problems. In contrast, the students in the sequence-only group were 

not given strategy instruction on the ‘Big Number Rule’. Instead, the students received 

instruction using the question technique (e.g., what numbers are given in the problem?). 

After 14 intervention sessions of 30 minutes each, results showed that the students in the 

strategy-plus-sequence group and strategy-only groups scored significantly higher than 

the students in the sequence-only group on the post-test and follow-up tests. However, 

there were no significant differences in performance between the strategy-plus-sequence 

and strategy-only groups on the post-test. Based on these findings, Wilson and Sindelar 

(1991) argued that regardless of sequencing problem types, direct instruction strategies 

were effective approaches to teach students with LD to solve addition and subtraction 

word problems and improve their problem-solving skills.  

A series of studies on a schema-based strategy were conducted by several 

researchers. Jitendra and Hoff (1996) investigated whether a schema-based strategy for 

facilitating cognitive processes was effective in enhancing the problem-solving skills of 

students with LD at the early elementary level. The schema-based strategy involved a 

development of problem presentation and solution processes using three types of 

knowledge: problem schemata, action schemata, and strategic knowledge. The strategy 

was used for three students with LD in grades 3-4 to teach how to solve three types (i.e., 

change, group, and compare) of one-step addition and subtraction word problems. A 

multiple-baseline design across subjects consisting of probe 1, intervention 1, probe 2, 

intervention 2, probe 3, and maintenance periods were used in the study. In the first 

intervention period, the students learned how to recognize the features of the semantic 

relations in the problem and checked that the problem had the salient elements of the 

chosen problem schema (i.e., problem schema). In the second intervention period, the 

students learned how to plan a solution strategy and to select and execute the correct 

arithmetic operation (action schema and strategic knowledge) to solve problems. The 
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strategy was also explicitly explained and modeled, while guided and independent 

practice, monitoring, and corrective feedback were provided for the students. After 

average eight 40 to 45 minute intervention sessions, all three students’ problem-solving 

performances increased for both addition and subtraction word problems. For example, 

the percentage of correct word problems for one student increased from 20.3% to 97.6%. 

Two weeks after the last intervention was completed, the students were asked to solve 

problems which were similar to those in the intervention probes, in order to assess 

maintenance of the word problem-solving strategies. On the maintenance probes, all three 

students maintained their improved word problem-solving performance over time.  

With the same schema-based strategy instruction, Jitendra et al. (2002) examined 

the effects of the strategy instruction on the multiplication and division word problem-

solving performance of four eighth-grade students with LD who had mathematics 

difficulties. A multiple probe across participants design including baseline, instruction, 

response generalization, and maintenance phases were used. During the instruction phase, 

the students received a 35- to 40-minute schema-based strategy instruction provided by a 

trained teacher in their classroom. The strategy instruction to solve the multiplication and 

division word problems was presented in problem schemata identification and problem 

solution phases and included explicit strategy modeling, interactive discussion, guided 

practice, monitoring and corrective feedback, and independent practice. During the 

problem schemata identification phases for the strategy instruction, the teacher 

demonstrated and modeled the problem schemata analysis along with frequent student 

exchanges to identify critical elements of problem schemata and map them onto the 

relevant schemata diagrams. During the problem solution phases for the strategy 

instruction, the students were asked to identify and map critical elements of the specific 

problem onto the schemata diagram with the teacher-led demonstrations and facilitative 

questions. After the instruction of the strategy in each session, the students were asked to 

take the word problem tests which consisted of six one-step multiplication and division 
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word problems involving vary and multiplicative comparison problem types in order to 

assess the effects of the strategy. Another word problem tests which contained 12 one- 

and multi-step multiplication and division word problems in different context were used 

to assess the generalization effects of the strategy. The students were also given strategy 

questionnaire at the end of the investigation to assess each student’s perception of the 

strategy’s effectiveness and his or her satisfaction with it. The results of the study showed 

that, in general, the word problem-solving performances of all of the four students were 

improved after the introduction of the schema strategy instruction. Specifically, however, 

the students became completed all vary problems without any error but not multiplicative 

comparison problems. After 4 and 8 weeks after the intervention, the four students 

maintained their high level word problem-solving performance after the termination of 

the intervention. With regard to the generalization effects of the strategy, the students 

generalized the strategy to solve word problems in different context showing 100% 

accuracy scores. Furthermore, the results of the strategy questionnaire showed that all 

students expressed that the use of the strategy in drawing and mapping information onto 

diagrams was helpful for understanding and solving the word problems and enjoyable 

experience to see their ability to accurately complete the word problems.  

In comparison with general strategy instruction (GSI), Xin et al. (2005) also 

investigated the effects of the schema-based instruction (SBI) on the multiplication and 

division word problem-solving performance of middle school students with learning 

problems. Specifically, eighteen students with LD, one student with severe emotional 

disorders, and three at-risk students in mathematics in grade 6-8 were participated in the 

study. Those students were separated into the first or second cohort and then the students 

in both cohorts were randomly assigned to either the SBI or GSI group. The students 

received a one-hour instruction on multiplicative compare and proportion problems three 

to four times a week. The students in the SBI group received 4 sessions each for 

multiplicative compare and proportion problems and 4 sessions for mixed word problems 
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including both types. Each session lasted an hour. The components and procedures of 

SBI were similar with those of SBI in the previous study by Jitendra et al. (2002). 

Specifically, like the SBI of the previous study (Jitendra et al., 2002) the SBI was 

presented in problem schemata and problem solution instruction phases and included the 

five-strategy steps designed to facilitate problem solving. During the problem schemata 

instruction phase, the students learned to identify the problem key features, type, and 

structure (step 1) and map the information onto the diagram (step 2). They also learned to 

summarize the information in the problem using the completed diagram (step 3) and 

check the accuracy of the representation by transforming the information in the diagram 

into a meaningful mathematics equation. During the problem solution instruction phase, 

the students learned to solve for the unknown quantity in word problems. They learned to 

transform the information in the diagram into a math sentence and solve it (step 4) and 

write and check a complete answer (step 5). On the other hand, the students in the GSI 

group had one-hour 12 sessions for mixed word problems and were not given the 

instruction in differentiating the two word problem types (i.e., multiplicative compare and 

proportion problems). Instead, they received the typical strategy instruction which 

followed a four-step problem-solving procedure in commercial mathematics textbooks. 

Specifically, the students learned to read the problem (step 1), develop a plan (step 2), 

solve (step 3), and look back (step 4). A problem-solving think-along sheet to employ the 

four-step problem-solving procedure was provided. Four parallel word problem-solving 

tests which contained 16 one-step multiplicative compare and proportion word problems 

were used for the pretest, posttest, maintenance test, and follow-up test. The students’ 

performance on those tests showed that the SBI students performed significantly better 

than the GSI students on the posttest, maintenance test, and generalization test. Great 

variation in pretest performance within each group on both target and transfer problems 

due to the heterogeneous participants, failure to control the students’ reading level, and 
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use of standard text-based word problems rather than real-world problems were identified 

as limitations of the study.  

In a study of students with LD at similar grade levels, Montague and Bos (1986) 

showed positive results after an eight-step cognitive strategy for two-step word problem-

solving in four arithmetic operations. The eight-step cognitive strategy for word problem-

solving consisted of: (a) reading the problem aloud; (b) paraphrasing the problem aloud; 

(c) visualizing; (d) stating the problem; (e) hypothesizing; (f) estimating; (g) calculating; 

and (h) self-checking. The multiple-baseline design across subjects including baseline, 

treatment, generalization, and maintenance periods was used. Six middle school students 

in grades 10-12 received at least three 50-minute strategy sessions during the treatment 

period. The strategy training included analysis of current learning habits, description of 

the new strategy, modeling of the new strategy, verbal rehearsal of the strategy steps, 

student practice with classroom materials, and corrective feedback. The students’ test 

scores and time required to complete test were recorded for each period. Ten two- and 

three-step word problems in any combination of four basic arithmetic areas (i.e., addition, 

subtraction, multiplication, and division) were used for tests. The two-step problems were 

used for the baseline, treatment, and maintenance tests whereas the three-step word 

problems were used for the generalization tests. After the students were provided an 

average of six strategy sessions, results showed that five of the six students with LD 

demonstrated substantial progress in terms of the number of correct answers between 

baseline and treatment. Also, four of the six students generalized the strategies to three-

step problems and maintained the criterion level of performance three months later. Time 

taken to complete the test for each student decreased as treatment progressed. Given these 

results, Montague and Bos (1986) concluded that cognitive strategies were effective 

when trying to improve the mathematical word problem-solving performance of students 

with LD. Several instructional factors were emphasized to provide students with LD with 

effective cognitive strategies. For example, instructional adaptations based on an analysis 
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of the cognitive and behavioral characteristics of each student with LD and sufficient 

practice time after strategy training were stressed to be necessary for students to apply the 

cognitive strategy when solving word problems.  

Positive outcomes of cognitive strategies were also found in a study with post-

secondary students with LD. Zawaiza and Gerber (1993) compared the effects of two 

types of problem-solving strategy (i.e., translation and diagram strategy) on two-step, 

compare type, word problem-solving performances. Thirty-eight students with LD in a 

college were randomly assigned one of three groups: (a) translation strategy; (b) diagram 

strategy; and (c) attention-control group. The students in the translation strategy group 

were taught to identify componential statements in problems where in the value of one 

variable is defined in terms of another. The students in the diagram strategy were taught 

not only the same translation strategy, but also schema strategy to diagram relationships 

between word problem components. On the other hand, the students in the attention-

control group did not receive any specific strategy training, but discussed the problem 

and their individual solution strategies with the researcher. Two 40-minute training 

sessions were provided for the students in the translation and diagram strategy groups. 

Based on the instructional intervention model by Lewis (1988), the training sessions 

consisted of direct instruction on the strategy, modeling of behavior, guided and 

independent practice of behavior, and corrective feedback. After the training sessions, the 

students were asked to complete the post-test and distal post-test one week later. The 

post-test scores revealed that the performance of the students in the diagram strategy 

group improved significantly on the two-step, compare-type word problems. Also, a 

detailed analysis of error patterns showed that when compared with the students in other 

groups, the students in the diagram strategy group showed a significant decrease on their 

post-test reversal errors.  
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Intervention Studies on Cognitive and Meta-cognitive Strategies in Word Problem-

Solving for Students with Mathematics Difficulties  

Emphasizing the cognitive and meta-cognitive processes of mathematical word 

problem-solving for students with mathematics difficulties, a few studies have employed 

a combination of cognitive and meta-cognitive strategies and demonstrated positive 

results for the word problem-solving performance of students with mathematics 

difficulties across grade levels (Case et al., 1992; Cassel & Reid, 1996; Hutchinson, 

1993; Montague, 1992; Montague et al., 1993). For example, in a multiple-baseline 

across subjects study, Cassel and Reid (1996) combined the strategy steps from the 

previous studies (Case et al., 1992; Mercer & Miller, 1992; Montague & Bos, 1986) and 

examined the effects of a 11-step cognitive strategy with a combination of a six-step self-

regulated strategy (i.e., meta-cognitive strategy) on the performance of students with mild 

disabilities in one-step addition and subtraction word problems. Two students with LD 

and another two students with MMR in grades 3-4 participated in this study. A multiple-

baseline across subjects design including baseline, instruction-1, post instruction-1 

probes, instruction-2, post instruction-2 probes, and maintenance sessions were used. 

During the instruction-1 and 2 periods, the students learned three sets of 35-minute 

cognitive strategy instructions, and how to apply the strategy to solve four types (i.e., 

change, equalize, combine, and compare) of addition and subtraction word problems. The 

steps of cognitive strategy included: (a) reading the problem out loud; (b) finding and 

highlighting the question, then writing the label; (c) asking for the parts of the problem 

and circling the numbers needed; (d) setting up the problem by writing and labeling the 

numbers; (e) re-reading the problem and tying down the sign; (f) discovering the sign; (g) 

reading the number problem; (h) answering the number problem; and (i) writing the 

answer and checking it by asking if it makes sense. This 11-step strategy instruction was 

taught by emphasizing Harris and Graham’s (1993) self-regulated strategy procedures 

consisting of: (a) problem definition, “What is it I have to do?”; (b) planning, “How can I 
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solve this problem?”; (c) using a strategy, “FAST DRAW will help me organize my 

problem solving and remember all the things I need to do in order to successfully 

complete a word problem”; (d) self-monitoring, “To help me remember what I have 

done, I can check off the steps of the strategy as they are completed”; (e) self-evaluation, 

“ How am I doing? Does what I am doing make sense? Did I complete all the steps?”; 

and (f) self-reinforcement, “Great, I’m half way through the strategy. Oops, I made a 

mistake, but that’s okay because I can correct it. Fantastic!” Results showed that 

differences in terms of use of strategy were found between the students with LD and 

students with MMR. In details, the students with LD often skipped or modified the 

strategy steps whereas the students with MMR consistently used all strategy steps and 

sequentially applied all strategy steps to solve one-step, addition and subtraction word 

problems. However, all students’ performances increased over baseline levels in terms of 

the number of correct answers. Supporting the results of the previous studies (Case et al., 

1992; Mercer & Miller, 1992; Montague & Bos, 1986), the study confirmed that 

cognitive and self-instruction strategies were effective for students with LD. In addition, 

this study demonstrated that cognitive and self-instruction strategies were also effective 

tools for increasing the word problem-solving performance of students with MMR.   

By using similar strategy components and procedures as those in the Cassel and 

Reid (1996) study, Case et al.(1992) examined the effectiveness of a four-step cognitive 

strategy for enhancing the one-step addition and subtraction word problem-solving 

performance of four elementary school students with LD in grades 5-6. The cognitive 

strategy was taught using the self-regulated strategy development procedures developed 

by Harris and Graham (1993). A multiple-baseline across subjects design consisting of 

baseline, instruction-1 for addition, post instrution-1 probes, instruction-2 for subtraction, 

post instruction-2 probes, generalization, and maintenance sessions were used. At the 

beginning of the two intervention periods, the four students with LD were given training 

on cognitive and self-regulated strategy procedures through discussion, modeling, and 
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practice and then asked to apply the strategies to solve word problems. The five-step 

cognitive strategy included: (a) reading the problem out loud; (b) looking for important 

words and circling them; (c) drawing a picture to help tell what is happening; (d) writing 

down the math sentence; and (e) writing down the answer. While applying this four-step 

cognitive strategy, the students were also asked to follow self-instructions to guide and 

direct their problem-solving behaviors. The self-instructions consisted of: (a) problem 

definition, “What is it I have to do?”; (b) planning, “How can I solve this problem?”; (c) 

strategy use, “The five-step strategy will help me look for important words”; (d) self-

evaluation, “How am I doing?” and “Does this make sense?”; and (e) self-reinforcement, 

“I did a nice job” and “I got it right.” Results of this study demonstrated that the 

performance of all students significantly improved as they learned to apply the strategies 

to addition or subtraction problems. For example, the students became able to write the 

correct equations. The number of errors due to executing the wrong operation was 

reduced significantly among the students. After the instruction-2 periods, the students 

maintained the high performance levels on the generalization probes. During the 

maintenance periods, however, two of the four students failed to maintain their gains 

made as a result of strategy instruction. The time (i.e., summer semester) and location 

(i.e., students’ home) of the maintenance probes were identified as possible reasons 

associated with the decreased level of performance for the two students.  

In a series of studies by Montague and her colleagues (Montague, 1992; 

Montague et al., 1993) the effectiveness of a seven-step cognitive with a combination of a 

three-step meta-cognitive strategies in enhancing the word problem-solving skills of 

secondary school students with LD. For example, Montague (1992) proposed a 

comprehensive model of cognitive and meta-cognitive strategies and compared their 

effects on one-, two-, and three-step word problem-solving performances in addition, 

subtraction, multiplication, and division among five students with LD in grades 6-8. The 

cognitive strategy consisted of seven steps: (a) reading; (b) paraphrasing; (c) visualizing; 
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(d) hypothesizing; (e) estimating; (f) computing; and (g) checking. Each step of the 

strategy facilitated the problem representation and problem solving processes of 

mathematical word problem-solving (Mayer, 1992). The meta-cognitive strategy 

consisted of three steps: (a) self-instruction; (b) self-questioning; and (c) self-monitoring. 

The meta-cognitive strategy was designed to help students with LD direct and regulate 

the cognitive strategy when they use it to solve mathematical word-problems. A multiple-

baseline across subjects design including baseline, treatment 1, treatment 2, and 

generalization periods was used. The students with LD were randomly assigned to the 

first or second treatment group. During treatment 1, the first group of students received 

cognitive strategy instruction, whereas the second group of students received meta-

cognitive strategy instruction. During treatment 2, the students received instruction on the 

alternate strategy. Thus, the first group students received meta-cognitive strategy 

instruction, and the second group students received cognitive strategy instruction. Each 

student received a 55-minute treatment session for the cognitive and meta-cognitive 

strategies for four months. The treatment sessions included strategy demonstration, 

guided practice, and testing. Results showed that all students in the first and second 

groups showed improvement over their baseline scores but none achieved criterion level 

until the second alternative was introduced. For example, the number of correct responses 

among the students in the first group did not increase significantly during the treatment 1 

(i.e., cognitive strategy instruction). During treatment 2 (i.e., meta-cognitive strategy 

instruction), however, most students in the first group showed marked improvement, with 

increases of approximately three to four points on the number of correct responses when 

compared with the baseline period. Given the results, Montague (1992) suggested that it 

was critical for students with LD to learn and use both cognitive and meta-cognitive 

strategies to solve word problems. As Montague and Bos (1986) pointed out, strategy 

adaptations that depend on the differences in students with LD in terms of their age, 

developmental level, academic achievement, background knowledge, and behavioral 
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characteristics are emphasized in order to provide students with LD with effective and 

individualized cognitive and meta-cognitive strategy instruction. Montague (1992) noted 

that a practice booster session which might be necessary to maintain students’ improved 

word-problem solving skills and the failure to identify the most critical strategy affecting 

students’ successful performance in the study.  

Keeping in mind the limitations of the previous study by Montague (1992), 

Montague et al. (1993) compared the effects of a cognitive strategy only (COG) versus 

meta-cognitive strategy only (MET) versus combination of cognitive and meta-cognitive 

strategies (COG-MET) on the mathematical word problem-solving skills in addition, 

subtraction, multiplication, and subtraction among the students with LD, while 

attempting to identify the most effective strategy for these students. A total of 72 students 

with LD in grades 7-9 were randomly assigned to the COG, MET, or COG-MET groups. 

Each group contained 23-25 students with LD. During the treatment 1 period, the 

students in the COG and MET group were taught COG and MET respectively. 

Conversely, during the treatment 2 period, the students in the COG and MET group were 

taught the alternate strategy (i.e., MET and COG respectively). The students in the COG-

MET were taught COG-MET during both treatment periods. Following the treatments 1 

and 2, three maintenance periods were provided. After 12 strategy sessions consisting of 

50 minutes each over four months, results showed that the students in all treatment 

conditions improved their performance levels over time and maintained their improved 

performance level when a booster session was provided. Even though significant 

performance differences were not found among the three conditions, the students in the 

COG-MET group progressed more rapidly than the students in the other two groups (i.e., 

COG and MET groups). In addition, more students in the COG-MET group maintained 

their higher scores (of one point) during the maintenance periods than the students in the 

other groups. Given the results, Montague et al. (1993) supported a combination of 

cognitive and meta-cognitive strategies to enhance the word problem-solving skills of 
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students with LD. However, Montague et al. (1993) also suggested that due to the 

complex and comprehensive nature of the strategies, it was necessary for students with 

LD to have sufficient practice sessions to acquire the strategies and also to have later 

booster sessions to maintain their improved word problem-solving skills.   

With secondary school students with LD at similar grade levels (i.e., grades 8-10), 

Hutchinson (1993) examined whether a cognitive strategy was effective in improving 

their problem-solving skills in complex mathematics skills (i.e., algebra). The 20 

secondary school students with LD learned a two-phase cognitive strategy focusing on 

problem representation and problem solution to solve three different types (i.e., 

relational, proportion, and two-variable two-equation) of algebraic word-problems. The 

cognitive strategy was taught using self-questioning procedures and presented on prompt 

cards and structured worksheets. Self-questions for representing algebraic word problems 

included: (a) “Have I read and understood each sentence?” and “Are there any words 

whose meaning I have to ask?”; (b) “Have I got the whole picture, a representation, for 

this problem?”; (c) Have I written down my representation on the worksheet?”; and (d) 

“What should I look for in a new problem to see if it is the same kind of problem?” Self-

questions for solving algebraic word problems included: (a) “Have I written an 

equation?”; (b) “Have I expanded the terms?”; (c) “Have I written out the steps of my 

solution on the worksheet?”; and (d) “What should I look for in a new problem to see if it 

is the same kind of problem?” A combined multiple-baseline across subjects and group 

design was used for this study. In the multiple-baseline across subjects design study, the 

individual problem-solving performance of 12 students out of 20 students with LD was 

examined during baseline, treatment, and maintenance periods. In the group design study, 

the 12 students with LD who received the strategy instruction in the previous multiple-

baseline across subjects design study were assigned in the strategy group and eight 

students with LD were assigned in the comparison group. The performance on problem-

solving tasks for those in the strategy group was compared to those in the comparison 
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group. After four months of 40 minute training sessions per day, results showed that all 

students with LD significantly improved their accuracy on the algebra problems and 

maintained their improved performance level over time. For example, most students with 

LD made the greatest gains improving their scores zero to five points on all three-types of 

algebra problems. These significant gains were maintained by 10 of the 12 students. In 

the group study, the results of F statistics showed that differences between the strategy 

and comparison groups were significant, favoring the students in strategy group on the 

problem-solving accuracy for all three-types of algebra problems. Based on these 

findings, Hutchinson (1993) concluded that the cognitive strategy that uses self-

questioning procedures was an effective approach to improve the problem solving skills 

of students with LD in complex mathematics domains (i.e., algebra). Also, Hutchison 

(1993) suggested that similar to students with LD in lower grade levels, students with LD 

in upper grade levels needed explicit instruction on cognitive strategy. 

Summary  

The previous studies on cognitive strategies or cognitive and meta-cognitive 

strategies in mathematical word problem-solving for students with mathematics 

difficulties demonstrated clear evidence that students with mathematics difficulties across 

grade levels were able to improve their word problem-solving skills when they were 

provided the strategy instruction explicitly. Because of the complex nature of both 

cognitive and meta-cognitive strategy processes, it was suggested to provide enough 

practice time and individualized strategy instruction for each student depending on their 

learning characteristics. 

CAI IN MATHEMTICS FOR STUDENTS WITH MATHEMATICS 

DIFFICULTIES 

CAI has been suggested as a promising instructional tool to facilitate the 

academic performance of students with mathematics difficulties (Lin et al., 1994; Okolo, 

1992a; Robinson et al., 1989; Poplin, 1995), because the salient design features of CAI 
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(e.g., controlling task difficulty, self-pacing, self-progress monitoring, corrective 

feedback, extended practice, and auditory, sensory, and visual effects) are closely related 

to some of the critical instructional components identified for students with mathematics 

difficulties (Becker, 1983; Budoff et al., 1984; Lock & Carlson, 2000; Maddux, 1984; 

Swanson et al., 1999; Xin, 1999). In addition, it has been believed that CAI is a 

sophisticated way of offering a variety of individualized instructional options to meet the 

needs of students with mathematics difficulties (Hasselbring et al., 1988; Symington & 

Stranger, 2000), because a variety of technical accommodations delivered by CAI such as 

spell checking, enlarged text, and task organization help students with mathematics 

difficulties compensate for their difficulties or disabilities and ensure their successful 

academic achievement (U.S. Department of Education, 2000). Given the potential of CAI 

for students with mathematics difficulties, a substantial body of studies on CAI has been 

conducted for students with learning difficulties across various subject areas including 

mathematics, reading, writing, spelling, and social studies (Lewis, 1998). Since the 

1980s, CAI intervention studies for students with learning difficulties have been 

increasingly emerged in the areas of mathematics and examined the effects of CAI on 

their mathematical learning (Gleason et al., 1990; Lewis, 1998). In this section, the CAI 

intervention studies in mathematics for students with mathematics difficulties were 

categorized as: (a) CAI versus teacher-directed instruction; (b) comparison of CAI types; 

and (c) enhanced CAI based on the types of CAI intervention and reviewed their results 

in terms of effect sizes. The studies (Howell et al., 1987 [Study 1]; McDermott & 

Watkins, 1983; Moore, 1988; Trifiletti et al., 1984; Watkins &Webb, 1981; Wilson et al., 

1996) in the category of CAI versus teacher-directed instruction examined the effects of 

CAI on the mathematics performance of students with LD in comparison with teacher-

directed instruction. The studies (Christensen & Gerber, 1990; Fuchs et al., 2006; Howell 

et al., 1987 [Study 2]; Okolo, 1992a) in the category of comparison of CAI types 

compared the effects of two types of CAI (i.e., drill vs. game, math vs. spelling, and 
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tutorial vs. drill with teacher strategy) on the mathematics performance of students with 

LD. Lastly, the studies (Irish, 2002; Okolo, 1992b; Shiah et al., 1994-1995) in the 

category of enhanced CAI examined the effectiveness of a certain instructional design 

variable embedded within a CAI program. The instructional variables included attribution 

retraining feedback, a seven-step cognitive strategy with animation, and mnemonics 

keyword strategy. Appendix C summarizes the studies on each of three categories.  

Intervention Studies on CAI versus Teacher-directed Instruction for Students with 

Mathematics Difficulties  

The group-design studies (McDermott & Watkins, 1983; Moore, 1988; Trifiletti 

et al., 1984; Watkins &Webb, 1981) in the category of CAI versus teacher-directed 

instruction were associated with a small to large effect size (d = 0.09, 0.33, 0.45 and 

0.75). For example, in the study by Watkins and Webb (1981), 28 elementary students 

with LD received 10-minute drill and practice CAI, and another 28 elementary students 

with LD only received traditional mathematics instruction without CAI. The students in 

the CAI group used the drill and practice CAI program, The Math Machine (Watkins, 

Johnson, & Bloom, 1981). This program consisted of 110 performance objectives relating 

to basic mathematics skills (i.e., pre-math through division skills) and allowed teachers to 

control the reinforcement and students’ record systems. The detail range of the basic 

mathematics skills targeted in the study was not presented. Through the comparison 

between pretest and posttest scores, Watkins and Webb (1981) found that after five 

months the students in the CAI group achieved greater posttest scores than those in the 

traditional instruction group (p < .05). Despite the positive outcomes of CAI, a medium 

effect size was found (d = 0.75). Information on the instructional variables (e.g., 

instructional content, level of difficulty, and time) of CAI and traditional mathematics 

instruction groups was not presented in the study.  

Using the same CAI program (i.e., The Math Machine), McDermott and Watkins 

(1983) revealed different results with a small effect size (d = 0.09). McDermott and 
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Watkins (1983) assigned 205 elementary students with LD to one of three groups: (a) 

drill and practice CAI in mathematics; (b) drill and practice CAI in spelling; and (c) 

conventional (i.e., teacher-directed) instruction group. The targeted mathematics skills of 

this study were broadly described as basic mathematics skills ranged from fundamental to 

advanced elementary mathematics skills. After nine months, posttest scores showed that 

the 129 students in the conventional instruction group were found to have achievement 

scores essentially equivalent to those of 38 students who received drill and practice CAI 

in mathematics (d = 0.09, p > .05). Given this result, McDermott and Watkins (1983) 

concluded that no clear evidence existed showing that drill and practice CAI was more 

effective than conventional instruction for students with LD. Similar to Watkins and 

Webb’s (1981) study, the targeted skills were not specifically described in this study. In 

addition, the lack of information on the instructional variables of CAI and conventional 

instruction makes it difficult to interpret the results of this study.   

A medium effect size was found in the study (d = 0.45: Trifiletti et al., 1984) 

examining the effects of combination CAI (i.e., combination of more than one type of 

CAI) on the mathematics achievement of students with LD in comparison with resource 

room (i.e., teacher-directed) instruction. Trifiletti et al. (1984) randomly assigned 28 

students with LD to the combination CAI using SPARK-80 (no information) or resource 

instruction. The lessons of SPARK-80 covered fundamental mathematics skills (i.e., 

addition, subtraction, multiplication, division, and fraction). Any detailed information on 

the targeted mathematics skills was not provided. Each lesson of SPARK-80 included five 

instructional and assessment sections: (a) tutorial; (b) drill; (c) skill game; (d) assessment; 

and (e) word problems. In particular, in the drill and assessment section of SPARK-80, 

the accuracy and speed of students’ performance were continuously measured and 

reported. After 10 months with 40 minutes per day, the students’ mathematics 

achievement was measured based on the number of skills learned, lost, and gained as well 

as their total score on the KMDT. Results showed that students with LD in the SPARK-80 
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group learned more new mathematics skills, and performed better on basic mathematics 

skills than those in the resource instruction group (d = 0.45, p < 0.05). Several features of 

the SPARK-80, such as the daily assessment of students’ level of progress, individualized 

instruction, and immediate feedback, were emphasized as key factors that might account 

for the significant differences between the SPARK-80 and resource room groups. As 

noted in the study, this study failed to report specific information on the instructional 

features and conditions of resource room group. Due to the absence of this information, it 

is questionable whether the instructional features and conditions, except for instructional 

mediums (i.e., teacher and computer), delivered in the CAI and resource room instruction 

groups were equivalent to provide accurate comparisons of the students’ outcomes under 

both conditions.  

In a group-design study, Moore (1988) compared the effect of tutorial CAI with 

teacher-directed instruction in conjunction with teachers’ personalities. This study 

resulted in a small effect size (d = 0.33). Basic mathematics computational skills (i.e., 

whole number operations, fractions, decimals, percentages, and equations) were taught to 

117 middle school students in either tutorial CAI or teacher-directed instruction groups. 

In the CAI group, the students were asked to complete their written assignments and 

practice items using the tutorial CAI program, Milliken Math Sequence (no information). 

This program gave immediate and corrective feedback, and reported students’ 

performance by checking their daily logs. In the teacher-directed group, teachers 

provided whole group direct instruction to the students based on their textbooks. 

Specifically, lessons objectives, teacher’s modeling, three types of practice opportunities 

(i.e., whole group, teacher-guided, and independent practice), and corrective feedback 

with examples and explanations were given in the teacher-directed group. Detailed 

information on the instructional content provided in the CAI and teacher-directed group 

was not described in the study. A series of interviews with the teachers of the class, their 

colleagues, and principals was conducted by the researcher to identify the attitudes of the 
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teachers toward low performing students and rate their personality as positive or 

negative. Those teachers who were identified as having positive affect, tended to have 

positive attitudes toward low achieving students (e.g., providing individual and extra help 

to students and using praise, and tokens as reward for students’ effort and achievement). 

In contrast, those teachers who were identified as having negative affect usually disliked 

to teach low achieving students and were known to use sarcastic and critical words 

toward their students (e.g., stupid). Four teachers with either positive or negative affect 

were selected and randomly assigned to teach in either CAI or teacher-directed 

instruction groups. The students were randomly assigned to CAI or teacher-directed 

instruction groups. Therefore, a total of four student groups with a teacher who had either 

positive or negative affect were finalized: (a) CAI with a positive teacher; (b) CAI with a 

negative teacher; (c) teacher-directed instruction with a positive teacher; and (d) teacher-

directed instruction with a negative teacher. After nine months, scores on the district 

math performance test revealed that regardless of teachers’ personalities, the students in 

the CAI groups improved their mathematical performances, but significant differences 

were not found among the CAI and teacher-directed instruction groups (d = .33, p > .06). 

In addition, although the students in the CAI group with the positive teacher 

outperformed the students in the other three groups (i.e., CAI with a negative teacher and 

teacher-directed instruction with a positive or negative teacher), there were no significant 

differences among these groups (p > .07). Similar to the previous CAI studies 

(McDermott & Watkins, 1983; Watkins & Webb, 1981), the detailed range of the 

targeted mathematics skills was not specifically presented. Although this study briefly 

explained the instructional procedures in the CAI and teacher-directed instruction groups, 

detailed description on the instructional content in the two groups were not provided. 

Also, this study did not present information on interview procedures and questions. 

In a single-subject design study, Howell et al. (1987 [Study 1]) compared a game-

type drill and practice CAI with teacher-directed instruction. Howell and his colleagues 
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(1987 [Study 1]) used the drill and practice CAI program, Galaxy Math (Random House, 

Inc., 1984) to examine its effectiveness to increase the multiplication facts acquisition, 

ranged from seven to nine, of a 16-year-old student with LD. A withdrawal single-subject 

design was employed in this study. During the baseline conditions, the student was given 

traditional teacher-directed instruction with textbooks and worksheet activities using 

mathematic software, and then asked to solve 20 multiplication problems in the paper-

and-pencil test. During the CAI conditions, Galaxy Math was used to provide a game and 

randomly generated multiplication problems. After each CAI session, the student solved 

20 randomly generated multiplication problems on the computer within a certain time 

limit. The number of errors and the average amount of time per 20 multiplication 

problems were examined in the baseline and CAI conditions. Results showed that the 

student’s errors decreased considerably in two drill-and-practice CAI conditions. 

Conversely, the average response time that the student spent per 20 multiple problems 

dropped significantly during the two CAI conditions. The student’s error pattern was not 

analyzed in the study. Also, the student’s generalization skills to paper-and-pencil tasks 

were not assessed during the CAI conditions. Although Howell et al. (1987 [Study 1]) 

concluded that drill and practice CAI had positive effects in terms of the number of errors 

and the amount of time required to solve multiplication problems, the effect size of this 

study was quite small (PND = 21.43%). Three methodological limitations make it 

difficult to generalize the results of this study. First, this study failed to provide detailed 

information on the instruction variables in the CAI and baseline conditions. Second, 

during the baseline condition, the student was already allowed to use some CAI 

programs. Lastly, the type of tests between the baseline and CAI conditions was different 

(i.e., paper-and-pencil test for baseline conditions and computerized test for CAI 

conditions).    

A medium effect size was found in Wilson et al.’s alternating treatment single-

subject design study (1996; PND = 85%). Wilson et al. (1996) compared the effects of 
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combination CAI to teacher-directed instruction on students’ mastery and automaticity 

skills in single-digit multiplication ranged from two to nine. Four students with LD, 

identified based on the state LD criteria, received both combination CAI (i.e., 

combination of more than one type of CAI) and teacher-directed instruction in each day. 

The order of CAI and teacher-directed instruction was alternated. In the CAI conditions, 

CAI program, Math Blaster (Eckert & Davidson, 1987) delivered three instructional 

sections (i.e., demonstration, practice, and game-format drill and practice). Specifically, 

in the demonstration section (i.e., Look & Learn), facts and answer of single-digit 

multiplication problem were appeared. The instruction of the steps to solve the problem 

was provided by digitized voice. In the practice section (i.e., Build Your Skill), the 

students were asked to solve a total of 24 practice problems within an assigned time. If 

the students responded correctly, they were given positive feedback (i.e., “Good” or 

“Right”). If the students responded incorrectly, they were given corrective feedback (i.e., 

“Try again”) and asked to try the same problem one more time. If the students still 

responded incorrectly, they were given a correct answer and asked to verbalize the 

problem and answer. At the end of the practice section, information on students’ 

performance (e.g., percentage of correct responses) and option to solve missed problems 

were presented. In the game section (i.e., Math Blaster), the students were given an 

arcade-type instructional game for practicing facts taught during the lesson. In the 

practice and game section, teachers could control a difficulty level and set a respond time 

for each practice problem based on students’ performance level. In the teacher-directed 

instruction, the same instructional sections (i.e., demonstration, practice, and game-

format drill and practice) were provided by teachers using flashcards. Based on the 

difficulties indices of each fact, the difficulty level of each fact was assigned, and then 20 

single-digit multiplication problems with a similar difficulty level were developed and 

taught in the both conditions. In this study, however, it is not clear if the number of 

feedback and practice opportunities were controlled and equivalently provided in the both 
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conditions. The students’ multiplication facts mastery, opportunities to respond, and 

success rate were examined in both conditions. Results on the paper-and-pencil test 

indicated that all four students with LD mastered multiplication facts and improved their 

automaticity skills under the CAI condition (PND = 85% and 100% [for follow-up]). 

However, Wilson et al. (1996) also found that all students mastered more multiplication 

facts under the teacher-directed condition. Also, students’ opportunities to respond and 

success rate were much higher under the teacher-directed condition. 

Intervention Studies on Comparison of CAI types for Students with Mathematics 

Difficulties 

The group-design studies (Christensen & Gerber, 1990; Okolo, 1992a), which 

compared the effectiveness of drill and practice CAI with game CAI for enhancing the 

addition skills of students with LD, showed contradictory findings (d = 0.71 and -0.47 for 

drill and practice CAI). Christensen and Gerber (1990) randomly assigned 30 elementary 

students with LD and 30 younger students without LD to either a game- or non-game-

type drill and practice CAI group. CAI program, Alien Addition (Chaffin, Maxell, & 

Thompson, 1982) and Plain Vanilla (researcher-developed), were used for the game- and 

non-game-type drill and practice CAI, respectively. In the game-type drill and practice 

group, the students were asked to solve single-digit addition problems. The Alien 

Addition showed aliens and alien spacecraft with five single-digit addition problems and 

possible answers on the screen. The students were asked to destroy aliens by firing at the 

correct answer. In the non-game-type drill and practice group, the students were asked to 

solve one problem at a time without any game or accompanying graphic elements. The 

Plain Vanilla only incorporated basic instructional components (i.e., timing, practice set, 

and contingent presentation of new problem). The type of response in the Plain Vanilla 

program was not reported. After 13 sessions consisting of six minutes each, results 

clearly showed that the students with LD in the non-game-type drill and practice group 

outperformed the students with LD in the game-type drill and practice group on the 
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paper-and-pencil, oral-response, and keyboard addition tests (d = 0.71). In this study, it is 

not clearly described if the instructional variables of each CAI program except for the 

types of CAI (i.e., drill and game) were equivalent to produce valid comparisons of the 

effects of different types of CAI.  

Inconsistent with this finding, Okolo (1992a) found that not only drill CAI but 

also game CAI produced positive effects on the single-digit addition facts proficiency of 

students with LD (d = -0.47 for drill CAI). Forty-one students with LD in grades 4-6 

participated in this study. Before CAI intervention, the students’ mathematics attitudes 

were measured by the research assistants of this study using the Estes Attitude Scales-

Elementary Form (Estes, Estes, Richards, & Roettger, 1981) and determined as high or 

low mathematics attitudes. The students who identified as having high or low attitudes 

were assigned to either the game or drill CAI group. The drill and game sections of Math 

Masters (DLM, 1988) were used in the drill and practice and game condition, 

respectively. In the drill section of Math Masters, the students were given single-digit 

addition practice problems with four possible answers, for two minutes. If the students 

chose one of answers correctly, they were given reinforcement (i.e., smiling face on the 

center of the screen). As the students completed three practice sessions with at least 90% 

accuracy, the difficulty level of practice problems was increased. The increased range of 

facts was not specifically presented. In the game section of this CAI program, the 

students were also given an arcade-style game involving practice on facts previously 

learned for two minutes. After each of the two-minute practice or game sessions, the 

students could check their scores and save them to their data disks. After four 20-minute 

sessions, results revealed that, even though the students in the drill CAI group (i.e., a 

mean of 476.3 problems) completed more problems than the students in the game CAI 

group (i.e., a mean of 362.2 problems: p < 0.005), regardless their mathematics attitudes, 

the students in both the drill and game groups improved their addition facts proficiency. 

Specifically, on the practiced addition skill test, the high- or low-attitude students in both 
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the drill and game groups similarly performed in terms of their scores (p > 0.05). On the 

non-practiced skill test, however, the low-attitude students in both the drill and game 

groups similarly performed, while the high-attitude students in the game group performed 

significantly better than their counterparts in the drill group (p < 0.05). Regarding 

possible reasons for these findings, which were different from those of Christensen and 

Gerber’s (1990) study, Okolo (1992a) pointed out that: (a) the use of different drill and 

game programs; (b) the different length of CAI session; and (c) the use of different 

participants, in terms of ability and age levels. Similar to Christensen and Gerber’s 

(1990) study, this study failed to present specific description regarding whether the same 

instructional variables except for the types of CAI were delivered in both CAI programs.  

In the second intervention of their single-subject study, Howell et al. (1987 [Study 

2]) compared the effects of tutorial CAI versus game type drill and practice CAI in 

conjunction with a teacher intervention strategy on the multiplication skills, ranged from 

six to nine, of the student with LD. The same student in the Howell et al.’s (1987) Study 

1 participated in this study. An alternating treatment single-subject design including five 

periods such as initial baseline, tutorial CAI, second baseline, teacher intervention 

strategy with drill and practice CAI, and follow-up was used. The instructional 

procedures during the baseline conditions were same as those in the Howell et al.’s 

(1987) Study 1. The MemorEase (Mind Nautilus Software, 1985) was used during the 

tutorial CAI condition. This program stimulated the student’s memorization of 

information using the gradual recall technique. Specifically, the student was asked to read 

aloud the problem presented on the first screen. Then, the student was allowed to control 

the number of stimulus elements (i.e., fading) appeared on the screen and his pacing to 

solve a multiplication problems. This program also allowed teachers to control the type, 

number and difficulty of problems. During the CAI plus teacher intervention strategy 

condition, the game type drill and practice CAI program, Galaxy Math (Random House, 

Inc., 1984), were used to provide a game in which the student was asked to answer 



 

 67 

single-digit multiplication problems. The new strategy (i.e., The Rule of Nine) for 

multiplying numbers times the factor nine was also taught in this condition. The number 

of errors per 20 single-digit multiplication problems was assessed on the timed and 

untimed, paper-and pencil during the baseline or computerized test during the CAI. 

Results demonstrated that in the timed condition, the student’s error rate slowly 

decreased from six to one error per 20 problems after the introduction of the tutorial CAI. 

The student’s error rate, however, increased to an average of five errors per 20 problems 

during the second baseline condition. During the CAI plus teacher intervention strategy 

condition, the error rate dropped significantly to an average of less than one error per 20 

problems. This error rate decreased even further to zero during the follow-up period. In 

the untimed condition, a similar pattern of error rate was presented. Given these findings, 

Howell et al. (1987 [Study 2]) concluded that drill and practice or tutorial CAI in 

conjunction with teacher intervention was more beneficial than when used alone. 

However, one possible reason for these findings, which favored the CAI plus teacher 

intervention strategy, is that the student received the CAI plus teacher intervention 

strategy after the tutorial CAI. In other words, the reason for the significantly decreased 

number of errors shown under the CAI plus teacher intervention strategy condition is that 

the student’s performance was somewhat improved after the tutorial CAI condition. Due 

to this possible ordering effect of the CAI conditions, the conclusion of this study cannot 

be fully supported. The several methodological problems contained in the Howell et al.’s 

(1987) Study 1 were also found in this study. Due to the inconsistency of data trends 

within each period, quite small effect sizes were found (PND = 28.57% and 50% [for 

follow-up]). 

Fuchs et al. (2006) investigated the effects of math CAI on the number 

combination skills of students who were at risk for math disability and reading disability 

in comparison with the effects of spelling CAI on their spelling skills. Thirty-three first-

grade at-risk students were randomly assigned to math or spelling CAI and received a 10-
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minute CAI sessions using the CAI software, FLASH, three times per week. Over 18 

weeks, the students under the math and spelling FLASH condition had an average of 46 

and 45 sessions, respectively. The FLASH was designed with the assumption that a 

repeated problem with its answer in short-term memory helps the students to store the 

corresponding number combination in their long-term memory for automatic retrieval. 

For math and spelling FLASH, a number combination for math or word for spelling was 

shown and disappeared on the screen. After that, the program asked the students to retype 

the number combination or word from their working memory. For math FLASH, number 

combinations were addition and subtraction families with sums or minuends ranging 

from 0 to 18 and were ordered according to their difficulty. For spelling FLASH, words 

were the first 200 from the Dolch list of high-frequency words at pre-primer, primer, and 

first grade. FLASH recorded the number combinations or words that the students had 

practiced, identified words or number combinations as mastered when the students 

responded to them accurately twice within a session, and introduced new problems as 

easier words or number sequences had been mastered. In addition, FLASH periodically 

showed number combinations or words that had already been mastered for review. The 

students’ arithmetic number combination and arithmetic story problem skills were 

measured to examine the acquisition and transfer effects of math FLASH. Number Fact 

Fluency with addition and subtraction subtests and the researcher-developed test which 

contained 14 brief change, combine, and compare story problems involving sums or 

minuends of 9 were used to assess the students’ arithmetic number combination and story 

problem skills. To examine the acquisition effects of spelling FLASH, the students’ 

spelling accuracy was measured with the curriculum-based measurements (CBM) using 

20 FLASH words. In addition, to examine the transfer effects of spelling FLASH, the 

students’ spelling accuracy, reading word identification accuracy, and passage reading 

fluency were measured with CBM using 20 non-FLASH words, the Woodcock Reading 

Mastery Test-Revised (WRMT-R) Word Identification subtest (Woodcock, 1998), and 
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the Passage Reading Fluency portion of the Comprehensive Reading Assessment Battery 

(CRAB; Fuchs, Fuchs, & Hamlett, 1989), respectively. The students were pre-tested 

within two weeks prior to the beginning of intervention and post-tested within two weeks 

after intervention ended. The results showed that significant acquisition effects of math 

FLASH were found on the number combinations for addition but not for subtraction and 

the transfer effects of math FLASH to story problems were not occurred. On the other 

hand, the significant acquisition and transfer effects of spelling FLASH were detected. 

The researchers found several reasons to fail to detect the acquisition effects of math 

FLASH for subtraction and transfer effects of math FLASH to story problems. First, the 

students mastered only facts with sums or minuends up to 10 whereas the measures 

sampled facts with sums or minuends up to 18. Second, the students had less opportunity 

work on subtraction during FLASH, Lastly, arithmetic story problems on the measure 

required addition and subtraction up to sums and minuends of 18. Future research with 

consideration of those methodological problems was suggested to examine the effects of 

math FLASH on subtraction number combinations and transfer to arithmetic story 

problems.  

Intervention Studies on Enhanced CAI for Students with Mathematics Difficulties 

The group-design studies (Okolo, 1992b; Shiah et al., 1994-1995), which in the 

category of enhanced CAI, were related with either a small or large effect size (d = 0.87 

and 0.30). Okolo (1992b) examined whether computer-delivered attribution retraining 

feedback, which has been utilized for students with LD to modify their attribution 

patterns (e.g., their tendency to attribute their successes not to their efforts and abilities 

but to luck or the ease of a task), had positive effects on the multiplication computation 

skills of students with LD. Twenty-nine students with LD were randomly assigned to 

either CAI with attribution retraining or CAI with neutral feedback. In both conditions, 

the students had to solve four problem sets of 25 multiplication problems arranged from 

easy to difficult. After every five problems, each student received attribution retraining or 
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neutral feedback through the computer program. For example, in the attribution feedback 

group, students received ability attribution feedback (i.e., “You really know these”) and 

effort attribution feedback (i.e., “You are really trying hard”) when they met their goals. 

When the students failed to meet their goals, they received slightly different effort 

attribution feedback (i.e., “You can get it if you keep trying” and “You can do better if 

you try harder”). In contrast, in the control condition, the students received neutral 

feedback (i.e., “You are meeting your goal” or “You are not meeting your goal”). The 

CAI program of Drill (Davis, no year) was modified to provide either one of the 

feedbacks. After CAI sessions, a researcher-developed, paper-and-pencil computation 

test consisting of four sets of multiplication problems, which were same as those in CAI 

were given to the students. Results showed that, even though the students in both groups 

performed similarly on the pretest, the students in the attribution retraining feedback 

group significantly outperformed the students in the neutral feedback group on the 

posttest (d = 0.87, p < .05). Specifically, after the CAI intervention, the attribution 

retraining students significantly improved their performance on the posttest. The neutral 

feedback students, however, did not show any significant differences from pretest to 

posttest. In addition, the students in the attribution retraining group also completed 

significantly more advanced levels of program with a similar accuracy and trials-to-

criterion within a same amount of time in comparison with the students in the neutral 

group. Given these findings, Okolo (1992b) suggested that attribution feedback should be 

considered a critical feature of CAI program to improve the mathematics performance of 

students with LD. In this study, the range of facts in each set of problems provided in the 

CAI was not specified. Also, the problems on the post-computation test were exactly 

same as those with which the students practiced during CAI. Therefore, the students’ 

generalization skills were not assessed in this study.  

In a group-design study, Shiah et al. (1994-1995) examined the effects of CAI 

with a seven-step cognitive strategy and animation on the addition and subtraction word 
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problem-solving skills acquisition of students with LD. This study resulted in a small 

effect size (d = 0.30). The seven-step cognitive strategy included: (a) read the problem; 

(b) think about the problem; (c) decide the operation sign; (d) write the math sentence; (e) 

do the problem; (f) label the answer; and (g) check every step. Thirty elementary students 

with LD randomly assigned to one of three tutorial CAI conditions: (a) seven-step word 

problem-solving strategy plus animation (CAI-A); (b) seven-step word problem-solving 

strategy plus static picture (CAI-P); and (c) no strategy, static picture only (CAI-C). In 

the tutorial section of CAI-A and CAI-P conditions, key words of each strategy step were 

presented in a clickable button on the screen, and the students could have a full text of 

each step by clicking the buttons. Animation and static pictures representing the content 

of the word problems were provided to help the students how to think about the problems 

in the CAI-A and CAI-P conditions respectively. In contrast, in the tutorial section of 

CAI-C condition, instruction was provided to the students without the seven-step strategy 

and animation pictures (i.e., only with static pictures). After the tutorial section, the 

students in all three conditions were asked to solve guided and independent practice 

problems by typing their answer on the screen. In the guided practice section, eight word 

problems were presented in all three conditions. Specifically, in the CAI-A and CAI-P 

conditions, the students were asked to solve eight problems using the seven-step 

cognitive strategy. If the students skipped any steps, corrective feedback (i.e., “Check 

every step”) was provided. In the CAI-C condition, the same eight word problems with 

static pictures were presented to the students. In the independent practice section, 20 

practice problems without any animation and static pictures were provided in all three 

conditions. In the CAI-A and CAI-P condition, although the students were not asked to 

use the seven-step strategy, each step of the strategy remained on the screen. In the CAI-

C condition, only 20 problems were presented on the screen. In all three conditions, a 

clickable help button for assistance with reading was provided on the screen. If the 

students responded incorrectly, corrective feedback was provided. After three 30-minute 
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sessions, results showed that on the immediate and delayed, computerized tests, the 

students in all three conditions significantly improved their word problem-solving skills 

(p < 0.001), but no statistically significant differences among the three conditions were 

found (p = 0.47). Similarly, on the immediate and delayed, paper-and-pencil test, 

students’ scores were not significantly different among the three conditions (p = 0.87). 

Shiah et al. (1994-1995) pointed out two possible reasons for these findings. First, the 

students did not receive enough training to be familiarized with computers and some 

technical features (e.g., use of the mouse, voice, and buttons). Moreover, the students 

were not adequately taught how to use the seven-step cognitive strategy. For these 

reasons, Shiah et al. (1994-1995) argued that the students in the CAI-A and CAI-P did 

not have enough time to practice problems using the strategy. Several methodological 

problems make it difficult to generalize the findings of this study: first, the number of 

problems in the tutorial section was different between CAI-A and CAI-P conditions and 

CAI-C condition. Specifically, because the instruction for the seven-step strategy was not 

provided in the CAI-C condition, the total instructional time in the CAI-C condition was 

less than the time needed in the CAI-A and CAI-P conditions. To provide the same 

instructional time across all three conditions, two additional problems were provided in 

the CAI-C condition. Therefore, the students in the CAI-C condition had more 

opportunities to develop their word problem-solving skills in solving those two additional 

problems. Second, although the students in the CAI-C condition were not explicitly 

taught how to use the seven-step word problem-solving strategy, key words and full text 

of each strategy step were presented on their screen. Therefore, the students in the CAI-C 

condition might be able to use the seven-step strategy when they solved word problems in 

the all CAI sections. 

In a multiple-baseline across subjects design study, Irish (2002) investigated the 

effect of the multimedia program Memory Math (researcher-developed software) on the 

single-digit multiplication facts acquisition of students with disabilities and the 
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generalization of the effect to paper-and-pencil tasks. Six students with LD or cognitive 

disabilities (CD) were selected. The students with LD performed at a level two or more 

standard deviations (SD) below their expected achievement level on a standardized 

mathematics test, whereas the students with CD had a mathematics performance score at 

least two SD below the mean. The students were provided 20 minutes of CAI with 

Memory Math (Irish, 2002). The Memory Math (Irish, 2002) was designed to teach the 

students how to use a cognitive strategy (i.e., mnemonics keyword strategy) to solve 

multiplication problems in the format of lesson, practice, or game. Seven instructional 

activities (i.e., How It All Works, Rhymes, Learn the Pictures I & II, What’s Missing, Fill 

in the Box, Practice Quiz, and Real Quiz) were sequentially provided. Specifically, in the 

‘How It All Works’ activity, the students were taught the mnemonic strategy. In the 

‘Rhymes’ and ‘Learn the Pictures I & II’ activities, the students were given chances to 

pick the pictures that rhymed with the peg- and keywords used in the mnemonic strategy. 

In the ‘What’s Missing’ activity, the students were asked to identify the missing portion 

of the mnemonic strategy. Four possible answers were presented at the bottom of the 

screen. In the ‘Fill in the Box’, the students were asked to type the missing multiplication 

facts in single-digit multiplication problems. Single-digit multiplication problems with 

three and 90 possible answers were presented in the ‘Practice Quiz’ and ‘Real Quiz’ 

activities, respectively. In the beginning of the lesson, the students were able to choose 

the types of feedback based on their learning styles and set the accuracy goals of their 

quizzes. Various levels of practice problems were provided before real quizzes. The 

summative feedback on students’ performances was provided at the end of the lesson. For 

18 weeks, after each CAI session the students’ daily percentage of multiplication 

accuracy was measured by the researcher-developed, computerized and paper-and-pencil 

quizzes which consisted of randomly selected 20 single-digit multiplication problems. As 

a result, on the computerized quizzes, all students with LD improved their accuracy 

scores on the single-digit multiplication facts test, and maintained those scores over time. 
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For example, one student with LD made the greatest gains improving his scores from 20 

to 90 percent scores. On the paper-and-pencil quizzes, all students with LD demonstrated 

improved accuracy and greater gains than on the computerized quizzes. Given these 

results, Irish (2002) concluded that CAI with mnemonic strategy was effective in 

increasing the multiplication skills of students with disabilities, including students with 

LD, and that these effects could be successfully transferred to their accuracy scores on 

paper-and-pencil tasks. In this study, any information on the instructional variables in the 

baseline condition was not presented. Despite the positive results reported in the study, a 

small effect size was found due to the overlapping of data points between the baseline 

and CAI conditions (PND = 62.5% and 69% [for follow-up]).  

Summary 

The CAI studies, which attempted to examine the effects of CAI on the 

mathematical performance of students with mathematics difficulties across grade levels, 

showed a lack of consistent outcomes of CAI for these students (Kroesbergen & Van 

Luit, 2003; Mastropieri et al., 1991; Miller et al., 1998). Several methodological 

problems (e.g., providing a small number of CAI sessions for a short period of time and 

lack of information on technical adequacy of tests) found in most of the previous CAI 

studies limit an accurate examination of the overall effects of CAI on the mathematics 

performance of students with mathematics difficulties.     

CRITICAL DESIGN FEATURES FOR CAI PROGRAMS IN MATHEMAITCS 

FOR STUDENTS WITH MATHEMTICS DIFFICULTIES 

As Clark (1983) pointed out in his review on media research, the computer is not 

a factor that enhances students’ learning, but simply a medium to deliver instruction. 

Rather, the instructional principles and design features of CAI programs are critical 

factors closely related to students’ positive academic outcomes (Clark, 1983). Despite the 

importance of identifying critical design features of CAI programs for students with 

mathematics difficulties, information on the design requirements for CAI programs that 
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encompass their learning characteristics and weaknesses have not been well-documented 

in the field of special education. Relatively few studies have attempted to identify critical 

design features of CAI programs for students with mathematics difficulties (Babbitt, 

1999; Lewis, 1999). These design features were categorized into: (a) instruction; (b) 

interface; and (c) interaction and described in this section.  

Instruction Design Features for CAI Programs in Mathematics for Students with 

Mathematics Difficulties 

A number of studies on mathematics for students with mathematics difficulties 

have identified effective instructional components for facilitating their mathematics 

learning (Carnine, 1997; Maccini et al., 2002; Steele, 2002; Swanson et al., 1999). These 

studies did not, in fact, focus on the instruction design features for CAI programs. 

However, considering that the instructional features embedded in CAI programs are 

critical for students’ positive achievement outcomes during CAI (Clark, 1983), there is no 

doubt that CAI programs for students with mathematics difficulties must be developed to 

incorporate the instructional features and components identified in the studies.   

Clarity of instructional goals. Instructional goals must be clearly established and 

addressed before students are given instruction (Jones, Wilson, & Bhojwani, 1997; 

Mercer, 1992; Steel, 2002). Instructional goals must be presented with a brief outline of 

instruction, overviews of the types of problems to be solved, and reviews of previous 

instruction (Jones et al., 1997; Steel, 2002; Swanson, 1999). Such instructional goals help 

students with mathematics difficulties recognize what they have learned before, what 

they have known already, and help them to understand what they will be expected to 

learn and perform (Jones et al., 1997; Stein, Silbert, & Carnine, 1997; Swanson, 1999). In 

addition, especially for students who have a problem with processing and organizing, a 

provision of clear instructional goals is necessary to identify targeted instructional goals 

and focus on instructional tasks and activities.  
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Explicit instruction. Explicit instruction can be defined as a teacher-directed 

instructional approach that is systematic and unambiguously structured for students’ 

mastery (Woodward, 1991). Explicit instruction includes continuous demonstration and 

modeling by teachers and ample opportunities for students to learn and apply target 

concepts or skills under the teacher’s direction and guidance (Woodward, 1991). Because 

mathematical concepts and skills are hierarchically interrelated, each concept, skill, and 

relationship must be taught explicitly with a carefully structured plan for students with 

mathematics difficulties (Steel, 2002). Numerous researchers have supported that the use 

of explicit instruction produces successful achievement in mathematics among students 

with mathematics difficulties (Darch, Carnine, & Gersten, 1984; Dixon, Carnine, Lee, & 

Wallin, 1998; Jitendra, Kameenui, & Carnine, 1994; Jones et al., 1997). For example, 

Jitendra et al. (1994) demonstrated that a highly explicit instruction in mathematics 

produced greater mastery level of mathematical concepts, skills, and relationships among 

students with LD. 

Step-by-step instructional modeling with real-life examples. Step-by-step 

instructional modeling is effective for the successful performance of students with 

mathematics difficulties in complex and multi-step mathematical problems, because these 

students often showed difficulties in organizing information necessary to solve the 

problems (Jones et al., 1997; Steel, 2002). Each step must be presented slowly, so that 

students with mathematics difficulties can clearly understand the steps and, further, 

processes to solve problems (Jones et al., 1997). Such step-by-step modeling is 

particularly critical for students with mathematics difficulties who are often frustrated 

even before solving problems (Steel, 2002). It helps them to build their confidence 

necessary to get started and solve problems independently (Steel, 2002). Step-by-step 

instructional modeling must be delivered with sufficient examples, because students with 

mathematics difficulties often do not have generalization skills to solve complex and 

multi-step mathematical problems (Cawley, Parmar, Yan, & Miller, 1996; Silbert et al., 
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1990). The examples must be contextualized into real-life situations, so that students with 

mathematics difficulties can receive sufficient opportunities to work with a variety of 

instructional examples which makes mathematics more meaningful for them (Mercer, 

1992).   

Sufficient guided and independent practice opportunities. Sufficient guided 

practice opportunities are important for students with mathematics difficulties to learn 

new mathematical concepts or skills at a higher level with a minimum number of errors 

(Carnine & Jones, 1994). Independent practice is also critical for students with 

mathematics difficulties, in that it provides opportunities for them to apply mathematical 

concepts or skills that they have learned to new mathematical problems on their own 

(Carnine & Jones, 1994; Porter, 1989; Jitendra et al., 1999; Jones et al, 1997). For 

students with mathematics difficulties who have memory and processing problems, 

providing repeated guided and independent practice opportunities is an essential 

component of mathematics instruction (Goldman & Pellegrino, 1988; Jitendra et al., 

1999; Swanson, 1999). Goldman and Pellegrino (1988) demonstrated that through guided 

and independent practice, students with LD executed their strategy knowledge in basic 

addition facts more quickly and enhanced their automatization and memorization skills. 

These students also developed abilities to store their knowledge into their long-term 

memory (Goldman & Pellegrino, 1988). Guided and independent practice for students 

with mathematics difficulties, therefore, should be carefully designed and sufficiently 

provided during mathematics instruction in various ways, such as through group 

activities, games, and computer software (Jitendra et al., 1999). With such guided and 

independent practice opportunities, students with mathematics difficulties will be able to 

successfully to solve problems and improve their abilities to solve more advanced 

mathematical problems without assistance from a teacher or parent (Goldman, Mertz, & 

Pellegrino, 1989; Jitendra et al., 1999).  
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Review of prerequisite mathematics skills. An adequate and appropriate review of 

the prerequisite concepts or skills for students is necessary because mathematical 

knowledge of concepts and skills is hierarchically interrelated (Lerner, 2000). Such 

review is particularly beneficial for students with mathematics difficulties because these 

students are often not able to remember what they have learned (Steel, 2002). It helps 

students with mathematics difficulties improve their mathematics performance (Jitendra 

et al., 1999; Steel, 2002). Jitendra et al. (1999) found that students with LD utilized 

previously mastered skills or concepts to solve related problems when they were provided 

a review of background skills or concepts in mathematics. Furthermore, these students 

are able to develop more complex, integrative, and elaborative problem-solving skills in 

mathematics with greater fluency (Jitendra et al., 1999).  

Use of manipulatives and representations. The NCTM advocates the use of 

manipulatives and representations to provide realistic and obvious illustrations of the 

underlying concepts in mathematics instruction (NCTM, 2000). The NCTM also states 

that the use of manipulatives and representation is necessary for students to organize 

mathematical ideas, solve problems, and interpret physical, social, and mathematical 

phenomena (NCTM, 2000). For students with mathematics difficulties, the use of 

manipulatives and representations is particularly important to increase their 

understanding of the target mathematical concepts or skills (Miller et al., 1998; Steel, 

2002). For example, manipulatives allow students with mathematics difficulties to touch 

and move concrete objects to further aid in their understanding of mathematical concepts, 

which could be too confusing or abstract for them (Jitendra et al., 1999; Miller et al., 

1998; Miller & Mercer, 1993). Representations also provide these students with models 

or visuals for complex and abstract concepts, such as numbers and operations on those 

numbers, so that the students can more easily visualize and understand them (Jitendra et 

al., 1999; Miller et al., 1998; Miller & Mercer, 1993). In the review of mathematics 

literature for students with LD, Miller et al., (1998) found that when manipulatives and 
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representations were incorporated into mathematics instruction, students with LD showed 

significant improvement in their problem-solving and computation skills.  

In CAI programs, instructional aids at the representational level, such as counters, 

number lines, fraction diagrams, hundreds charts, and algebra tiles, are necessary for 

students with mathematics difficulties who have a problem with abstract-reasoning 

(Babbitt, 1999). The instructional aids must be overtly presented on the screen, so that 

these students can easily access them during CAI (Babbitt, 1999). By using such 

instructional aids, students with mathematics difficulties can visually present problem-

solving processes to solve problems and increase their understanding of abstract concepts 

and relationships in mathematics in a variety of ways (Babbitt, 1999; Babbitt & Miller, 

1996).  

Strategy instruction. Using effective and appropriate strategies is a key factor for 

students with mathematics difficulties to solve complex mathematical problems (Carnine 

et al., 1994; Jones et al, 1997). Many studies on the mathematical performance of 

students with mathematics difficulties have observed that these students experience 

difficulties in selecting and applying effective strategies, as well as monitoring strategic 

procedures to solve complex problems independently (Montague, 1992; Montague & 

Applegate, 1993; Montague et al., 1991, Zawaiza & Gerber, 1993). For example, students 

with LD tend to use slower and more immature strategies (e.g., finger counting) and 

commit more errors when using such strategies than their normally achieving peers (Lenz 

& Deshler, 1990; Montague & Applegate, 1993; Swanson, 1990). However, if students 

with mathematics difficulties are taught effective strategies through explicit 

demonstration and modeling with a variety of examples, they are able to apply strategies 

to solve problems and increase their accuracy (Deshler & Schumaker, 1986; Lenz & 

Deshler, 1990; Montague et al., 1991). Finally, students with mathematics difficulties can 

show successful mathematical achievement across various domains (Deshler & 

Schumaker, 1986; Lenz & Deshler, 1990; Montague et al., 1991). Further, such use of 
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effective strategies also helps students with mathematics difficulties develop their 

independence and confidence (Steel, 2002).  

Interface Design Features for CAI Programs in Mathematics for Students with 

Mathematics Difficulties 

A well-designed interface for CAI programs plays a crucial role in how students 

maintain their attention and learn instructional contents, how they interact with 

instructional materials, and how they consequently acquire targeted concepts and skills 

without confusion and fatigue (Galitz, 1989; Shedroff, 1994; Shneiderman, 1998). Given 

the fact that students with mathematics difficulties, especially students with LD, have 

visual and spatial deficits, identifying and incorporating effective interface design 

features into CAI programs are critical to gaining instructional benefits from CAI.  

Simple and consistent structure. A clear and simple interface structure for CAI 

programs is necessary for students with mathematics difficulties to navigate easily and 

concentrate on the instructional contents on the screen (Babbitt, 1999; Jerrett, 1999). A 

cluttered interface with too many stimulus options and activities (e.g., hotspots, hot text, 

and hyperlinks) often cause students with mathematics difficulties to be confused and 

distracted from the main instructional contents and procedures during CAI (Babbitt, 

1999; Higgins et al., 2000; Jerrett, 1999; Lewis, 1999). Therefore, students with 

mathematics difficulties are likely to spend most of their time clicking hotspots, which 

associate animated pictures with irrelevant ideas of instructional topic (Babbitt & Miller, 

1996). Yook (2000) pointed out that most commercial CAI programs are designed with 

various stimulus activities not directly related to targeted instruction. While working with 

such programs, students with disabilities could be easily distracted and, in result, 

experience little instructional benefit (Yook, 2000).   

For students with mathematics difficulties who have deficits in visual 

discrimination and memory, all instructional components should be clearly presented 

with appropriate signals (e.g., titles and headings) and consistently placed on the same 
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part of the screen throughout the program (Bley & Thornton, 2001; Higgins et al., 2000). 

For example, important parts of instruction must be centered on the screen whereas 

navigational and functional buttons must be placed on the bottom of the screen 

throughout the program (Rhee, 1997). Additionally, buttons, icons, and symbols must not 

change throughout the program. Such consistency in interface structure helps to deliver a 

clear message to students with mathematics difficulties, so they can focus on instructional 

contents and spend more time on actual learning instead of searching for placements of 

key instructional components (Rhee, 1997).  

Limited amount of instruction. Limiting the amount of instruction per screen is 

important for students with mathematics difficulties, because they often have problems 

with working, short-term, and long-term memory (Bley & Thornton, 2001). Too many 

instructional contents on the screen must be confusing and overwhelming for students 

who can maintain and remember only a certain amount of information at a time (Bley & 

Thornton, 2001). Therefore, instead of presenting whole portions of instructional contents 

at a time, separating relevant contents into smaller chunks and breaking such chunks into 

smaller segments are especially important for students with LD (Bley & Thornton, 2001). 

In general, no more than three instructional lines per screen with a maximum of 65 

characters or 8 to 10 words per line are suggested (Galitz, 1989; Garner, 1990),  

Appropriate use of letters, texts, and colors. Given that students with mathematics 

difficulties often have visual and spatial deficits, a large font size and double-spaced texts 

are recommended for them to aid in reading and keeping track of their learning (Bley & 

Thornton, 2001; Higgins, Boon, & Pierce, 2005; Higgins et al., 2000). A font size must 

be adjustable to ensure that letters or numbers are large enough for all students with 

mathematics difficulties to read contents on the screen (Bley & Thornton, 2001). Clear 

and simple font styles (e.g., san-serif and serif fonts) are generally used for CAI programs 

(Alessi, 2001; Poncelet & Proctor, 1993), but no more than two different fonts to 

differentiate instructional components are suggested for students with mathematics 
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difficulties (Bley & Thornton, 2001). Using both upper- and lower-case letters in left-

justified texts (e.g., using upper-case letters only for the first letter of a sentence) also 

help students with mathematics difficulties read the text on the screen more easily 

(Higgins et al., 2000). However, use of all upper-case letters on screen is suggested for 

students who have difficulties discriminating between the lower-case letters presented on 

screen and the upper-case letters on the keyboard (Bley & Thornton, 2001). Additionally, 

letters and numbers must be typed in from right to left for students with mathematics 

difficulties who have visual and spatial problems (Bley & Thornton, 2001).  

Colors for CAI programs must be carefully selected for students with 

mathematics difficulties to facilitate their learning, motivation, and attention (Higgins et 

al., 2005; Higgins et al., 2000). For example, bright colors must be chosen for important 

or new instructional contents, so that the students with mathematics difficulties can pay 

more attention to the contents on the screen (Bley & Thornton, 2001; Higgins et al., 

2005). In general, light and high-saturated colors, which tend to come forward visually on 

the screen, must be used for contents, whereas dark and low-saturation colors should be 

used for background (Davidoff, 1987; Faiola, 1989; Faiola & DeBloois, 1988). A high 

level of contrast between colors for letters or numbers and background must be 

considered for students with mathematics difficulties who have attention and visual 

discrimination problems (Higgins et al., 2005). 

Too many colors on the screen may interfere with the learning of students with 

mathematics difficulties who have visual discrimination and concentration problems 

(Bley & Thornton, 2001; Higgins et al., 2000). Therefore, the number of colors must be 

limited for these students. The optimum number of colors per screen for students with 

mathematics difficulties has not yet been identified, but, in general, a maximum of 10 

colors per screen are recommended (Faiola, 1989; Garner, 1990) 

Use of text highlighting and color-coding. Text highlighting provides students 

with a cue to identify keywords on the screen (Rimar, 1996). Such text highlighting helps 
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students with mathematics difficulties focus on important contents without overwhelming 

with entire contents on the screen (Higgins et al., 2000). Various methods, such as 

blinking, underlining, color changing, and differentiating font sizes, can be used as text 

highlighting in CAI programs. Text color-coding is also useful for students with 

mathematics difficulties who have difficulty sorting and sequencing instructional 

contents (Higgins et al., 2005; Higgins et al., 2000). With color-coded texts, students with 

mathematics difficulties can have an idea of the relevancy and hierarchy of instructional 

contents easily. For students with mathematics difficulties who have poor visual 

discrimination and memory, consistency in the color-coding system with a limited 

number of colors throughout CAI programs is recommended (Bley & Thornton, 2001).  

Use of suitable animation and graphics. Graphics and animation help students 

with mathematics difficulties understand abstract mathematical concepts and 

relationships (Higgins et al., 2000). Such concepts can be difficult or impossible for 

students with mathematics difficulties to visualize on their own (Jarrett, 1999). For 

example, interactive two- and three-dimensional graphics embedded in CAI programs 

allow students with mathematics difficulties to explore the properties of geometric shapes 

and help their understanding of geometric relationships (Ittigson & Zewe, 2003). Use of 

attractive animation and graphics are also helpful for these students to increase their 

motivation and attention during CAI. For example, Okolo (1991) found that students with 

LD or behavior disabilities (BD) perceived animation and graphics to be the most helpful 

and interesting features of the CAI mathematics program. These students enjoyed 

watching illustrated correct answers and a variety of actions of graphics characters 

(Okolo, 1991). 

In general, simple and clear graphics are more helpful for instruction than 

complex ones (Rivlin, Lewis, & Davies-Copper, 1990). For students with mathematics 

difficulties, visually detailed graphics and animation contextualized in real-life situations 

are recommended to show a more realistic application to real life through CAI (Babbitt, 
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1999; Bley & Thornton, 2001). An appropriate number of graphics and animation can 

help students with mathematics difficulties develop and maintain interest, focus on 

instructional contents, and, ultimately improve their learning (Babbitt, 1999; Higgins et 

al., 2000). Too many graphics not directly related to instructional purpose, tend to 

interfere with the learning of students with mathematics difficulties who are easily 

distracted (Babbitt, 1999; Higgins et al., 2000; Okolo, 1991). For example, in Okolo’s 

(1991) study, observation data demonstrated that too many graphics increased off-task 

behaviors for students with LD or BD. During the CAI, most students with LD or BD 

spent substantial amounts of time watching the actions of graphic characters instead of 

engaging with the instructional contents of the program (Okolo, 1991).  

Interaction Design Features for CAI Programs in Mathematics for Students with 

Mathematics Difficulties  

 In general, the interaction between a student and his computer can be the most 

beneficial feature of CAI programs (Preece et al., 2002; Shedroff, 1994). Such 

interactions take a variety of forms, such as clicking on buttons, viewing videos, inputting 

text, or moving objects. For students with mathematics difficulties, the dynamic and 

individualized interaction with CAI programs help them actively participate in the 

learning process, comprehend instruction, and reach a deeper level of learning (Babbitt, 

1999; Higgins et al., 2000; Okolo, 1991).  

Use of audio and video effects. Audios (i.e., speech, music, and sound) embedded 

in CAI programs are effective to draw and hold the attention of students with 

mathematics difficulties (Bley & Thornton, 2001; Higgins et al., 2005). For example, 

text-to-speech system supports these students’ learning by delivering both a visual and 

auditory reading of instructional texts on the screen (Higgins et al., 2005; Higgins et al., 

2000). The text-to-speech system is particularly helpful for students with LD who have 

reading problems, because it does not require them to read the text on the screen (Higgins 

et al., 2005). Therefore, students with LD can proceed with the learning activities and 
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lessons successfully even if they do not have adequate reading skills. For students with 

mathematics difficulties who have attention problems, the text-to-speech systems using 

different pitches, stresses, tones, and paces are suggested to gain their attention (Yook, 

2000).  

Videos are also powerful to attract the attention of students with mathematics 

difficulties. In mathematics, incorporating videos into CAI programs is an effective 

method to show students with mathematics difficulties a variety of problems in a real-

world context (Bley & Thornton, 2001). However, too many videos must be avoided for 

these students. Instead, a limited number of videos, closely related to instructional 

contents, are suggested to facilitate their learning processes through CAI (Babbitt, 1999) 

Music and sounds embedded within CAI programs must be carefully chosen and 

clear, without any extraneous sounds that may distract students with mathematics 

difficulties (Bley & Thornton, 2001; Okolo, 1991). Too loud music and sounds must be 

avoided to help students with mathematics difficulties concentrate on instructional 

contents on the screen (Bley & Thornton, 2001; Okolo, 1991). Headphones are helpful 

for students with mathematics difficulties who have auditory discrimination and attention 

difficulties, so that they are able to block interfering sounds while using the program 

(Bley & Thornton, 2001). A volume control and start or stop video buttons must be 

overtly presented on the screen so that students with mathematics difficulties are able to 

adjust them depending on their individual needs (Bley & Thornton, 2001).  

Corrective and instructional feedback.  Feedback helps students with 

mathematics difficulties achieve a mastery of contents and skills and develop their ability 

to study and plan learning activities independently (Gersten, Carnine, & Woodward, 

1987; Jitendra et al., 1999). It also helps students with mathematics difficulties improve 

their motivation and confidence (Gersten et al., 1987; Jitendra et al., 1999). Likewise, 

feedback for CAI programs is crucial for students with mathematics difficulties to 

promote their positive learning outcomes (Babbitt, 1999; Higgins et al., 2005; Okolo, 
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1991). Rhee (1997) suggested that feedback for students with LD during CAI must be a 

combination of error correction, an explanation of why the response was wrong and 

instructional clues for correct answer. Such feedback is necessary for students with 

mathematics difficulties to improve the accuracy of their performance and to complete 

more complex mathematics problems during CAI (Rhee, 1997). Feedback must be 

provided immediately to students with mathematics difficulties after several wrong 

responses (Babbitt, 1999; Higgins et al., 2005; Okolo, 1991). Babbitt (1999) found that 

students with LD who received immediate feedback guiding them toward correct answers 

were more successful than students with LD who were required to attempt the same 

problem until their answer was correct.  

Feedback incorporating students’ abilities and efforts is also necessary for 

students with mathematics difficulties, who often have a tendency to attribute their 

successes not to their efforts and abilities, but to luck or the ease of a task (Okolo, 1992b). 

CAI programs should seek to modify their attribution pattern, so that they attribute 

success to themselves and then improve their mathematical performance. In a study by 

Okolo (1992b), students with LD who used a CAI program with ability attribution 

feedback (i.e., “You really know these”) and effort attribution feedback (i.e., “You are 

really trying hard” and “You can get it if you keep trying”), significantly improved their 

multiplication computation skills and outperformed students using CAI with a neutral 

feedback group (Okolo, 1992b).  

Capitalizing on the visual potential of current advanced technology, feedback can 

be provided through a combination of graphics and animation (Babbitt, 1999; Okolo, 

1991). For example, clues to the correct answer can be presented by showing a number 

line or a diagram indicating the underlying concepts that could help students with 

mathematics difficulties solve the problem (Babbitt, 1999). In Okolo’s (1991) study, 

students with LD or BD appreciated watching the correct answer displayed or illustrated, 

while they received feedback as to whether an answer was correct or incorrect.  
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Controlling instructional difficulty levels and time. CAI programs must be able to 

adjust the number of problems and instructional difficulty level based on the performance 

of students with mathematics difficulties (Babbitt, 1999; Bley & Thornton, 2001; Higgins 

et al., 2005; Higgins et al., 2000). Such adaptive functions make students with 

mathematics difficulties gain more benefits by receiving an appropriate level of 

instruction with problems that they can complete successfully (Babbitt, 1999; Bley & 

Thornton, 2001). Additionally, instructional difficulty must gradually increase from easy 

to difficult level throughout CAI programs (Higgins et al., 2005). In response to 

instruction with difficulty level increments, students with mathematics difficulties can 

build their mathematical knowledge, skills, and further develop a sense of confidence and 

success during CAI (Babbitt, 1999).  

Controlling response time in CAI programs is critical for students with 

mathematics difficulties. Many students with mathematics difficulties quickly become 

frustrated by time limitations during CAI because they often need more time for 

instruction and problem solving due to their memory problems and/or spatial and visual 

deficits (Babbit, 1999; Hativa, 1989). For example, in a study on the perception of CAI in 

mathematics among 247 elementary students, Hativa (1989) found that typically or 

highly achieving students enjoyed the increasing speed of mathematics CAI. On the 

contrary, students with learning difficulties were often disturbed by time limits during 

CAI. Therefore, the time control function for CAI programs must be available for 

teachers or students so that students with mathematics difficulties are not overwhelmed 

and frustrated during CAI.  

Summary 

Through the review of literature on CAI programs for students with mathematics 

difficulties, the critical instruction, interface, and interaction design features for CAI 

programs in mathematics for these students were identified: first, clarity of instructional 

goals, explicit instruction, step-by-step instructional modeling with real-life examples, 
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sufficient guided and independent practice opportunities, review of prerequisite 

mathematics skills, use of manipulatives and representations, and strategy instruction 

were identified as the critical instructional design features for students with mathematics 

difficulties. Second, simple and consistent structure, limited amount of instruction, 

appropriate use of letters, texts, and colors, use of text highlighting and color-coding, and 

use of suitable animation and graphics were identified as the crucial interface design 

features for students with mathematics difficulties. Lastly, use of audio and video effects, 

corrective and instructional feedback, and controlling instructional difficulty levels and 

time are emphasized as the critical interaction design features for students with 

mathematics difficulties.  
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CHAPTER III: 

METHOD 

Students with mathematics difficulties show significantly poor performance in 

mathematical word problem-solving (Cawley & Miller, 1989; Cawley et al., 1987; 

Englert et al., 1987; Glaser, 1991; Lee & Hudson, 1981; Mercer & Miller, 1992; Miller & 

Mercer, 1993; Montague & Applegate, 1993, 2000; Rivera, 1997). Lack of strategic 

knowledge on cognitive and meta-cognitive processes for mathematical word problem-

solving has been identified as a critical factor that affects their poor mathematical word 

problem-solving skills (Goldman, 1989; Miller & Mercer, 1997; Montague & Applegate, 

1991, 1993; Montague et al., 1991; Parmar & Cawley, 1997, Zawaiza & Gerber, 1993). 

Explicit instruction on cognitive and meta-cognitive strategies has been suggested to 

enhance students’ mathematical word problem-solving skills (Montague & Applegate, 

1991, 1993; Montague et al., 1991; Zawaiza & Gerber, 1993). Because of several 

promising features of CAI, such as self-monitoring, sufficient practice opportunities, 

immediate feedback, and embedded instructional tools, CAI can be suggested as an 

effective method for successful delivery of cognitive and meta-cognitive strategies in 

mathematical word problem-solving for students with mathematics difficulties. However, 

no CAI intervention study employing cognitive and meta-cognitive strategies for 

improving the mathematical word problem-solving skills of students with mathematics 

difficulties has been conducted. Thus, empirical evidence regarding whether CAI with 

cognitive and meta-cognitive strategies can be an effective supplement method to teach 

mathematical word problem-solving to students with mathematics difficulties has not 

been established. Also, little is known on how CAI can be designed to meet the unique 

needs and learning characteristics of students with mathematics difficulties. Furthermore, 

it is difficult to find commercially available CAI programs with cognitive and meta-
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cognitive strategies for mathematical word problem-solving with particular attention to 

the critical design features for students with mathematics difficulties. In light of these 

findings, developing a CAI program that interactively incorporates cognitive and meta-

cognitive strategies in mathematical word problem-solving for these students is 

imperative for enhancing their higher order mathematical skills through CAI. The CAI 

program should be developed with careful consideration of critical design features for 

students with mathematics difficulties to deliver appropriate mathematical word problem-

solving instruction suited to meet their special needs and learning characteristics.  

In response to such imperative needs on the CAI programs for students with 

mathematics difficulties, an interactive multimedia software, ‘Math Explorer,’ was 

designed and developed to teach one-step addition and subtraction word problem-solving 

skills to students with mathematics difficulties. Math Explorer incorporates: (a) four-step 

cognitive strategies and corresponding three-step meta-cognitive strategies, which were 

adapted from the research on cognitive and meta-cognitive strategies, and (b) instruction, 

interface, and interaction design features of CAI, which were identified to be crucial for  

successful delivery of cognitive and meta-cognitive strategies for students with 

mathematics difficulties. The purpose of this study was to investigate the effectiveness of 

Math Explorer, which was designed as a potential tool for delivering cognitive and meta-

cognitive strategies and supplementing a classroom teacher’s word problem-solving 

instruction, by enhancing the one-step addition and subtraction word problem-solving 

skills of the students with mathematics difficulties in grades 2-3.  

Three research questions guided this study: (a) To what extent does the use of 

Math Explorer affect the accuracy performance of students with mathematics difficulties 

in grades 2-3 on computer-based tasks with one-step addition and subtraction word 

problem-solving?, (b) To what extent does the use of Math Explorer generalize to the 

accuracy performance of students with mathematics difficulties in grades 2-3 on  

paper/pencil-based tasks with one-step addition and subtraction word problem-solving?, 
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and (c) To what extent does the use of Math Explorer maintain the accuracy performance 

of students with mathematics difficulties in grades 2-3 on computer- and paper/pencil-

based tasks with one-step addition and subtraction word problem-solving? This chapter 

describes the methodology for the study in the following order: (a) research design, (b) 

school and participants, (c) setting, (d) dependent variable, (e) measures, (f) independent 

variable, and (g) data collection and analysis procedures.    

RESEARCH DESIGN   

A multiple probe across subjects design was used to assess the effects of Math 

Explorer on the one-step addition and subtraction word problem-solving skills of four 

students with mathematics difficulties. The multiple probe across subjects design 

provides several participants with an intervention sequentially but does not continually 

collect each participant’s baseline data (Horner & Baer, 1978). Therefore, in this study 

the four students received Math Explorer intervention at different points in time and each 

student’s baseline data were periodically collected (i.e., once a week). However, to 

ensure the functional relationship between the student’s performance and Math Explorer 

intervention, each student’s baseline data were collected in three consecutive sessions 

immediately before the introduction of Math Explorer. 

There were several strengths to employing the multiple probe across subjects 

design in this study. First, the effectiveness of the intervention can be evaluated across 

several participants (Richards, Taylor, Ramasamy, & Richards, 1999; Tawney & Gast, 

1984). In this study, the effectiveness of Math Explorer in enhancing the mathematical 

word problem-solving performance was examined across the four students. Also, the 

relative strengths and limitations of Math Explorer were identified. Second, the multiple 

probe across subjects design can be used when the achieved target behavior or 

performance cannot be reversed (Heward, 1987; Kearns, 1986; Richards et al., 1999). In 

this study, once the students improved their addition and subtraction word problem-

solving skills through Math Explorer, their improved word problem-solving skills would 
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not be reversed even though they stopped using Math Explorer. Therefore, the multiple 

probe across subjects design is more appropriate for this study than other single-subject 

designs (e.g., reversal or withdrawal design). Lastly, the baseline data for the four 

students was periodically collected (i.e., once a week) before introducing them to Math 

Explorer. Therefore, resources for maintaining continuous baseline data for each student 

could be reduced and possible practice effects during the baseline phase could be 

prevented (Richards et al., 1999).  

In addition to these strengths, several limitations of the multiple probe across 

subjects design were considered for this study. First, participants remain in the baseline 

until the effects of intervention have been observed with the preceding participants (Baer, 

Wolf, & Risley, 1968, Richards et al., 1999; Tawney & Gast, 1984). Such delay of the 

effective intervention may be detrimental for participants who are at risk for serious 

academic failures (Heward, 1987). To compensate for this limitation of the design, in this 

study, the researcher wanted to assign the intervention position based on each student’s 

performance level on the screening and baseline tests. For example, the student who had 

the lowest scores on the screening and baseline tests would be assigned to the first 

intervention position, whereas, the student who had the highest scores on the screening 

and baseline tests would be assigned the last intervention position. Because all of the four 

students were identified as having serious mathematics difficulties in their grade level 

and had similar low levels of scores on the screening and baseline tests (see Appendix G) 

the researcher randomly assigned the intervention position to each student. Second, a 

functional relationship between the independent and dependent variables is difficult to 

demonstrate in the multiple probe across subjects design because baseline data are not 

continuously recorded (Richards et al., 1999). Considering this limitation of the design, in 

this study, the researcher collected each student’s baseline data once a week and then 

continuously collected the data at least three sessions immediately before the introduction 
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of Math Explorer to examine the functional relationship between the student’s 

performance and Math Explorer.   

SCHOOL AND PARTICIPANTS 

School District and School  

To find participants for the study, the researcher contacted central offices of 

school districts in Texas, informed them of the study, and asked if they permitted the 

study in their school district. Upon receiving one school district’s approval of the study, 

several elementary school principals in the same school district were contacted and 

informed of the study. The school principals were asked to indicate their interest in 

participating in the study and to screen the records of students in their school to identify 

students who met the participant selection criteria for the study. While the researcher 

waited for the school principals’ responses, the director of special services in the school 

district contacted the researcher and recommended one elementary school which might 

be willing to participate in the study. The researcher contacted the school principal and 

obtained the school principal’s permission to conduct the study in the school. Therefore, 

one public elementary school located within Texas school districts was identified. 

Detailed demographic information of the district and school was collected (see Table 

3.1). Under the principal’s approval, the researcher contacted and met special education 

teachers in the school to inform them of the study and to show Math Explorer. The 

special education teachers were asked to identify the students who might meet the 

participant selection criteria for the study. The special education teachers were provided 

with written consent forms for parents or guardians of potential student participants and 

were asked to contact the parents or guardians to have them sign their consent forms. 

After the special education teachers received signed consent form from the parents or 

guardians, the researcher scheduled a time to meet with each student’s classroom teacher 

individually to gather detailed information on their student regarding age, gender, 
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ethnicity, and socioeconomic status and discuss a detailed intervention schedule for the 

study.  
 
Table 3.1.  
 
District and School Demographics Information 
 

Demographic District School 

Total Enrollment 
Asian  
African American 
Hispanic 
Native American 
White 

9234 
83 (0.8%) 

1273 (13%) 
7058 (76%) 
22 (0.2%) 
798 (8%) 

850 
3 (0.48%) 
109 (13%) 

705 (82.79%) 
1 (0.12%) 

32 (3.61%) 

Economically 
Disadvantaged 

 
7202 (78%) 

 
784 (92.18%) 

 

Participants 

Ten students in grades 2-3 were nominated by the special education teacher in the 

school as the possible participant candidates for the study. Two students in grade 3 had 

been identified as having LD in mathematics. However, one of them was an English 

language learner and the other student had a behavioral problem. As a result, both 

students were ineligible to participate in the study (see participant criterion 1 and 3). The 

rest of eight students in grades 2-3 had been identified having mathematics difficulties 

based on their teacher’s rating (i.e., poor or below average level) on their mathematical 

competence in the class in comparison with the entire class and the school district’s 

mathematics curriculum standards. Based on the Response to Intervention (RTI) model, 

all students were in the process of LD identification by receiving intensive mathematics 

instructions by special education teachers in the school. All of the eight students had 

below grade level mathematics scores on the Texas’s standardized test, the released 

Texas Assessment of Academic Skills (TAAS), which was conducted for the Texas 

Educator Excellence Grant (TEEG) in 2007. Other participant selection criteria for the 

study were as follows: (a) students must not have any attention or behavioral problems 

that would significantly interfere with their performance on computer tasks, (b) students 
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must have the basic motor skills necessary to independently operate a computer (i.e., use 

the mouse and keyboard) in order to actively engage in computer tasks for approximately 

30 minutes per day, (c) students must not English language learners, and (d) students 

must have a score of 30% or less on the screening test, which was designed to assess 

students’ performance on addition and subtraction word problems (see measures section 

for a description). Once the eight students returned the signed parental consent and assent 

forms, they took a screening test to ensure their eligibility for the study. The eight 

students had a score of 30% or less, which is the recommended criterion level in previous 

research focusing on learning strategy interventions (Clark et al., 1981; Montague & Bos, 

1986; Schumaker, Deshler, Alley, Warner, & Denton, 1982), on the screening test. 

Among the eight students, two students withdrew from the school, one student was 

hospitalized, and one student had a schedule conflict after the study started. Finally, only 

four out of the eight students were able to participate in the study. More detail 

information of each student was described as follows: 

Student 1 was a 7-year-old White female in the second grade. Her TAAS score 

(i.e., 14 points) in mathematics was below grade level (i.e., 49 points). She had a below 

benchmark score (i.e. 27 points) in mathematics on the 9-week-school benchmark test 

(i.e., 54 points), which was conducted using the end-of-chapter test by her classroom 

teacher. Her mathematics score (i.e., 46 points) on the first report card was below the 

acceptable passing score (i.e., 70 points) for the school district. She had received 

intensive mathematics instructions from special education teachers and mathematics 

tutoring once a week for 45 minutes. She was identified as one of the lowest mathematics 

performance students in her class by her classroom teacher based on her TAAS, 

benchmark test, and first report card scores in mathematics and classroom activities and 

tests. Based on her classroom teacher’s rating, Student 1 had an above average level in 

reading skills and very rarely or rarely showed behavioral problems.     
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Student 2 was a 7-year-old African American male in the second grade. His 

TAAS score (i.e., 19 points) in mathematics was below grade level (i.e., 49 points). He 

had a below benchmark score (i.e. 23 points) in mathematics on the 9-week-school 

benchmark test (i.e., 54 points), which was conducted using the end-of-chapter test by his 

classroom teacher. His mathematics score (i.e., 25 points) on the first report card was 

below the acceptable passing score (i.e., 70 points) for the school district. He had 

received intensive mathematics instructions from special education teachers. Also, he had 

received reading tutoring for 30 minutes and mathematics tutoring for 45 minutes once a 

week. He was identified as one of the lowest mathematics performance students in his 

class by his classroom teacher based on his TAAS, benchmark test, and first report card 

scores in mathematics and classroom activities and tests. Based on his classroom 

teacher’s rating, Student 2 had a below average level in reading skills and rarely or 

occasionally exhibited behavioral problems. 

Student 3 was a 9-year-old Hispanic American male in the third grade. He was a 

retained student. His TAAS score (21 points) in mathematics was below grade level (i.e., 

51 points). He had a below benchmark score (i.e. 28 points) in mathematics on the 6-

week-school benchmark test (i.e., 58 points), which was conducted using the end-of-

chapter test by his classroom teacher. His mathematics score (i.e., 25 points) on the first 

report card was below the acceptable passing score (i.e., 70 points) for the school district. 

He had received intensive mathematics instructions from special education teachers and a 

mathematics tutoring for 45 minutes everyday. In addition, he had received after-school 

mathematics tutoring by his classroom teacher. Based on his classroom teacher’s rating, 

Student 3 had an above average or average level in reading skills and very rarely or rarely 

exhibited behavioral problems. 

Student 4 was an 8-year-old Hispanic American male in the third grade. His 

TAAS score (17 points) in mathematics was below grade level (i.e., 51 points). He had a 

below benchmark score (i.e. 26 points) in mathematics on the 6-week-school benchmark 
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test (i.e., 58 points), which was conducted using the end-of-chapter test by his classroom 

teacher. His mathematics score (i.e., 22 points) on the first report card was below the 

acceptable passing score (i.e., 70 points) for the school district. He had received intensive 

math instruction from special education teachers and mathematics and reading tutoring 

for 90 minutes each day. He was identified as one of the lowest mathematics performance 

students in his class by his classroom teacher based on his TAAS, benchmark test, and 

first report card scores in mathematics and classroom activities and tests. Based on her 

classroom teacher’s rating, Student 4 had a below average level in reading skills and very 

rarely exhibited behavioral problems. 

Table 3.2 presents detailed demographic information for the four participating 

students (i.e., age, grade, gender, standardized math test score, screening test score, and 

other characteristics). 
 

Table 3.2.  
 
Participant Demographics and Testing Information 
 

Variables Student 1 Student 2 Student 3 Student 4 

7 years old 
 

2
nd

 grade 
 

Female 
 

Math 
 

White 
 

Free/Reduced 
Lunch 

7 years old 
 

2
nd

 grade 
 

Male 
 

Math & Reading 
 

African American 
 

Free/Reduced 
Lunch 

9 years old 
 

3
rd
 grade 

 
Male 

 
Math 

 
Hispanic 

 
Free/Reduced 

Lunch 

8 years old 
 

3
rd
 grade 

 
Male 

 
Math & Reading 

 
Hispanic 

 
Free/Reduced 

Lunch 

Name: Released TAAS/Math 

S SM DM S SM DM S SM DM S SM DM 

14 45 49 19 45 49 21 53 51 17 53 51 

Age 
 

Grade 
 

Gender 
 

Difficulties Areas 
 

Ethnicity 
 

SES 
 
 

Standardized Test 
Score 

 
Screening Test 

Percentage Score 
5% 0% 11% 11% 

Note. SES = Socioeconomic Status. S = Score. SM = School Mean. DM = District Mean.    
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SETTING 

The study was conducted in either a second- and third-grade tutoring area or a 

conference room at the school. To save time on picking up and returning the students to 

their classroom, the tutoring areas, which were located in the classroom hallway, were 

primarily used for the study. These tutoring areas were equipped with several tables and 

chairs for the daily tutoring and most of the time, two or more tutoring groups of four to 

six students each were working in the area. If the tutoring tables were occupied with other 

tutoring groups, or the tutoring areas were too noisy, the study was conducted in the 

conference room located in the main office of the school.  

DEPENDENT VARIABLE  

The dependent variable in this study was the one-step addition and subtraction 

word problem-solving performance of the four students with mathematics difficulties. 

The students’ addition and subtraction word problem-solving performance was assessed 

based on the number of addition and subtraction word problems that they solved correctly 

on the computerized and paper/pencil-based tests.  

MEASURES 

The computer- and paper/pencil-based tests developed by the researcher served as 

the screening, baseline, intervention, and follow-up tests to assess the students’ addition 

and subtraction word problem-solving performance. The computer- and paper/pencil-

based tests contained a total of 18 one-step addition and subtraction word problems 

randomly selected from the problem database (see Table 3.3) of the program. Out of the 

18 problems, nine problems were from each problem difficulty level (i.e., Level 1 and 2) 

in the problem database. Those nine problems included three word problem types (i.e., 

change, combine, or compare; see Table 3.4). The problem sequence within each test was 

arranged based on the problem difficulty levels and types ranging from easy to difficult. 

The following section describes the problem difficulty levels (i.e., Levels 1 and 2) and 

three types of word problems (i.e., change, combine and compare). In addition, the 
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computer- and paper/pencil-based test and student implementation checklist were also 

explained.   

Problem Difficulty Levels 

Based on the instructional hierarchy for addition and subtraction proposed by 

Mercer and Mercer (2001), Level 1 contained problems using basic facts at the lower 

level of the hierarchy as follows (1D refers to one-digit number and 2D refers to two-

digit number): (a) 1D + 1D •  9 and (b) 10 • 1D +1D • 18 1D +1D • 18 for addition and (a) 1D - 1D •  9 

for subtraction. Level 2 contained problems at the next level of the hierarchy as follows: 

(a) 2D + 1D = 2D without regrouping or 1D + 2D = 2D without regrouping and (b) 2D + 

2D = 2D without regrouping for addition and (a) 2D - 1D = 2D without regrouping or 2D 

- 2D = 1D without regrouping and (b) 2D - 2D = 2D without regrouping for subtraction. 

The problem difficulty levels and corresponding examples are presented in Table 3.3. 
  

Table 3.3.  
 
Problem Difficulty Levels and Corresponding Examples 

 
Problem Difficulty Level Example 

Level Sublevel 
Addition Subtraction Addition Subtraction 

1-1 1D + 1D •  9 1 + 2 = 3 Level 
1 1-2 10 • 1D +1D • 18 1D +1D • 18 

1D - 1D •  9 
8 + 7 = 15 

2 – 1 =1 

12 + 3 = 15 13 - 2= 11 

2-1 

2D + 1D = 2D 
or 

1D + 2D = 2D 
without 

regrouping 

2D - 1D = 2D 
or 

2D - 2D = 1D 
without 

regrouping 
2 + 12 = 15 24 - 22 = 2 Level 

2 

2-2 
2D + 2D = 2D 

without 
regrouping 

2D - 2D = 2D 
without 

regrouping 

12 + 34 = 46 34 - 12 = 12 

Note. 1D = one-digit number. 2D = two-digit-number. 
 

Addition and Subtraction Word Problem Types 

Based on the addition and subtraction word problem classifications by Riley, 

Greeno, and Heller (1983), three types of word problems were identified: (a) change, (b) 

combine, and (c) compare. The change problem type included three subtypes: problems 

with (a) an unknown result quantity, (b) an unknown change quantity, or (c) an unknown 
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start quantity. The combine problem type included two subtypes: problems with (a) an 

unknown whole quantity, or (b) an unknown part quantity. The compare problem type 

included three subtypes: problems with (a) an unknown difference quantity, (b) an 

unknown compared quantity, or (c) an unknown referent quantity. Table 3.4 presents the 

three problem types and corresponding eight problem subtypes and their examples. 
 

Table 3.4.  
 
Addition and Subtraction Word Problem Type and Corresponding Example 
 
Problem Type Problem Subtype Example 

Unknown result quantity 
Tom had 2 marbles. Tom gets 5 marbles from Chris. 
How many marbles does Tom have altogether? 

Unknown change quantity 
Tom had 3 marbles. Then Chris gave Tom some more 
marbles. Now Tom has 8 marbles. How many marbles 
did Chris give Tom? 

Change 
 

Unknown start quantity 
Tom had some marbles. Then Tom gave Chris 5 
marbles. Now Tom has 8 marbles. How many marbles 
did Tom have in the beginning? 

Unknown whole quantity 
Tom has 3 marbles. Chris has 5 marbles. How many 
marbles do they have? 

 
Combine 

 
 Unknown part quantity 

Tom and Chris have 8 marbles altogether. Tom has 3 
marbles. How many marbles does Chris have? 

Unknown difference quantity 
Tom has 8 marbles. Chris has 5 marbles. How many 
more marbles does Tom have than Chris? 

Unknown compared quantity 
Tom has 3 marbles. Chris has 5 more marbles than Tom. 
How many marbles does Chris have? 

 
 

Compare 
 
 
 

Unknown referent quantity 
Tom has 8 marbles. Tom has 5 more than Chris. How 
many marbles does Chris have? 

 

Computer-based test. The computer-based tests containing 18 one-step addition 

and subtraction word problems were developed by the researcher using Flash 

Professional 8 (Macromedia, 2006) and used for the screening, baseline, intervention, and 

follow-up tests. The students were informed that they needed to respond with the number 

sentence, operation sign, and answer correctly. The students were asked to click numbers 

and an operation sign into the blank box on the computing tool and then click ‘Next’ 

button to proceed to the next problem. The students had 10 minutes to complete the test. 
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Papers and pencils were provided. The researcher supervised and monitored the students’ 

test procedures and progress. The students were not allowed to ask questions about any 

words on the screen but they could click the voice buttons to listen to the problems. They 

were not given any feedback for their answers during the testing. A total number of 

correct responses in the computer-based test were recorded and complied into each 

student’s individual file. The students were also able to see their score after they finished 

the test by having the message, for example, “Good work! My score is 8 (i.e., number of 

correct responses).” The screenshot of the computer-based test is presented in Figure 3.1. 
 

             
 

Figure 3.1. Screenshot of the Computer-Based Test  
 

Paper/Pencil-based test. The students were given the paper/pencil-based test 

worksheet containing 18 one-step addition and subtraction word problems for the 

screening, baseline, intervention, and follow-up tests. The students were asked to write 

the correct number sentence, operation sign, and answer for each problem in the blank 

box provided on the worksheet. The students had 10 minutes to complete the test. The 

administration procedures for the paper/pencil-based tests were identical to those for the 

computer-based tests. After the students finished the test, the researcher checked the 

students’ responses and recorded the total number of correct and incorrect responses. The 

students were able to check their score (i.e., number of correct responses) on the score 

record sheet provided by the researcher after they finished the test. After all intervention 



 

 102 

sessions were complete, the students kept their score record sheet if they wanted. The 

sample of paper/pencil-based test is presented in Appendix J.  

Student Implementation Checklist 

The checklist developed by the researcher was used to assess fidelity of each 

student’s correct use of Math Explorer. The student implementation checklist consisted 

of seven statements to determine whether a student followed instructions and actively 

engaged in activities during a session. For example, in the computer training session I and 

II, the checklist asked whether, “A student follows instructions and actively engages in 

activities.” Similarly, in the instructional modeling session, the checklist asked whether, 

“A student follows instructions for all cognitive and meta-cognitive strategy steps.” The 

Student Implementation Checklist used in the study is presented in Appendix D. During 

at least 25% of the computer training and intervention sessions for each student, the 

researcher and tutors who worked at the school observed each student’s performance and 

independently assigned a rating from 1 to 3 points (i.e., 1 = Disagree, 2 = Neutral, and 3 

= Agree) based on the extent to which they agreed or disagreed with each statement on 

the implementation checklist. With these ratings, the researcher calculated mean inter-

rater reliability using the formula (i.e., the number of agreements is divided by the 

number of agreements plus disagreements and multiplied by 100) proposed by Richards 

and his colleagues (1999). When the researcher and the tutors rated student’s 

performance, they took notes about what they observed and any concerns they had. Later, 

they met shortly to discuss their concerns. The average agreement between the researcher 

and tutors was 96%. 

INDEPENDENT VARIABLE 

An interactive multimedia software, Math Explorer, was designed and developed 

by the researcher to teach the students one-step addition and subtraction word problem-

solving skills. The program integrated two main features critical to improving the 

mathematical word problem-solving skills of students with mathematics difficulties: (a) 
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four-step cognitive and three-step meta-cognitive strategies derived from previous 

research and (b) critical design features for successful delivery of cognitive and meta-

cognitive strategies for students with mathematics difficulties. The critical design features 

were categorized into three design components (i.e., instruction, interface, and interaction 

design). In the following section, these two features of the program were described in 

detail. In addition, information on the development procedures, structures, instructional 

procedures, and database systems of the program was provided.  

Strategic Instruction of Math Explorer 

Four-step cognitive and corresponding three-step meta-cognitive strategies were 

provided in the program. For example, in Step 1, the first cognitive strategy (i.e., Step 1: 

Reading) and three corresponding meta-cognitive strategy steps (i.e., “I read the problem 

aloud for understanding” for the ‘do’ activity, “Have I read and understood the problem?” 

for the ‘ask’ activity, and “I understand the problem. I read the problem again” for the 

‘check’ activity) were presented. The students were able to read the problem carefully 

and check their understanding of a problem on their own in Step 1. In Step 2, the second 

cognitive strategy (i.e. Step 2: Finding) and three corresponding meta-cognitive strategy 

steps (i.e., “I find and click the important information in the problem” for the ‘do’ 

activity, “Have I found and clicked the important information correctly?” for the ‘ask’ 

activity, and “I check the important information that goes with the problem” for the 

‘check’ activity) were presented. When the students found important words and numbers 

in a problem in Step 2, they became more capable of identifying critical pieces of 

information for solving the problem on their own. In Step 3, the third cognitive strategy 

(i.e., Step 3: Drawing) and three corresponding meta-cognitive strategy steps (i.e., “I 

draw or click a picture to show the problem using my drawing tool” for the ‘do’ activity, 

“Does the picture fit the problem?” for the ‘ask’ activity, and “I check the picture against 

the problem information” for the ‘check’ activity) were presented. While the students 

drew or clicked a picture to depict a problem in Step 3, they learned to recognize the 
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fundamental structure of the problem and to solve it more precisely. Also, the students 

learned to make connections between visual representations and numbers in the problem 

and understood what the numbers represent in a more concrete way. In Step 4, the fourth 

cognitive strategy (i.e., Step 4: Computing) and three corresponding meta-cognitive 

strategy steps (i.e., “I write the number sentence and find the answer using my computing 

tool” for the ‘do’ activity, “Are the number sentence and answer correct?” for the ‘ask’ 

activity, and “I check that the number sentence and answer are correct” for the ‘check’ 

activity) were presented. In Step 4, the students identified the operation needed for 

solving a problem and practice translating written words of problems into mathematical 

equations. Additionally, while the students reviewed the number sentence, operation sign, 

and answer in Step 4, they also found procedural errors and judged the accuracy of their 

answer before deciding on a final answer for the problem. Table 3.5 summarizes the four-

step cognitive and three-step meta-cognitive strategies.  
 

Table 3.5.  
 
Cognitive and Meta-cognitive Strategy Components in Math Explorer 
 

Step 
Cognitive 
Strategy 

Meta-cognitive Strategy 

Step 1 Reading 

• Do activity: I read the problem aloud for understanding.  

• Ask activity: Have I read and understood the problem?  

• Check activity: I understand the problem. I read the problem again.  

Step 2 Finding 

• Do activity: I find and click the important information in the problem.  

• Ask activity: Have I found and clicked the important information 
correctly?  

• Check activity: I check the important information that goes with the 
problem.  

Step 3 Drawing 

• Do activity: I draw or click a picture to show the problem using my 
drawing tool.  

• Ask activity: Does the picture fit the problem?  

• Check activity: I check the picture against the problem information.  

Step 4 Computing 

• Do activity: I write the number sentence and find the answer using my 
computing tool.  

• Ask activity: Are the number sentence and answer correct?  

• Check activity: I check that the number sentence and answer are correct.  
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Design Features of Math Explorer 

Instruction Design 

Clear instructional goals. The program presented clear instructional goals so that 

the students were able to recognize what they would learn and what kind of learning 

activities they would participate in. For the introduction session for the cognitive and 

meta-cognitive strategies, the program presented an instructional goal such as, “You will 

learn 4-step strategy to solve addition and subtraction word problems.” For the 

instructional modeling session, the program presented an instructional goal such as, 

“Let’s learn how to use 4-step strategy to solve addition and subtraction word problems. 

Then, you will solve addition and subtraction word problems using the strategy on your 

own!” The screenshot of the instructional goal for the instructional modeling session is 

shown in Figure 3.2. 
 

             
 

Figure 3.2. Screenshot of the Instructional Goal for the Instructional Modeling Session 
 

Explicit instructional modeling. The program provided explicit instructions on the 

use of cognitive and meta-cognitive strategies to solve one-step addition and subtraction 

word problems in a systematic way. For example, the program presented an initial 

instruction of “You will learn how to use 4-step strategy to solve addition and subtraction 

word problems. Here is 4-step strategy: (a) Step 1: Reading. You will read the problem; 

(b) Step 2: Finding. You will find the important information of the problem; (c) Step 3: 
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Drawing. You will draw a picture to solve the problem; and (d) Step 4: Computing. You 

will compute the problem. For each step, you will need to do three activities: (a) Activity 

1: Do activity. You ‘do’ a task for the step by yourself; (b) Activity 2: Ask activity. You 

‘ask’ yourself a question to show that you finish the task; and (c) Activity 3: Check 

activity. You ‘check’ yourself to see that you have finished the task correctly. Now, you 

will learn how to use 4-step strategy to solve addition and subtraction word problems. 

Let’s learn!” Once ‘Next’ button was clicked on the screen, the instructional modeling 

session for one problem started on the screen. The instruction of how to solve the 

problem using the 4-step strategy was presented at the bottom of the screen such as 

“Check the problem. Click ‘Next’ button to go to the next screen”. When ‘Next’ button 

was clicked on the screen, the students were able to see the title screen for Step 1, ‘Step 

1: Reading’. On the screen, the program presented the message, “Start Step 1: Reading. 

Click ‘Next’ button to see the ‘do’ activity for Step 1.” Immediately after ‘Next’ button 

was clicked on the screen, the ‘do’ activity screen for Step 1 was presented. On the screen 

the program delivered the message, “Here is the ‘do’ activity for Step 1: You read the 

problem aloud for understanding. Click ‘Next’ button to see the ‘ask’ activity for Step 1.” 

When ‘Next’ button was clicked on the screen, the students were able to see the ‘ask’ 

activity of Step 1. The program showed the message, “Here is the ‘ask’ activity for Step 

1: You ask yourself the question. Have I read the problem? Answer the question. Click 

‘Yes’ or ‘No’ button to go to the next screen”. When ‘No’ button was clicked, more 

instructions were provided to help the students execute the ‘do’ activity whereas when 

‘Yes’ button was clicked on the screen, the ‘check’ activity screen for Step 1 was 

presented. On the screen the program delivered the message, “Here is the ‘check’ activity 

for Step 1. You understand the problem. You read the problem again.” After the students 

finished all of the three activities, the program presented the last message, “Click ‘Next’ 

button to go to Step 2: Finding.” Such explicit instruction on how to use the strategy was 
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delivered in Steps 2, 3, and 4. The screenshot of the instructional modeling session for 

Step 1 is presented in Figure 3.3.  
 

             
 

Figure 3.3. Screenshot of the Instructional Modeling Session for Step 1  
 

Guided and independent practice opportunities. The program provided guided 

and independent practice sessions. During the guided practice session, the students were 

given one-step addition or subtraction word problems. Those guided practice problems 

were selected from the problem database. When the students solved the guided practice 

problems, they received corrective and instructional feedback for their responses. The 

students were also prompted to follow the four-step cognitive and three-step meta-

cognitive strategies in the correct way. For example, when the students skipped Step 2 

and went to Step 3, they were immediately prompted to make necessary corrections, such 

as, “You are working on Step 2. Click the Step 2 button.” Figure 3.4 presents the 

screenshot of corrective feedback in the guided practice session. During the guided 

practice session with corrective and instructional feedback, the students became familiar 

with the cognitive and meta-cognitive strategies that they had learned during the 

instructional modeling session. Also, the students learned to immediately recognize and 

correct procedural errors. 
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Figure 3.4. Screenshot of the Corrective Feedback in the Guided Practice Session  
 

Following the guided practice session, the program provided an independent 

practice session and asked the students to solve the independent practice problems 

without any corrective or instructional feedback. The 4-step cognitive strategy was 

presented at the left side of the screen to help the students to remember and use the 

strategy on their own. During the independent practice session, the students developed 

their abilities to use the cognitive and meta-cognitive strategies to independently solve 

addition and subtraction word problems. Additionally, the students were able to 

generalize and maintain newly acquired knowledge and skills on the cognitive and meta-

cognitive strategies while solving addition and subtraction word problems. In both the 

guided and independent practice sessions, the program provided a correct number 

sentence, operation sign, and answered when the students’ final response was incorrect. 

Figure 3.5 shows the screenshot of the independent practice session.    

             
 

Figure 3.5. Screenshot of the Independent Practice Session       
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Review of prerequisite mathematics and vocabulary skills. Computing strategies 

for addition and subtraction were provided as prerequisite skills of addition and 

subtraction word problem-solving in the program. In Step 4, when the students were not 

able to write and compute a number sentence to get an answer, computing strategies for 

addition or subtraction were provided. For addition, counting-on, double, and near-double 

strategies were provided. Specifically, the counting-on strategy was provided for the 

change/unknown result and combine/unknown whole problems. The double strategy was 

provided for the change/unknown start problems. The near-double strategy was provided 

for the compare/unknown compared problems. For subtraction, counting-back and think-

addition strategy were provided. Specifically, the counting-back strategy was provided 

for the change/unknown change and combine/unknown part problems. The think-addition 

strategy was provided for the compare/unknown difference and compare/unknown 

referent problems. The strategies depending on the problem types and subtypes are 

shown in Table 3.6. 
 

Table 3.6.  
 
Addition and Subtraction Strategies in Math Explorer 
 

Operation Strategy Problem Type Problem Subtype 

Change Unknown result quantity Counting-on 
 Combine Unknown whole quantity 

Double Change Unknown start quantity 
Addition 

Near-Double Compare Unknown compared quantity 

Change Unknown change quantity Counting-
back Combine Unknown part quantity 

Compare Unknown difference quantity 
Subtraction 

Think-
Addition Compare Unknown referent quantity 

 

For better understanding of each of the strategies, the number line and animated 

graphics (e.g., pointing arrow and objects) were also presented with the strategies at the 

bottom of the screen. For example, for the counting-on strategy, the students were able to 

see an arrow demonstrating that the counting-on strategy started with a larger number and 
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counted on a smaller number on the number line. Figure 3.6 presents a screenshot of the 

computing strategy (i.e., double) for addition. 
 

                  
Figure 3.6. Screenshot of the Computing Strategy for Addition  
 

In addition, the program incorporated a dictionary tool in Step 1 for the students 

who did not know the meaning and pronunciation of word presented in the problem. The 

students were able to click tabs of the dictionary tool to check each word in the problem. 

A voice button and picture for each word were presented in the dictionary tool. Figure 3.7 

presents a screenshot of the dictionary tool in Step 1.  
 

                   
 

Figure 3.7. Screenshot of the Dictionary Tool in Step 1  
 

Use of visual representations. The program incorporated a drawing tool, with 

which the students were able to draw a picture or use visual representations to 
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conceptualize numbers for addition and subtraction word problems. A button for the 

drawing tool was available in Step 3. The students clicked the button to open the tool on 

the pop-up screen. The drawing tool consisted of a blank drawing area, icons for pencil 

and eraser, and a control menu for pen size and color. When the students clicked the 

pencil icon, the students were able to draw a picture in the blank drawing area by moving 

the mouse. When the students clicked the eraser icon, they were able to delete or fix the 

picture by moving the mouse. The students changed the size and color of the pen by 

selecting different size and color options. The drawing tool also included pre-drawn 

pictures of problem objects (e.g., apples, flowers, and cookies) for students who had 

difficulty in drawing a picture in an organized manner. With the pre-drawn pictures of 

problem objects embedded in the drawing tool, the students were able to click the 

pictures of objects that they wanted to draw to solve the problem and drag them onto the 

blank drawing area instead of drawing a picture on their own. The students were able to 

see their drawing and open the tool again in later steps. Figure 3.8 shows the screenshot 

of the drawing tool in Step 3.  
 

                           
 

Figure 3.8. Screenshot of the Drawing Tool for Step 3 
 

Instructional sequencing. The sequence of the eight word problem subtypes in the 

program was determined based on their difficulty levels. The difficulty levels were 

identified by the review of the research on the difficulty levels of different word problem 
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types (Arendasy, Sommer, & Ponocny, 2005; Briars & Lakrin, 1984; Carpenter, Moser, 

& Bebout, 1988; Cummins, Kintsch, Reusser, & Weimer, 1988; Fuson, Carroll, & 

Landies, 1996; Morales, Shute, & Pellegrino, 1985; Stern, 1994) and the instructional 

sequences for word problem-solving found in the mathematical textbooks (e.g., SRA 

Math, Scott Foresman, and Everyday Mathematics) for grades 2-3. As a result, the 

program presented the eight word problem subtypes in the following order: (a) 

change/unknown result quantity, (b) combine/ unknown whole quantity, (c) combine/ 

unknown part quantity, (d) change/ unknown start quantity, (e) change/ unknown change 

quantity, (f) compare/ unknown compared quantity, (g) compare/ unknown difference 

quantity, and (h) compare/ unknown reference quantity. The sequence of the eight 

problem subtypes is shown in Appendix K.  

Interface Design 

Simple and consistent structure. The program structure was simple and consistent 

throughout the program. The problem and cognitive strategy step that the students were 

working on was shown at the top area of the screen. Main instructions on the cognitive 

and meta-cognitive strategies were presented at the center of the screen to help the 

students find and focus on the instructions without any confusion. Strategy and 

navigational buttons were located at the same place of on the screen throughout the 

program. Specifically, the four-step cognitive strategy buttons and three-step meta-

cognitive strategy button were shown at the left side of screen. The students were able to 

go to the main screen of each strategy step by clicking the cognitive strategy buttons. 

Navigational buttons (i.e., Next, Back, Home, and Exit buttons) were placed at the 

bottom area of the screen. Figure 3.9 shows the screenshot of the overall structure of 

Math Explorer.  

The Serifa BT font, suggested for multimedia programs (Alessi & Trollip, 2001) 

was used for the texts in Math Explorer. A bolded Ravie font was used for important 

words in the instructions to get the students’ attention. A font size of 27 was used for the 
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main instructional texts whereas a font size of 20 was used for the strategy and 

navigational button texts. A font size of 50 was used for important words in the 

instructions.   

             
 

Figure 3.9. Screenshot of the Structure of Math Explorer 
 

Appropriate amount of instruction. The program provided instructions and 

activities closely related to the targeted goals, so the students were not overwhelmed by 

too many instructions and activities. The instructions for the cognitive and meta-cognitive 

strategies were succinctly presented in two or three lines using no more than 20 words on 

the screen. In addition, only one step of the cognitive and meta-cognitive strategies was 

accessible at a time to prevent the students from being confused by too many strategy 

steps.  

Suitable animation and graphics. The program presented visually appealing 

animations and graphics to maintain the students’ motivation and attention for the 

instructions and activities. For example, the animated character, a goldfish, was designed 

and embedded in the program. Metaphorically, the goldfish exploring under the sea 

represented the students who began to learn new cognitive and meta-cognitive strategies 

for word problem-solving. The goldfish was animated with moving fins, so that it 

appeared to be lively and attractive to the students. The goldfish was illustrated with 

colors such as yellow for the body and brown for the strips that were intended to attract to 

both genders of the students. To illustrate a natural undersea environment, the 
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background color of the program was blue. Also, animated bubbles and surface sea 

waves were added for visual attractiveness and authenticity. The number of animations 

and graphics, however, were limited in the program to avoid the students’ distraction and 

off-task behaviors. In addition, the speed of all animations was relatively slow, so the 

students might enjoy the animations without too much distraction. For example, the gold 

fish gradually expanded his movement on the limited part of the screen so that the 

students might not be overly distracted by his movement. Some graphics were drawn 

from the clip art in Microsoft Office PowerPoint 2003, but most of the animation and 

graphics were designed and developed by the researcher using Macromedia Flash 

Professional 8 (Macromedia, 2006). Figure 3.10 shows the screenshot of the animation 

and graphics in Math Explorer.  
 

             
 

Figure 3.10. Screenshot of the Animation and Graphics in Math Explorer 
 

Highlighting and color-coding. While the students worked with one step of the 

cognitive and meta-cognitive strategies, the buttons for that specific strategy step were 

highlighted. This function helped the students recognize the strategy step they were 

working on. The button texts were also highlighted when the students clicked on or 

moved the mouse over the buttons. Therefore, the students easily found the button they 

were clicking. Likewise, in Step 2, when the students successfully found and clicked 

important words and numbers in a problem, those words and numbers were immediately 
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highlighted on the screen. The words and numbers were highlighted continuously after 

Step 2, so the students were able to keep recognizing them in later steps. The screenshot 

of the highlighted words in Step 2 is presented in Figure 3.11.  
 

             
 

Figure 3.11. Screenshot of the Highlighted Words in Step 2   
 

The text for the instructions and the buttons were color-coded based on their 

components. For example, the instructional text for the cognitive and meta-cognitive 

strategies was presented in dark blue whereas the button text for the cognitive and meta-

cognitive strategies was presented in white. The text for addition and subtraction word 

problems was presented in either blue or white. Through using color-coded text, the 

students were able to sort and organize relevant components without any confusion.  

Interaction Design 

Voice effects. For the students with reading difficulties, the text for cognitive and 

meta-cognitive strategy instructions, feedback, and word problems was read aloud by the 

text-to-speech program, NaturalReader (2007). NaturalReader (2007) converts written 

text in Word, webpage, and PDF files into natural sounding voices and saves them as a 

MP3 audio file. The researcher typed the text used for instructions, feedback, and word 

problems of Math Explorer in Microsoft Office Word 2003 file, and converted it into 

voices using NaturalReader (2007). All voices were saved into MP3 audio files and 

inserted into the voice buttons presented in Math Explorer. These voice effects helped to 
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ensure that the mathematical word problem-solving performance of the students was not 

confounded with their reading performance. The students were able to adjust the volume 

to find a comfortable volume level. Figure 3.12 shows the screenshot of the voice buttons 

for problem and instructions on the screen. 
 

             
 

Figure 3.12. Screenshot of the Voice Buttons for Problem and Instructions 
 

Three-level instructional feedback. During the guided practice session, the 

program provided three-level instructional feedback when the students failed to complete 

the ‘do’ activity for each step of the strategies. For example, in Step 2, when the students 

failed to find and click important information in a problem, the program provided the first 

instructional feedback by delivering the message, “Find the numbers and words that tell 

me what I am looking for.” After the first instructional feedback, the students had a 

second chance to find the important information in the problem. If the students still failed 

to find and click the important information, the program provided the second 

instructional feedback with an example by delivering the message, “Check an example of 

how to find the important information.” The program provided one example showing 

how to find the important information in the problem. After the second instructional 

feedback, the students had a third chance to find the important information in the 

problem. If the students still failed to find and click them, the program provided another 

example of finding the important information in the problem. The example problem type 
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was the same type of problem that the students had originally been given. After the third 

instructional feedback, the students got one last chance to find the important information 

in the problem. If the students still failed to find and click them, the program 

demonstrated how to find the important information in the problem. This three-level 

instructional feedback was also available in Step 1, 3, and 4. The descriptions of the 

three-level instructional feedback in each step are presented in the flowchart depicted in 

Illustrations 3.1 through 3.5.   

The program also provided ability and effort attribution feedback based on the 

students’ responses. The ability and effort attribution feedback has been identified as an 

effective method for improving the math skills of students with LD (Okolo, 1992b). For 

example, in Step 2 when the students found and clicked all important information in a 

problem without any errors, the program provided the ability attribution feedback, “Good 

work! You really know this!” When the students failed them important information, the 

program provided the effort attribution feedback, “You tried very hard! Keep trying! You 

can get it next time!” and then presented an answer to the problem. The same type of 

feedback was provided for Steps 1, 3, and 4. Figure 3.13 shows the screenshot of the 

effort feedback in Math Explorer.  
 

             
 

Figure 3.13. Screenshot of the Effort Feedback for Problem and Instructions 
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Problem sequencing adaptation. The number of problems in each subtype that 

were given to the students during the guided practice sessions was determined based on 

each student’s performance. Each of the eight problem subtypes had three different 

content problems that varied with different subject, object, and number variables (see 

Appendix K). When the students answered a problem correctly, they were given a 

different content problem in the same problem subtype. When the students answered all 

three different content problems in the same subtype correctly, they were able to move to 

problem in the next subtype. However, when the students answered a problem 

incorrectly, they were given the same content problem with different subject, object, and 

number variables. When students answered correctly, they were able to move to a 

different content problem in the same subtype. Thus, a total of nine problems in each 

subtype were potentially available for students during the guided practice problem. Table 

3.7 summarizes all design features of Math Explorer in the three design categories.  
 
Table 3.7.  
 
Instruction, Interface, and Interaction Design Features of Math Explorer 
 

Design 
Components 

Design Features Description 

Clear instructional goals 
• Clear instructional goals are presented at the 

beginning of program.  

Explicit instructional 
modeling 

• Explicit instructions and prompts on the use of the 
cognitive and meta-cognitive strategies are 
provided.   

Guided and independent 
practice opportunities 

• Guided practice problems with instructional 
feedback and prompts and independent practice 
problems are provided.   

Review of prerequisite 
mathematics and  
vocabulary skills 

• In Step 4 (i.e., ‘Computing’), strategies for addition 
and subtraction are accessible.  

Use of visual 
representations 

• A drawing tool is available to use visual 
representations to conceptualize the numbers on the 
addition and subtraction word problems. 

Instruction 
Design 

Instructional sequencing 

• A drawing tool is available to use visual 
representations to conceptualize the numbers on the 
addition and subtraction word problems. 

Interface 
Design Simple and consistent 

structure 

• The program structure is simple and consistent 
throughout the program.  

• A Serifa BT font with a relatively large font size is 
used (i.e., 27 font size for the instructional texts, 20 
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font size for the button texts, 50 font size for the 
important texts). 

• A bolded or Ravie font is used for important words 
in the instructions.   

Appropriate amount of 
instruction 

• Two or three lines with no more than 20 words are 
present on the screen.  

• Only one step of the cognitive and meta-cognitive 
strategies is accessible at a time. 

Suitable animation and 
graphics 

• Visually appealing animations and graphics are 
presented to maintain the students’ motivation and 
attention.  

• The number of animation and graphics is limited. 

• The speed of animation is limited.   

Highlighting and color-
coding 

• In Step 2 (i.e., ‘Finding’) the important words and 
numbers that the students click are highlighted.   

• The button texts are highlighted when the students 
move the mouse over and click the buttons.  

• The texts for the strategies and buttons are color-
coded. 

Voice effect 

• The texts for the cognitive and meta-cognitive 
strategy instructions, feedback, addition and 
subtraction word problems can be read aloud by a 
digitally recorded voice.  

Three-level instructional 
feedback & 

Ability and effort feedback 

• During the guided practice session, three-level 
instructional feedback is available for each step 
based on students’ incorrect responses.  

• Ability and effort attribution feedback are provided.  

Interaction 
Design 

Problem Sequencing 
Adaptation 

• The number of problems in each problem subtype 
given to the students during the guided practice 
sessions is determined based on each student’s 
performance. 

• When the students answer a problem correctly, they 
are given a different content problem in the same 
problem subtype. 

• When the students answer all of the three different 
content problems in the same problem subtype 
correctly, they can move on a problem in the next 
problem subtype. 

• When the students answer a problem incorrectly, 
they are given the same content problem with 
different variables.  

Development of Math Explorer 

Development Procedures 

The multimedia development periods proposed by Alessi and Trollip (2001) were 

used to develop Math Explorer for the study. The development periods consisted of: (a) 

planning; (b) designing; and (c) developing. First, during the planning period, the 

researcher defined the scope and design features of the program with consideration given 
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to the characteristics of students with mathematics difficulties and collected resources for 

the program. Second, during the design period, the researcher produced flowcharts of the 

program, which are depicted in Illustrations 3.1 through 3.5. The researcher prepared the 

prototype and preliminary description of the program. The researcher also analyzed the 

initial contents and tasks of the program. Third, during the development period, the 

researcher completed the program contents and created the animation, graphics, and 

voices for the program.  

Authoring Tool 

The program was created using Macromedia Flash Professional 8 (Macromedia, 

2006). As an advanced multimedia authoring tool, Macromedia Flash Professional 8 

(Macromedia, 2006) allows users to create multimedia programs using video, audio, 

graphics, and animation. A wide range of pre-built and customizable components and 

efficient functionalities are available in the program, so users can design and create 

multimedia programs easily.  

Program Evaluation Checklist  

Based on the multimedia evaluation checklist presented by Alessi and Trollip 

(2001), the Program Evaluation Checklist for Math Explorer was developed by the 

researcher to check program fidelity. The items in the program evaluation checklist by 

Alessi and Trollip (2001) were reclassified into: (a) instruction design, (b) interface 

design, (c) interaction design, (d) language and grammar, and (e) off-line resources. In 

addition, several items were added or modified to address the critical features of Math 

Explorer for students with mathematics difficulties. For example, the researcher added 

such questions as, “Are guided and independent practice problems available?” and “Does 

the lesson adapt to the student?” The question of “Can the student review?” was modified 

such as, “Are reviews of the instructions for prerequisite skills available?” The researcher 

and a graduate student assigned a rating from 1 to 3 points (i.e., 1 = Disagree, 2 = 

Neutral, and 3 = Agree) based on the extent to which they agreed or disagreed with each 
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statement on the program evaluation checklists independently. Given their scores, the 

researcher calculated mean inter-rater reliability using the formula (i.e., the number of 

agreements is divided by the number of agreements plus disagreements and multiplied by 

100) proposed by Richards and his colleagues (1999). The average agreement between 

the researcher and the graduate student was 96%. Disagreements between the researcher 

and graduate student were discussed. Any concerns about the program were also 

discussed and considered for revision. The program evaluation checklist is presented in 

Appendix E.  

Usability Testing of Math Explorer   

Upon completion of Math Explorer development, a 1-hour usability testing was 

conducted. The purpose of the usability testing was to assess whether Math Explorer was 

usefully designed in terms of instruction, interface, and interaction design and to get 

participants’ feedback and suggestions for refining the program. All procedures and 

materials for the usability testing were prepared according to the usability testing 

guidelines outlined by Nielsen, Snyder, Molich, and Farrell (2000).  

Participants. Three students in grades 2-3, two former elementary teachers, and 

one elementary teacher participated in the usability testing individually. When the teacher 

participants were contacted, the researcher provided them with a general idea of the 

testing and set up the testing time and location. For the student participants, the 

researcher contacted their parents, informed them of the study, and set up the testing time 

and location. On the testing day, each participant was asked to complete a shot 

background questionnaire about their computer experience and demographic information 

for five minutes. The background questionnaire is presented in Appendix F. Each 

participant’s information is summarized in Table 3.8.  
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Table 3.8.  
 
Usability Testing Participant Demographics and Computer Experience Information 
 

Variable Teacher 1 Teacher 2 Teacher 3 Student 1 Student 2 Student 3 

Age 38 years old 31 years old 44 years old 7 years old 7 years old 7 years old 

Grade 1 3 3 2 2 2 

Gender Female Female Female Female Male Male 

Ethnicity 
Hispanic White 

African 
American 

Asian White White 

Computer 
Experience 

(Years) 
6-10 year Over 10 year 6-10 year 1-5 year 1-5 year 1-5 year 

Frequency 
of using 

computer 

Frequently/ 
Everyday 

Frequently/ 
Everyday 

About five 
times each 

week 

Frequently/ 
Everyday 

About five 
times each 

week 

About once 
each week 

Setting. A windows-based laptop computer on which Math Explorer was installed 

was set up, along with other computer equipment such as a mouse, keyboard, and 

earphones in the testing place. The testing place was determined by each participant. 

Thus, the three students and three teachers participated in the testing at their home and 

the computer lab of their school respectively. All testing places were controlled by the 

researcher to avoid possible distractions.  

Procedures. The usability testing included (a) introduction; (b) task; and (c) post-

task sessions. During the introduction session, participants were informed of the purpose 

of the usability testing and introduced Math Explorer. The participants were also 

explained that the information they provided would not be used for any other purpose. 

The introduction session lasted five minutes. After the introduction session, participants 

were given a task session and asked to execute task 1 for 15 minutes and then continue 

with task 2 for 25 minutes. The researcher sat behind participants to monitor and 

supervise their performance. After the task session, participants were asked to complete a 

short post-task questionnaire for 10 minutes and had an opportunity to discuss their 

responses and suggestions for Math Explorer with the researcher. 
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Usability Testing Questionnaire  

The usability testing questionnaire consisted of two parts: (a) task questionnaire 

and (b) post-task questionnaire. The two parts of questionnaire describes the following 

and presents in Appendix F.  

Task questionnaire. The task questionnaire containing two usability tasks was 

developed by the researcher based on the examples provided in Nielsen et al.’s (2000) 

usability study. Participants were asked to execute two usability tasks and complete the 

questionnaire. Specifically, for task 1, participants were asked to work on Math Explorer 

and then assign a rating from 1 to 5 points (1 = Strongly Disagree. 2 = Disagree. 3 = 

Neutral. 4 = Agree. 5 = Strongly Agree), based on the extent to which they agreed or 

disagreed with each statement. Participants were asked to complete task 1 for 15 minutes. 

For task 2, participants were asked to review one instructional modeling session and 

solve three guided and three independent practice problems. After, participants were 

asked to assign a rating from 1 to 5 points (1 = Strongly Disagree. 2 = Disagree. 3 = 

Neutral. 4 = Agree. 5 = Strongly Agree) based on the extent to which they agreed or 

disagreed with each statement in the questionnaire. Participants were asked to complete 

the task 2 for 25 minutes. Table 3.9 summarizes the usability testing tasks and questions. 
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Table 3.9.  
 
Usability Testing Tasks and Corresponding Questions 
 

Task Questions 

Task 1: 
General 

Impression 
 

• Work on Math Explorer 

• Indicate the extent to which you 
agree or disagree with the 
following statements (1 = 
Strongly Disagree. 2 = Disagree. 
3 = Neutral. 4 = Agree. 5 = 
Strongly Agree) 

• Time assigned: 15 minutes 

• Math Explorer looks easy to use. 

• Structures and contents are simple and well-
organized. 

• Interesting instructions and activities are 
provided. 

• Various functions are well integrated. 

• Overall wordings are understandable. 

• Math Explorer is visually appealing. 

• I feel very confident using Math Explorer. 

• Most students would learn to use Math Explorer 
very quickly. 

• I would like to use Math Explorer frequently in 
the future. 

Task 2: 
Scenario I 

 

• Review an instructional modeling 
session 

• Solve three guided and three 
independent practice problems 

• Indicate the extent to which you 
agree or disagree with the 
following statements (1 = 
Strongly Disagree. 2 = Disagree. 
3 = Neutral. 4 = Agree. 5 = 
Strongly Agree) 

• Time assigned: 25 minutes 

• Math Explorer is easy to review an instructional 
modeling session. 

• Math Explorer is easy to solve three guided and 
independent practice problems. 

• I am able to complete these tasks in a reasonable 
amount of time. 

• Math Explorer provides appropriate amount of 
instructions and activities on each screen. 

• Graphic or animation is appropriately used to 
explain the instructions and activities. 

• Enough interactions (e.g., feedback) are 
available. 

• Instructions and activities would be valuable and 
applicable for students. 

While the participants executed the tasks, the researcher took notes of their 

behaviors and actions. Upon occurrence of particular events of interest (e.g., clicking a 

button and selecting a wrong button), participants’ thoughts were asked to gather specific 

information regarding the factors that guided their decisions. If a participant had 

questions or difficulties with the tasks, the researcher provided minimal hints and 

guidance to help them proceed. Notes were constantly taken on the comments made by 

participants (e.g. things they liked and they didn’t) as they executed the tasks.  

The scores for each usability task question across participants were collected, 

summed, and then averaged (see Table 3.10). If the average score of a question was not 

higher than 3.0, the component of Math Explorer related to the question was considered 
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for a revision. The researcher’s notes of the participants’ behaviors and actions during the 

process of task execution were also collected, summarized, and considered for a revision 

of Math Explorer.  
 

Table 3.10.  
 

Summary of the Usability Task Questionnaire 
 

Task Question 
Teacher 

1 
Teacher 

2 
Teacher 

3 
Student 

1 
Student 

2 
Student 

3 
Sum Average 

1 5 5 5 5 5 5 30 5 

2 5 5 4 5 5 5 29 4.8 

3 5 5 5 5 5 5 30 5 

4 5 4 4 4 5 4 26 4.3 

5 5 5 5 5 5 5 30 5 

6 5 5 5 5 5 5 30 5 

7 5 5 4 4 5 5 28 4.6 

8 5 5 4 5 5 5 29 4.8 

Task 
1 

9 5 5 4 5 5 5 29 4.8 

1 5 5 3 4 5 5 27 4.5 

2 5 5 5 5 5 5 30 5 

3 5 5 4 5 5 5 29 4.8 

4 5 5 5 5 5 5 30 5 

5 5 5 5 5 5 5 30 5 

6 5 5 5 5 5 5 30 5 

Task 
2 

7 5 5 5 5 5 5 30 5 

Post-task questionnaire. The post-task questionnaire was also developed by the 

researcher based on the examples provided in Nielsen et al.’s (2000) usability study. 

Participants were asked to answer five open-ended questions. The question asked 

participants’ about their overall experiences and impressions of how Math Explorer was 

usable and valuable to them such as, “What was the most attractive feature or function in 

Math Explorer?” and “If there is anything you could change in Math Explorer, what 

would it be?” The participants had the opportunity to discuss their responses and 

suggestions for Math Explorer with the researcher. The participants’ responses and 

suggestions were considered when revising Math Explorer later. The responses for each 

post-task question across participants are summarized in Table 3.11.  
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Table 3.11.  
 
Summary of the Post-task Questionnaire 
 

Task Q Teacher 1 Teacher 2 Teacher 3 Student 1 Student 2 Student 3 

1 
Drawing 

tool 
Drawing 

tool 
Dictionary 

Tool 
Drawing 

tool 
Voice Voice 

2 None        None 
Computing 

tool 
I don’t know Computation None 

Task 
Experience 

3 

Yes/ 
Students will 
enjoy with 
this! 

Yes/It is  
much more 
attractive 
than usual 
math 
software 
used in the 
school 

Yes/It will 
be helpful 
for students 
to learn 
about word 
problem-
solving 

Yes/I want 
to solve 
more 
problems 

Yes/It’s fun 
Yes/I don’t 

know 

1 

Font size for 
a problem 
text should 
be bigger 

Instructions 
are too long 

Computing 
tool is not 
easy to use 

I don’t know 
Font size for 
a problem is 
too small 

Drawing 
tool does not 
work 

Suggestions 

2 

Highlight a 
word in the 
problem 
when the 
voice read 
the word 

Include 
sound when 
I click the 
buttons 

Include 
more words 
in the 
dictionary 
tool 

I don’t know None 

I want to see 
more 
pictures on 
the screen 

Instructional Procedures of Math Explorer 

Instructional Procedures 

Title and welcome screen. The title and subtitle of the program were presented on 

the first screen of the program. The title of the program, ‘Math Explorer,’ and its subtitle, 

‘Interactive Word Problem-Solving Program’ were presented at the center of the screen. 

On the first screen, the goldfish was moving slowly among animated bubbles and surface 

sea waves. The students clicked ‘Next’ button to go to the next screen of the program.   

On the next screen, the message, “Type your name” was presented. Right below 

the message, a blank text box was provided for students to type in their name. After 

typing their names and clicking the ‘Next’ button, the students received a brief welcome 

message displaying their name, for example, “Hi, Tom. Let’s start your math 

exploration!” Figure 3.14 shows the screenshot of the title screen of Math Explorer and 

Figure 3.15 shows the screenshot of the welcome screen of Math Explorer. 
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Figure 3.14. Screenshot of the Title Screen of Math Explorer 

 

             
 

Figure 3.15. Screenshot of the Welcome Screen of Math Explorer 
 

Instructional goals. Following the welcome screen, the main learning goal of the 

program was presented, “You will learn 4-step strategy to solve addition and subtraction 

word problems.” After that, the four-step cognitive and three-step metacognitive 

strategies were explained. When the students finished with the strategies, the learning 

goal of instructional modeling session was presented, “Now you will learn how to use the 

4-step strategy to solve addition and subtraction word problems.”   

Instructional modeling. The program delivered explicit instructions on how to use 

the four-step cognitive and three-step meta-cognitive strategies and showed the 

procedural tasks (e.g., click ‘Next’ button) for using the program. Therefore, the students 
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were able to become familiar with the strategies before guided and independent practice 

sessions. The students clicked the voice buttons on the screen to listen to the instructions. 

After the instructional modeling for one problem was done, the students were given the 

message, “click ‘Again’ button if you want to learn how to use four-step strategy again! 

If not, click ‘Next’ button!” With these options, the students were able to repeat the 

instructional modeling again with the same or new problem if they needed, or started the 

guided instructional session.  

Guided and independent practice. Following the instructional modeling session, 

the program provided guided and independent practice sessions. During the guided 

practice session, the students were asked to follow the cognitive and meta-cognitive 

strategies step by step to solve each addition and subtraction word problem. The voice 

buttons were available to listen to the addition and subtraction word problems and the 

feedback. The students were given immediate prompts and three-level instructional 

feedback for their responses.  

After the guided practice session, the program provided an independent practice 

session. The students were not required to follow the cognitive and meta-cognitive 

strategies, but were reminded to use them to solve each problem. The four-step cognitive 

strategy was shown at the left side of the screen. The voice buttons, drawing tools, and 

computing tools were available. During the independent practice session, the students did 

not receive any prompts or feedback for their responses. However, if the students’ final 

response was incorrect, a correct number sentence, operation sign, and answer were 

provided.  

Database Systems of Math Explorer 

Problem Database 

Problem pool. One-step addition and subtraction word problems with single- 

and/or double-digits numbers were collected from the mathematical textbooks (e.g., SRA 

Math, Scott Foresman, and Everyday Mathematics) for grades 2-3 used in Texas. The 
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problems were divided into three-problem types (i.e., change, combine, and compare: see 

Table 3.4) based on the addition and subtraction word problem classification by Riley, 

Greeno, and Heller (1983). The change problem type included three subtypes: problems 

with (a) an unknown result quantity, (b) an unknown change quantity, or (c) an unknown 

start quantity. The combine problem type included two subtypes: problems with (a) an 

unknown whole quantity, or (b) an unknown part quantity. The compare problem type 

included three subtypes: problems with (a) an unknown difference quantity, (b) an 

unknown compared quantity, or (c) an unknown referent quantity. Therefore, a total of 

eight problem subtypes were available in the program.  

Problem template and database. Three word problems were randomly selected 

from each problem subtype in the problem pool. A problem template was developed for 

each of the three problems. The problem template included variables for subjects, objects, 

and numbers. To generate actual problems from problem templates, each variable was 

assigned by randomly choosing an entity from pre-defined sets. For example, the subject 

set (e.g., Tom, Chris, and Jamie) were used for the subject variable, and likewise, the 

object set (e.g., apple, flower, and cookie) was used for the object variable. The number 

variables were restrictively assigned depending on the problem difficulty levels (Level 1 

and 2: see Table 3.3) based on the instructional hierarchy for addition and subtraction 

proposed by Mercer and Mercer (2001). Thus, Level 1 contained the problems using 

basic facts at the lower level of the hierarchy as follows (1D refers to one-digit number 

and 2D refers to two-digit-number): (a) 1D + 1D •  9 and (b) 10 • 1D +1D • 18 1D +1D • 18 for 

addition and (a) 1D - 1D •  9 for subtraction. Level 2 contained the problems at the next 

level of the hierarchy as follows: (a) 2D + 1D = 2D without regrouping or 1D + 2D = 2D 

without regrouping and (b) 2D + 2D = 2D without regrouping for addition and (a) 2D - 

1D = 2D without regrouping or 2D - 2D = 1D without regrouping and (b) 2D - 2D = 2D 

without regrouping for subtraction. In addition, the number variables were assigned 

depending on the strategies (i.e., counting-on, near-double, and double for addition and 
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counting-back and think-addition for subtraction) which were provided in Step 4 (i.e., 

Computing) of the program (see Table 3.6). For example, in Level 1, the numbers in the 

addition problems were assigned as follows: (1) 1D - 1D = |1D| • 3 for the counting 3 for the counting-on 

strategy, (2) 1D - 1D = 0 for the double strategy, and (3) 1D – 1D = |1D| • 1 for the near 1 for the near-

double strategy in the addition problems. In the same level, the numbers in the 

subtraction problems were assigned as follows: (1) 1D - 1D = 1D • 3 for the counting 3 for the counting-

back strategy and (2) 1D - 1D = 1D > 3 for the think-addition strategy.   

Taken together, a problem template for the change-type and one-step word 

problem with unknown result quantity had this form: “S_V_1 had N_V_1 O_V_1. S_V_1 

gets N_V_2 O_V_1 from S_V_2. How many O_V_1 does S_V_1 have altogether? (where 

S_V_1 refers to Subject Variable 1, S_V_2 refers to Subject Variable 2, O_V_1 refers to 

Object Variable 1, N_V_1 refers to Number Variable 1, and N_V_2 refers to Number 

Variable 2)” From this problem template, an actual problem in Level 1 may look like: 

“Tom had 2 apples. Tom gets 5 apples from Chris. How many apples does Tom have 

altogether? (where S_V_1 is Tom, S_V_2 is Chris, O_V_1 is apple, and N_V_1 is 2, and 

N_V_2 is 5)”  

A total of 24 problem templates were developed across the eight problem 

subtypes (i.e., three problem templates for each problem subtype). Each problem 

template generated three actual problems with different subject, object and number 

variables. Therefore, 72 actual problems were developed for each problem difficulty level 

and a total of 288 problems were created in the problem database of the program. One 

problem template and corresponding actual problem examples for the eight problem 

subtypes are presented in Table 3.12. Furthermore, all 24 problem templates used in the 

program for the eight problem subtypes with subject, object, and number variables are 

presented in Appendix K.  
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Table 3.12.  
 
Problem Template and Examples for One-step Addition and Subtraction Word Problem 
in the Level 1-1 
 

Problem 
Type 

Problem Subtype Problem Template Example Problem Example 

Unknown 
result quantity 

S_V_1 had N_V_1 O_V_1. S_V_1 

gets N_V_3 O_V_1 from S_V_2. 
How many O_V_1 does S_V_1 
have altogether? 

Tom had 2 marbles. Tom gets 5 
marbles from Chris. How many 
marbles does Tom have 
altogether? 

Unknown 
change quantity 

S_V_1 had N_V_2 O_V_1. Then 
S_V_2 gave S_V_1 some more 
O_V_1. Now S_V_1 has N_V_4 
O_V_1. How many O_V_1 did 
S_V_2 give S_V_1? 

Tom had 3 marbles. Then Chris 
gave Tom some more marbles. 
Now Tom has 8 marbles. How 
many marbles did Chris give 
Tom? 

Change 
 
 
 

Unknown 
start quantity 

S_V_1 had some O_V_1. Then 
S_V_1 gave S_V_2 N_V_3 
O_V_1. Now S_V_1 has N_V_4 
O_V_1. How many O_V_1 did 
S_V_1 have in the beginning? 

Tom had some marbles. Then 
Tom gave Chris 5 marbles. Now 
Tom has 8 marbles. How many 
marbles did Tom have in the 
beginning? 

Unknown 
whole quantity 

S_V_1 has N_V_2 O_V_1. S_V_2 
has N_V_3 O_V_1. How many 
O_V_1 do they have? 

Tom has 3 marbles. Chris has 5 
marbles. How many marbles do 
they have? 

 
Combine 

 
 

Unknown 
part quantity 

S_V_1 and S_V_2 have N_V_4 
O_V_1 altogether. S_V_1 has 
N_V_2 0_V_1. How many O_V_1 
does S_V_2 have? 

Tom and Chris have 8 marbles 
altogether. Tom has 3 marbles. 
How many marbles does Chris 
have? 

Unknown 
difference quantity 

S_V_1 has N_V_4 O_V_1. S_V_2 
has N_V_3 O_V_1. How many 
more O_V_1 does S_V_1 have 
than S_V_2? 

Tom has 8 marbles. Chris has 5 
marbles. How many more marbles 
does Tom have than Chris? 

Unknown 
compared quantity 

S_V_1 has N_V_2 O_V_1. S_V_2 
has N_V_3 more O_V_1 than 
S_V_1. How many O_V_1 does 
S_V_2 have?  

Tom has 3 marbles. Chris has 5 
more marbles than Tom. How 
many marbles does Chris have?  

 
 
 

Compare 
 
 
 

Unknown 
referent quantity 

S_V_1 has N_V_4 O_V_1. S_V_1 

has N_V_3 more than S_V_2. 
How many O_V_1 does S_V_2 
have? 

Tom has 8 marbles. Tom has 5 
more than Chris. How many 
marbles does Chris have? 

Note. S_V_1 = Subject Variable 1 = Tom. S_V_2 = Subject Variable 2= Chris. N_V_1 = Number Variable 1 

= 2. N_V_2 = Number Variable 2 = 3. N_V_3 = Number Variable 3 = 5. N_V_4 = Number Variable 4 = 8. 

O_V_1 = Object Variable 1 = Marbles.  

DATA COLLECTION AND DATA ANALYSIS PROCEDURES  

The study was conducted over an 18-week period in second- and third-grade 

tutoring areas or a conference room at the school. A windows-based laptop computer on 

which Math Explorer was installed was set up for the study. Other computer equipment 

such as a mouse and earphones were also provided. Prior to the experimental period, the 

students participated in the following pre-experimental sessions: introduction, screening 
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test, and computer training I. These sessions were conducted individually or in a small 

group (i.e., two students) within one week. After the pre-experimental period, the 

students advanced to the experimental period. The experimental period included baseline, 

computer training II, intervention, and follow-up sessions that occurred individually. 

During each week of the experimental period, the students participated in, at most, five 

intervention sessions. During the pre-experimental and experimental periods for the 

study, the researcher was presented to supervise and monitor the performance and 

progress of the students. Each day, the students were given small rewards (e.g., stickers) 

for their participation. Specific procedures during the pre-experimental and experimental 

periods are described in the following section.  

Pre-experimental Period 

Introduction. The researchers explained the purpose and length of the study to the 

students and asked if they had any questions related to it. Their questions were addressed 

directly by the researcher. The students had a chance to read and sign their assent form. 

The students were encouraged to actively participate in the study.  

Screening test. Following the introduction session, the paper/pencil-based 

screening test developed by the researcher was administered to the students for 10 

minutes. The results of the screening test were used as a part of the participant selection 

criteria for the study (i.e., the students must have a score of 30% or less on the test to be 

included in the study). The students were given the screening test containing 18 one-step 

addition and subtraction word problems. Out of the 18 problems, nine were randomly 

selected from each problem difficulty level (i.e., Levels 1 and 2) in the problem database. 

Those nine problems in the difficulty level included the three word problem types (i.e., 

change, combine, or compare). The problem sequence within each test was arranged 

based on the problem difficulty levels ranging from easy to difficult. The researcher 

supervised and monitored the test procedures and progress. The students were not given 

any feedback for their responses. For Students 2 and 4 who had difficulties in reading, the 
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researcher read the problems on the test. On the paper/pencil-based test, the researcher 

checked the students’ responses and recorded them into each student’s file. 

Computer training I. The students participated in the 30-minute computer training 

I for two days. The purpose of computer training I was to help the students become 

familiar with the computer and acquire minimum computer skills needed to use the 

program. In the first day of computer training I, the students became familiar with the 

computer monitor, mouse, keyboard, and all navigation (i.e., ‘Next’, ‘Back’, ‘Home’, and 

‘Exit’ buttons) and voice buttons presented in the program. The students learned to click 

and move around the screen with the mouse, and to type or click numbers into blank 

boxes.  

During the second day of computer training I, the students learned about the 

functions of the drawing and computation tools embedded in the program. For the 

drawing tool, the students practiced using the icon for pencil to draw something in the 

blank drawing area. The students learned to change the color and size of the pencil and to 

use the eraser to delete or fix their drawing. The students also practiced clicking and 

dragging pre-drawn pictures of problem objects (e.g., apples, flowers, and cookies) 

presented in the drawing tool. For the computing tool, the students learned to click 

numbers and operation signs into the provided blank box using the mouse. The students 

were given many chances to practice the use of the computing tool until they were 

familiar with using it. The researcher supervised the complete training procedure.  

Experimental Period 

Baseline. During the baseline phase, the students took the computer- or 

paper/pencil-based baseline tests once a week without having any instructions on the 

cognitive and meta-cognitive strategies. However, to ensure the functional relationship 

between the student’s performance and Math Explorer intervention, each student’s 

baseline data were collected in three consecutive sessions prior to the introduction of 

Math Explorer.   
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The difficulty levels and types of problems in the computer- and paper/pencil-

based tests during the baseline phase were equal to those for the screening test. 

Specifically, each of the computer- and paper/pencil-based tests consisted of 18 one-step 

addition and subtraction word problems. Out of the 18 problems, nine were randomly 

selected from each problem difficulty level (i.e., Levels 1 and 2) in the problem database. 

Those nine problems in the difficulty level included the three word problems types (i.e., 

change, combine, or compare). The problem sequence was arranged based on the 

problem difficulty levels ranging from easy to difficult within each test. Administration 

procedures for the baseline tests were identical to those for the screening test. The 

researcher supervised and monitored the students’ performances and progress, but did not 

answer any questions during the tests. For the students who had difficulties in reading 

(i.e., Students 2 and 4), the researcher read the problems on the paper/pencil-based tests. 

A total of 10 minutes was set up for the computer- or paper/pencil-based tests during the 

baseline. No feedback for the students’ responses was given during the tests.  

The test sequence for each student during the baseline phase was counterbalanced 

on a daily basis to avoid a possible order effect. For example, if a student took the 

computer-based test on the first day, the student took the paper/pencil-based test on the 

second day. On the third day, the test sequence was switched again (i.e., the student took 

the computer-based test). The test sequence was also counterbalanced across the students.  

The data stability and trend direction during the baseline phase were evaluated 

by a visual inspection of baseline data following the guidelines described by Tawney and 

Gast (1984). Specifically, baseline data were considered stable if 80% of the data points 

fell within a 15% range of the mean of all data points of the baseline phase. Trend 

direction (i.e., accelerating, decelerating or zero-celerating) was identified based on split-

middle analysis. 

Computer training II. After stable data and zero-celerating or decelerating trend 

for Student 1 was collected during the baseline phase, Student 1 started computer training 
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II. The purpose of computer training II was to help the students minimize any difficulties 

that they might encounter while operating the program and became familiar with the 

overall structure of the program and the functions of the strategy buttons. For example, 

the students practiced operating the buttons for the cognitive and meta-cognitive 

strategies and learned to click the buttons to see specific instructions on the cognitive and 

meta-cognitive strategies at the center of the screen. In addition, the students became 

familiar with the voice buttons to listen to the cognitive and met-cognitive strategy 

instructions and problem, and learned to adjust the volume to find their comfortable 

volume level.  

The researcher supervised the training procedure. Computer training II lasted 30 

minutes for one day. When the students completed all the computer training tasks, they 

were given the message with ‘Again’ button, “Click ‘Again’ button if you want to learn 

again. If not, click ‘Next’ button!” If the students were comfortable with the strategy and 

voice buttons, and program structure, they were able to click ‘Next’ button to complete 

the computer training II. If not, they were able to click the ‘Learn Again’ button to 

participate in the computer training II again.  

Intervention. After the computer training II was completed, Student 1 started the 

intervention. During each intervention session, the students were asked to work with 

Math Explorer for 20-30 minutes and then take the computer- or paper/pencil-based test 

for 10 minutes each day. The difficulty levels, types, and problem sequence of the tests 

were equal to those of the screening and baseline tests. Also, test administration 

procedures and conditions of the tests were identical to those of the screening and 

baseline tests. For example, each student’s test sequence during the intervention phase 

was counterbalanced daily. The test sequence was also counterbalanced across the 

students. For Students 2 and 4, who had difficulties with reading, the researcher read the 

problems on the paper/pencil-based tests. After the students finished the computer-based 

test, they were able to check their score with the message, “Good work! My score is 10 
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(i.e., the number of correct responses).” On the paper/pencil-based test, the students 

checked their score (i.e., the number of correct responses) on the score record sheet given 

by the researcher. After all intervention sessions were complete, the students kept their 

score record sheet if they wanted.   

After Student 1 correctly responded to at least 13 out of 18 problems (i.e., 70% 

accuracy) on at least four consecutive tests, Student 2 immediately started the computer 

training II and Math Explorer intervention. This criterion level of the study was 

determined based on the review of previous research focusing on learning strategy 

interventions (Clark et al., 1981; Montague & Bos, 1986; Schumaker et al., 1982). The 

same procedure was applied to Student 3. Once Student 2 correctly responded to at least 

13 out of 18 problems over four consecutive tests, Student 3 started the computer training 

II and Math Explorer intervention. After Student 3 achieved scores that exceeded the 

criterion level on four consecutive tests, however, Student 4 could not immediately start 

the computer training II and Math Explorer intervention due to a lack of possible dates 

for the intervention before an approximately a two-week winter break. Only a week and a 

half was left for the intervention before the winter break. To avoid the data 

discontinuation, Student 4 had to finish his intervention before the winter break. Based on 

the other previous students’ progress rate, the students needed at least two weeks to reach 

the criterion level of the study. Therefore, it was difficult to expect that Student 4 would 

be able to achieve scores beyond the criterion level on four consecutive tests before the 

winter break. Furthermore, given the school information that many end of the year 

activities had been scheduled during the last week of the semester, it did not guarantee 

that Student 4 could receive the intervention without distraction. Considering this 

information, the researcher decided to start Student 4’s intervention after the break to 

collect his performance data without the extraneous variables that might interfere with his 

performance. After the break, Student 4 had three consecutive baseline sessions to 

reestablish data stability and decelerating or zero-celerating trend and then started the 
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intervention and was given the intervention until he correctly responded to at least 13 out 

of 18 problems (i.e., about 70%) on at least four consecutive tests. The intervention phase 

for Students 1, 2, and 3 proceeded until stable data were achieved for at least eight 

consecutive tests after his/her performance scores exceeded the criterion level at least 

four consecutive tests. Due to the time constraints of the study, the intervention phase for 

Student 4 was finished right after his performance scores exceeded the criterion level at 

least four consecutive tests.  

Follow-up. Approximately two weeks after each student’s intervention phase, 

they met with the researcher individually once a week to check the maintenance of Math 

Explorer’s effects over time. The students were asked to take 10- minute computer- or 

paper/pencil-based test individually. The tests were randomly selected among the set of 

tests used for the screening, baseline, and intervention. Before each follow-up session, the 

four-step cognitive and three-step meta-cognitive strategies were briefly reviewed to help 

the students remember the strategies used to solve addition and subtraction word 

problems. The testing conditions and administrating procedures for the follow-up tests 

were identical to those used for the screening, baseline, and intervention tests. For 

example, each student’s test sequence during the follow-up phase was counterbalanced. 

The test sequence was also counterbalanced across the students. For Students 2 and 4 

who had difficulties in reading, the researcher read the problems on the paper/pencil-

based tests.  

The number of follow-up sessions for each student was dependent upon his/her 

stage of intervention. Thus, Student 1, who finished the intervention phase earlier than 

other students, had the greatest number of follow-up sessions (i.e., six sessions). 

However, due to the limited time that the students were allowed to participate in the 

study, Student 4 who started the intervention later than that other students had the least 

number of follow-up sessions (i.e., three sessions). 
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Data Analysis  

Systematic visual inspection was conducted to analyze the stability, level changes, 

and trend direction of the students’ performance within and between the phases based on 

Tawney and Gast’s (1984) suggestion. Specifically, data within a phase were considered 

stable if 80% of the data points fell within a 15% range of the mean of all data points of 

the phase. Level changes were identified based on the difference in the last data point 

value of the first phase and the first data point value of the second phase. Trend direction 

(i.e., accelerating, decelerating or zero-celerating) was identified based on split-middle 

analysis described by Tawney and Gast (1984). For the split-middle analysis, a split-

middle line was drawn within each phase so that 50% of the data fell on or above the line 

and 50% fell on or below the line within the phase.   
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CHAPTER IV 

RESULTS 

Students with mathematics difficulties have demonstrated significantly poor 

performance in mathematical word problem-solving compared to their typically 

achieving peers (Cawley & Miller, 1989; Cawley et al., 1987; Englert et al., 1987; Glaser, 

1991; Lee & Hudson, 1981; Mercer & Miller, 1992; Miller & Mercer, 1993; Montague & 

Applegate, 1993, 2000; Rivera, 1997). Lack of strategic knowledge on cognitive and 

meta-cognitive processes for mathematical word problem-solving has been identified as a 

critical factor that affects their poor mathematical word problem-solving (Goldman, 

1989; Miller & Mercer, 1997; Montague & Applegate, 1991, 1993; Montague et al., 

1991; Parmar & Cawley, 1997, Zawaiza & Gerber, 1993). Explicit instruction on 

cognitive and meta-cognitive strategies has been shown to enhance these students’ 

mathematical word problem-solving skills (Montague & Applegate, 1991, 1993; 

Montague et al., 1991; Zawaiza & Gerber, 1993). A number of intervention studies (Case 

et al., 1992; Cassel & Reid, 1996; Hutchinson, 1993; Jitendra & Hoff, 1996; Miller & 

Mercer, 1993; Montague, 1992; Montague & Bos, 1986; Montague et al., 1993; Wilson 

& Sindelar, 1991; Zawaiza & Gerber, 1993) demonstrated empirical evidence that when 

students with mathematics difficulties are taught explicit cognitive and meta-cognitive 

strategies, they can improve their word problem-solving skills. Despite these positive 

effects of cognitive and meta-cognitive strategies on mathematical word problem-solving 

skills, several constraints such as a lack of time and resources limits teachers’ successful 

application of cognitive and meta-cognitive strategies for students with mathematics 

difficulties in their mathematics instruction (Cawley & Parmar, 1992; Jitendra & Hoff, 

1996; Montague et al., 2000).  
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To address the instructional challenges confronted by teachers, CAI offers the 

potential to deliver cognitive and meta-cognitive strategies in mathematical word 

problem-solving for students with mathematics difficulties. However, there is a lack of 

commercially available CAI programs with cognitive and meta-cognitive strategies for 

mathematical word problem-solving that pay particular attention to the critical design 

features for students with mathematics difficulties. Therefore, the empirical evidence 

regarding the effects of CAI program with cognitive and meta-cognitive strategies on the 

word problem-solving of students with mathematics difficulties has not been found. 

Considering the imperative need for a CAI program with  cognitive and meta-

cognitive strategies for students with mathematics difficulties, an interactive multimedia 

software, ‘Math Explorer,’ was designed, developed, and implemented to teach one-step 

addition and subtraction word problem-solving skills to students with mathematics 

difficulties. Math Explorer incorporates: (a) four-step cognitive strategies and 

corresponding three-step meta-cognitive strategies adapted from the research on 

cognitive and meta-cognitive strategies, and (b) instruction, interface, and interaction 

design features of CAI identified as crucial for successful delivery of cognitive and meta-

cognitive strategies for students with mathematics difficulties. The purpose of this study 

was to investigate the effectiveness of Math Explorer, which was designed to be a 

potential tool to deliver cognitive and meta-cognitive strategy instruction in one-step 

addition and subtraction word problem-solving.  

Three research questions guided this study: (a) To what extent does the use of 

Math Explorer affect the accuracy performance of students with mathematics difficulties 

in grades 2-3 on computer-based tasks with one-step addition and subtraction word 

problem-solving?, (b) To what extent does the use of Math Explorer generalize to the 

accuracy performance of students with mathematics difficulties in grades 2-3 on  

paper/pencil-based tasks with one-step addition and subtraction word problem-solving?, 

and (c) To what extent does the use of Math Explorer maintain the accuracy performance 
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of students with mathematics difficulties in grades 2-3 on computer- and paper/pencil-

based tasks with one-step addition and subtraction word problem-solving? 

A multiple probe across subjects design was used for the study. Four students 

with mathematics difficulties participated in the pre-experimental (i.e., introduction; 

screening test; and computer training I) and experimental (i.e., baseline, computer 

training II, intervention, and follow-up) sessions over an 18-week period. During each 

week of the intervention phase, the students received an individual 20- to 30-minute Math 

Explorer intervention, at most, five days. The intervention phase for each student lasted 

five to seven weeks. After each intervention, the four students’ accuracy performance 

was examined with the 10-minute computer- or paper/pencil-based tests developed by the 

researcher. The computer- and paper/pencil-based tests contained a total of 18 one-step 

addition and subtraction word problems randomly selected from the problem database of 

the program. Out of the 18 problems, nine problems were from each problem difficulty 

level (i.e., Levels 1 and 2) in the problem database and included three types of word 

problem (i.e., change, combine, or compare). The problem sequence within each test was 

arranged based on the problem difficulty levels and types ranging from easy to difficult. 

After one student achieved scores that were greater than the pre-determined criterion 

level (i.e., 70% accuracy) on at least four consecutive tests, the next student started the 

intervention. This procedure was applied to Students 1-3, but not Student 4 (see data 

collection and analysis procedures section in Chapter 3). Except for Student 4, the 

intervention phase for the three students proceeded until stable data were achieved on at 

least eight consecutive tests after their performance scores exceeded the criterion level on 

at least four consecutive tests. Two weeks after termination of the intervention phase, 

each student’s accuracy performance on the computer- and paper/pencil-based tests was 

examined during the follow-up maintenance phase.  

In this chapter, the findings from each student’s data are reported to address each 

research question. Systematic visual inspection was conducted to analyze the stability, 
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level changes, and trend direction of the students’ performance within and between the 

phases based on Tawney and Gast (1984)’s suggestion. Specifically, data within a phase 

were considered stable if 80% of the data points fell within a 15% range of the mean of 

all data points of the phase. Level changes were identified by having the difference in the 

last data point value of the first phase and the first data point value of the next phase. 

Trend direction (i.e., accelerating, decelerating or zero-celerating) was identified by using 

a split-middle analysis. For the split-middle analysis, a split-middle line was drawn 

within each phase so that 50% of the data fell on or above the line and 50% fell on or 

below the line within the phase.   

RESEARCH QUESTION 1 

To what extent does the use of Math Explorer affect the accuracy performance of 

students with mathematics difficulties in grades 2-3 on computer-based tasks with 

one-step addition and subtraction word problem-solving? 

Research question 1 examined the effects of Math Explorer on the students’ 

accuracy performance on computer-based tasks with one-step addition and subtraction 

word problem-solving. The students’ accuracy percentage scores on the computer-based 

tests during the baseline and intervention phases are showed in Figure 4.1. The students’ 

average accuracy percentage scores on the computer-based tests during the baseline and 

intervention phases are presented in Figure 4.2. Each student’s accuracy percentage 

scores for the word problem types on the computer-based tests in Levels 1 and 2 during 

the baseline and intervention phases are presented in Appendix G and H, respectively. 

The accuracy percentage scores for each word problem type on the computer-based tests 

were calculated based on the scores after the instructions for the corresponding word 

problem type were given on the program. Each student’s accuracy performance on the 

computer-based tests during the baseline and intervention phases was described in detail 

as follows. 
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Figure 4.1. Accuracy Percentage Scores across the Baseline, Intervention, and 
Follow-up phases for Students 1, 2, 3, and 4 
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Figure 4.2. Average Accuracy Percentage Scores across the Baseline, Intervention, and 
Follow-up Phases for Students 1, 2, 3, and 4 
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 Baseline. Student 1 received a total of five baseline sessions and took two 

computer- and three paper/pencil-based tests. Her accuracy percentage scores on the two 

computer-based tests during the baseline phase were 5% and 5%. As presented in 

Appendix G, Student 1 had a correct answer for the change/unknown result problem in 

Level 1 on both computer-based tests. These baseline scores demonstrated that Student 

1’s accuracy performance on the computer-based tests was stable and had a zero-

celerating trend during the baseline phase. Her average accuracy percentage score on the 

computer-based tests during the baseline phase was 5%.  

Intervention. Student 1 received a total of 21 intervention sessions and took 11 

computer- and 10 paper/pencil-based tests. Student 1’s accuracy percentage scores on the 

computer-based test showed an immediate increase in level from an accuracy percentage 

score of 5% to 16% following initial implementation of Math Explorer. During the next 

six intervention sessions in which Student 1 learned each of the eight word problem types 
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Student 1 received the intervention session for each of the word problem types two or 

three times, her accuracy percentage scores increased up to 83% by the 13th intervention 

session. Then it remained stable (i.e., between 72% and 83%) without further 

improvement for the reminder of the intervention phase. As depicted in Figure 4.1, 

Student 1’s accuracy performance showed an accelerating trend across the intervention 

sessions. Her average accuracy percentage score during the intervention phase was 63%.  

Data on Student 1’s accuracy performance for the word problem types in 

Appendix H shows that she received the intervention session for each of the eight word 

problem types three to seven times. Specifically, Student 1 learned the change/unknown 

result problem in the first intervention session and had a total of four intervention 

sessions (i.e., two intervention sessions for the problems in Level 1 and two intervention 

sessions for the problems in Level 2) for this problem type during the intervention phase. 

Her accuracy percentage score for the change/unknown result problems was 100% on the 

computer-based tests. The combine/unknown whole problem was also introduced in the 

first intervention session. There were four intervention sessions (i.e., two intervention 

sessions for the problems in Level 1 and two intervention sessions for the problems in 

Level 2) for this problem type during the intervention phase. Her accuracy percentage 

score for the combine/unknown whole problems was 100% on the computer-based tests.  

In the second intervention session, Student 1 learned the combine/unknown part 

problem. There were four intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and two intervention sessions for the problems in Level 2) for this 

problem type during the intervention phase. Her accuracy percentage score for the 

combine/unknown part problems was 95% on the computer-based tests.  

In the third intervention session, Student 1 learned the change/unknown start 

problem and had a total of seven intervention sessions (i.e., three intervention sessions for 

the problems in Level 1 and four intervention sessions for the problems in Level 2) for 

this problem type during the intervention phase. Her accuracy percentage score for 
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change/unknown start problems was 94% on the computer-based tests. As part of the 

third intervention session, the change/unknown change problem was introduced. Student 

1 learned the change/unknown change problem in the third and fourth intervention 

sessions and had a total of five intervention sessions (i.e., three intervention sessions for 

the problems in Level 1 and two intervention sessions for the problems in Level 2) for 

this problem type during the intervention phase. Her accuracy percentage score for the 

change/unknown change problems was 90% on the computer-based tests.  

In the fourth intervention session, Student 1 learned the compare/unknown 

compared problem. A total of three intervention sessions (i.e., two intervention sessions 

for the problems in Level 1 and one intervention session for the problems in Level 2) for 

this problem type were provided to Student 1 during the intervention phase. Her accuracy 

percentage score for the compare/unknown compared problems was 93% on the 

computer-based tests.  

In the fifth intervention session, Student 1 learned the compare/the unknown 

difference problem and had a total of three intervention sessions (i.e., two intervention 

sessions for the problems in Level 1 and one intervention session for the problems in 

Level 2) for this problem type during the intervention phase. Her accuracy percentage 

score for the compare/the unknown difference problems was 72% on the computer-based 

tests.  

In the sixth intervention session, the compare/unknown referent problem type was 

introduced. There were three intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and one intervention session for the problems in Level 2) for this 

problem type during the intervention phase. Her accuracy percentage score for the 

compare/unknown referent problems was 75% on the computer-based tests.  

As shown in Figure 4.1, Student 1’s accuracy performance rapidly improved 

showing an accelerating trend until she received the intervention session for each of the 

eight word problem types two or three times (i.e., by 13th intervention session) Then it 
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remained stable without further improvement even though she received at most four more 

intervention sessions for each of the word problem types for the reminder of the 

intervention phase.  

Student 2 

Baseline. Student 2 received a total of five baseline sessions and took two 

computer- and three paper/pencil-based tests. His accuracy percentage scores of 0% and 

0% on the two computer-based tests demonstrated that Student 2’s accuracy performance 

was stable and had a zero-celerating trend during the baseline phase. His average 

accuracy percentage score during the baseline phase was 0%.  

Intervention. Student 2 received 30 intervention sessions and took 15 computer- 

and 15 paper/pencil-based tests. His performance improvement in level was noted from 

an accuracy percentage score of 0% to 16% after the introduction of the intervention. 

While Student 2 received the intervention session for each of the eight problem types two 

or three times, his accuracy percentage scores gradually increased up to 77%, which 

exceeded the criterion level, by the 15th intervention session showing an accelerating 

trend. However, Student 2’s accuracy percentage score decreased to 55 %, which was 

lower than the criterion level, in the 17th intervention session. By the 23th intervention 

session, his accuracy percentage scores showed another accelerating trend of 77% 

improvement and then remained without further improvement for the reminder of the 

intervention phase. Even though Student 2’s accuracy performance level varied between 

the 17th and 23th intervention sessions, it showed a sufficiently stable upward trend 

across the intervention sessions. His average accuracy percentage score during the 

intervention phase was 57%.  

As shown in Appendix H, Student 2 had intervention sessions for each of the 

eight word problem types four to six times during the intervention phase. Specifically, he 

learned the change/unknown result problem in the first intervention session and had a 

total of four intervention sessions (i.e., two intervention sessions for the problems in 
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Level 1 and two intervention sessions for the problems in Level 2) for this problem type 

during the intervention phase. His accuracy percentage score for the change/unknown 

result problems was 100% on the computer-based tests.  

In the second intervention session, Student 2 learned the combine/unknown whole 

problem. There were four intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and two intervention sessions for the problems in Level 2) for this 

problem type during the intervention phase. His accuracy percentage score for the 

combine/unknown whole problems was 100% on the computer-based tests. The 

combine/unknown part problem was also introduced in the second intervention session. 

There were five intervention sessions (i.e., two intervention sessions for the problems in 

Level 1 and three intervention sessions for the problems in Level 2) for this problem type 

during the intervention phase. His accuracy percentage score for the combine/unknown 

part problems was 85% on the computer-based tests.  

In the third intervention session, Student 2 learned the change/unknown start 

problem and had a total of six intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and four intervention sessions for the problems in Level 2) for this 

problem type during the intervention phase. His accuracy percentage score for 

change/unknown start problems was 96% on the computer-based tests.  

In the fourth intervention session, the change/unknown change problem was 

introduced. A total of five intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and three intervention sessions for the problems in Level 2) for this 

problem type were given to Student 2 during the intervention phase. His accuracy 

percentage scores for the change/unknown change problems were 69% on the computer-

based tests.  

In the fifth intervention session, Student 2 learned the compare/unknown 

compared problem and had four intervention sessions (i.e., two intervention sessions for 

the problems in Level 1 and two intervention sessions for the problems in Level 2) for 
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this problem type during the intervention phase. His accuracy percentage score for the 

compare/unknown compared problems was 89% on the computer-based tests.  

In the sixth intervention session, Student 2 learned the compare/the unknown 

difference problem. There were a total of five intervention sessions (i.e., two intervention 

sessions for the problems in Level 1 and three intervention sessions for the problems in 

Level 2) for this problem type during the intervention phase. His accuracy percentage 

score for the compare/the unknown difference problems was 64% on the computer-based 

tests.  

In the seventh intervention session, Student 2 learned the compare/unknown 

referent problem. A total of five intervention sessions (i.e., two intervention sessions for 

the problems in Level 1 and three intervention sessions for the problems in Level 2) for 

this problem type were given to Student 2 during the intervention phase. His accuracy 

percentage score for the compare/unknown referent problems was 54% on the computer-

based tests.  

As depicted in Figure 4.1, Student 2’s accuracy performance rapidly improved 

showing an accelerating trend by 15th intervention session, while he was given the 

intervention session for each of the eight word problem types two or three times. For the 

reminder of the intervention phase, however, Student 2’s accuracy performance level was 

variable and did not improve further even though he received two or three more 

intervention sessions for each of the word problem types. 

Student 3 

Baseline. Student 3 received a total of six baseline sessions and took three 

computer- and three paper/pencil-based tests. His accuracy percentage scores were 5%, 

11%, and 11% on the three computer-based tests during the baseline phase. As shown in 

Appendix G, Student 3 responded correctly to the change/unknown result problem in 

Level 1 on all three computer-based tests and responded correctly to the 

combine/unknown whole problem in Level 1 on the second and third computer-based 
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tests. According to Tawney and Gast’s (1984) criterion for data stability and trend 

direction, these baseline scores on the computer-based tests were relatively unstable 

showing an accelerating trend. His average accuracy percentage score during the baseline 

phase was 9%.    

Intervention. Student 3 received a total of 19 intervention sessions and took 9 

computer- and 10 paper/pencil-based tests. Like Students 1 and 2, Student 3 showed a 

rapid improvement on the accuracy performance after the introduction of the 

intervention. Specifically, his accuracy percentage scores on the computer-based test 

showed an immediate increase in level with an accuracy percentage score of 11% to 27%. 

His accuracy performance gradually improved by the sixth intervention session and then 

reached the accuracy percentage score of 72%, which exceeded the criterion level, in the 

eighth intervention session. By the eighth intervention session Student 3 was given the 

intervention session for each of the eight word problem types once or twice. While 

Student 3 was given one or two more intervention sessions for the eight word problem 

types by the last 18th intervention session, his accuracy percentage scores consistently 

accelerated to 94% showing a clear upward trend. His average accuracy percentage score 

during the intervention phase was 70%.  

Data on Student 3’s accuracy performance for the word problem types in 

Appendix H showed that he learned each of the eight word problem types three or four 

times during the intervention phase. Specifically, Student 3 learned the change/unknown 

result problem in the first intervention session and had three intervention sessions (i.e., 

two intervention sessions for the problems in Level 1 and one intervention sessions for 

the problems in Level 2) for this problem type during the intervention phase. His 

accuracy percentage score for the change/unknown result problems was 100% on the 

computer-based tests. In the first intervention session, the combine/unknown whole 

problem was also introduced. Student 3 was given three intervention sessions (i.e., two 

intervention sessions for the problems in Level 1 and one intervention sessions for the 
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problems in Level 2) for this problem type during the intervention phase. His accuracy 

percentage score for the combine/unknown whole problems was 100% on the computer-

based tests.  

In the second intervention session, Student 3 learned the combine/unknown part 

problem, and had three intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and one intervention sessions for the problems in Level 2) for this 

problem type during the intervention phase. The accuracy percentage score for the 

combine/unknown part problems was 100% on the computer-based tests. As part of the 

second intervention session, the change/unknown start problem was introduced. Student 

3 learned the change/unknown start problem in the second and third intervention sessions 

and had a total of four intervention sessions (i.e., three intervention sessions for the 

problems in Level 1 and one intervention session for the problems in Level 2) for this 

problem type during the intervention phase. His accuracy percentage score for 

change/unknown start problems was 100% on the computer-based tests.  

In the third intervention session, the change/unknown change problem was 

introduced. Student 3 learned the change/unknown change problem in the third and 

fourth intervention sessions. There were a total of four intervention sessions (i.e., three 

intervention sessions for the problems in Level 1 and one intervention sessions for the 

problems in Level 2) for this problem type during the intervention phase. His accuracy 

percentage score for the change/unknown change problems was 81% on the computer-

based tests.  

In the fourth intervention session, the compare/unknown compared problem was 

introduced. Student 3 learned the compare/unknown compared problem in the fourth and 

fifth intervention sessions. There were a total of four intervention sessions (i.e., three 

intervention sessions for the problems in Level 1 and one intervention session for the 

problems in Level 2) for this problem type during the intervention phase. His accuracy 
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percentage score for the compare/unknown compared problems was 92% on the 

computer-based tests.  

In the fifth intervention session, the compare/the unknown difference problem was 

introduced. Student 3 learned the compare/the unknown difference problem in the fifth 

and sixth intervention sessions and had a total of four intervention sessions (i.e., three 

intervention sessions for the problems in Level 1 and one intervention session for the 

problems in Level 2) for this problem type during the intervention phase. His accuracy 

percentage score for the compare/the unknown difference problems was 72% on the 

computer-based tests.  

In the sixth intervention session, the compare/unknown referent problem was 

introduced. Student 3 learned the compare/unknown referent problem in the sixth and 

seventh intervention sessions. There were a total of four intervention sessions (i.e., three 

intervention sessions for the problems in Level 1 and one intervention session for the 

problems in Level 2) for the problem type during the intervention phase. His accuracy 

percentage score for the compare/unknown referent problems was 63% on the computer-

based tests.  

As shown in Figure 4.1, Student 3’s accuracy performance rapidly improved 

showing an accelerating trend while he was given the intervention session for each of the 

eight word problem types three or four times during the intervention phase.  

Student 4 

 Baseline. Student 4 received a total of nine baseline sessions and took four 

computer- and five paper/pencil-based tests. His accuracy percentage scores were 11%, 

5%, 16%, and 11% on the four computer-based tests during the baseline phase. As 

presented in Appendix G, Student 4 responded correctly to the change/unknown result 

problem in Level 1 across all four computer-based tests and responded correctly to the 

combine/unknown whole problem in Level 1 on the first, third, and fourth computer-

based test. Student 4 also responded correctly to the change/unknown start problem in 
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Level 1 on the third computer-based test. These baseline scores demonstrated that 

Student 4’s accuracy performance on the computer-based tests was stable and had a zero-

celerating trend during the baseline phase. His average accuracy percentage score during 

the baseline phase was 10%.  

Intervention. Student 4 received a total of 18 intervention sessions and took nine 

computer- and nine paper/pencil-based tests. His accuracy performance on the computer-

based test increased after the introduction of the intervention showing a change in level 

from an accuracy percentage score of 11% to 22%. While Student 4 received the 

instruction for each of the eight problem types two or three times, his accuracy 

percentage scores gradually increased to 72%, which exceeded the criterion level, in the 

14th intervention session. After that, Student 4’s accuracy percentage scores consistently 

improved up to 77 % by the 16th intervention session and then slightly decreased to 72% 

in the last 18th intervention session. Overall, an upward trend demonstrating gradual 

improvement was shown across the intervention sessions. His average accuracy 

percentage score during the intervention phase was 52%.  

Data on Student 4’s accuracy performance for the word problem types in 

Appendix H demonstrates that he received the intervention session for each of the word 

problem types two to four times during the intervention phase. Specifically, Student 4 

learned the change/unknown result problem in the first intervention session and had three 

intervention sessions (i.e., two intervention sessions for the problems in Level 1 and one 

intervention session for the problems in Level 2) for this problem type during the 

intervention phase. His accuracy percentage score for the change/unknown result 

problems was 100% on the computer-based tests. In the first intervention session, Student 

4 also learned the combine/unknown whole quantity problem. There were three 

intervention sessions (i.e., two intervention sessions for the problems in Level 1 and one 

intervention session for the problems in Level 2) for this problem type during the 
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intervention phase. His accuracy percentage score for the combine/unknown whole 

problems was 100% on the computer-based tests. 

In the second intervention session, Student 4 learned the combine/unknown part 

problem and had three intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and one intervention sessions for the problems in Level 2) for this 

problem type during the intervention phase. His accuracy percentage score for the 

combine/unknown part problems was 92% on the computer-based tests. As part of the 

second intervention session, the change/unknown start problem was introduced. Student 

4 learned the change/unknown start problem in the second and third intervention sessions 

and had a total of three intervention sessions (i.e., two intervention sessions for the 

problems in Level 1 and one intervention sessions for the problems in Level 2) for this 

problem type during the intervention phase. His accuracy percentage score for the 

change/unknown start problems was 100% on the computer-based tests.  

In the third intervention session, the change/unknown change problem was 

introduced. Student 4 learned the change/unknown change problem in the third and 

fourth intervention sessions. There were a total of three intervention sessions (i.e., three 

intervention sessions for the problems in Level 1) for this problem type during the 

intervention phase. His accuracy percentage score for the change/unknown change 

problems was 91% on the computer-based tests.  

In the fifth intervention session, Student 4 learned the compare/unknown 

compared problem. There were three intervention sessions (i.e., two intervention sessions 

for the problems in Level 1 and one intervention session for the problems in Level 2) for 

this problem type during the intervention phase. His accuracy percentage score for the 

compare/unknown compared problems was 90% on the computer-based tests.  

In the sixth intervention session, the compare/the unknown difference problem 

was introduced. There were a total of three intervention sessions (i.e., two intervention 

sessions for the problems in Level 1 and one intervention session for the problems in 
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Level 2) for this problem type during the intervention phase. His accuracy percentage 

score for the compare/the unknown difference problems was 71% on the computer-based 

tests.  

In the seventh intervention session, Student 4 learned the compare/unknown 

referent problem. There were two intervention sessions (i.e., two intervention sessions for 

the problems in Level 1) for this problem type during the intervention phase. His 

accuracy percentage score for the compare/unknown referent problems was 71% on the 

computer-based tests.  

As depicted in Figure 4.1, Student 4’s accuracy performance showed an upward 

trend while he received intervention session for each of the eight word problem types two 

to four times during the intervention phase.   

Summary of Results for Research Question 1 

During the baseline session, except for Student 3, each student’s accuracy 

performance on the computer-based tests remained stable and showed a zero-trend. After 

the introduction of the intervention, visual inspection of the data revealed that each 

student’s accuracy performance on the computer-based tests gradually improved over 

time. All four students were able to achieve scores exceeding the criterion level on the 

computer-based tests. Except for Student 2, the three students maintained those scores for 

the reminder of the intervention phase. Even though Student 2 failed to maintain those 

scores for the reminder of the intervention phase, his performance level was still higher 

than that before the intervention phase. All four students achieved relatively higher 

accuracy percentage scores for the change (i.e., unknown result and unknown start) and 

combine word problem types on the computer-based tests. Specifically, average accuracy 

percentage scores for the change/unknown result, change/unknown start, 

combine/unknown whole, and combine/unknown part problems across the four students 

were 100%, 97.5%, 100%, and 93%, respectively. Whereas, the students achieved 

relatively lower scores for the change (i.e., unknown change) and compare problem types 
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on the computer-based tests. Specifically, average accuracy percentage scores for the 

change/unknown change, compare/ unknown compared, compare/unknown difference, 

and compare/unknown referent problems across the four students were 82%, 89%, 69%, 

and 65%, respectively.  

RESEARCH QUESTION 2 

To what extent does the use of Math Explorer generalize to the accuracy 

performance of students with mathematics difficulties in grades 2-3 on paper/pencil-

based tasks with one-step addition and subtraction word problem-solving?  

Research question 2 examined if the effectiveness of Math Explorer generalized 

from the performance gains on the computer-based tests to those on the paper/pencil-

based tests. Data on the students’ accuracy performance on the paper/pencil-based tests 

during the baseline and intervention phases are depicted in Figure 4.1. The students’ 

average accuracy percentage scores on the paper/pencil-based tests during the baseline 

and intervention phases are presented in Figure 4.2. Performance data for the word 

problem types on the paper/pencil based tests in Levels 1 and 2 during the baseline and 

intervention phases are presented in Appendix G and H, respectively. The accuracy 

percentage scores for the each word problem type on the paper/pencil-based tests were 

calculated based on the scores after the instructions for the corresponding problem type 

were given on the program. Each student’s performance on the paper/pencil-based tests 

during the baseline and intervention phases is described in detail as follows. 

Student 1 

Baseline. Student 1 received a total of five baseline sessions and took two 

computer- and three paper/pencil-based tests. Her accuracy percentage scores on the three 

paper/pencil-based tests during the baseline phase were 5%, 5%, and 5%. As presented in 

Appendix G, Student 1 responded correctly to the change/unknown result problem in 

Level 1 on all three paper/pencil-based tests. These baseline scores on the paper/pencil-

based tests demonstrated that Student 1’s accuracy performance was stable and showed a 
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zero-trend during the baseline phase. Her average accuracy percentage score during the 

baseline phase was 5%.  

Intervention. Student 1 received a total of 21 intervention sessions and took 11 

computer- and 10 paper/pencil-based tests. Her accuracy percentage scores on the 

paper/pencil-based test showed an immediate increase in level from an accuracy 

percentage score of 5% to 22% after the introduction of the intervention. Her accuracy 

percentage scores on the paper/pencil-based tests rapidly improved from 38% to 77%, 

which exceeded the criterion level, by the eighth intervention session showing an 

accelerating trend. By the eighth intervention session, Student 1 received one to two 

intervention sessions for the eight word problem types. After that, her accuracy 

percentage scores slightly decreased to 72% in the 10th and 12th intervention sessions 

and then continuously decreased to 66% in the 14th intervention session, which was 

below the criterion level, and showed a decelerating trend. However, her accuracy 

percentage scores increased again up to 77% by the 18th intervention session yielding 

another upward trend while Student 1 had the intervention sessions for each of the eight 

word problem types three to seven times. Taken together, there was a decelerating trend 

between the 10th and 14th intervention sessions but, overall, Student 1’s accuracy 

performance demonstrated an upward trend across the intervention sessions. Her average 

accuracy percentage score during the intervention phase was 62%.  

Data on Student 1’s accuracy performance for the word problem types on the 

paper/pencil-based tests shown in Appendix H demonstrated 100% for the 

change/unknown result problem. She achieved an accuracy percentage score of 100% for 

the combine/unknown whole problems and 94% for the combine/unknown part problems. 

She also achieved an accuracy percentage score of 100% for the change/unknown start 

problems and 85% for the change/unknown change problems. For the compare/unknown 

compared, compare/the unknown difference, and compare/unknown referent problems, 

she obtained an accuracy percentage score of 92%, 87%, and 80%, respectively.  
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As shown in Figure 4.1, Student 1’s accuracy performance showed an 

accelerating trend until she received one or two intervention session for each of the eight 

word problem types (i.e., by eighth intervention session). Even though her accuracy 

performance level decreased showing a decelerating trend between 10th to 14th 

intervention sessions but it improved again when she received two to four more 

intervention sessions for each of the word problem types for the reminder of the 

intervention phase.  

Student 2 

Baseline. Student 2 received a total of five baseline sessions and took two 

computer- and three paper/pencil-based tests. His accuracy percentage scores were 0%, 

0%, and 0% on the paper/pencil-based tests during the baseline phase. These baseline 

scores indicated that his accuracy performance on the paper/pencil-based tests was stable 

and showed a zero-celerating trend. His average accuracy percentage score during the 

baseline phase was 0%. 

Intervention. Like the computer-based test results, Student 2’s accuracy 

performance immediately improved demonstrating a change in level from an accuracy 

percentage score of 0% to 16% on the paper/pencil-based test after the introduction of the 

intervention. Showing an accelerating trend, Student 2’s accuracy percentage scores 

gradually increased to 72%, which was greater than the criterion level, by the 14th 

intervention session. Student 2 completed the intervention session for each of the word 

problem types two or three times by the 14th intervention session. Afterwards, his 

accuracy percentage score decreased to 61% in the 18th intervention session and then 

continuously decreased to 55% in the 20th intervention session. His accuracy 

performance improved a bit with a score of 72% in the 28th intervention session. 

However, his accuracy percentage scores decreased again to 61%, which was below the 

criterion level, and then remained in the same level without further improvement for the 
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reminder of the intervention phase. His average accuracy percentage score during the 

intervention phase was 54%.  

Data on Student 2’s accuracy performance for the different problem types on the 

paper/pencil-based tests shown in Appendix H demonstrated 100% for the 

change/unknown result problems. He achieved an accuracy percentage score of 100% for 

the combine/unknown whole problems and 100% for the combine/unknown part 

problems. He also achieved an accuracy percentage score of 96% for the 

change/unknown start problems and 77% for the change/unknown change problems. 

Lastly, he achieved an accuracy percentage score of 76% for the compare/unknown 

compared problems, 66% for the compare/the unknown difference problems, and 66% for 

the compare/unknown referent problems.  

While Student 2 completed the intervention session for each of the word problem 

types two or three times, his accuracy percentage scores on the paper/pencil-based tests 

increased showing an accelerating trend. After that, however, his accuracy performance 

on the paper/pencil-based tests was variable at a low level (i.e., below the criterion level) 

and did not improve further even though he received the two or three more intervention 

sessions for each of the word problem types. 

Student 3 

Baseline. Student 3 received a total of six baseline sessions and took three 

computer- and three paper/pencil-based tests. His accuracy percentage scores of 11%, 

11%, and 11% on the three paper/pencil-based tests were achieved during the baseline 

phase. As shown in Appendix G, Student 3 responded correctly to the change/unknown 

result and combine/unknown whole problems in Level 1 on all three paper/pencil-based 

tests. His accuracy performance on the paper/pencil-based tests remained stable and 

showed a zero-celerating trend. His average accuracy percentage score during the 

baseline phase was 11%. 
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Intervention. Student 3 received a total of 19 intervention sessions and took nine 

computer- and 10 paper/pencil-based tests. His improvement on the paper/pencil-based 

test was noted immediately after the introduction of the intervention demonstrating a 

change in level from an accuracy percentage score of 11% to 22%. While Student 3 

received one or two intervention sessions for each of the word problem types, his 

accuracy percentage scores rapidly improved and reached to 77%, which exceeded the 

criterion level, by the ninth intervention session. Furthermore, his accuracy percentage 

score improved to 88% in the 13th intervention session and then continuously improved 

up to 100% by the 17th intervention session. As shown in Figure 4.1, a clear accelerating 

trend was found across the intervention sessions. His average accuracy percentage score 

was 70% during the intervention phase.  

Data on Student 3’s accuracy performance for the different problem types on the 

paper/pencil-based tests presented in Appendix H showed that he achieved an accuracy 

percentage score of 100% for the change/unknown result problems. He achieved an 

accuracy percentage score of 100% for the combine/unknown whole problems and 100% 

for the combine/unknown part problems. He also achieved an accuracy percentage score 

of 93% for the change/unknown start problems and 88% for the change/unknown change 

problems. For the compare/unknown compared, compare/the unknown difference, and 

compare/unknown referent problems, he achieved an accuracy percentage score of 92%, 

80%, and 72%, respectively.  

As depicted in Figure 4.1, while Student 3 learned each of the eight word problem 

types three or four times during the intervention phase, his accuracy performance showed 

a clear accelerating trend.  

Student 4 

Baseline. Student 4 received a total of nine baseline sessions and took four 

computer- and five paper/pencil-based tests. His accuracy percentage scores of 5%, 5%, 

11%, 5%, and 11% on the five paper/pencil-based tests. As presented in Appendix G, 
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Student 4 had a correct answer for the change/unknown result problem in Level 1 on all 

paper/pencil-based tests and had a correct answer for the combine/unknown whole 

problem in Level 1 on the third and fifth paper/pencil-based test. These baseline scores 

demonstrated that his accuracy performance remained stable and had a zero-celerating 

trend during the baseline phase. His average accuracy percentage score during the 

baseline phase was 7%. 

Intervention. Student 4 received a total of 18 intervention sessions and took nine 

computer- and nine paper/pencil-based tests. His accuracy performance improved 

following the initial implementation of the intervention showing a change in level from 

an accuracy percentage score of 11% to 22% on the paper/pencil-based tests. While 

Student 4 received the intervention session for each of the eight problem types two to 

four times, his accuracy percentage scores gradually increased to 77 % on the 

paper/pencil-based test by 17th intervention session. Figure 4.1 shows a clear 

accelerating trend for Student 4. His average accuracy percentage score during the 

intervention phase was 47%.    

In regard to the accuracy performance for the different problem types on the 

paper/pencil-based tests shown in Appendix H, Student 4 achieved an accuracy 

percentage score of 100% for the change/unknown result problems. Student 4 

demonstrated an accuracy percentage score of 100% for the combine/unknown whole 

problems and 91% for the combine/unknown part problems. He also achieved an 

accuracy percentage score of 100% for the change/unknown start problems and 90% for 

the change/unknown change problems. For the compare/unknown compared, 

compare/the unknown difference, and compare/unknown referent problems, he achieved 

an accuracy percentage score of 87%, 85%, and 83%, respectively.  

As shown in Figure 4.1, a clear accelerating trend was found across the 

intervention sessions by which Student 4 learned each of the eight word problem types 

two to four times. 
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Summary of Results for Research Question 2 

Visual inspection of each student’s accuracy percentage scores on the 

paper/pencil-based tests revealed that each student’s performance remained stable during 

the baseline phase and gradually increased over time after the intervention started. All 

four students were able to achieve scores that exceeded the criterion level (i.e., 70% 

accuracy) on the paper/pencil-based tests. Once the students achieved the scores beyond 

the criterion level, three of the four students maintained those scores for the reminder of 

the intervention phase. Student 2 failed to maintain those scores for the reminder of the 

intervention phase but his performance level was still higher than that before the 

intervention phase. 

The improved accuracy percentage scores on the paper/pencil-based tests showed 

that the effectiveness of Math Explorer generalized to performance gains on the 

paper/pencil-based tests. As shown on the computer-based tests, all four students 

achieved relatively higher accuracy percentage scores for change (i.e., unknown result 

and unknown start) and combine problem types on the paper/pencil-based tests. 

Specifically, the average accuracy percentage scores for the change/unknown result, 

change/unknown start, combine/unknown whole, and combine/unknown part problems 

across the four students were 100%, 97%, 100%, and 94%, respectively. Whereas, they 

achieved slightly lower scores for change (i.e., unknown change) and compare problem 

types on the paper/pencil-based tests. Specifically, the average accuracy percentage 

scores for the change/unknown change, compare/ unknown compared, compare/unknown 

difference, and compare/unknown referent problems across the four students were 85%, 

86%, 79%, and 75%, respectively. However, all of these scores remained above the 

criterion level. 
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RESEARCH QUESTION 3 

To what extent does the use of Math Explorer maintain the accuracy performance of 

students with mathematics difficulties in grades 2-3 on computer- and paper/pencil-

based tasks with one-step addition and subtraction word problem-solving?  

Research question 3 examined whether Math Explorer was effective in 

maintaining the students’ accuracy performance on the computer- and paper/pencil-based 

tasks of one-step addition and subtraction word problem-solving. Data on the students’ 

accuracy performance on the computer- and paper/pencil-based tests during the follow-up 

phase are showed on Figure 4.1. The students’ average accuracy percentage scores on the 

computer- and paper/pencil-based tests during the follow-up phase are depicted in Figure 

4.2. Performance data for the word problem types on the computer- and paper/pencil-

based tests in Levels 1 and 2 during the follow-up maintenance phase are presented in 

Appendix I. Each student’s accuracy performance on the computer- and paper/pencil-

based tests during the follow-up phase is described as follows.  

Student 1 

Follow-up. Student 1 received six follow-up sessions and took three computer-

and three paper/pencil-based tests during this phase. On the three computer-based tests, 

her accuracy percentages scores were 72%, 72%, and 77%, which exceeded the criterion 

level. Those scores demonstrated that her intervention gains on the accuracy performance 

maintained over time on the computer-based tests. As depicted in Figure 4.1, her 

accuracy percentage scores on the computer-based tests increased from 72% to 77%.  

On the two out of three paper-pencil based tests, Student 1 achieved scores which 

exceeded the criterion level demonstrating that she was able to maintain the intervention 

gains over times on the paper/pencil-based tests. Her accuracy percentage scores were 

72%, 61%, and 77% on the paper/pencil-based tests. Her average accuracy percentage 

scores on the computer- and paper/pencil-based tests were 73% and 70%, respectively.  
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Data on Student 1’s accuracy performance for the word problem types on the 

computer- and paper/pencil-based tests in Appendix I demonstrated 100% for the 

change/unknown result problems, 100% for the combine/unknown whole problems, 100% 

for the combine/unknown part problems, 100% for the change/unknown start problems, 

and 100% for the change/unknown change problems on the both computer- and 

paper/pencil-based tests. Her accuracy percentage scores of for the compare/unknown 

compared problems on the computer- and paper/pencil-based tests were 100% and 80%, 

respectively. Her accuracy percentage scores for the compare/the unknown difference 

problems on the computer- and paper/pencil-based tests were 66% and 66%, respectively. 

Lastly, for the compare/unknown referent problem on the computer- and paper/pencil-

based tests, she achieved 66% and 100%, respectively. 

Student 2 

Follow-up. Student 2 received three follow-up sessions and took two computer-

based tests and one paper/pencil-based test during this phase. On the two computer-based 

tests, his accuracy percentage scores were 55% and 61%, which were below than the 

criterion level. It indicated that Student 2 was not able to maintain his improvement on 

the accuracy performance on the computer-based tests.  

On the paper/pencil-based test, his accuracy percentage score was 50%, which 

was also below than the criterion level. It demonstrated that Student 2 failed to maintain 

his intervention gains on the accuracy performance on the paper/pencil-based test. His 

average accuracy percentage scores during the follow-up phase on the computer- and 

paper/pencil-based tests were 58% and 50%, respectively.  

Data on Student 2’s accuracy performance for the word problem types on the 

computer- and paper/pencil-based tests in Appendix I demonstrated 100% for the 

change/unknown result problems, 100% for the combine/unknown whole problems, 100% 

for the combine/unknown part problems, and 100% for the change/unknown start 

problems on the both computer- and paper/pencil-based tests. He also achieved the 
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accuracy percentage scores of 50% and 100% for the change/unknown change problems 

on the computer- and paper/pencil-based tests, respectively. His accuracy percentage 

scores for the compare/unknown compared problems on the computer- and paper/pencil-

based tests were 100% and 50%, respectively. His accuracy percentage scores for the 

compare/the unknown difference problems on the computer- and paper/pencil-based tests 

were 0% and 100%, respectively. Lastly, for the compare/unknown referent problems on 

the computer- and paper/pencil-based tests, he achieved 0% and 0%, respectively.  

Student 3 

Follow-up. Student 3 received four follow-up sessions and took two computer-

and two paper/pencil-based tests during this phase. His performance data showed his 

intervention gains on accuracy performance maintained over time on the computer-based 

tests. Specifically, on the computer-based tests, his accuracy percentage scores started 

with 94%, which was the same as the highest score obtained during the intervention 

phase, and then slightly dropped to 88%. Both scores on the computer-based tests 

exceeded the criterion level.  

On the two paper/pencil-based tests, his accuracy percentages scores were 88% 

and 94%, which exceeded the criterion level. It indicated that Student 3 maintained the 

intervention gains on the accuracy performance over time on the paper/pencil-based tests. 

His average accuracy percentage score during the follow-up phase on the computer- and 

paper/pencil-based tests was 91% and 91%, respectively. 

In regard to the accuracy performance for the different problem types on the 

computer- and paper/pencil-based tests shown in Appendix I, Student 3 demonstrated that 

he achieved the accuracy percentage score of 100% for the change/unknown result 

problems, 100% for the combine/unknown whole problems, 100% for the 

combine/unknown part problems, 100% for the change/unknown start problems, and 

100% for the change/unknown change problems on the both computer- and paper/pencil-

based tests. His accuracy percentage scores for the compare/unknown compared 
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problems on the computer- and paper/pencil-based tests were 100% and 87%, 

respectively. His accuracy percentage scores for the compare/the unknown difference 

problems on the computer- and paper/pencil-based tests were 75% and 75%, respectively. 

Lastly, for the compare/unknown referent problems on the computer- and paper/pencil-

based tests, he achieved 50% and 75%, respectively.  

Student 4 

Follow-up. Student 4 received three follow-up sessions and took one computer-

based test and two paper/pencil-based tests during this phase. On the computer-based test, 

his accuracy percentage score was 77%, which was the same as the highest score 

obtained during the intervention phase. The score, which was grater than the criterion 

level, indicated that Student 4 maintained his gains, which were achieved as a result of 

the interventions, on the accuracy performance on the computer-based test during the 

follow-up phase.  

On the two paper/pencil-based tests, his accuracy percentage scores were 72% 

and 72%, which exceeded the criterion level during the follow-up phase. This result 

demonstrated that Student 4 maintained intervention gains on the accuracy performance 

over time on the paper/pencil-based tests. His average accuracy percentage score during 

the follow-up phase on the computer- and paper/pencil-based tests was 77% and 72%, 

respectively. 

Data on Student 4’s accuracy performance for the word problem types on the 

computer- and paper/pencil-based tests in Appendix I demonstrated 100% for the 

change/unknown result problems, 100% for the combine/unknown whole problems, 100% 

for the combine/unknown part problems, 100% for the change/unknown start problems, 

100% for the change/unknown change problems, and 100% for the compare/unknown 

compared problems on the both computer- and paper/pencil-based tests. His accuracy 

percentage scores for the compare/the unknown difference problems on the computer- 

and paper/pencil-based tests were 0% and 50%, respectively. Lastly, for the 
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compare/unknown referent problems on the computer- and paper/pencil-based tests, he 

achieved 0% and 100%, respectively.  

Summary of Results for Research Question 3 

During the three- to six-week follow-up phase, performance data on the 

computer- and paper/pencil-based tests showed that three out of the four students 

maintained their intervention gains on their accuracy performance. An analysis of the 

data on the average accuracy percentage scores revealed that the increased average 

accuracy percentage scores for the three students on the computer- and paper/pencil-

based tests during the follow-up phase were greater than those achieved on the computer- 

and paper/pencil-based tests during the intervention phase. In addition, a comparison of 

the data during the follow-up phase between the computer- and paper/pencil-based tests 

revealed that the average accuracy percentage scores on the computer-based tests were as 

great as or greater than those on the paper/pencil-based tests. All four students had the 

accuracy percentage scores of 100% for most of the change and combine problem types 

but had relatively lower scores for the compare problem type on the computer- and 

paper/pencil-based tests during the follow-up phase. For example, on the computer-based 

tests, the average accuracy percentage scores for the compare/unknown difference and 

compare/unknown referent problems across the four students were 35%, and 29%, 

respectively. Also, on the paper/pencil-based tests, the average accuracy percentage 

scores for the compare/unknown difference and compare/unknown referent problems 

across the four students were 72%, and 68%, respectively.  

SUMMARY 

The results of this study revealed that all four students were able to use the 

cognitive and meta-cognitive strategies to solve the addition and subtraction word 

problems and improve their accuracy performance on the computer-based tests. Once the 

students achieved the scores that exceeded the criterion level on the computer-based tests, 

three of the four students maintained those scores for the reminder of the intervention 
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phase. Student 2 failed to maintain those scores for the reminder of the intervention phase 

but his performance level was still higher than that before the intervention phase. Their 

improved accuracy performance on the computer-based tests was successfully transferred 

to the paper/pencil-based tests. As shown on the computer-based tests, once the students 

achieved the scores that exceeded the criterion level on the paper/pencil-based tests, three 

of the four students maintained those scores for the reminder of the intervention phase. 

Again, Student 2 failed to maintain those scores for the reminder of the intervention 

phase but his performance level was still higher than that before the intervention phase. 

Two weeks after termination of the intervention phase, three of the four students 

successfully maintained their improved accuracy performance on the computer- and 

paper/pencil-based tests during the follow-up phase.  
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CHAPTER V: 

DISCUSSION 

An interactive multimedia software, ‘Math Explorer,’ was designed, developed, 

and implemented to teach one-step addition and subtraction word problem-solving skills 

to students with mathematics difficulties. Math Explorer incorporates: (a) four-step 

cognitive strategies and corresponding three-step meta-cognitive strategies adapted from 

the research on cognitive and meta-cognitive strategies, and (b) instruction, interface, and 

interaction design features of CAI identified as crucial for  successful delivery of 

cognitive and meta-cognitive strategies for students with mathematics difficulties. The 

purpose of this study was to investigate the effectiveness of Math Explorer, which was 

designed to be as a potential tool to deliver cognitive and meta-cognitive strategies and to 

supplement a classroom teacher’s word problem-solving instruction, in enhancing the 

one-step addition and subtraction word problem-solving skills of the students with 

mathematics difficulties in grades 2-3.  

Chapter 5 discusses the major findings of the study pertaining to the three 

research questions and presents conclusions drawn from the findings. Limitations of the 

study and implications for practice and future research are provided, as well.    

RESEARCH QUESTION 1 

To what extent does the use of Math Explorer affect the accuracy performance of 

students with mathematics difficulties in grades 2-3 on computer-based tasks with 

one-step addition and subtraction word problem-solving? 

All four students showed improvement on their accuracy performance with the 

introduction of the intervention and were able to achieve the scores that exceeded the 

criterion level (70% accuracy) on the computer-based tests. Except for Student 2, the 

three students maintained those scores for the reminder of the intervention phase. Even 
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though Student 2 failed to maintain those scores for the reminder of the intervention 

phase, his performance level was still higher than that before the intervention phase. 

These findings provide empirical evidence that the implementation of Math Explorer is 

effective in improving each student’s accuracy performance on the computer-based tests 

of one-step addition and subtraction word problem-solving. 

Cognitive and Meta-cognitive Strategy Instruction through Math Explorer 

These positive findings may be attributed to the presentation of cognitive and 

meta-cognitive strategy instructions embedded in Math Explorer. During the baseline 

phase, the students chose one of the numbers shown in the problem as the answer to the 

problem without having to make the complete number sentence or simply added the two 

numbers in the problem without carefully reading and understanding the problem. 

However, the data on the students’ performance suggest that as they learned how to solve 

various types of word problems using the cognitive and meta-cognitive strategies through 

Math Explorer, they were able to improve their performance on word problem solving. 

During the guided and independent practice sessions, they followed each step of the 

cognitive strategy to find the answer of the problem; they read the problem aloud, found 

the important information in the problem, drew the picture for the problem, and made and 

computed the number sentence. In addition, while completing the meta-cognitive strategy 

activities built into each step of the cognitive strategy, the students checked their 

cognitive activities. The students often read aloud the cognitive and meta-cognitive 

strategy instructions presented on the screen and said what they had to do next to solve 

the problems. Improved academic performance between the baselines and intervention 

phases suggests that the students became much more adept at solving word problems 

correctly.  

These findings are consistent with previous research on cognitive and meta-

cognitive strategy instruction for students with mathematics difficulties. That is, explicit 

instruction that incorporates the cognitive and meta-cognitive strategy instruction is a 
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promising approach for successful mathematical word problem-solving performance of 

students with mathematics difficulties (Case et al., 1992; Cassel & Reid, 1996; 

Hutchinson, 1993; Montague, 1992; Montague et al., 1993). Considering that most of the 

research on cognitive and meta-cognitive strategy instruction has been conducted with 

secondary school students with mathematics difficulties (Hutchinson, 1993; Jitendra et 

al., 2002; Montague, 1992; Montague & Bos, 1986; Montague et al., 1993; Xin et al., 

2005; Zawaiza & Gerber, 1993), the findings of this study provide preliminary evidence 

that elementary school students with mathematics difficulties can benefit from the 

cognitive and meta-cognitive strategy instruction and help them improve their addition 

and subtraction word problem-solving skills.  

Another possible factor explaining the positive findings of this study may be that 

the multimedia employed specific instructional design features, which were necessary for 

the mathematical learning of students with mathematics difficulties. First, the step-by-

step explicit instructional modeling of cognitive and meta-cognitive strategies helped 

students systematically become familiar with the use of the strategies. During the 

modeling session, students learned how to use these strategies and demonstrated their 

abilities to use them. Research has shown that the use of explicit instruction produces 

students’ successful mastery of mathematical concepts, skills, and relationships (Darch et 

al., 1984; Dixon et al., 1998; Jitendra et al., 1994; Jones et al., 1997). Second, the 20- to 

30-minute guided and independent practice sessions during each intervention session 

included corrective and instructional feedback and gave opportunities for students to 

practice solving word problems by applying the strategies on their own. Guided and 

independent practice opportunities have been suggested as an essential component of 

mathematics instruction for students with mathematics difficulties, who often show a lack 

of automatization and memorization skills and have difficulties in solving problems on 

their own (Goldman & Pellegrino, 1988; Jitendra et al., 1999; Swanson, 1999). Third, the 

representational tools (e.g., drawing tool and number line) embedded in Math Explorer 
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provided students the opportunity to draw a picture or use visual representations (e.g., 

pre-drawn pictures of problem objects) to conceptualize numbers in the problems and 

visualize the problems. Particularly, the students enjoyed drawing pictures and 

manipulating pre-drawn pictures, which would change depending on the problem objects, 

in Step 3. The use of visual representation as a means for students to learn mathematical 

concepts and procedures is a highly recommended practice that teachers should employ 

when teaching students with mathematics difficulties (Baker, Gersten, Lee, 2002; D. 

Bryant, Bryant, Gersten, Scammacca, & Chavez, 2008; Fuchs & Fuchs, 2001) 

There has been consensus that the instructional principles and features embedded 

in CAI programs are important factors that has the potential to enhance students’ learning 

(Clark, 1983). However, research has found that most existing CAI programs in 

mathematics fail to incorporate the effective instructional features for students with 

mathematics difficulties (Johnson, Gersten, & Carnine, 1987; Seo, 2007; Woodward et 

al., 1986). A synthesis of CAI studies in mathematics for students with mathematics 

difficulties identified some instructional features, such as corrective and positive 

feedback and appropriate practice opportunities, in the CAI programs used in the studies 

(Seo, 2007). However, other critical features (e.g., reviewing prerequisite skills, modeling 

in a step-by-step format, sequencing instruction, and strategy cues) were rarely provided 

in the programs (Seo, 2007). One possible explanation for this finding is that most of the 

studies employed commercial CAI programs targeting typically achieving students rather 

than students with mathematics difficulties. There is a limited demand for CAI programs 

specifically designed for students with mathematics difficulties in the educational 

software market, but emphasis must be placed on developing commercially available CAI 

programs that effectively present those critical instructional features for students with 

mathematics difficulties to deliver appropriate CAI instruction suited to meet their 

instructional needs.    
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The interface and interaction design features of Math Explorer may also be 

possible factors that account for the results of this study. First, appropriate amounts of 

instructions and activities were provided in a simple and consistent structure throughout 

the program. Therefore, instead of being overwhelmed or confused by too many 

instructions and activities in a complex structure, the students were able to follow the 

instructions and identify the activities they had to execute. A clear and simple interface 

structure of CAI programs with a limited amount of instruction per screen has been 

highly recommended for helping students with mathematics difficulties focus on main 

instructional contents and procedures without confusion and distraction (Babbitt, 1999; 

Bley & Thornton, 2001; Jerrett, 1999). Second, the voice buttons in the program helped 

students with reading difficulties to engage in the cognitive and meta-cognitive activities 

by having a chance to listen to the instructions and problems that appeared on the screen. 

It was observed that the students with reading difficulties, who might be embarrassed to 

ask for help reading the instructions on the screen, used the voice buttons to listen to the 

instructions quite readily. Even for students without reading difficulties, the voice buttons 

were beneficial when they were not able to read some words in the problem. 

Lastly, the problem sequence in the problem database of Math Explorer may also 

be a factor explaining the findings of this study. Given the importance of teaching 

mathematical word problem-solving with consideration of the difficulty level of the word 

problem type (Zentall & Ferkis, 1993), the program presented problems in increasing 

order of difficulty in terms of numbers in the problems and word problem types (see 

Appendix K). The problem sequence in the program helped students gradually practice 

solving different word problem types ranging from easy to difficult and build their 

knowledge and skills of how to solve them. These findings on the possible problem 

sequence effects on accuracy performance correspond to several researchers’ suggestions 

that the instructional sequencing, based on different word problem types, must be an 

important part of the word problem-solving instruction for students with mathematics 
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difficulties (Darch et al., 1984; Jones, Krouse, Feorene, & Saferstein, 1985). The data on 

the performance for the word problem types showed that students achieved a mastery 

level of accuracy on the change/unknown result, change/unknown start, 

combine/unknown whole, and combine/unknown part problems on both computer- and 

paper/pencil-based tests during the intervention phase (see Appendix H and I). However, 

students still showed difficulties in solving the change/unknown change, 

compare/unknown compared, compare/unknown difference, and compare/unknown 

referent problems on both computer- and paper/pencil-based tests during the intervention 

phase (see Appendix H and I). These findings were consistent with the previous research 

on the difficulty levels of different word problem types (Arendasy et al., 2005; Briars & 

Lakrin, 1984; Carpenter et al., 1988; Cummins et al., 1988; Fuson et al., 1996; Morales et 

al., 1985; Stern, 1994). That is, compare word problems are more difficult to solve for 

elementary school students than other word problems (i.e., combine and change 

problems). Additionally, this present study found that students still had a tendency to add 

two numbers in the problem when they were not sure how to solve the problem. 

Therefore, among those problem types that the students showed difficulties in solving 

(i.e., the change/unknown change, compare/unknown compared, compare/unknown 

difference, and compare/unknown referent problems), students had relatively higher 

scores for the compare/unknown compared problems, which required addition, than the 

other two compare problems (i.e., change/unknown change, compare/unknown 

difference, and compare/unknown referent problems), which required subtraction. Such 

performance characteristics have been found in the previous research on the 

mathematical performance of students with mathematics difficulties (Hanich et al., 2001).  

Taken together, the study corroborates the findings of previous research on the 

cognitive and meta-cognitive strategies which suggest that the strategy instruction is 

essential for enhancing the word problem-solving skills of students with mathematics 

difficulties, and adds further evidence that the CAI program with cognitive and meta-
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cognitive strategies, Math Explorer, is a potentially effective method for improving 

students’ mathematical word problem-solving performance. In addition, the study 

suggests that incorporating instruction, interface, and interaction design features critical 

for successful mathematical performance of students with mathematics difficulties, are 

necessary to achieve positive outcomes.  

Performance Characteristics  

In addition to the cognitive and meta-cognitive strategy instruction thorough Math 

Explorer, several performance characteristics shown by the students can also be 

suggested as important factors that explain the students’ improved accuracy performance 

level on the computer-based tests. First, the students’ improved computation skills may 

be related to their fast improvement on their word problem-solving performance. For 

example, Student 3 used the immature computation strategies (e.g., counting-all or finger 

counting) for addition and subtraction at the beginning of the intervention phase, and 

gradually shifted towards the advanced and efficient strategies (e.g., counting-on, double, 

or counting back). Consequently, he improved his computation performance rate and was 

able to complete all 18 problems on the test in the last seven intervention sessions.  

On the other hand, the performance levels and trends in Student 1’s accuracy 

percentage scores across the sessions showed that her accuracy percentage scores 

improved steadily up to 83% approximately two weeks after the beginning of the 

intervention but then stabilized between 72% and 83% for the reminder of the 

intervention phase. Such data stability without further improvement may have been 

related to her inability to apply advanced and efficient computation strategies for addition 

and subtraction problem solving. Student 1 had often been observed that even after she 

successfully completed Steps 1, 2, and 3, and figured out the right number sentence for 

the problem, she spent much time computing the number sentence in Step 4 because she 

employed slow and immature computation strategies (e.g., counting-all or finger 

counting) for addition and subtraction problem-solving.  
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The use of slow and immature computation strategies has been identified as one 

of the performance characteristics of students with mathematics difficulties (Geary, 1990; 

Geary et al., 1991; Geary et al., 1999; Geary et al., 2000; Hanich et al., 2001; Jordan et 

al., 2003). Previous research on the mathematical performance of students with 

mathematics difficulties has consistently revealed that compared to their normally 

achieving peers, students with mathematics difficulties frequently use slower and more 

immature computation strategies for addition and subtraction problems (Geary, 1990; 

Geary et al., 1991; Geary et al., 1999; Geary et al., 2000; Hanich et al., 2001; Jordan et 

al., 2003) and have difficulty in applying more advanced computation strategies for 

addition and subtraction problems (Geary, 1990; Geary et al., 2000; Jordan et al., 2003).  

During the guided practice session, the instruction on the advanced and efficient 

computation strategies for addition and subtraction was available as a prerequisite skill 

instruction in Step 4, but was only provided when the students were unable to figure out a 

correct number sentence and answer for the problem. Although Student 1’s computation 

performance rate was slow using the immature computation strategies, she was able to 

find the correct number sentence and answer to the problem. Therefore, she did not have 

many opportunities to be given the computation strategy instruction in the program. She 

continued to use the immature computation strategies and spent so much time computing 

the addition or subtraction number sentences during the intervention phase, so that she 

was unable to try all 18 problems on the computer-based test for the assigned 10 minutes. 

Student 1 attempted at most, 15 out of the 18 problems on the computer-based test in the 

last five intervention sessions.  

Like Student 1, Students 2 and 4 also showed poor computation skills and, thus, 

were unable to complete all the problems on the computer-based tests for the given 10 

minutes. Students 2 and 4 also attempted, at most, 15 out of the 18 problems. Hence, it 

can be hypothesized that if Students 1, 2, and 3 had more opportunity to be familiar with 
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the advanced and efficient computation strategies and used these strategies for addition 

and subtraction problems, they would have been able to solve more problems correctly. 

The previous research on mathematical word problem-solving skills for students 

with mathematics difficulties has yielded consistent findings in that computation skills 

executing appropriate strategies are important in the problem solution processes of 

mathematical word problem-solving (Cawley et al., 1988; Jitendra & Hoff, 1996; Mayer, 

1992; Montague, 1992). Supporting previous findings, this study provides evidence that 

teaching how to select the appropriate strategies and to use them appropriately to 

compute addition and subtraction problems (i.e., strategic and procedural knowledge) 

must be an essential part of the word problem-solving instruction to help students with 

mathematics difficulties master mathematical word problem-solving processes.  

Second, the students’ reading competency may also be an important factor to 

rapid improvement on accuracy performance during the intervention phase. According to 

their teacher’s rating on their reading skills, Students 1 and 3 had above average or 

average reading skills whereas, Students 2 and 4 had below average reading skills. The 

students’ performance data showed that Students 1 and 3 achieved scores that exceeded 

the criterion level in the seventh and eighth intervention sessions, which were five or six 

sessions faster than Students 2 and 4, respectively. Without reading difficulties, Students 

1 and 3 were able to proceed with the program at a much faster rate than Students 2 and 4 

who had reading difficulties. For example, Students 1 and 3 were able to read the 

instructions and problems on their own and did not need to spend time using the voice 

buttons presented in Math Explorer. On the other hand, Students 2 and 4 had to spend 

time clicking the voice buttons to listen to the instructions and problems. During the 

guided practice session for Step 2, Students 1 and 3 immediately found the words that 

contained the important information in the problem by clicking the words on the screen. 

On the other hand, Students 2 and 4 needed to click the voice button several times to 

listen to the problem to identify each word and then find the important words in the 
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problem. Also, Students 1 and 3 did not need to use the word dictionary tool to check the 

meaning of words in the problem in Step 1, whereas, Students 2 and 4 spent considerable 

time using the tool to check the words that they were not able to read or understand. 

Therefore, Students 1 and 3 saved enough time to practice solving more problems during 

guided and independent practice sessions, and solved more problems during the testing.  

There has been a consensus among researchers that mathematical word problem-

solving requires not only strategic and procedural knowledge of how to plan and use the 

strategies to compute a problem for the problem solution processes but also linguistic, 

semantic, and schematic knowledge that is necessary to recognize and understand a 

problem and to transform linguistic and numerical information into problem structure for 

the problem representation process (Mayer, 1992). The rapid improvement on the 

accuracy performance among the students who possessed competent reading skills 

suggests that reading competency with linguistic and semantic knowledge is crucial for 

successful word problem-solving performance (Zentall & Ferkis, 1993). This study, 

however, showed evidence that students with lower reading skills were also able to 

improve their word problem-solving skills by using the voice buttons and dictionary tool, 

even though their improvement rate was slower than that of the other students who had 

more competent reading skills. This finding shows promising evidence that CAI can help 

students with reading difficulties practice solving word problems and improve their word 

problem-solving skills on their own by using a CAI program that incorporates additional 

support features (e.g., voice buttons and dictionary tool) to compensate for their lack of 

reading skills. Furthermore, it suggests that the instructional support to build linguistic 

and semantic knowledge for word problem-solving must be provided to students with 

reading difficulties as well as mathematics difficulties in the mathematical word problem-

solving classroom instruction.  

Third, the students’ improvement on the accuracy performance may be related to 

their positive learning characteristics. It was observed that Students 1, 3, and 4 never 
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showed any behavioral and attention problems when they worked on Math Explorer. 

They often expressed a fondness for several effects and features embedded in Math 

Explorer, for example, the voice buttons and drawing and dictionary tools. They wanted 

to move on to the next problem. Accordingly, Students 1, 3, and 4 showed improvement 

on their accuracy performance across the intervention sessions. The students’ positive 

learning characteristics may be shown because of the considerable amount of attention 

that they received from the researcher during the individual intervention sessions. For 

each intervention session, the students were individually pulled out and had the Math 

Explorer intervention under the researcher’s supervision and monitoring. The students 

were always encouraged to do their best by the researcher and given stickers as rewards 

during the intervention sessions. Such researcher’s attention may have helped the 

students work hard during each intervention session and consequently have influenced 

the students’ overall improvement on the accuracy performance. 

Showing the same positive learning characteristics, Student 2 also achieved 

immediate improvement on the accuracy performance after the introduction of the 

intervention. His accuracy percentage scores improved immediately from 0% to 16%, 

and then gradually increased up to 77%, which was over the criterion level. Student 2 

often expressed that he enjoyed using a computer to learn mathematics and wanted to 

keep moving on to the next problem at the beginning of the intervention phase. In an 

informal interview with his teacher, the teacher mentioned that she was surprised Student 

2 seems to enjoy his mathematics learning using a computer because he had not shown 

any interest in his learning, especially in mathematics, and often exhibited behavioral 

problems in the classroom. The teacher noticed that he wanted to talk about what he 

learned after he came back to his classroom, and was proud of himself when he did a 

good job during the intervention phase. However, his positive learning characteristics 

gradually disappeared after several absences for holidays and for attendance in a behavior 

management program in the school. Student 3’s frequent absences contributed to his 
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inconsistent performance pattern during the intervention phase. A careful examination of 

his data revealed that the accuracy percentage scores decreased immediately after three 

absences due to three-day holidays and, later, decreased again after a total of five 

absences due to his attendance in a behavior management program in the school. Because 

he missed the intervention sessions, he showed difficulties in focusing on the instructions 

and remembering what he learned in the previous session.  

Student 2’s frequent absences also caused the prolonged duration of the 

intervention. He received the intervention for seven weeks, which was two weeks longer 

than other student’s interventions periods. Because he was exposed to the program for 

such long time period, he gradually lost interest in the learning using a computer and 

exhibited off-task behaviors during the intervention phase. His misbehavior negatively 

influenced his performance on the tests, and consequently, led to his inconsistent 

accuracy scores on the tests. Similar findings have been found in previous CAI studies 

(Howell et al., 1987; Wilson et al., 1996) with students with mathematics difficulties. For 

example, in the CAI study with students with LD, Wilson et al., (1996) found that 

students with LD mastered multiplication facts and improved their automaticity skills 

during the CAI intervention period, but, their performance level did not improved further 

after the students were given the CAI for an extended period of time. These findings 

addressed the issues of the novelty effects of CAI and correspond to several CAI 

researchers’ assertion that the novelty of CAI is effective initially but gradually 

disappears over time (Clark, 1983, 1985; Howell et al., 1987; Wilson et al., 1996).   

Fourth, the increase of the accuracy performance on the computer-based tests may 

be attributed, partly, to the students’ fine motor computer operation skills. Students 1 and 

3 were observed to skillfully use the mouse. For example, they were able to locate the 

mouse arrow on the right position of the screen and showed no difficulties in using the 

drawing and computing tool and clicking the buttons on the screen. Their fine motor 

skills helped them proceed with each step at a fast rate and, hence, solve more problems 
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during the guided and independent practice sessions. On the other hand, Student 4’s poor 

motor skills appeared to prevent his fast improvement on the accuracy performance. For 

example, Student 4 showed difficulty in clicking the navigational buttons to move on the 

next screen and clicking the important words for Step 2. He spent much time drawing 

something or using the pre-drawn pictures of objects on the drawing tool for Step 3 and 

clicking the number buttons on the computing tool to make a number sentence for Step 4. 

Consequently, Student 4 was not given many problems during the guided and 

independent practice sessions and solved fewer problems on the computer-based tests 

than the other students.  

RESEARCH QUESTION 2 

To what extent does the use of Math Explorer generalize to the accuracy 

performance of students with mathematics difficulties in grades 2-3 on paper/pencil-

based tasks with one-step addition and subtraction word problem-solving? 

Just like the results on the computer-based tests, each student’s accuracy 

performance gradually increased over time after the introduction of the intervention. All 

four students were able to achieve scores that exceeded the criterion level on the 

paper/pencil-based tests. Three of the four students maintained those scores for the 

reminder of the intervention phase. Student 2 failed to maintain those scores for the 

reminder of the intervention phase but his performance level was still higher than that 

before the intervention phase. Their improved accuracy percentage scores on the 

paper/pencil-based tests demonstrated that the effectiveness of Math Explorer 

generalized from the gains on the computer-based tests to those on the paper/pencil-based 

tests. Specifically, however, a comparison of each student’s data points on the accuracy 

performance on the computer- and paper/pencil-based tests revealed that the 

improvement level of each student’s accuracy percentage scores was slightly greater on 

the computer-based tests than on the paper/pencil-based tests during the intervention 

phase. This finding is confirmed by the graphs in Figure 4.2 showing that the average 
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accuracy percentage scores of all the students on the computer-based tests were slightly 

greater than those on the paper/pencil-based tests during the intervention phase (see 

Figure 4. 2).  

A synthesis of CAI studies in mathematics for student with mathematics 

difficulties showed inconsistent findings on the generalization ability of students with 

mathematics difficulties from the computer- to paper/pencil-based tests (Seo, 2007). 

Specifically, in the CAI study with students with LD, Shiah et al., (1994-1995) found that 

students with LD had difficulties in generalizing their acquired addition and subtraction 

word problem-solving skills from the computerized tasks to the paper/pencil tasks. On 

the other hand, Irish (2002) found that the students with LD or cognitive disabilities (CD) 

transferred their improved multiplication accuracy scores successfully to the paper-and-

pencil quizzes. Given these mixed findings, this present study appears to support the idea 

that students with mathematics difficulties are able to generalize the intervention gains 

from the computer-based tests to the paper/pencil-based tests. Yet, the finding on higher 

accuracy percentage scores on the computer-based tests, compared to the paper/pencil-

based tests, provides evidence that those students still had a lack of generalization ability.   

The differences in the accuracy scores between the computer- and paper/pencil-

based tests may be explained by the novelty of CAI. As described earlier, it was observed 

that the students were excited about their learning using a computer and enjoyed its 

accompanying effects such as sound, animation, graphics, and special embedded tools 

during the intervention phase. With the same preference for the program, the students 

were more likely to solve the problems at a fast rate on the computer-based tests. 

Another reasonable explanation for the higher accuracy percentage scores on the 

computer-based tests may be that on the paper/pencil-based tests the students often made 

several types of mistakes, which were not shown on the computer-based tests. For 

example, the students often wrote the numbers backwards (e.g., Γ   for 7; see Figure 5.1) 

and were confused with ones and tens (e.g., 93 for 39; see Figure 5.2). Those mistakes 
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were not shown on the computer-based tests because the students made number sentences 

by clicking the numbers on the computing tool. In fact, the students made different 

mistakes on the computer-based tests. For example, they accidentally clicked a wrong 

number button or operation sign button to make the number sentence of a problem on the 

screen. However, the students were likely to correct their mistakes right away by clicking 

the ‘Clear’ button on the computing tool.  
 

             

Figure 5.1. Student 4’s Backward Number Writing  
 
 

             

Figure 5.2. Student 4’s Ones and Tens Confusion 
 

Lastly, the differences in the accuracy scores between the computer- and 

paper/pencil-based tests may be attributed, partly, to a faster performance rate on the 

computer-based tests than paper/pencil-based tests. The students spent a much longer 

time applying each step of the strategies on the paper/pencil-based tests than the 

computer-based tests. For example, on the paper/pencil-based tests the students spent 
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much time drawing big tally marks, boxes, or circles for Step 3 (see Figure 5.3 and 

Figure 5.4) and circling or underlining the important words in the problem for Step 2 (see 

Figure 5.5). On the contrary, on the computer-based tests, the students applied each step 

of the strategies to solve the problem at a fast rate. They rarely used the piece of paper 

they were given to apply each step of the strategy, especially for Steps 2 and 3, during the 

computer-based testing. Instead, they usually found the important words in the problem 

orally for Step 2 and did not spend much time drawing a picture for Step 3 on the paper. 

Therefore, they were able to move on to the next problem at a fast rate and had more 

chances to solve the problems on the computer-based tests. These findings were 

confirmed by data on the students’ accuracy performance where the number of problems 

that the students solved was slightly higher on the computer-based tests than on the 

paper/pencil-based tests across intervention sessions (see Appendix H) 

             

Figure 5.3. Student 2’s Circles Drawing for Step 3 
 

             

Figure 5.4. Student 2’s Boxes Drawing for Step 3 
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Figure 5.5. Student 4’s Circling or Underlining the Important Words for Step 2 
 

Interestingly, due to the students’ faster performance rate on the computer-based 

tests than paper/pencil-based tests, even though students’ accuracy performance levels 

were slightly greater on the computer-based tests than paper/pencil-based tests across the 

intervention sessions, an analysis of data on each word problem type revealed that most 

of the students’ accuracy percentage scores for the difficult problem types (e.g., the 

change/unknown change, compare/unknown difference, and compare /unknown referent 

problems), which showed relatively low scores across the students, were slightly lower 

on the computer-based tests than on the paper/pencil-based tests (see Appendix H). On 

the contrary, for the easy problem types (e.g., the change/unknown result, 

combine/unknown whole, and combine/unknown part problems), which showed relatively 

high scores across the students, most of the students’ accuracy percentage scores were as 

high as or slightly higher on the computer-based tests than on the paper/pencil-based tests 

(see Appendix H). This finding may be interpreted that the students failed to achieve 

higher accuracy scores for the difficult problem types on the computer-based tests 

because those problem types required them to spend enough time to apply the strategies 

with careful attention in order to solve the problem correctly.  
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RESEARCH QUESTION 3 

To what extent does the use of Math Explorer maintain the accuracy performance of 

students with mathematics difficulties in grades 2-3 on computer- and paper/pencil-

based tasks with one-step addition and subtraction word problem-solving? 

During the three- to six-week follow-up phase, each student’s data points on the 

accuracy performance on the computer- and paper/pencil-based tests showed that, except 

for Student 2, Student 1, 3, and 4 successfully maintained their intervention gains. Even 

though Student 2 failed to maintain his intervention gains during the follow-up phase, his 

performance level was still higher than that before the intervention phase. An analysis of 

the data on the average accuracy percentage scores revealed that the scores of the three 

students during the follow-up phase were greater than those achieved during the 

intervention phase. In addition, as found during the intervention phase, a comparison of 

the data during the follow-up phase between the computer- and paper/pencil-based tests 

revealed that the average accuracy percentage scores on the computer-based tests were as 

great or greater than those on the paper/pencil-based tests (see Figure 4. 2).  

The intensity and duration of the intervention may be suggested as a factor to 

explain why the three students maintained their improved accuracy percentage scores 

during the follow-up phase. It has been argued that a longer duration of CAI is necessary 

for students with mathematics difficulties to learn mathematics via computer and 

maintain their learning over time (Shiah et al., 1994-1995) because, in general, these 

students need more time for learning than their normally achieving peers due to their 

learning characteristics, for example, attention and memory deficits. Therefore, it is hard 

to expect them to receive the benefits of CAI in a short period of time and maintain 

significant achievement gains.  

In this study, each student received an individual 20- to 30-minute intervention 

session three to five times per week for a total of 18 to 31 intervention sessions during the 

four to seven week period. A synthesis of CAI studies in mathematics for students with 
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mathematics difficulties found that most of the previous CAI studies with students with 

mathematics difficulties provided 3-13 sessions for one or two weeks (Seo, 2007). 

Therefore, it can be argued that this study provided a large number of intervention 

sessions over a relatively long period of time. Such intensive and long-term intervention 

may have helped the three students successfully maintain their achieved skills and 

knowledge over time. An observation of the three students’ performance during the 

follow-up phase found that these students were still able to apply the strategies and 

retrieve what they had learned during the intervention phase. However, Student 2, who 

received the largest number of interventions for the extended time period (i.e., 31 

sessions over seven weeks), failed to maintain his improved performance level during the 

intervention and follow-up phases. Further research is necessary to identify the most 

effective duration for intervention for students with mathematics difficulties with 

consideration of the novelty effects of CAI and their learning characteristics and special 

needs. 

The short interval between the intervention and follow-up phases may be another 

factor explaining the three students’ ability to maintain their intervention gains. 

According to Xin and Jitendra (1999), four weeks is recommended as an appropriate 

interval between the intervention and follow-up phases. Due to the time constraint of the 

study, only three to six follow-up sessions for each student were provided two weeks 

after terminating of the intervention phase, which was two weeks shorter than the 

recommended interval. Thus, the findings indicate that short intervals help the students 

maintain the word problem-solving knowledge and skills obtained during the intervention 

phase.  

On the other hand, Student 2 failed to maintain his improved accuracy scores 

during the follow-up phase. His accuracy scores on the follow-up tests were higher than 

the scores before the intervention phase but were below the criterion level. Student 2 

neglected to follow each step of the strategies, despite the researcher reminding him to 
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use the strategies to solve each problem before the testing. Student 2 attempted but only 

draw a picture, for example, making big tally marks or circles, for Step 3. As suggested 

by Montague et al. (1993), a provision of booster sessions may be necessary to help 

students retrieve the use of the strategies and maintain the improved performance level 

that they achieve during the intervention phase.  

LIMITATIONS OF THE RESEARCH  

There are several limitations that need to be considered when interpreting the 

results of this study. First, a limitation related to external validity of the study is noted. 

Only four students participated in the study and the intervention occurred only in the pull-

out and individual setting. Therefore, even though the study showed the effectiveness of 

Math Explorer for those four students, generalizing the findings to populations in other 

educational settings (e.g., classroom and computer lab) may be limited. Further 

investigation with larger groups of students experiencing mathematics difficulties or 

special education students in other education settings is suggested.  

Second, the reliability and validity of the computer- and paper/pencil-based tests 

used as an outcome measure in the study had not been adequately assessed. The tests 

included a total of 18 one-step addition and subtraction word problems, which were 

randomly selected from the problem database of the program. The problem database 

consisted of 288 problems which were generated based on the one-step addition and 

subtraction word problems with single- and/or double-digits numbers in the mathematical 

textbooks in grades 2-3. Even though the tests contained problems, randomly selected 

from the problem database of the program, the fact that the students’ performance was 

not assessed with the standardized tests must be noted. Also, there is a need to determine 

the technical adequacy of the researcher-designed measures. A study is necessary to 

evaluate the reliability and validity of the tests. 

Third, the students took the 10-minute computer- or paper/pencil-based tests 

every other day after the intervention to assess the intervention and generalization effects 
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from the computer-based tests to the paper/pencil-based tests. Due to the high frequency 

of the testing, there may be a concern as to whether each student’s improved accuracy 

performance was attributed primarily to the intervention effects rather than to the practice 

effects through the tests. To minimize possible test practice effects in the study, the 

researcher randomly selected problems from the problem database and changed their 

object, subject, and number variables. However, the variation of the problems may not be 

significant because the problems for each problem subtype were generated from only 

three problem templates in the problem database (see Appendix K). Therefore, caution is 

necessary in interpreting the students’ performance on the tests.  

Fourth, social validity was not adequately assessed in the study. Formal 

interviews with the students were not conducted in the study, thus, student perspectives 

of the effectiveness of Math Explorer and their suggestions for revisions of the program 

were not obtained. Further, without the formal interviews with the teachers, it could not 

be assessed whether the students’ progress on the mathematical performance in the areas 

of word problem-solving, addition, and subtraction was observed in their classroom. A 

replication study with formal interviews with students and their teachers is suggested.   

 Fifth, the students individually received the intervention under the researcher’s 

supervision and monitoring in each intervention session. The researcher’s considerable 

attention and encouragement in the individual intervention setting may have influenced 

the students’ performance. Thus, results of the study should be interpreted cautiously.  

Lastly, while the students received Math Explorer intervention for five to seven 

weeks, they also received mathematics instruction by their classroom teacher. Therefore, 

the students’ improved accuracy performance may have been influenced not only by the 

Math Explorer program but also by their classroom instruction. Replication studies with a 

research design that can control for this issue are necessary.    
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IMPLICATIONS FOR PRACTICE  

Previous research on cognitive and meta-cognitive strategy instruction has yielded 

consistent findings regarding the effectiveness of the strategies in improving 

mathematical word problem-solving skills of students with mathematics difficulties (Case 

et al., 1992; Cassel & Reid, 1996; Hutchinson, 1993; Montague, 1992; Montague et al., 

1993). However, it is difficult for teachers to successfully apply effective strategies in 

order to enhance the mathematical performance of students with mathematics difficulties 

in their classroom because of limited instructional time (Busch et al., 2001; Schumm et 

al., 1995) and a lack of resources and support (Cawley & Parmar, 1992; Jitendra & Hoff, 

1996). CAI, as a supplemental method to deliver the cognitive and meta-cognitive 

strategies in the mathematical word problem-solving instruction, is one possible solution. 

The study provided empirical evidence that CAI with cognitive and meta-cognitive 

strategies, Math Explorer, can effectively improve students’ mathematical word problem-

solving skills. Accordingly, this finding suggests that teachers can use Math Explorer as 

part of their word problem-solving instruction to efficiently deliver the cognitive and 

meta-cognitive strategies. As Math Explorer provides explicit instruction on the 

strategies, teachers can spend more time providing additional support to students with 

mathematics difficulties during their mathematics instruction. As shown in the study, 

students may become excited about learning using a computer and, at the same time, 

receive benefits from Math Explorer by learning the cognitive and meta-cognitive 

strategies to improve their word problem-solving performance. As discussed before, even 

students with reading difficulties can receive similar benefits to students without reading 

difficulties because they can listen to the instructions and be actively involved with the 

cognitive and meta-cognitive strategy activities using the voice buttons presented in Math 

Explorer.    

Another implication of the study is that CAI programs in mathematics for students 

with mathematics difficulties should incorporate the instruction, interface, and interaction 
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design features, which have been identified to be critical for their successful 

mathematical learning. It has been argued that the instructional principles and features 

embedded in the CAI program are critical factors closely related to students’ positive 

academic outcomes (Clark, 1983). Due to a lack of CAI studies that examine the 

effectiveness of specific instruction design features inherent in CAI programs for students 

with mathematics difficulties, it is difficult to specify which instruction features of CAI 

are helpful in leading positive mathematical outcomes for students (Seo, 2007). By 

developing and implementing Math Explorer, which incorporates the critical instruction, 

interface, and interaction design features for the successful mathematical learning of 

students with mathematics difficulties, the study presents preliminary evidence of the 

effectiveness of those design features. Future researchers and software programmers can 

include these critical design features in designing and developing CAI programs in 

mathematics for students with mathematical difficulties. Teachers or other educators can 

refer to these critical features when they evaluate or select mathematics CAI programs for 

their students.  

In addition, Math Explorer can be used to as a tool for teachers to learn cognitive 

and meta-cognitive strategies and develop their own abilities to successfully teach the 

strategies to students in their mathematics instruction. There has been a concern that most 

teachers are not familiar with the cognitive and meta-cognitive strategies or do not fully 

understand the underlying theory, processes, and components of the strategies (Montague 

et al., 2000). Montague, Warger, and Morgan (2000) found that despite teachers’ limited 

understanding and knowledge of the strategies, pre- and in-service teacher training for the 

strategies is not frequently provided for teachers. Therefore, teachers often feel 

uncomfortable providing cognitive and meta-cognitive strategies for their students 

(Montague et al., 2000). Math Explorer was designed to incorporate the cognitive and 

meta-cognitive strategies adapted from the previous research on cognitive and meta-

cognitive strategies and to demonstrate each step of the strategies in a systematic way that 
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enables teachers to easily learn the processes and components of the strategies through 

hand-on experience. In this study, when the teachers of the students were given a chance 

to execute Math Explorer during the initial meeting with the researcher, they expressed 

that they easily learned the strategies using the program and wanted to apply the 

strategies to teach word problem-solving to students with mathematics difficulties during 

their mathematics instruction. 

In addition, teachers can become familiar with the critical instruction, interface, 

and interaction design features embedded in Math Explorer and apply them when they 

teach students with mathematics difficulties the cognitive and meta-cognitive strategies in 

their mathematics instruction. Furthermore, teachers can become more competent in 

providing the instruction utilizing cognitive and meta-cognitive strategies that are suited 

to meet the special needs and learning characteristics of students with mathematics 

difficulties.  

IMPLICATIONS FOR FUTURE RESEARCH 

Several suggestions for future research have emerged from the analysis of the 

findings of this study. First, as discussed earlier, there is a limitation to generalize the 

positive findings of the study to populations in other educational setting because the 

study included only four students and delivered the intervention only in a pull-out and 

individual setting. Therefore, there is a need for further exploration of the effectiveness of 

Math Explorer that would include more students with mathematics difficulties or other 

special education populations in other educational settings. For example, replication 

studies can be conducted with students with LD in mathematics or/and reading in 

inclusive general education classrooms. Such replication of this study can provide 

answers for questions in regard to the external validity of the study.  

Further development of Math Explorer to expand its problem database is 

necessary to include a variety of word problems in higher level mathematical areas. The 

problem database of Math Explorer only includes one-step addition and subtraction 
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problems without extraneous information. The number variables are increased only up to 

two-digit numbers. According to Texas Essential Knowledge and Skills (TEKS, 2007), 

students in grade 2 are expected to learn the value of whole numbers to 999 and solve 

addition and subtraction problems with two-digit numbers using regrouping. The 

concepts of multiplication and division are introduced using concrete objects. Students in 

grade 3 are expected to use the value of whole numbers to 9,999 and solve addition and 

subtraction problems with three-digit numbers. They are also expected solve 

multiplication and division problems involving one-digit multiplier and divisor. 

Therefore, higher level word problems, for example, addition and subtraction word 

problems with three-digit numbers or multiplication and division word problems, must be 

included in the problem database of Math Explorer for students in grades 2-3 and for 

upper grade levels to practice solving word problems that correspond to the mathematics 

content of their grade level. Also, including more complex word problems, for example, 

multi-step word problems with extraneous information, is also necessary for students 

with mathematics difficulties because they are likely to perform worse and commit more 

error than their normally achieving peers when they solve such complex word problems 

(Jordan & Montani, 1997). As students with mathematics difficulties learn how to solve 

such higher level word problems using the cognitive and meta-cognitive strategies 

through Math Explorer, they will be able to understand the mathematical contents that 

they are taught and, hence, fully benefit from mathematics instruction and curriculum of 

their grade level. Accordingly, follow-up studies to explore the effects of Math Explorer 

containing such higher level problems on students’ performance are necessary.  

Additionally, further development of Math Explorer to identify the critical steps 

of cognitive and meta-cognitive strategies is necessary. Math Explorer includes four-step 

cognitive and corresponding three-step meta-cognitive strategies adapted from previous 

research on cognitive and meta-cognitive strategies. Future studies should “unpack” this 
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strategy package in experimentally to determine the number and type of strategies that 

proves to be most efficacious.  

Another area that warrants further research is the suitable duration of CAI to 

maximize its effectiveness and hold its novelty over time for students with mathematics 

difficulties. It has been argued that a long-term duration for CAI is necessary for students 

with mathematics difficulties to learn mathematics via computer and maintain their 

learning over time (Shiah et al., 1994-1995; Xin & Jitendra, 1999). However, this study 

found that Student 2 who interacted with Math Explorer for the longer time period 

compared to the other three students gradually lost his interests in learning using a 

computer and showed distracted and off-task behaviors during the intervention phase. 

Consequently, Student 2 had inconsistent intervention gains during the intervention phase 

and failed to maintain his intervention gains during the follow-up phase. Therefore, it 

would be interesting to see future research explore ways to maintain the novelty effects of 

CAI over time and identify the appropriate duration of CAI for students with 

mathematics difficulties.  

Lastly, there is a lack of CAI programs based on a validated and contemporary 

learning theory (e.g., cognitive or constructive theory: Higgins et al., 2000; Larsen, 1995; 

Lockard et al., 1997; Seo, 2007). Woodward and Rieth (1997) pointed out that, despite 

pedagogical shifts to more cognitive and constructive learning theories in technology, 

most CAI programs are still grounded in behavioral approaches. Due to the limited 

availability of such CAI programs, most CAI studies for students with mathematics 

difficulties were conducted with CAI programs developed based on behavioral learning 

theories (i.e., drill and practice or game CAI program: Seo, 2007). Therefore, like Math 

Explorer, CAI programs for student with mathematics difficulties in reflecting a validated 

and contemporary learning theory must be continuously developed in future studies. 

Further exploration is necessary to find empirical evidence of the effectiveness of CAI 

programs that enhance students’ mathematical performance.  
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In addition, due to the advent of advanced computer technology, the potential of 

sophisticated CAI programs, such as multimedia, hypermedia, virtual reality, and 

networking programs, to assist students with mathematics difficulties has been 

emphasized in the past few years (Seo, 2007). Lewis (1998) pointed out that networking 

programs such as the Internet and the World Wide Web are beneficial for students with 

mathematics difficulties in that these programs can provide them with opportunities to 

access to huge amounts of information in an interactive, web-based environment. With a 

lack of such CAI programs for students with mathematics difficulties, however, little is 

known about their effectiveness in improving the students’ mathematical performance. 

Even though this study designed and developed the multimedia program, Math Explorer, 

and provided the evidence of its positive effectiveness for the students’ word problem-

solving performance, more studies to design and develop CAI programs with advanced 

computer technology are necessary to ensure that such CAI programs can make a positive 

contribution to the successful mathematical learning of students with mathematics 

difficulties. Furthermore, an investigation of how such CAI programs can be modified to 

compensate for the students’ difficulties in attention, working memory, information 

processing, and visual and spatial capacity is crucial to deliver CAI suited to meet the 

performance characteristics and special needs of students with mathematics difficulties.  

SUMMARY 

The purpose of this study was to investigate the effects of Math Explorer, which 

was designed to deliver cognitive and meta-cognitive strategies and to supplement 

classroom word problem-solving instruction, on the one-step addition and subtraction 

word problem-solving skills of students with mathematics difficulties in grades 2-3. A 

multiple probe across subjects design was used for the study. Four students with 

mathematics difficulties received a 20- to 30-minute Math Explorer intervention for 

approximately five to seven weeks. Each of the four students’ accuracy performance on 

the computer- and paper/pencil-based tests were examined. About two weeks after 
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termination of the intervention phase, each student’s accuracy performance on the 

computer- and paper/pencil-based tests were also examined during the follow-up phase.  

The findings of the study revealed that all four of the students were able to use the 

cognitive and meta-cognitive strategies to solve the addition and subtraction word 

problems and improved their accuracy performance on the computer-based tests. Their 

improved accuracy performance found on the computer-based tests was successfully 

transferred to the paper/pencil-based tests. About two weeks after termination of the 

intervention phase, except for one student who had many absences and behavioral 

problems during the extended intervention phase, the three students successfully 

maintained their improved accuracy performance during the follow-up phase. Taken 

together, the findings of the study clearly provide evidence that Math Explorer is an 

effective method for teaching one-step addition and subtraction word problem-solving 

skills to students with mathematics difficulties and suggest that the instruction, interface, 

and interaction design features of CAI program is carefully designed to produce 

successful mathematical performance of students with mathematics difficulties. 

Despite several limitations, the findings of this study have important implications 

for teachers and researchers who make efforts to improve the mathematical word 

problem-solving performance of students with mathematics difficulties. For example, 

teachers can use Math Explorer as part of their word problem-solving instruction to 

efficiently deliver cognitive and meta-cognitive strategies. Using Math Explorer, teachers 

can learn about the cognitive and meta-cognitive strategies and develop their abilities to 

successfully teach the strategies to students. Future researchers and software 

programmers can include the critical instruction, interface, and interaction design features 

embedded in Math Explorer to design and develop CAI programs in mathematics for 

students with mathematics difficulties. In addition, teachers or other educators in schools 

can refer to these critical features when they evaluate or select mathematics CAI 

programs for their students.  
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Future lines of research can include an investigation of whether the findings of the 

study can be generalized to more students with mathematics difficulties or other special 

education populations in other educational settings, and how the most suitable duration of 

CAI can be identified to maximize its effectiveness and maintain its novelty for students 

with mathematics difficulties. Furthermore, the development of more advanced CAI 

programs based on a validated learning theory and examination of their effectiveness in 

enhancing the mathematical performance of students with mathematics difficulties are 

suggested for future research.  



 

 198 

Illustration 3.1 The Flowchart of Math Explorer  
 
 
 
 

Start 

Title 

 

Welcome 

Instructional Modeling 

 Guided practice 
problems 

Instructional Goal 

Start 

Title 

 

Welcome 

Instructional Modeling 

See this example again? Solve a problem 

Independent practice 
problems 

Computer- or  
paper/pencil-based tests 

Instructional Goal 

 

End 
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Illustration 3.2 The Flowchart for the Guided Practice in Step1 

Start 

Step 1: Reading 

Do Activity: 
I read the problem aloud 

for understanding 

Ask Activity: 
Have I read and 

understood the problem? 

 

Read each sentence.  
Then read all the 
problem. 

 

Click sound button to 
hear the problem. 

Click any word 
If you don’t know 

 its meaning.  

Check Activity: 
I understand the problem. 
I read the problem again..  

Yes 

Good work! 
You really know this! 

No (N*=1) 

No (N=2) 

No (N=3) 

Ask my teacher to 
help me read the 
problem. 

No (N=4) 

Step 2: Finding 

 Note. N = Number of no answer. n = number of incorrect answer 

  

You tried very hard!   
Keep trying! 
You can get it next time! 
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Illustration 3.3 The Flowchart for the Guided Practice in Step2 
 
 
 

Step 2: Finding 

Do Activity: 
I find and click  
the important 
information  

in the problem. 

Ask Activity: 
Have I found and clicked 

 all important information 
in the problem? 

Find he numbers and 
words that tell me 
what I am looking for. 

Check an example of 
how to find the 
important information 

Check another example 
of how to find the 
important information  

Check Activity: 
I check the important 

information that 
 goes with the problem. 

 

Yes 

Good work!  
You really know this! 

 

No (N*=1) 

No (N=2) 

No (N=3) 

Check how I can find 
the important 
information 
in the problem. 

No (N=4) 

Step 3: Drawing 

You tried very hard!  
Keep trying! 
You can get it next time! 

 Note. N = Number of no answer. n = number of incorrect answer 

  

Answer: In the problem, 
I can find and click ____ 
as the important 
information. 

Answer: In the problem, 
I can find and click ____ 
as the important 
information. 
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Illustration 3.4 The Flowchart for the Guided Practice in Step3 

Step 3: Drawing 

Do Activity: 
I draw a picture to 
show the problem 

using my drawing tool. 

Ask Activity: 
Does the picture fit the 

problem?  

Draw a picture that 
shows the important 
information 
in the problem.  

Check an example of 
how to draw a picture 
to solve the problem.  

See another example of 
how to draw or click a 
picture that fits the 
problem.  

 

Check Activity: 
I check the picture against 
the problem information 

 

Yes 

Good work! 
You really know this! 

No (N*=1) 

No (N=2) 

No (N=3) 

Check how I can draw 
a picture to solve 
the problem.   

No (N=4) 

Step 4: Computing 

You tried very hard! 
Keep trying! 
You can get it next time! 

 Note. N = Number of no answer. n = number of incorrect answer 

  

Answer: Draw a picture 
that shows 
the important information 
in the problem.  

Answer: Draw a picture 
that shows 
the important information 
in the problem.  
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Illustration 3.5 The Flowchart for the Guided Practice in Step4 

Do Activity: 
I write the number 

sentence and find the 
answer using my 
computing tool. 

Ask Activity: 
Are the number sentence 

and answer correct? 

 • Write the number 
sentence show the 
important 
information in the 
problem. 

• Solve the number 
sentence.  

• Click addition (or 
subtraction) button 
to learn how to 
solve an addition 
(or subtraction) 
number sentence.  

Check  
an example of how to 
solve the problem. 

Check another 
example of how to 
solve the problem. 

Check Activity: 
I check that 
the number sentence 
and answer are correct. 

Yes 

Good work! 
You really know this! 

No (N*=1) 

No (N=3) 

Check  
how I can solve 
the problem to find  
the answer.  

No (N=4) 

Step 4: Computing 

No (N=2) 

End 

You tried very hard!  
Keep trying! 
You can get it next time! 

 Note. N = Number of no answer. n = number of incorrect answer 

  

Answer 

• Write the number 
sentence that shows the 
important information 
in the problem.  

• Solve the number 
sentence.  

My answer is ________  

Answer: 

• Write the number 
sentence that shows the 
important information 
in the problem.  

• Solve the number 
sentence.  
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APPENDIX A: 

THE RATIONALE, PURPOSE, RESEARCH QUESTIONS, AND 

CONTRIBUTION OF THE STUDY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Limitations in providing cognitive and 
meta-cognitive strategy instruction for 
students with mathematics difficulties 

 

Needs for CAI programs delivering 
cognitive and meta-cognitive 
strategies in mathematical word 
problem-solving for students with 
mathematics difficulties 

 

Needs for CAI programs 
incorporating critical instruction, 
interface, and interaction design 
features for students with 
mathematics difficulties 

Purpose of the Study 
Designing, developing, and implementing the multimedia software, Math Explorer, which 
incorporates (a) cognitive and meta-cognitive strategies and (b) the critical instruction, interface and 
interaction design features for a successful delivery of cognitive and meta-cognitive strategies for 
students with mathematics difficulties to enhance their addition and subtraction word problem-
solving skills 

Research Questions 

• To what extent does the use of Math Explorer affect the accuracy performance of students with 
mathematics difficulties in grades 2-3 on computer-based tasks with one-step addition and 
subtraction word problem-solving? 

• To what extent does the use of Math Explorer generalize to the accuracy performance of students 
with mathematics difficulties in grades 2-3 on paper/pencil-based tasks with one-step addition and 
subtraction word problem-solving? 

• To what extent does the use of Math Explorer maintain the accuracy performance of students with 
mathematics difficulties in grades 2-3 on computer- and paper/pencil-based tasks with one-step 
addition and subtraction word problem-solving? 

Contribution of the Study 

• Establishment of the effectiveness of Math Explorer as a supplemental method of a teacher’s word 
problem-solving instruction, in improving the word problem-solving skills of students with 
mathematics difficulties 

• Provision of the systematic analysis of critical design features of CAI program for students with 
mathematics difficulties in terms of instruction, interface and interaction design  

Importance of mathematical skills in school, community, and society 

Computer-Assisted Instruction (CAI) 
 

Difficulties in mathematical word 
problem-solving among students with 
mathematics difficulties 
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APPENDIX B: 

STUDIES EXAMINING EFFECTS OF COGNITIVE AND META-COGNITIVE STRATEGIES IN 

WORD PROBLEM-SOLVING FOR STUDENTS WITH MATHEMATICS DIFFICULTIES 
 

Table B.1. Studies on Cognitive Strategies in Word Problem-Solving for Students with Mathematics Difficulties 
Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures Results 

Jitendra & Hoff (1996) 
 
3 students with LD/ 
LD criteria: NA 
 
Grade: Elementary (3-4) 
Age: 9.6 (mean) 
Gender: 1 boy & 2 girls 

Multiple baseline across 
subjects, single-subject design 
 
Setting: NA 
 

Schema-based strategy using 
three types of knowledge (i.e., 
problem schemata, action 
schemata, & strategic 
knowledge) 
 
Duration: 8 sessions (average)/ 
40-45 minutes per session 

DV: one-step addition & 
subtraction word problem-
solving  
 
Researcher developed/  
paper-and-pencil, three-type of 
one-step addition & 
subtraction word problems 
 
Total scores (number of 
correct answers) 

All of the three students’ 
problem-solving performance 
successfully increased on 
addition and subtraction word 
problems. 
 
On the maintenance probes, all 
three students maintained their 
improved word problem-
solving performance over time.  

Jitendra, DiPipi, & Perron-
Jones (2002) 
 
4 students with LD/ 
State LD criteria 
 
Grade: Secondary (8) 
Age: 13 (mean) 
Gender: 2 boys & 2 girls 

A multiple probe across 
participants design 
 
Setting: General education 
classroom 

Schema-based strategy 
 
Duration: 35-40 minutes per 
session 

DV: one-step multiplication & 
division word problem-solving  
 
Researcher developed/  
paper-and-pencil, one-step 
multiplication & division word 
problems (vary & 
multiplicative comparison 
problems)/multi-step 
multiplication & division word 
problems (vary & 
multiplicative comparison 
problems)/strategy 
questionnaire 
 
Total scores (number of 
correct answers) 

The word problem-solving 
performances of all of the four 
students were improved after 
the introduction of the schema 
strategy instruction. 
 
The students became 
completed all vary problems 
without any error but not 
multiplicative comparison 
problems. 
 
The four students maintained 
their high level word problem-
solving performance after the 
termination of the intervention. 
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures Results 

 

Xin, Jitendra, & Deatline-
Buchman (2006) 
 
22 students who had LD or 
were at risk for mathematics 
failure/ 
LD criteria: NA 
 
Grade: Secondary (6,7,&8) 
Age: 8 (mean) 
Gender: 11 boys & 11 girls 
 

Treatment/comparison group 
design/ 
Pretest-intervention-
maintenance-generalization/ 
Non-random assignment 
 
Setting: Pull-out/classroom 
 

Schema-based instruction 
(SBI) & general strategy 
instruction (GSI) 
 
Duration: 12 sessions/ 1 hour 
per session 

DV: one-step multiplication & 
division word problem-solving 
 
Researcher developed/  
paper-and-pencil, one-step 
multiplication & division word 
problems (multiplicative 
compare & proportion 
problems)  
 
Total scores (number of 
correct answers) 

The SBI students performed 
significantly better than the 
GSI students on the posttest, 
maintenance test, and 
generalization test. 

Wilson & Sindelar (1991) 
 
62 students with LD/ 
School district LD criteria 

 
Grade: Elementary (2-5) 
Age: 10 (mean) 
Gender: 52 boys & 10 girls 
 
 
 
 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Non-random assignment 
 
Setting: Special education 
classroom, office space, media 
center, & cafeteria 
 
 

Problem sequencing (i.e., 
simple action, classification, 
complex action, & comparison 
problem) & direct instructional 
strategy (i.e., big number rule 
& diagram) 
 
Strategy-plus-sequence vs. 
strategy-only vs. sequence-
only 
 
Duration: 14 sessions/ 
30 minutes per session 

DV: one-step addition & 
subtraction word problem-
solving  
 
Researcher developed/  
paper-and-pencil, one-step 
addition & subtraction word 
problems 
 
Total scores (number of 
correct answers) 
 

The students in the strategy-
plus-sequence group and 
strategy-only groups scored 
significantly higher than the 
students in the sequence-only 
group on the posttest and 
follow-up test.  
 
Significant differences in 
performance between the 
strategy-plus-sequence and 
strategy-only groups were not 
found on the posttest. 

Montague & Bos (1986) 
 
6 students with LD/ 
School district LD criteria 

 
Grade: Secondary (10-12) 
Age: 16.7 (mean) 
Gender: 5 boys & 1 girl 

Multiple baseline across 
subjects, single-subject design 
 
Setting: Resource room 
 

8-step cognitive strategy (i.e., 
(a) read the problem aloud, (b) 
paraphrase the problem aloud, 
(c) visualize, (d) state the 
problem, (e) hypothesize, (f) 
estimate, (g) calculate, & (h) 
self-check) 
 
Duration: 6 sessions (average)/ 

DV: two-step word problem-
solving in addition, 
subtraction, multiplication, & 
division 
 
Researcher developed/  
paper-and-pencil, two- & 
three-step word problems in 
addition, subtraction, 

Five of the six students with 
LD demonstrated substantial 
progress in terms of the 
number of correct answers 
between baseline and 
treatment.  
 
Four of the six students 
generalized the strategy to 



 

 206 

Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures Results 

50 minutes per session multiplication, & division 
 
Total scores (number of 
correct answers) 

three step problems and 
maintained the criterion level 
of performance three months 
later.  
 
Time to complete the test used 
by each students was 
decreased as treatment 
progressed. 

Zawaiza & Gerber (1993) 
 
38 students with LD/ 
State LD criteria 

 

Grade: Postsecondary (college) 
Age: NA 
Gender: NA 

 
 
 
 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Regular classrooms 

Translation & diagram strategy 
 
Translation strategy vs. 
diagram strategy vs. attention-
control 
 
Duration: 2 sessions/ 
40 minutes per session 

DV: two-step, compare-type 
word problem-solving in 
addition, subtraction, 
multiplication, & division 
 
Researcher developed/  
paper-and-pencil, two-step, 
compare-type word problems 
in addition, subtraction, 
multiplication, & division  
 
Total scores (number of 
correct answers) 

Performance of the students in 
the diagram strategy group 
improved significantly on the 
two-step, compare-type word 
problems.  
 
Compared with the students in 
other groups the students in the 
diagram strategy group showed 
a significant decrease on their 
posttest reversal errors. 

Note. LD = Learning Disabilities. NA = Not Available. DV = dependent variable. 
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Table B.2. Studies on Cognitive and Meta-cognitive Strategies in Word Problem-Solving for Students with Mathematics Difficulties 
Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures Results 

Cassel & Reid (1996) 
 
2 students with LD & 2 
students with MMR/ 
State LD criteria 

 
Grade: Elementary (3-4) 
Age: NA  
Gender: NA 

Multiple baseline across 
subjects, single-subject design 
 
Setting: NA 

11-step cognitive strategy ((a) 
read the problem out loud, (b) 
find & highlight the question, 
then write the label, (c) ask 
what are the parts of the 
problem then circle the 
numbers needed, (d) set up the 
problem by writing & labeling 
the numbers, (e) re-read the 
problem & tie down the sign, 
(f) discover the sign, (g) read 
the number problem, (h) 
answer the number problem, & 
(i) write the answer & check 
by asking if the answer makes 
sense) & 6-step self-regulated 
strategy ((a) problem 
definition, (b) planning, (c) 
strategy use, (d) self-monitor, 
(e) self-evaluation, & (f) self-
reinforcement) 
 
Duration: 6 sessions/ 
35 minutes per session 

DV: one-step, four-type 
(change, equalize, combine, & 
compare) addition & 
subtraction word problem-
solving 
 
Researcher developed/  
Paper-and-pencil, one-step, 
four-type (change, equalize, 
combine, & compare) addition 
& subtraction word problems 
 
Total scores (number of 
correct answers) 
 
 
 

All students’ performance 
increased over baseline levels 
in terms of the number of 
correct answer on one-step, 
addition and subtraction word 
problems. 
 
Students with LD often 
skipped or modified the 
strategy steps whereas the 
students with MMR 
consistently used all strategy 
steps and sequentially applied 
all strategy steps to solve the 
word problems. 

Case, Harris, & Graham 
(1992) 
 
4 students with LD/ 
School district & state LD 
criteria 
 
Grade: Elementary (5-6) 
Age: NA  
Gender: NA 

Multiple baseline across 
subjects, single-subject design 
 
Setting: Regular classrooms 
 

5-step cognitive strategy ((a) 
read the problem out loud, (b) 
look for important words & 
circle them, (c) draw a picture 
to help tell what is happening, 
(d) write down the math 
sentence, & (e) write down the 
answer) & 5-step self-
instructions ((a) problem 
definition, (b) planning, (c) 

DV: One-step addition & 
subtraction word problem-
solving 
 
Researcher developed/  
Paper-and-pencil, one-step 
addition & subtraction word 
problems 
 
Total scores (number of 

All students significantly 
improved as they learned to 
apply the strategies to one-step 
addition or subtraction 
problems.  
 
During the generalization 
period, the students maintained 
the high levels of performance 
on the generalization probes.  
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures Results 

strategy use, (d) self-
evaluation, & (e) self-
reinforcement 
 
Duration: 8 sessions (average)/ 
35 minutes per session 

correct answers)  
During the maintenance 
periods, two of the four 
students failed to maintain 
their gains made as a result of 
strategy instruction.  

Montague (1992) 
 
5 students with LD/ 
School district LD criteria 
 
Grade: Secondary (6-8) 
Age: 13.7 
Gender: 3 boys & 3 girls 
 
 
 

Multiple baseline across 
subjects, single-subject design 
 
Setting: Research-only 
classroom 

7-step cognitive strategy ((a) 
read, (b) paraphrase, (c) 
visualize, (d) hypothesize, (e) 
estimate, (f) compute, & (g) 
check) & 3-step meta-
cognitive strategy ((a) self-
instruction, (b) self-
questioning, & (c) self-
monitoring) 
 
Duration: 4 months/ 
55 minutes per session 

DV: one-, two-, & three-step 
word problem-solving in 
addition, subtraction, 
multiplication, & subtraction 
 
Researcher developed/  
Paper-and-pencil, one-, two-, 
& three-step word problems in 
addition, subtraction, 
multiplication, & division/ 
 
Researcher developed/  
Mathematical problem solving 
assessment-short form 
(MPSA-SF) 
 
Total scores (number of 
correct answers) 

During the treatment 1 
(cognitive or meta-cognitive 
strategy), the students’ number 
of correct response did not 
increase significantly.  
 
During the treatment 2 
(alternative strategy), five of 
the six students showed 
marked improvement on the 
number of correct response 
compared with baseline period. 

Montague, Applegate, & 
Marquard (1993) 
 
72 students with LD/ 
School district LD criteria 
 
Grade: Secondary (7-9) 
Age: 13.7 
Gender: 53 boys & 19 girls 
 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Research-only 
classrooms 

7-step cognitive strategy ((a) 
read, (b) paraphrase, (c) 
visualize, (d) hypothesize, (e) 
estimate, (f) compute, & (g) 
check) & 3-step meta-
cognitive strategy ((a) self-
instruction, (b) self-
questioning, & (c) self-
monitoring) 
 
Cognitive strategy only (COG) 

DV: one-, two-, & three-step 
word problem-solving in 
addition, subtraction, 
multiplication, & division 
 
Researcher developed/  
Paper-and-pencil, one-, two-, 
& three-step word problems in 
addition, subtraction, 
multiplication, & subtraction 
 

The students in all treatment 
conditions improved their 
performance levels over time 
and maintained their improved 
performance level when a 
booster session was provided. 
 
The students in the COG-MET 
group produced progressed 
more rapidly than the students 
in the other groups (i.e. COG 
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures Results 

vs. meta-cognitive strategy 
only (MET) vs. combination of 
cognitive & meta-cognitive 
strategy (COG-MET) 
 
Duration: 4 months/ 
12 sessions/ 
50 minutes per session  
 

Total scores (number of 
correct answers) 
 
 
 
 

& MET groups).  
 
The students in the COG-MET 
group maintained their 
improved scores during the 
maintenance periods with 
slightly better score than the 
students in the other groups 
(i.e. COG & MET groups). 

Hutchinson (1993) 
 
20 students with LD/ 
LD criteria: NA 
 
Grade: Secondary (8-10) 
Age: 14.4 
Gender: 9 boys & 11 girls 
 

Multiple baseline across 
subjects, single-subject design 
 
Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Resource rooms 
 
 

Cognitive strategy & 
self-question strategy 
 
Group design: cognitive & 
self-question strategies vs. 
comparison 
 
Duration: 4 months/ 
40 minutes per day 

DV: Three-type (i.e., 
relational, proportion, & two-
variable two-equation) word 
problem-solving solving in 
algebra 
 
Researcher developed/  
Paper-and-pencil, 3-type (i.e., 
relational, proportion, & two-
variable two-equation) of word 
problems in algebra 
 
Total scores (number of 
correct answers) 

In the multiple baseline across 
subjects design study, all of the 
12 students with LD 
significantly improved their 
accuracy scores on the algebra 
problems and maintained their 
improved performance level 
over time. 
 
In the group study, the results 
of F statistics showed that 
differences between the 
strategy and comparison 
groups were significant, 
favoring the students in 
strategy group on the problem-
solving accuracy for all three 
type of algebra problems. 

Note. LD = Learning Disabilities. NA = Not Available. DV = dependent variable. DV = dependent variable. 
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APPENDIX C: 

STUDIES EXAMIING EFFECTS OF CAI IN MATHEMATICS FOR STUDENTS WITH 

MATHEMATICS DIFFICULTIES 
 

Table C.1. Studies on CAI versus Teacher-Directed Instruction 
Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes  

(Weighted d or PND) 

Watkins &Webb (1981) 
 
56 students with LD/ 
School district LD criteria 
 
Grade: Elementary (1-6) 
Age: NA  
Gender: 42 boys & 14 girls 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Non-random assignment 
 
Setting: NA 

CAI: Drill and practice 
 
The Math Machine (Watkins, 
Johnson, & Bloom, 1981) 
 
CAI vs. Teacher-directed 
instruction 
 
Duration: 5 months/  
10 minutes per day   

DV: Pre-math through division 
skills 
 
Math H.E.L.P.  
 
Total scores (number of 
correct answers) 
 

The students in the CAI group 
achieved significantly greater 
posttest scores than those in 
the traditional special 
education instruction group.  
 
d = 0.75 
 

McDermott & Watkins (1983) 
 
205 students with LD/ 
Federal & state LD criteria 
 
Grade: Elementary (1-6) 
Age: 9.98 (mean) 
Gender: 142 boys & 63 girls 
 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: NA 

CAI in math and spelling: Drill 
and practice 
 
The Math Machine (Watkins, 
Johnson, & Bloom, 1981) 
 
CAIs vs. Teacher-directed 
instruction 
 
Duration: 9 months/  
140.53 days (mean)  

DV: Fundamental to advanced 
elementary mathematics skills 
 
WRAT & CAT 
 
Total scores (number of 
correct answers) 
 

On the WRAT and CAT, there 
were no significant differences 
in achievement gains among 
all three groups (i.e., math 
CAI, spelling CAI, and 
teacher-directed instruction 
groups). 
 
d = 0.09 

Trifiletti, Frith, & Armstrong 
(1984) 
 
28 students with LD/ 
State LD criteria 

 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment  
 
Setting: Research-only 
classroom 

CAI:  Combination  
(tutorial + drill + game) 
 
SPARK-80 (NA) 
 
CAI vs. Teacher-directed 
instruction 

DV: Addition, subtraction, 
multiplication, division, & 
fraction 
 
KMDT  
 
Number of skills learned, lost 

The students with LD in the 
SPARK-80 group learned 
almost twice the number of 
new math skills as the resource 
instruction group. 
 
The students with LD in the 
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes  

(Weighted d or PND) 

Grade: Elementary & 
Secondary (4-8) 
Age: 9-15 
Gender: NA 
 

 
Duration: 10 months/  
40 minutes per day 

and gained & total scores 
(number of correct answers) 
 

SPARK-80 group performed 
better on basic math skills than 
those in the resource 
instruction group. 
 

 d = 0.45 

Moore (1988)  
 
117 students in the remedial 
math classes (half of students 
are with LD)/ 
LD criteria: NA 
   
Grade: Secondary (7-8) 
Age: NA  
Gender: NA 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Remedial classrooms 

CAI: Tutorial 
 
Milliken Math Sequence (NA) 
 
CAI vs. Teacher-directed 
instruction 
 
Duration: 9 months/  
1 session per day 
 

DV: Whole number 
operations, fractions, decimals, 
percentages, & equations 
 
District math performance test 
 
Total scores (number of 
correct answers) 
 

The students who were in the 
CAI with the positive teacher 
outperformed the students in 
other groups, but there were no 
significant differences between 
any groups.  
 
The students in the CAI 
regardless of teachers’ 
personalities improved their 
mathematical performance, but 
a significant difference was not 
found for method of 
instruction. 
 

d = 0.33 

Howell, Sidorenko, & Jurica 
(1987, Study 1) 
 
A student with LD/ 
School district LD criteria 
 
Grade: Secondary (10) 
Age: 16 
Gender: boy 

Withdrawal single-subject 
design  
 
Setting: Resource rooms 

CAI: Drill and practice 
 
Galaxy Math (Random House, 
Inc., 1984) 
 
CAI vs. Teacher-directed 
instruction 
 
Duration: 20 minutes per 
session/  
13 sessions 

DV: Single-digit multiplication 
facts 
 
Computer generated 
multiplication test 
 
Number of errors  

Drill and practice CAI had 
positive effects in terms of the 
number of errors and the 
amount of time required to 
solve multiplication problems.  
 
Drill and practice CAI did not 
hold any improvement after it 
was withdrawn.  
 
PND = 21.43% 

Wilson, Majsterek, & 
Simmons (1996) 

Alternative treatments, single- 
subject design 

CAI: Combination  
(tutorial + drill + game) 

DV: Single-digit multiplication 
facts 

Both CAI and teacher-directed 
instruction promoted the 
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes  

(Weighted d or PND) 

 
4 students with LD/ 
State LD criteria 

 
Grade: Elementary (3-4) 
Age: 10.07 (mean) 
Gender: 3 boys & 1 girl 

 
Setting: Research-only 
classroom 

 
Math Blaster (Eckert & 
Davidson, 1987) 
 
CAI vs. Teacher-directed 
instruction 
 
Duration: 20 minutes per 
session (10 minutes for CAI & 
10 minutes for teacher-directed 
instruction)/  
13-30 sessions 

 
Researcher developed/  
paper-and-pencil 
multiplication test 
 
Total scores (number of 
correct answers) 
 
 
 

students’ multiplication facts 
mastery and automaticity.  
 
All students with LD mastered 
more multiplication facts under 
the teacher-directed condition.  
 
The students’ opportunities to 
respond and success rate were 
much higher under the teacher-
directed condition. 
 
PND = 85% and 100% (for 
follow-up) 

Note. CAI = Computer-Assisted Instruction. LD = Learning Disabilities. NA = Not Available. d = Cohen’s d. PND = Percentage of Nonoverlapping Data. 
WRAT = Wide Range Achievement Test. CAT = California Achievement Test. KMDT = Key Math Diagnostic Test  
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Table C.2. Studies on Comparison of CAI Types  
Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes 

(Weighted d or PND) 

Christensen & Gerber (1990) 
 
30 students with LD/ 
State LD criteria 

 
(Grade: Elementary (3-6) 
Age: 10.2 (mean) 
Gender: 23 boys & 7girls) 
 
30 younger students without 
LD 
 
(Grade: Elementary (1-2) 
Age: 7.5 (mean) 
Gender: 15 boys & 15 girls) 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Resource rooms 

CAI:  Game- & drill and 
practice 
 
Alien Addition (Chaffin, 
Maxell, & Thompson, 1982) & 
Plain Vanilla (Researcher-
developed software) 
 
Drill CAI vs. Game CAI  
 
Duration: 6 minutes per 
session/  
13 sessions 

DV: Single-digit addition facts 
 
Researcher developed/  
timed paper-and-pencil,  
oral-response, & keyboard 
addition tests 
 
Total scores (number of 
correct answers) 
 

The students with LD in the 
non-game-format drill and 
practice CAI performed better 
than the students with LD in 
the game-format-drill and 
practice CAI on the timed 
paper-and-pencil, keyboard 
and oral-response addition 
tests.  
 
d = 0.71 (drill and practice 
CAI)  

Okolo (1992a) 
 
41 students with LD/ 
State LD criteria 

 
Grade: Elementary (4-6) 
Age: 11.55 (mean)  
Gender: 28 boys & 13 girls  

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Self-contained 
classroom 

CAI: Drill and practice & 
game 
 
Math Master (DLM, 1988) 
 
Drill CAI vs. Game CAI 
 
Duration: 20 minutes per 
session/  
4 sessions 

DV: Single-digit addition facts 
 
Researcher developed/  
paper-and-pencil addition facts 
proficiency test 
 
Total scores (number of 
correct answers) 
 
 

Regardless of students’ 
attitudes toward mathematics, 
the students’ arithmetic 
proficiency improved 
significantly in both game and 
drill CAI conditions.  
 
On the practice addition skill 
test, there were no significantly 
differences between the high- 
or low-attitude students in both 
game and drill CAI groups in 
terms of their scores. 
 
On the non-practice skill test, 
the high-attitude students in 
the game CAI group 
performed significantly better 
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes 

(Weighted d or PND) 

their counterparts in the drill 
CAI group.  
 
d = -0.47 (drill CAI) 

Howell, Sidorenko, & Jurica 
(1987, Study 2) 
 
A student with LD/ 
School district LD criteria 
 
Grade: Secondary (10) 
Age: 16 
Gender: boy 

Alternating treatment, single-
subject design  
 
Setting: Resource rooms 

CAI: Tutorial & drill and 
practice  
 
MemorEase (Mind Nautilus 
Software, 1985) & Galaxy 
Math (Random House, Inc., 
1984) 
 
Tutorial CAI vs. Game type 
drill CAI with teacher strategy 
 
Duration: 20 minutes per 
session/  
30 sessions 
 
 

DV: Single-digit multiplication 
facts 
 
Computer generated/  
untimed & timed 
multiplication tests 
 
Number of errors  

Tutorial CAI and drill and 
practice CAI with the teacher 
intervention strategy had 
positive effects in terms of the 
number of errors and the 
amount of time required to 
solve multiplication problems.  
 
Drill and practice CAI did not 
hold any improvement after it 
was withdrawn (study 1), but 
drill and practice CAI with the 
teacher intervention strategy 
did.  
 
PND = 28.57% and 50% (for 
follow-up) 

Fuchs, Fuchs, Hamlet, Powell, 
Capizzi, & Seethaler 
(2006) 
 
33 at-risk students for math 
disability and reading 
disability/ 
LD criteria 
 
Grade: Elementary (1) 
Age: NA 
Gender: 21 boys & 11 girls 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Classrooms 

CAI: Math & Spelling 
 
FLASH (Researcher-
developed software) 
 
Math CAI vs. Spelling CAI 
 
Duration: 10 minutes per 
session/  
50 sessions 
 

DV: Number combinations 
with single-digit addition & 
subtraction facts/ arithmetic 
story problems with single-
digit addition & subtraction 
facts 
 
Number Fact Fluency with 
addition & subtraction 
subtests/researcher-
developed/arithmetic story 
problems test 
 
Total scores (number of 

The significant acquisition 
effects of math FLASH were 
found on the number 
combinations for addition but 
not for subtraction. 
 
The transfer effects of math 
FLASH to story problems 
were not occurred.  
 
The significant acquisition and 
transfer effects of spelling 
FLASH were detected. 
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes 

(Weighted d or PND) 

correct answers) 

Note. CAI = Computer-Assisted Instruction. LD = Learning Disabilities. NA = Not Available. d = Cohen’s d.  PND = Percentage of Nonoverlapping Data.  
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Table C.3. Studies on CAI Enhanced  
Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes  

(Weighted d or PND) 

Okolo (1992b)  
 
29 students with LD/ 
School district LD criteria 
 
Grade: Secondary (7-8) 
Age: 13.3 (mean)  
Gender: 16 boys & 13 girls 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: Resource room & 
computer lab 

CAI: Drill and practice 
 
Drill (Davis, no year) 
 
CAI Enhanced (i.e., CAI with 
attribution retraining) 
 
Duration: 30 minutes per 
session/  
8 sessions 
 
 

DV: Multiplication 
computation  
 
Researcher developed/  
paper-and-pencil 
multiplication test 
 
Total scores (number of 
correct answers) 
 

The attribution retraining 
students significantly 
improved their performance on 
the multiplication test, while 
the neutral feedback students 
did not show any significant 
differences from pretest to 
posttest.  
 
The students in the attribution 
retraining group completed 
significantly more advanced 
levels of program with a 
similar accuracy and trials-to-
criterion within a same amount 
of time in comparison with the 
students in the neutral group. 
 

d = 0.87 

Shiah, Mastropieri, Scruggs, & 
Fulk 
(1994-1995) 
 
30 students with LD/ 
Federal, state, & school district 
LD criteria 
 
Grade: Elementary (1-6) 
Age: 10.19 (mean)  
Gender: 20 boys & 10 girls 

Treatment/comparison group 
design/ 
Pretest-intervention-posttest/ 
Random assignment 
 
Setting: NA 

CAI:  Combination  
(tutorial + practice) 
 
Researcher developed software 
 
CAI Enhanced (i.e., (a) CAI 
with the seven-step strategy 
plus animation, (b) CAI with 
the seven-step strategy plus 
static pictures, & (c) CAI with 
static pictures only) 
 
Duration: 3 days in 1 week/  
30 minutes per session 

DV: Addition and subtraction 
word problem-solving 
 
Researcher developed/ 
immediate & delayed,  
computerized & paper-and-
pencil tests 
 
Total scores (number of 
correct answers) 
 
 

The students in the three CAI 
conditions (i.e., (a) CAI with 
the seven-step strategy plus 
animation, (b) CAI with the 
seven-step strategy plus static 
pictures, & (c) CAI with static 
pictures only) significantly 
improved their word problem- 
solving skills on the 
computerized and paper-and-
pencil test.  
 
No statistically significant 
differences among the three 
conditions were found on the 
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Author (Year)/ 

Participant(s)/ 

Grade/Age/Gender 

Research Design/ 

Setting 

Treatment Description/ 

Duration 
Dependent Measures 

Results/Effect Sizes  

(Weighted d or PND) 

paper-and-pencil and 
computerized test 
 
d = 0.30 

Irish (2002) 
 
3 students with LD & 3 
students with cognitive 
disabilities/ 
School district LD criteria 
 
Grade: Elementary (4-5) 
Age: 10.62 (mean) 
Gender: 2 boys & 1 girls  
 

Multiple baseline across 
subjects, single-subject design 
 
Setting: Resource rooms 

CAI: Combination  
(tutorial + drill + game) 
 
Memory Math  
(researcher-develop software) 
 
CAI Enhanced (i.e., CAI with 
cognitive keyword strategy & 
Multimedia) 
 
Duration: 18 weeks (2 weeks 
for each student)/  
20 minutes per session/  
24-29 sessions 
 
 
 

DV: Single-digit multiplication 
facts 
 
Researcher developed/ 
computerized and  
paper-and-pencil quizzes 
 
Total scores (number of 
correct answers) 
 
 

On the computerized quizzes, 
the students with LD improved 
their accuracy scores on basic 
multiplication facts, and 
maintained those scores over 
time. 
 
On the paper-and-pencil 
quizzes, all of the 6 students 
demonstrated improved 
accuracy, and greater gains 
than on the computerized 
quizzes. 
 
PND = 62.5% and 69% (for 
follow-up) 

Note. CAI = Computer-Assisted Instruction. LD = Learning Disabilities. NA = Not Available. d = Cohen’s d. PND = Percentage of Nonoverlapping Data.  
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APPENDIX D: 

STUDENT IMPLEMENT CHECKLIST 
Please, rate the extent to which you agree or disagree with the following statements (Rating: 1 = Disagree. 
2 = Neutral. 3 = Agree). Please be honest in your responses, your objective opinion will only support the 
purpose of this study. 
 

Student Name  

Date/Time  

Session Observation Rating  Note 

Computer 
Training I 

A student follows 
instructions and 
actively engages in 
activities  

  

Computer 
Training II 

A student follows 
instructions and 
actively engages in 
activities  

  

 
MCSS

1 
MCSS

2 
MCSS

3 

CSS 
1 

   

CSS 
2 

   

CSS 
3 

   

Instructional 
Modeling 

A student follows 
instructions for all 
cognitive and meta-
cognitive strategy 
steps 

CSS 
4 

   

 

 
MCSS

1 
MCSS

2 
MCSS

3 

CSS 
1 

   

CSS 
2 

   

CSS 
3 

   

A student follows all 
cognitive and meta-
cognitive strategy 
steps 
 

CSS 
4 

   

 

A student actively 
works on solving all 
guided practice 
problems  
 

 

Guided 
Practice 

A student pays 
attention to the 
prompts and feedback 
for his/her response 

 

 

Independent 
Practice 

A student actively 
works on solving all 
independent practice 
problems 

  

Note. CSS = Cognitive Strategy Step. MCSS = Meta-cognitive Strategy Step.  
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APPENDIX E: 

PROGRAM EVALUATION CHECKLIST 
Please, rate the extent to which you agree or disagree with the following statements (Rating: 1 = Disagree. 
2 = Neutral. 3 = Agree). Please be honest in your responses, your objective opinion will only support the 
purpose of this study. 

Part 1: Instructional Design Evaluation Checklist 
 Feature Rating Comments 

Instructions are clearly and explicitly 
presented 

 
 

Instructional help is available  
 

Instruction is in appropriate size chunks  
 

Instruction length is appropriate 
  

1.1 
General 

Mastery level is appropriate 
  

Instructional objectives are useful 
  

Instructional objectives are stated 
  1.2 

Instructional 
Objectives Instructional objectives are worded in 

the students’ vocabulary and reading 
level 

  

Questions are clear how to respond  
 

Answer can be requested  
 

1.3 
Answering 
Questions 

Help can be requested  
 

The sequence of instructions or activities 
is appropriate 

  

The instructional organization and 
directions are made clear to the students 

  
1.4 

Organization 
 

All instructions or activities are relevant 
  

It is helpful for the students’ motivation 
  

Challenge is appropriate 
  1.5 

Motivation 

Curiosity, confidence, and satisfaction 
are maintained 

  

1.6 
Prerequisite 
Skill Review 

Reviews of instructions for prerequisite 
skills are available 

 
 

1.7 
Guided & 

Independent 
Practice 

Guided and independent practice 
problems are available 
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Part 2: Interface Design Evaluation Checklist 

 
 Feature Rating Comments 

Interface is uncluttered 
  

Interface is well-organized using color-
coding 

  2.1 
General  

Interface maintains attention to important 
information using text highlighting 

  

Texts are used appropriately 
  

2.2 
Presentation 

Modes Colors are used appropriately 
  

Text layout is attractive 
  

Fonts styles are always easy to read 
  

Sentence and paragraph styles are 
consistent 

  

2.3 
Text  

Overwriting is avoided 
  

Buttons are clear how to make a choice  
 

2.4 
Buttons Buttons are clear how to fix an incorrect 

choice 

  

Animation and graphics are relevant 
  

Animation and graphics are used 
appropriately 

  

Animation and graphics are used for 
important information 

  

Animation and graphics are aesthetic 
  

2.5 
Animation 
& graphics 

The speed of display and motion is 
appropriate 

  

Page breaks are at good points 
  

2.6 
Spacing 

 Margins are appropriate and consistent 
  

Note. Rating: 1 = Disagree. 2 = Neutral. 3 = Agree. 
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Part 3: Interaction Design Evaluation Checklist 

 
 Feature Rating Comments 

Enough interactions (e.g., feedback) are 
available 

 
 

3.1 
General A variety of types of interactions are 

provided 

  

All texts are read 
  3.2 

Voice & 
Sound 
Effects 

Sounds are added to maintain attention 
  

Feedback is given 
  

Feedback attracts attention 
  

Feedback is the appropriate type (text, 
graphic, markup, or sound) 

  

Feedback is instructional 
  

Feedback is corrective 
  

3.3 
Feedback 

 

Feedback is clear 
  

3.4 
 Level 

Adaptation 
Lesson level adapts to the students 

  

The students can determine pace 
  

3.5 
Student 
Control Temporary termination is available 

  

Note. Rating: 1 = Disagree. 2 = Neutral. 3 = Agree. 
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Part 4: Language and Grammar Evaluation 

Checklist 

 
 Feature Rating Comments 

Reading level is appropriate for the students  
 

Reading level is appropriate for the content 
  

4.1 
Reading 

Level 
Reading level is consistent throughout the 
program 

  

Culturally biased language is avoided 
  

4.2 
Cultural 

Bias 
Culturally biased references or examples 
are avoided 

  

Technical terms and jargon are relevant 
  4.3 

Technical 
Terms & 
Jargon 

Technical terms and jargon are explained 
  

Spelling, grammar, and punctuation are 
correct 

  4.4 
Spelling, 

Grammar, 
& 

Punctuation 

Spelling, grammar, and punctuation are 
consistent 

  

Note. Rating: 1 = Disagree. 2 = Neutral. 3 = Agree. 
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APPENDIX F: 

USABILITY STUDY QUESTIONNAIRE 
 

Introduction 
 
 
 

Thank you for your participation for this usability study.  
The purpose of this usability study is to help me gain an understanding of whether Math 

Explorer, the math software you will use, is well-designed for students to learn 
mathematics, and to get your feedback and suggestions about the program. The results 
from this usability test will be used to revise and improve the program. 
All the information you provide is will not be used for any other purpose. 
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Pre-Task Questionnaire 
 

 
 
Thank you very much for participating in this usability study. Before you start the usability study, please 
circle or write the appropriate answer. This information will be kept strictly confidential.  
 
I. PARTICIPANT INFORMATION 
 

1. Age: ________ 
 

2. Gender: 
� Male 
� Female 
 

3. Grade that you are in or you are(were) teaching: 
� Pre/Kindergarten 
� Elementary (Please, specify _________) 

� Secondary (Please, specify _________) 
 

4. What is your ethnicity?  
� Asian  
� African American 
� Hispanic 
� Native American 
� White 
� Other 

 
 
 
II. COMPUTER EXPERIENCE 

 

1.  How long have you been using the computer? 
� Over 10 year 
� 6-10 year 
� 1-5 year 
� Less than 1 year 
� Never 

 

2. How often do you use the computer? 
� Frequently/Everyday 
� About five times each week 
� About once each week 
� About once each month 
� Less often than monthly 
� Never 

 

3. Do you like to use the computer? 
�  Yes (Why?________________________________________________________) 
 

� No  (Why?________________________________________________________) 
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Task Questionnaire 
 

 

 
I. TASK 1: GENERAL IMPRESSION  
Please, take 15 minutes to work on Math Explorer. Circle the extent to which you agree or disagree with 
the following statements.  Please be honest in your responses, your objective opinion will only support the 
purpose of this usability study. 
 
1.  Math Explorer looks easy to use: 

 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

2.  Structures and contents are simple and well-organized:  
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 

 

3. Interesting instructions and activities are provided: 
      
� 5                    � 4                      � 3                       � 2                     � 1                                              

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

4. Various functions are well integrated:  
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

5. Overall wordings are understandable:  
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

6.  Math Explorer is visually appealing:  

 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 

 

7. I feel very confident using Math Explorer: 
 
� 5                    � 4                      � 3                       � 2                     � 1                                              

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
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8. Most students would learn to use Math Explorer very quickly: 
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

9. I would like to use Math Explorer frequently in the future: 
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 
 
 
II. TASK 2: SCENARIO  
Pretend that you are working on Math Explorer as a student in your classroom. You need to complete the 
following tasks within 25 minutes.   

• Review one instructional modeling session 

• Solve three guided and independent practice problems  
 
After finishing the tasks, please circle the extent to which you agree or disagree with the following 
statements.  Please be honest in your responses, your objective opinion will only support the purpose of 
this usability study. 
 

1. Math Explorer is easy to review an instructional modeling session: 
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

2. Math Explorer is easy to solve three guided and independent practice problems:  

 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 

 

3. I am able to complete these tasks in a reasonable amount of time:  
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

4. Math Explorer provides appropriate amount of instructions and activities on each screen: 
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
 

5. Graphic or animation is appropriately used to explain the instructions and activities: 

 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
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6. Enough interactions (e.g., feedback) are available:  

 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 

 

7. Instructions and activities would be valuable and applicable for students: 
 
� 5                    � 4                      � 3                       � 2                     � 1                           

Strongly            Agree               Neutral               Disagree            Strongly              
Agree                                           Disagree 
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Post-Task Questionnaire 
 
 
Please write down your take experience in the space provided below. Please be honest in your responses, 
your objective opinion will only support the purpose of this usability study. 

 
I. TASK EXPERIENCES  
 

1. What is the most attractive feature or function in Math Explorer?  
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
 

2. What is the most unattractive feature or function in Math Explorer?  
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
 

3. Do you want to use Math Explorer again? 
� Yes  
Why?  
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
 
� No  
Why?   
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
 
II. SUGGESTIONS  
 

1. If there is anything you could change in Math Explorer, what would it be? 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
 

2. Do you have suggestions for Math Explorer? For example, is there function or feature that you 

would like to see in Math Explorer? 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 

 

THANKS FOR YOUR PARTICIPATION! 
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APPENDIX G: 

STUDENTS’ ACCURACY PERFORMANCE ON THE SCREENING TEST AND DURING THE BASELINE PHASE  
 
 
Table G.1.  
Student 1’s Accuracy Performance on the Screening Test and during the Baseline Phase 
 

Baseline sessions 
Problem 

Type 
Problem 
Subtype 

P
L S 

1 2 3 4 5 

CBT 
APS 
(%) 

PBT 
APS 
(%) 

TOTAL 
APS 
(%) 

1 C C C C C C 
Change 

Unknown 
result 

quantity 2       
100 100 100 

1 I I I I I I Unknown 
whole 

quantity 2       
0 0 0 

1 I I I I I I 
Combine 

Unknown 
part 

quantity 2       
0 0 0 

1 I I I I I I Unknown 
start 

quantity 2       
0 0 0 

1  I   I I 
Change 

Unknown 
change 
quantity  2       

0 0 0 

1       Unknown 
compared 
quantity 2       

0 0 0 

1       Unknown 
difference 
quantity 2       

0 0 0 

1       

Compare 

Unknown 
referent 
quantity 2       

0 0 0 

Number of Correct 1 1 1 1 1 1    

Number of Problem Solved 4 5 4 4 5 5    

Test type PBT PBT CBT PBT CBT PBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test.  
PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. S = Screening Test 
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Table G.2.  
Student 2’s Accuracy Performance on the Screening Test and during the Baseline Phase 

Baseline sessions 
Problem 

Type 
Problem 
Subtype 

P
L 

S 
1 2 3 4 5 

CBT 
APS 
(%) 

PBT 
APS 
(%) 

TOTAL 
APS 
(%) 

1 I/I I I I I I 
Change 

Unknown 
result 

quantity 2 I/I I I I I I 
0 0 0 

1 I I/I I I I I Unknown 
whole 

quantity 2 I I/I I I I I 
0 0 0 

1 I I I/I I I I 
Combine 

Unknown 
part 

quantity 2 I I I I I I 
0 0 0 

1 I I I I/I I I Unknown 
start 

quantity 2 I I I I/I I I 
0 0 0 

1 I I I I I/I I 
Change 

Unknown 
change 
quantity  2 I I I I I/I I 

0 0 0 

1 I I I I I I/I Unknown 
compared 
quantity 2 I I I I I I/I 

0 0 0 

1 I I I I I I Unknown 
difference 
quantity 2 I I I I I I 

0 0 0 

1 I I I I I I 

Compare 

Unknown 
referent 
quantity 2 I I  I I I 

0 0 0 

Number of Correct 0 0 0 0 0 0    

Number of Problem Solved 18 18 16 18 18 18    

Test type PBT PBT CBT PBT CBT PBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test.  
PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. S = Screening Test 
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Table G.3.  
Student 3’s Accuracy Performance on the Screening Test and during the Baseline Phase 
 

Baseline sessions 
Problem 

Type 
Problem 
Subtype 

P
L 

S 
1 2 3 4 5 6 

CBT 
APS 
(%) 

PBT 
APS 
(%) 

TOTAL 
APS 
(%) 

1 C C C C C C C 
Change 

Unknown 
result 

quantity 2        
100 100 100 

1 C C I C C C C Unknown 
whole 

quantity 2        
66 100 85 

1 I I I I I I I 
Combine 

Unknown 
part 

quantity 2        
0 0 0 

1 I I I I I I I Unknown 
start 

quantity 2        
0 0 0 

1 I I I I I I I 
Change 

Unknown 
change 
quantity  2        

0 0 0 

1  I   I I I Unknown 
compared 
quantity 2        

0 0 0 

1        Unknown 
difference 
quantity 2        

0 0 0 

1        

Compare 

Unknown 
referent 
quantity 2        

0 0 0 

Number of Correct 2 2 1 2 2 2 2    

Number of Problem Solved 5 6 5 5 6 6 6    

Test type PBT PBT CBT PBT CBT PBT CBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test.  
PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. S = Screening Test 
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Table G.4.  
Student 4’s Accuracy Performance on the Screening Test and during the Baseline Phase 
 

Baseline sessions 
Problem 

Type 
Problem 
Subtype 

P
L 

S 
1 2 3 4 5 6 7 8 9 

CBT 
APS 
(%) 

PBT 
APS 
(%) 

TOTAL 
APS 
(%) 

1 C C C C C C C C C C 
Change 

Unknown 
result 

quantity 2           
100 100 100 

1 C I C I I C C I C C Unknown 
whole 

quantity 2           
75 50 62 

1 I I I I I I I I I I 
Combine 

Unknown 
part 

quantity 2           
0 0 0 

1 I  I I I I C I I I Unknown 
start 

quantity 2           
25 0 12 

1      I I  I I 
Change 

Unknown 
change 
quantity  2           

0 0 0 

1           Unknown 
compared 
quantity 2           

0 0 0 

1           Unknown 
difference 
quantity 2           

0 0 0 

1           

Compare 

Unknown 
referent 
quantity 2           

0 0 0 

Number of Correct 2 1 2 1 1 2 3 1 2 2    

Number of Problem Solved 4 3 4 4 4 5 5 4 5 5    

Test type PBT PBT CBT PBT CBT PBT CBT PBT CBT PBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test. PBT = Paper/Pencil-
based Test. PL = Problem Difficulty Level. S = Screening Test 
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APPENDIX H: 

STUDENTS’ ACCURACY PERFORMANCE DURING THE INTERVENTION PHASE 
 
 
Table H.1.  
Student 1’s Accuracy Performance during the Intervention Phase 
 

Intervention Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

CBT 
APS 
(%) 

PBT 
APS 
(%) 

TOTAL 
APS 
(%) 

1 C C C C C/C C C C C C C C C/C C C C C C C C C/C 
Change 

Unknown 
result 

quantity 2    C  C C C C C C C C C C C C C C C C 
100 100 100 

1 C C C C C C/C C C C C C C C C/C C C C C C C C Unknown 
whole 

quantity 2      C C C C C C C C C C C C C C C C 
100 100 100 

1 I I C C C C C/C C C C C C C C C/C C C C C C C 
Combine 

Unknown 
part 

quantity 2      C C C I C C C C C C C C C C C C 
95 94 94 

1 C C C C C C C C/C C C C C C C C C/C C C C C C Unknown 
start 

quantity 2       C C C C I C C  C C C C C C C 
94 100 97 

1 I I I C/I C C C C C/C C C C C C C C C/I C C C C 
Change 

Unknown 
change 
quantity  2       C C C C C  C  C C C I C  C 

90 85 87 

1  C C C C C C C C C/I C C C C   I C C C/C C C C Unknown 
compared 
quantity 2        C C  C  C  C  C C C  C 

93 92 93 

1  I I I I C I I C C C/C C C C C C C C C/I C C Unknown 
difference 
quantity 2                      

72 87 80 

1    I I I C C I C C C/C C C I I C C C C/C C 

Compare 

Unknown 
referent 
quantity 2                      

75 80 77 

Number of Correct 3 4 5 7 7 11 13 14 13 13 14 13 15 12 13 13 14 14 14 13 15    

Number of Problem Solved 5 7 7 10 9 12 14 15 15 14 15 13 15 12 15 14 15 15 15 13 15    

Test type CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test. PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. � = Instructions for 
the Corresponding Problem Type are Given. 
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Table H.2.  
Student 2’s Accuracy Performance during the Intervention Phase 
 
 

 
 
 
 

Intervention Sessions Problem 
Type 

Problem 
Subtype 

P
L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

1 C C C C C C C C C C C C C/C C C C C C C C C/C C C C 
Change 

Unknown 
result 

quantity 2         C C C C C C C C C C C C C C C C 

1 C C C C C C C C C C C C C C/C C C C C C C C C/C C C Unknown 
whole 

quantity 2         C  C C C C C C C C C C C C C C 

1 I I I C C C C C C C C C C I C/C C C C C C C C C/I C 
Combine 

Unknown 
part 

quantity 2         C  C C C C C C I C C C C C C C 

1 C C C C C C C C C C C C C C I C/C C C C C C C C C/C Unknown 
start 

quantity 2         C  C C C C C C C C C I C C C C 

1 I  I C C C C I C/I C I C C C C C I/C C I C C C C C 
Change 

Unknown 
change 
quantity  2           C  C C C I C  I  I I C  

1   C  C C C C C C/C I C I C C C C C/I C I C C C I Unknown 
compared 
quantity 2             C C C      C  C  

1   I  I  C C I C C/C C C I C C I I C/I C C I C C Unknown 
difference 
quantity 2                     I  I  

1        C I I C I/C C C C C I C C C/I I C C I 

Compare 

Unknown 
referent 
quantity 2                         

Number of Correct 3 3 4 5 6 6 7 7 10 9 12 12 14 13 14 13 10 11 11 10 13 12 14 11 

Number of Problem Solved 5 4 7 5 7 6 7 8 13 10 14 13 15 15 15 14 14 13 14 13 16 14 16 13 

Test type CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT 

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test. PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. � = Instructions  
for the Corresponding Problem Type Are Given. 
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Table H.2.  
Student 2’s Accuracy Performance during the Intervention Phase 
 

Intervention Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 25 26 27 28 29 30 

CBT 
APS 
(%) 

PBT
APS 
(%) 

TOTAL 
APS (%) 

1 C C C C C/C C 
Change 

Unknown 
result 

quantity 2 C C C C C C 
100 100 100 

1 C C C C C C/C Unknown 
whole 

quantity 2 C C C C C C 
100 100 100 

1 C C C C C C 
Combine 

Unknown 
part 

quantity 2 C C I C C C 
85 92 88 

1 C C C C C C Unknown 
start 

quantity 2 C C C C C C 
96 96 96 

1 C/C C C C C I 
Change 

Unknown 
change 
quantity 2 C  I C I  

69 77 73 

1 C C/C C C C I Unknown 
compared 
quantity 2   C  C  

89 76 82 

1 C I C/C C I C Unknown 
difference 
quantity 2       

64 66 65 

1 I C I C/I C C 

Compare 

Unknown 
referent 
quantity 2       

54 66 60 

Number of Correct 13 12 12 13 13 11    

Number of Problem Solved 14 13 15 14 15 13    

Test type CBT PBT CBT PBT CBT PBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based 

Test. PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. � = Instructions for the 
Corresponding Problem Type Are Given. 
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Table H.3.  
Student 3’s Accuracy Performance during the Intervention Phase 
 

Intervention Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

CBT 
APS 
(%) 

PBT 
APS 
(%) 

TOTAL 
APS (%) 

1 C C C C C/C C C C C C C C C/C C C C C C C 
Change 

Unknown 
result 

quantity 2    C C C C C C C C C C/C C C C C C C 
100 100 100 

1 C C C C C C/C C C C C C C C C/C C C C C C Unknown 
whole 

quantity 2    C C C C C C C C C C C/C C C C C C 
100 100 100 

1 I C C/C C C C C/C C C C C C C C C/C C C C C 
Combine 

Unknown 
part 

quantity 2     C C C C C C C C C C C/C C C C C 
100 100 100 

1 C C C C C C C C/C C C C C C C C C/C C C C Unknown 
start 

quantity 2      C C C C C C C I C C C/C C C C 
100 93 96 

1 I I C C/C C C I C C/C C C I C C C C C/C C C 
Change 

Unknown 
change 
quantity 2      C  I C C C C C I C C C/C C I 

81 88 85 

1 C C C C C C C I C C/C C C C C I C C C/C C Unknown 
compared 
quantity 2        C C C  I C C C C C C/C C 

88 92 90 

1  I I I I I C C I I C/C C C C C C I C C/C Unknown 
difference 
quantity 2            C C I C C C C C/C 

72 80 76 

1   I I I I C C C C I C/I I C C I C C C 

Compare 

Unknown 
referent 
quantity 2             C I C C C C I 

63 72 68 

Number of Correct 4 5 7 9 10 12 12 13 14 14 13 13 16 15 17 17 18 17 16    

Number of Problem Solved 6 7 9 11 12 14 13 15 15 15 14 16 18 18 18 18 18 18 18    

Test type PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test. PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. � = Instructions 
for the Corresponding Problem Type Are Given. 
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Table H.4.  
Student 4’s Accuracy Performance during the Intervention Phase 
 

Intervention Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

CBT 
APS 
(%) 

PBT 
APS 
(%) 

TOTAL 
APS (%) 

1 C C C C C C C C C C C C C/C C C C C C 
Change 

Unknown 
result 

quantity 2          C C C C C C C C C 
100 100 100 

1 C C C C C C C C C C C C C C/C C C C C Unknown 
whole 

quantity 2          C  C C C C C C C 
100 100 100 

1 I I C C C C C C C C C C C C C/C C C C 
Combine 

Unknown 
part 

quantity 2          C   C C C C I C 
92 91 91 

1 C C C C C C C C/C C C C C C C C C/C C C Unknown 
start 

quantity 2              C C C C C 
100 100 100 

1 I I C C/C I C C C C/C C C C C C C C C/C C 
Change 

Unknown 
change 
quantity 2              C  C C I 

91 90 91 

1 C C C C C C I C C C/C C C C I C C C C/C Unknown 
compared 
quantity 2                 C C 

90 87 88 

1 I   I  I C C C C C/C I I C C C C C Unknown 
difference 
quantity 2                   

71 85 78 

1    I   C C C I I C/I C C C C C I 

Compare 

Unknown 
referent 
quantity 2                   

71 83 77 

Number of Correct 4 4 6 7 5 6 7 9 9 11 9 9 11 13 13 14 14 13    

Number of Problem Solved 7 6 6 9 6 7 8 9 9 12 10 11 12 14 13 14 15 15    

Test type PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT PBT CBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based Test. PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level. � =  
Instructions for the Corresponding Problem Type Are Given. 
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APPENDIX I: 

STUDENTS’ ACCURACY PERFORMANCE DURING THE FOLLOW-UP PHASE 
 

Table I.1.  
Student 1’s Accuracy Performance during the Follow-Up Phase 

 
 
 

Follow-Up Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 1 2 3 4 5 6 

CBT 
APS 
(%) 

PBT
APS 
(%) 

TOTAL 
APS (%) 

1 C C C C C C 
Change 

Unknown 
result 

quantity 2 C C C C C C 

100 100 100 

1 C C C C C/C C 
Unknown 

whole 
quantity 2 C C C C C C 

100 100 100 

1 C C C C/C C C 

Combine 
Unknown 

part 
quantity 2 C C C C C C 

100 100 100 

1 C C/C C C C C 
Unknown 

start 
quantity 2 C C   C C C 

100 100 100 

1 C C C C C C 

Change 
Unknown 

change 
quantity 2 C C     C C 

100 100 100 

1 C/I C C/C C C C/C 
Unknown 
compared 
quantity 2           C 

100 80 90 

1 C C I C C I 
Unknown 
difference 
quantity 2             

66 66 66 

1 C I C C C C 

Compare 

Unknown 
referent 
quantity 2             

66 100 83 

Number of Correct 13 13 11 13 14 14    

Number of Problem Solved 14 14 12 13 14 15    

Test type PBT CBT PBT CBT PBT CBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT = Computer-based 
Test. PBT = Paper/Pencil-based Test. PL = Problem Difficulty Level.   
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Table I.2.  
Student 2’s Accuracy Performance during the Follow-Up Phase 

Follow-Up Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 1 2 3 

CBT 
APS 
(%) 

PBT
APS 
(%) 

TOTAL 
APS (%) 

1 C C C 
Change 

Unknown 
result 

quantity 2 C C C 
100 100 100 

1 C C C Unknown 
whole 

quantity 2 C C C 
100 100 100 

1 C C C/C 
Combine 

Unknown 
part 

quantity 2 I  C 
100 100 100 

1 C/C C I Unknown 
start 

quantity 2 C  C 
100 100 100 

1 C C C 
Change 

Unknown 
change 
quantity 2 I  I 

50 100 75 

1 C C/I C Unknown 
compared 
quantity 2   C 

100 50 75 

1 I C I Unknown 
difference 
quantity 2    

0 100 50 

1 I I I 

Compare 

Unknown 
referent 
quantity 2    

0 0 0 

Number of Correct 10 9 11    

Number of Problem Solved 14 11 15    

Test type CBT PBT CBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT  
= Computer-based Test. PBT = Paper/Pencil-based Test. PL = Problem  
Difficulty Level.   
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Table I.3.  
Student 3’s Accuracy Performance during the Follow-Up Phase 

Follow-Up Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 1 2 3 4 

CBT 
APS 
(%) 

PBT
APS 
(%) 

TOTAL 
APS (%) 

1 C C C C 
Change 

Unknown 
result 

quantity 2 C C C C 
100 100 100 

1 C C C C Unknown 
whole 

quantity 2 C C C C 
100 100 100 

1 C C C/C C 
Combine 

Unknown 
part 

quantity 2 C C C/C C 
100 100 100 

1 C/C C C C Unknown 
start 

quantity 2 C/C C C C 
100 100 100 

1 C C C C 
Change 

Unknown 
change 
quantity 2 C C C C 

100 100 100 

1 C C/C C C/C Unknown 
compared 
quantity 2 C C/C C I/C 

100 87 93 

1 C C C C Unknown 
difference 
quantity 2 C I I C 

75 75 75 

1 I C C C 

Compare 

Unknown 
referent 
quantity 2 C I I C 

50 75 62 

Number of Correct 17 16 16 17    

Number of Problem Solved 18 18 18 18    

Test type CBT PBT CBT PBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. CBT =  
Computer-based Test. PBT = Paper/Pencil-based Test. PL = Problem Difficulty  
Level.   
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Table I.4.  
Student 4’s Accuracy Performance during the Follow-Up Phase 

 

Follow-Up Sessions 
Problem 

Type 
Problem 
Subtype 

P
L 1 2 3 

CBT 
APS 
(%) 

PBT
APS 
(%) 

TOTAL 
APS (%) 

1 C C C 
Change 

Unknown 
result 

quantity 2 C C C 
100 100 100 

1 C C C Unknown 
whole 

quantity 2 C C C 
100 100 100 

1 C C C 
Combine 

Unknown 
part 

quantity 2 C C C 
100 100 100 

1 C C/C C Unknown 
start 

quantity 2 C C C 
100 100 100 

1 C C C 
Change 

Unknown 
change 
quantity 2  C C 

100 100 75 

1 C/C C C/C Unknown 
compared 
quantity 2  C  

100 100 75 

1 C C I Unknown 
difference 
quantity 2    

0 50 25 

1 C I C 

Compare 

Unknown 
referent 
quantity 2    

0 100 50 

Number of Correct 13 14 13    

Number of Problem Solved 13 15 14    

Test type PBT CBT PBT    

Note. APS= Accuracy Percentage Score. C = Correct. I = Incorrect. 
CBT = Computer-based Test. PBT = Paper/Pencil-based Test. PL = 
Problem Difficulty Level.   
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APPENDIX J: 

SAMPLE OF PAPER/PENCIL-BASED TEST 
 

 

 

Name:________________ 

 
Answer the following addition and subtraction questions.  
 
 
Jennifer had 4 coins. Jennifer gets 2 coins from her mom. How many coins does Jennifer 
have altogether?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are 4 girls and 5 boys playing together in the yard. How many girls and boys are 
playing in the yard in all? 
 
 
 
 
 
 
 
 
 
 
 
 

Problem 1 

Problem 2 

Your Answer 

Your Answer 
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APPENDIX K: 

PROBLEM DATABASE OF MATH EXPLORER 
Level 1-1 Level 1-2 Level 2-1 Level 2-2 

A: 0<1D + 1D • 9 9 
S: 0<1D - 1D • 9 9 

A: 10 •1D +1D• 181D +1D• 18 
S: 0<1D - 1D • 9 9 

A:2D + 1D = 2D/ 
1D + 2D = 2D 

S: 2D - 1D = 2D 
without regrouping 

A: 2D + 2D = 2D 
S: 2D - 2D = 2D/ 

2D - 2D = 1D 
without regrouping 

Problem 
Subtype 

Problem 
Content 

Type 
Problem Template 

S_V_1 &2  
O_V_1& 2 

N_V_1 N_V_2 A N_V_1 N_V_2 A N_V_1 N_V_2 A N_V_1 N_V_2 A 

1 
Becky/Chris 

/Apples 
5 2 7 2 9 11 27 2 29 15 13 28 

2 
Devin/Jody 

/Pears 
3 5 8 8 3 11 3 31 34 21 25 46 

3 

S_V_1 had N_V_1 O_V_1. 
S_V_1 gets N_V_2 O_V_1 from 
S_V_2. How many O_V_1 does 
S_V_1 have altogether? Emma/Remy 

/Books 
7 2 9 3 7 10 44 3 47 32 21 53 

1 
David  

/Grapes 
4 3 7 8 2 10 2 52 54 30 41 71 

2 
Holly  

/Apples 
2 7 9 9 4 13 65 3 68 56 23 79 

3 

S_V_1 ate N_V_1 O_V_1. 
Later, S_V_1 ate N_V_2 more 
O_V_1. How many O_V_1 did 
S_V_1 eat altogether? Jason  

/Pears 
2 6 8 4 7 11 2 76 78 32 67 99 

1 
Cow 

 
3 2 5 9 2 11 83 3 86 73 11 84 

2 
Dog 

 
6 3 9 4 8 12 2 37 39 12 84 96 

Change/ 
Unknown 

result 
quantity 

3 

N_V_1 S_V_1 play at the park. 
N_V_2 S_V_1 join them. How 
many S_V_1 play at the park 
altogether? Cat 

 
3 4 7 7 3 10 22 3 25 63 22 85 

1 
Cathy/David 

/Balloons 
5 2 7 2 9 11 27 2 29 15 13 28 

2 
Julie/Avery  

/Cookies 
3 5 8 8 3 11 3 31 34 21 25 46 

3 

S_V_1 brings N_V_1 O_V_1 and 
S_V_2 brings N_V_2 O_V_1 for 
the party. How many O_V_1 do 
they bring for the party altogether? Evan/Sarah 

/Candies 
7 2 9 3 7 10 44 3 47 32 21 53 

1 
Erica 
/Book 

4 3 7 8 2 10 2 52 54 30 41 71 

2 
Naomi 
/Book 

2 7 9 9 4 13 65 3 68 56 23 79 

3 

S_V_1 read N_V_1 pages of her 
O_V_1 last night and N_V_2 pages 
of her O_V_1 this morning. How 
many pages of her O_V_1 did 
S_V_1 read altogether? 

Cathy 
/Book 

2 6 8 4 7 11 2 76 78 32 67 99 

1 
Girls/Boys 

 
3 2 5 9 2 11 83 3 86 73 11 84 

2 
Cats/Dogs 

 
6 3 9 4 8 12 2 37 39 12 84 96 

Combine/ 
Unknown 

whole 
quantity 

3 

There are N_V_1 S_V_1 and 
N_V_2 S_V_2 playing together in 
the yard. How many S_V_1 and 
S_V_2 are playing in the yard in 
all? 

Girls/Boys 
 

3 4 7 7 3 10 22 3 25 63 22 85 
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1 
Cathy/David 

/Balloons 
7 2 5 7 2 5 12 2 10 12 11 1 

2 
Julie/Avery  

/Cookies 
9 3 6 9 3 6 43 2 41 45 23 22 

3 

S_V_1 and S_V_2 bring N_V_1 
O_V_1 together for the party. 
S_V_1 brings N_V_2 O_V_1 for 
the party. How many O_V_1 does 
S_V_2 bring for the party? Evan/Sarah 

/Candies 
8 
 

2 6 8 2 6 75 3 72 35 32 3 

1 
Chris/Jamie 

/Cans 
7 3 4 7 3 4 25 2 23 47 23 24 

2 
Devin/Emily 

/Cans 
6 2 4 6 2 4 57 3 54 57 23 34 

3 

S_V_1 and S_V_2 collect N_V_1 
O_V_1 together for recycling.  
S_V_1 collects N_V_2 O_V_1 for 
recycling. How many O_V_1 does 
S_V_2 collect for recycling? 

Brian/Scott 
/Cans 

5 3 2 5 3 2 76 3 73 76 23 53 

1 
Girls/Boys 

 
4 2 2 4 2 2 37 2 35 73 33 40 

2 
Girls/Boys 

 
3 2 1 3 2 1 64 3 61 88 12 76 

 
 

Combine/ 
Unknown 

part quantity 

3 

N_V_1 children are playing 
baseball together. N_V_2 
S_V_1are playing baseball. 
How many S_V_2 are playing 
baseball? 

Girls/Boys 
 

5 3 2 5 3 2 99 2 97 94 31 63 

1 
Henry/Sofia 

/Candies 
2 2 4 5 5 10 12 2 14 12 12 24 

2 
Devin/Jody 

/Cookies 
4 4 8 5 5 10 2 22 24 11 21 32 

3 

S_V_1 had some O_V_1. S_V_1 
gave S_V_2 N_V_1 of his (her) 
O_V_1. Now, S_V_1 has N_V_2 
O_V_1. How many O_V_1 did 
S_V_1 have in the beginning? 

Emma/Remy 
/Pencils 

3 3 6 6 6 12 33 3 36 24 24 48 

1 
Ethan 

/Bananas 
4 4 8 6 6 12 2 42 44 31 31 62 

2 
Avery 

/Crackers 
2 2 4 8 8 16 54 4 58 44 44 88 

3 

S_V_1 had some O_V_1. 
S_V_1 ate N_V_1 of them. 
Now, S_V_1 has N_V_2 O_V_1. 
How many O_V_1 did S_V_1 have 
in the beginning? 

Jason 
/Cookies 

3 3 6 5 5 10 3 53 56 24 24 48 

1 
Dog 

 
3 3 6 5 5 10 14 4 18 12 12 24 

2 
Cat 

 
2 2 4 6 6 12 3 23 26 14 14 28 

Change/ 
Unknown 

start quantity 

3 

Some S_V_1 played in the yard. 
N_V_1 S_V_1 ran away. 
Now, N_V_2 S_V_1are left in the 
yard. How many S_V_1 played in 
the yard in the beginning? 

Dog 
 

4 4 8 7 7 14 12 2 14 23 23 46 
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1 
Henry/Sofia 

/Apples 
4 7 3 4 7 3 2 42 40 12 33 21 

2 
Devin/Jody 

/Pears 
5 9 4 5 9 4 5 25 20 23 25 2 

3 

S_V_1 had N_V_1 O_V_1. S_V_1 
got some O_V_1 from S_V_2. 
Now, S_V_1 has N_V_2 O_V_1. 
How many O_V_1 did S_V_1 get 
from S_V_2? 

Emma/Remy 
/Books 

5 7 2 5 7 2 2 34 32 13 44 31 

 
1 

Erica 
/Coins 

4 7 3 4 7 3 2 44 42 12 35 23 

2 
Naomi 

/Stickers 
5 6 1 5 6 1 4 25 21 23 25 2 

3 

S_V_1 had N_V_1 O_V_1. S_V_1 
got some O_V_1 from her mom. 
Now, S_V_1 has N_V_2 O_V_1. 
How many O_V_1 did S_V_1 get 
from her mom? 

Cathy 
/Coins 

2 5 3 2 5 3 2 34 32 13 44 31 

1 
David 

/Oranges 
2 4 2 2 4 2 3 44 41 12 33 21 

2 
Cathy 

/Flowers 
2 3 1 2 3 1 3 15 12 21 25 4 

 
 
 
 
 
 
 
 
 

Change/ 
Unknown 

change 
quantity 

3 

N_V_1 O_V_1 were on the table. 
S_V_1 put some more O_V_1 on 
the table. Now, N_V_2 O_V_1 are 
on the table. How many O_V_1 
did S_V_1 put on the table? 

John 
/Dishes 

3 5 2 3 5 2 2 33 31 11 43 32 

1 
Emma/Andy  

/Flowers 
2 3 5 5 6 11 12 3 15 11 22 33 

2 
Jacob/Mary  

/Pencils 
3 4 7 6 5 11 4 25 29 12 21 33 

3 

S_V_1 has N_V_1 O_V_1. 
S_V_2 has N_V_2 more O_V_1 
than S_V_1. How many O_V_1 
does S_V_2 have? Scott/Cory 

/Crayons 
4 5 9 7 8 15 33 4 37 24 25 49 

1 
Lydia's Dog/Justin’s Dog 

 
2 3 5 8 7 15 3 44 47 23 34 57 

2 
Sam’s Cat/Holly’s Cat 

 
3 2 5 9 8 17 52 3 55 34 43 77 

3 

S_V_1 weighs N_V_1 pounds. 
S_V_2 weighs N_V_2 more 
pounds than S_V_1. How many 
pounds does S_V_2 weigh? John’s Cow/ 

Maria’s Cow 
4 3 7 5 6 11 4 65 69 51 42 93 

1 
Chris/Jamie 

/Ducks 
2 3 5 6 7 13 33 2 35 13 24 37 

2 
Devin/Emily 

/Trees 
3 4 7 7 6 13 2 53 55 14 25 39 

Compare/ 
Unknown 
compared 
quantity 

3 

S_V_1 draws N_V_1 O_V_1 at the 
park. S_V_2 draws N_V_2 more 
O_V_1 than S_V_1. How many 
O_V_1 does S_V_2 draw at the 
park? 

Brian/Scott 
/Birds 

4 3 7 9 8 17 54 3 57 22 11 33 



 

 246 

 

1 
Teachers/Students 

 
7 3 4 7 3 4 44 3 41 35 31 4 

2 
Teachers/Students 

 
9 2 7 9 2 7 35 5 30 63 52 11 

3 

N_V_1 S_V_1 and N_V_2 S_V_2 
ride on the bus for a field trip. 
How many more S_V_1 than 
S_V_2 ride on the bus for a field 
trip? 

Teachers/Students 
 

8 3 5 8 3 5 63 2 61 62 60 2 

1 
Grace/Chocolate 

Cookies/Sugar Cookies 
7 2 5 7 2 5 58 5 53 21 10 11 

2 
Sofia/Chocolate 

cookies/Sugar Cookies 
6 3 3 6 3 3 29 8 21 84 83 1 

3 

S_V_1 has N_V_1 O_V_1 and 
N_V_2 O_V_2 for a party. How 
many more O_V_1 than O_V_2 
does S_V_1 have? Dillon/Chocolate 

Cookies/Sugar Cookies 
5 2 3 5 2 3 19 9 10 35 22 13 

1 
Apples/Pears 

 
4 3 1 4 3 1 75 5 70 84 81 3 

2 
Books/Pens 

 
3 2 1 3 2 1 85 4 81 48 26 22 

Compare/ 
Unknown 
difference 
quantity 

3 

There are N_V_1 O_V_1 and 
N_V_2 O_V_2 on the table. How 
many more O_V_1 than O_V_2 on 
the table? Dishes/Forks 

 
5 3 2 5 3 2 95 3 92 57 53 4 

1 
Julia/Brian 
/Oranges 

7 4 3 7 4 3 44 3 41 35 31 4 

2 
Grace/Emily 

/Candies 
9 8 1 9 8 1 35 5 30 63 52 11 

3 

 
S_V_1 has N_V_1 O_V_1. 
S_V_1 has N_V_2 more O_V_1 
than S_V_2. How many O_V_1 
does S_V_2 have? Dillon/Chris 

/Apples 
8 6 2 8 6 2 63 2 61 62 60 2 

1 
Jody/Tom 

/Points 
7 5 2 7 5 2 58 5 53 21 10 11 

2 
Evan/Sam 

/Points 
6 3 3 6 3 3 29 8 21 84 83 1 

3 

S_V_1 scores N_V_1 O_V_1. 
S_V_1 scores N_V_2 more O_V_1 
than S_V_2. How many O_V_1 
does S_V_2 score? Ryan/Pam 

/Points 
5 4 1 5 4 1 19 9 10 35 22 13 

1 
Sam/Tom 
/Houses 

4 2 2 4 2 2 75 5 70 84 81 3 

2 
Pam/Lisa 
/Houses 

3 2 1 3 2 1 85 4 81 48 26 22 

 
 

Compare/ 
Unknown 
referent 
quantity 

3 

S_V_1’s block has N_V_1 O_V_1. 
S_V_1’s block has N_V_2 more 
O_V_1 than S_V_2’s block. How 
many O_V_1 does S_V_2’s block 
have? 

Kim/Pam 
/Houses 

5 4 1 5 4 1 95 3 92 57 53 4 
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