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Abstract 

 

The study focused on the effect of the schema-based instruction with the bar model 

approach on Primary 3 students with difficulties in solving word problems. There were two 

objectives of this study. The first objective was to investigate whether students with 

difficulties in word problem solving would improve in their performance through the 

intervention using schema-based instruction with bar model approach for combine, change 

and compare word problems. The second objective of the study was to develop an item bank 

of word problems that would be used to create tests that would be used during intervention to 

measure students’ progress.  

 

The word problems were administered to one hundred and ninety-one Primary 3 

students. Using the Rasch model of measurement, the finding indicated that at least 90% of 

the 20 tests in each the word problem type (combine, change and compare) were within ±1.5 

standard deviation, suggesting that they were similar in their difficulty level. Using the one-

sample t-test, the mean difficulty scores for the tests within each word problem type was not 

statistically different from the mean group difficulty.   

 

As the population of students with learning difficulties in mathematics in mainstream 

school is small, the single case design was used to determine the effectiveness of the 

intervention. The intervention was implemented to support students who were struggling with 

word problems.  Using Tau-U as one of the methods for analysis, the finding indicated that 

the intervention was effective with an effect size of 89.5% for compare word problems, 

82.2% for combine word problems and 81.1% for change word problems. The effect size for 

the participants ranged from 72.4% to 100%.  
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CHAPTER ONE: INTRODUCTION 
 

 
Introduction 

 

Learning of Mathematics  

 

The joy of thinking mathematically is present in young children (Clements & 

Sarama, 2009). Such an assumption encourages preschool teachers to create an 

environment that provides the experience of mathematics learning through play and 

exploration. Children are immersed in the learning of mathematics from a young age 

to develop their mathematical skill and interest. The development of mathematical 

skill in early years is important, as being competent or having a strong foundation in 

mathematics is found to predict a better schooling outcome.  Watts, Duncan, 

Clements and Sarama (2018) suggested, “Learning mathematics in the early grade 

years may set students on a higher achievement trajectory throughout their time in 

school” (p. 540). The relationship between early mathematical skill and student 

outcomes in school has generated research interest in recent years. Hardy and 

Hemmeter (2019) noted, “Early math skills are the subject of increasing attention in 

research on young children’s learning and development” (p. 234). The knowledge of 

the developmental progression in mathematics learning in yearly years is also 

significant and crucial for teachers.  This knowledge may be instrumental in 

developing and implementing the mathematics curriculum. The translation of 

knowledge can be seen in a preschool (six years old and below) environment where 

concrete materials and visual representations are often used in activities related to 

mathematics learning.  
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As children progress from preschool to primary school, the content of 

mathematics learning gains more depth (e.g. number and operations, algebra, 

geometry, measurement). There is also an emphasis on problem solving as one of the 

core processes in the mathematics curriculum. According to Fuchs et al. (2016), the 

importance of word problems can be observed from their presence being an integral 

component of the mathematics curriculum.  Word problems are accorded such 

significance as the problem solving skills involves the development of other life skills 

such as communication and reasoning (Niss, Bruder, Planas, Turner & Villa-Ochoa, 

2016). Fung and Swanson (2017) are of the opinion that word problems are important 

methods through which students are able to apply the strategies appropriate to solve 

real-life problems. For example, estimation skills in word problem solving can be 

applied to budgeting if an amount to be spent would exceed the given amount of 

money. The importance of word problem solving has propelled the research and 

sharing of teaching strategies that guide students in the word problem solving process. 

Polya (1973) suggested four steps in problem solving: understanding the problem, 

devising a plan, carrying out a plan and looking back.  Van De Walle, Karp and Bay-

Williams (2014) also identified common heuristics that are taught to the students. 

These include strategies such as guess and check, make a list or try a simpler form of 

the problem.  

 

While the above-mentioned strategies may benefit the majority of the students 

with respect to word problem solving, there is a concern when students encounter 

persistent challenges in this component of mathematics. Temur, Turgut and Ozdemir 

(2018) asserted that “mathematics is a part of real life” (p.127) and that inadequacy in 

mathematics knowledge could affect various daily activities. Strategies have been 
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established to provide greater support for students who struggle with word problem 

solving. A number of research studies and meta-analyses have also been conducted to 

examine the effectiveness of these strategies in improving students’ performance in 

word problem solving (Zheng, Flynn & Swanson, 2012). Among the strategies, Xin 

(2019) identified the schema-based instruction as one of the emerging strategies in the 

past decade. Other strategies such as skill modelling, reducing the difficulty of task 

and explicit practice were also found to be effective for students who had difficulties 

with word problems (Zheng et al., 2012). These strategies could be implemented in 

the various levels of support given to students struggling with word problem solving. 

   

The importance of a being competent at word problem solving has been 

emphasized, as the skills learned in word problems are assumed to be transferable to 

solving everyday challenges (Browder, Spooner, Lo, Davis & Brosh, 2018). The 

challenges of word problem solving can be attributed to student characteristics and 

their struggles, and the characteristics and processes of word problem solving. The 

student characteristics would be explored in detail in Chapter 2. It is essential to 

examine the characteristics and the processes of word problems in order to gain a 

deeper understanding of the fundamental factors that could bring about challenges 

that students encounter in word problem solving.   

 
 
Word Problems 

 

Kong and Swanson (2019) identified several common characteristics of word 

problems: they are linguistically presented, relevant information needs to be identified 

in working the solution to the problem, and equations need to be constructed followed 
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by an accurate calculation of the equation. Similarly, Silver and Thompson (1984) 

asserted that the characteristics of word problems that make word problems more or 

less difficult are often related to the word problem statements (e.g. the semantics or 

linguistic content), the mathematic structure of the problem (e.g. the number of steps 

required to reach the solution) and the heuristic processes required to solve the word 

problem.  The linguistic content of word problems requires students to be familiar 

with the vocabulary used in the word problems. Chan (2009) noted that the learning 

of arithmetic and word problems has its own set of vocabulary and that learning 

mathematics is similar to learning a new language. It requires an understanding of 

vocabulary (e.g., more than, less than) that is often related to concepts which the 

students must have the knowledge of. As word problems are presented in words and 

statements, one of the critical pre-requisite skills of solving word problems is the 

ability to read and decode the text.  

 

Westwood (2016) identified two main types of word problems – routine and 

non-routine. Routine word problems are usually considered less demanding as they 

can be solved using strategies that were previously applied to similar word problems. 

An example of routine word problems is:  

‘Tom had 100 marbles. He gave an equal number of marbles to 5 friends. 

How many marbles did each of his friend receive?’ 

 

Non-routine word problems tend to be more challenging as they depict 

situations that the students might not have experienced before. Working on this 

category of word problems often requires students to explore possible actions to take, 

as there is often no visible solution that can be readily applied. Non-routine word 
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problems are sometimes known as process problems or those algebraic in nature 

(Foong 2009, Kaur 2019).  Examples of non-routine word problem are as follow:  

Example 1: ‘Alex has $150 more than Daniel. Bill has $130 less than Alex. The three 

boys have $410. How much does Alex have?’  

 

Example 2: ‘Farmer Bill was counting his chickens and rabbits. He counted 10 heads 

and 26 feet altogether. How many ducks and sheep does he have?’ 

 

The common characteristics of routine and non-routine word problems is the 

process in which students have to identify and make use of information provided in 

the problem to work out what they do not know. In these two types of word problems, 

there could be variations in terms of the context, semantic relationship and the 

mathematics operation (e.g. addition, division) or the heuristics to solve the word 

problem (Jonassen, 2003).  

 

 Stevens and Powell (2016) identified the following skills in unpacking a word 

problem: (a) reading the word problem (b) identifying relevant information and the 

unknown information that needs to be solved, (c) selecting appropriate strategies to 

solve the problem type and (d) solving the word problem correctly. Mayer (2003) 

suggested four processes necessary for solving word problems: translation, 

integration, planning and execution.  
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Difficulties in Word Problems  

 

The processes of translation, integration, planning and execution in problem 

solving require students to have reading skills, working memory, attentive behaviour, 

good conceptual understanding and arithmetic skills (Cowan, Hurry & Midouhas, 

2018; Fuch et al., 2016; Fuchs, Gilbert, Fuchs, Seethaler & Martin, 2018).  Morin, 

Silvana, Watson, Hester and Raver (2017) noted that word problems were particularly 

demanding for students with learning difficulties. The difficulties in word problem 

solving were amplified for students who might have deficits in reading, cognitive 

processes (e.g. working memory) or mathematics cognition.  

 

The translation process requires students to read, understand and make 

connections with the various quantities given in the word problems. After the students 

have read and understood the word problem, the next step would be the integration 

process. Here, the student might relate the methods used in solving word problems to 

other similar concepts. The planning process follows, in which the student decides on 

the steps to reach the solution. The final execution process requires the student to 

apply their procedural knowledge to carry out the arithmetic computation. 

  

The challenges in solving word problems could arise from the initial processes 

of translation and integration. The difficulty in translation and integration process 

could be caused by language difficulties that prevent the student from decoding the 

text. This might result in students having difficulties in understanding the semantics 

of the sentences or the relationships between quantities mentioned in the word 

problem. Another challenge could arise when students who are able to read but have 
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difficulty comprehending the semantic relationships in the word problem (Fuchs et 

al., 2016). 

 

The ability to understand the text and the semantic relationships allows 

students to form a problem representation of the word problem.  When the students 

are able to construct the problem representation, this leads to the formulation of a plan 

to solve the word problem (Geary, 1996; Jitendra, Nelson, Pulles, Kiss & 

Houseworth, 2016). Subsequently, the students implement the plan by carrying out 

the arithmetic calculations and procedures. As multiple processes are needed, the 

students with difficulties in mathematics might struggle with one or multiple 

processes involved in word problem solving. These processes are related to the 

cognitive domain. In addition to cognitive factors that could affect the students’ 

ability to be successful problem solvers, Ashcraft, Krause and Hopko (2009), Temur, 

et al. (2018) highlighted that factors such as mathematics anxiety could hinder 

performance. Although mathematics anxiety has been raised as a possible factor that 

could influence mathematical performance, this will not be the focus of discussion in 

this research study as mathematics anxiety itself is a topic that would require 

extensive research.  

 

Teaching word problem solving. Students with difficulties in mathematics 

encounter challenges in problem solving (Jitendra et al., 2015). While students 

experience difficulties in word problem solving, teaching this component of 

mathematics is also challenging. Chinn (2012) stated that the potential for variation in 

word problems is enormous and this makes teaching it a challenge. He also noted that 

the teaching of world problem solving is an international problem as educators in 
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other parts of the world share the challenge. This view was supported by research 

conducted by Bryant, Bryant and Hammil (2000). Bryant et al. surveyed 391 teachers 

of students who had performed poorly in mathematics tasks and elicited responses 

from the teachers with respect to which domain of mathematics caused them the most 

concern. Among the 33 items listed, the first three concerns were word problems, 

difficulty with multi-step problems and the language of mathematics.  

 

Although the teaching of word problem solving is challenging, it has been 

acknowledged that problem solving is essential, as there are no substitutes for this 

skill (Pakarinen & Kikas, 2019). Word problem solving provides the opportunities for 

students to learn concepts and skills such as algebraic manipulation, statistical 

concepts and be actively involved in the thinking and reasoning process. Students 

must learn to become proficient problem solvers. Teachers need to apply alternative 

strategies and teach specific skills in word problem solving as soon as they have 

identified the students who struggle with word problems. As Ginsburg (1997) 

described, “As mathematics become more complex, children experience increasing 

amounts of failure, become increasingly confused, and lose whatever interest and 

motivation they started with” (p.26). Therefore, it is important to address the 

challenges that students encounter in word problem solving before the students are 

discouraged from learning mathematics.     

 

 Research in mathematics difficulties. It is noted that the amount of research 

in learning difficulties in mathematics is significantly less in comparison to research 

in dyslexia, a learning disability in reading (Fuchs & Fuchs, 2005).  The prevalence of 

dyslexia has been estimated to be between 5 to 17.5% (Shaywitz & Shaywitz, 2005) 
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and mathematical difficulties between 3 to 9% (Geary, 2005; Koepke & Miller, 2013; 

Shalev, Auerbach, Manor & Gross-Tsur, 2005).  Geary (2010) has defined 

mathematics difficulties as individuals who have difficulty in retrieving mathematical 

facts, in executing the procedures in solving word problems and interpreting and 

representing mathematics information in visual spatial representation. The term, 

dyscalculia has been often used to describe students with difficulties in learning 

mathematics. According to Butterworth (2005), dyscalculia is a specific mathematics 

learning problem in “understanding basic numerical concepts, especially the concept 

numerosity” (p. 14). Therefore, dyscalculia manifests itself as a subset of 

mathematical difficulties. The prevalence of both dyslexia and mathematical 

difficulties are comparable. However, in research, children with mathematical 

difficulties have received less attention than those with reading disabilities (Gersten, 

Clarke & Mazzocco, 2007; Gersten et al, 2009). This could be due to several factors: 

the lack of agreed upon criteria in defining mathematics disabilities and mathematics 

difficulties, the heterogeneity of the students as they might have co-morbidity of 

another disability and the different domains of mathematics (e.g. algebra, geometry, 

word problems) and the multiple variables that could affect performance in each 

domain.   

 

There is greater focus on research in the instructional strategies in recent 

years. Niss et al. (2016) noted that various domains such as mathematics 

competencies and teaching strategies have been the focus of research in the last two 

decades. Mathematics skills has been recognised for its importance and it is likely that 

topics such as early intervention for mathematics learning or word problem solving 

will be areas of interest.  
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Research on effective teaching strategies. There are an increasing number of 

research studies related to mathematical difficulties, including those that relate to the 

effectiveness of teaching strategies (Gersten et al., 2009; Kong & Orosco, 2016; Xin, 

2019).  This increase could imply that there is a growing recognition of instructional 

strategies as a critical factor in improving the students’ learning. Baker, Gersten and 

Lee (2002), and Kroesbergen and Van Luit (2003) in their meta-analysis of word 

problem solving and students with mathematical difficulties have found the following 

strategies effective in improving the word problem solving skills. They are (a) 

systematic, explicit instruction (e.g. Wilson & Sindelar, 1991); (b) student think-aloud 

(e.g. Zhu, 2015); (c) visual representations (e.g. van Garderen, Scheuermann & 

Jackson, 2012); (d) peer assisted learning opportunities in which students focus on 

problem details (e.g. Fuchs, Fuchs, Yazadin & Powell, 2002); and (e) formative 

assessments to provide feedback to teachers and students (e.g. Fuchs, Fuchs, Karns, 

Hamlett & Katzaroff, 1999).   

 

In reviewing the literature on instructional strategies for helping students with 

mathematics difficulties, specifically word problem solving, schema-based instruction 

was shown to be effective in improving students’ problem solving skills (Jitendra & 

Hoff, 1996; Jitendra & Star, 2011; Jitendra et al., 2016; Morin et al., 2017; Powell, 

2011; Powell & Fuchs, 2018). Schema-based instruction is an evidence-based 

approach in teaching word problem solving. It makes use of two of the effective 

strategies mentioned previously: explicit instruction and visual representation. The 

schematic diagram used in schema-based instruction is a visual strategy that supports 

students in the understanding of word problems. Schema-based instruction involves 

teaching explicitly to students the problem schemas and the schematic diagrams to  
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solve addition and subtraction word problems (Jitendra, Griffin, Deatline-Buchman, 

& Sczesniak, 2007a; Jitendra & Hoff, 1996). An example of the schematic diagram 

used in schema-based instruction is illustrated in Figure 1.1. 

 

The schema-based instruction relies on schematic diagram to help students 

with mathematical difficulties in the problem representation of a word problem.  

 

Schematic diagrams are visual representations, which illustrate important information 

relevant in word problems (Csikos, Szitanyi & Kelemen, 2012; Hegarty & 

Kozhevnikov, 1999). However, the visual representations might differ in the way they 

are constructed. In Singapore, the visual representation in the form of a bar model 

method is one of the problem-solving heuristics that is distinct in the primary 

mathematics curriculum (Kaur, 2019; Ng, 2009). The bar model method uses 

rectangular bars to represent quantities and the relationships between the quantities 

(Yeap, 2011). Ho and Lowrie (2014) described the bar model as a “series of 

 
Change Problem: Sam has 8 apples. After Tom has given him some apples, Sam has 12 
apples. How many apples did Tom give Sam?  
 
                                        Change amount 
 

                                                           
 
 
 
 
 
 
                     
  
          Beginning amount   Ending amount   
 
Figure 1.1. The Schematic Diagram for Change Word Problem. 
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rectangles” (p. 81) that represents the relationship between quantities in a word 

problem. An example of the bar model method is shown in Figure 1.2. The method 

has been acknowledged as a “powerful tool” used by students use to represent and 

solve problems involving addition and subtraction (Hoven & Garelick, 2007, p. 31).  

 

Figure 1.2. Bar Model for Change Word Problem. 

 

Schema-based instruction supports students with difficulties by helping to 

improve their performance in word problem solving (Powell & Fuchs, 2018). It would 

be appropriate and timely to find out whether schema-based instruction would have a 

similar effect in the local context as those found in previous international studies (e.g. 

Griffin & Jitendra, 2009; Jitendra et al., 2007a; Jitendra & Hoff, 1996). As the bar 

model method is taught in schools in Singapore, it might be appropriate for a research 

study to examine schema-based instruction with the use of the bar model approach 

instead of the schematic diagram in the schema-based instruction. The rationale is to 

Change Problem: Sam has 8 apples. After Tom has given him some apples, Sam 
has 12 apples. How many apples did Tom give Sam?  
 
 
 
    Start:                   8 apples 
 
                                       
 
 
                                              

 12 apples                                              
 
   After:                                      
                                    
                                                    
                              8 apples                       ? 
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integrate a visual strategy that is commonly applied in the understanding of word 

problems in the Singapore classroom. This could facilitate learning for students.  

 

The use of the bar model approach does not explicitly teach the word problem 

schema. The students are taught to use the bar model as a heuristic that translates 

word problem to a visual representation. There is no explicit teaching on the 

characteristics of the word problems and the appropriate visual representation.  

Therefore, using the schema-based instruction would enhance the bar model approach 

as the students would be taught to recognise the types of word problems and the bar 

models that are applied to the different types of word problems. Prior knowledge of 

using bar model includes the understanding that the bar represents quantity of items. 

Therefore, the bar model is a visual representation of quantitative relationship in the 

word problem. For example, in Compare Word Problem, the bar models represent the 

quantity and shows the relationship of “more than” or “less than” between the two 

items or persons.  

 

Study Context 

 

The preparation of young Singaporeans for the twenty-first century have 

placed considerable importance on developing students to have a strong sense of 

national identity, embracing diversity and being problems solvers. The Singapore 

curriculum for all subjects is designed to help every citizen to be educated to his/her 

full potential. In the mathematics curriculum, the focus is on development of problem 

solving skills.  
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Mathematics curriculum in Singapore. The Singapore mathematics 

curriculum aims to cultivate and support a numerate society that can face the 

challenges of a continually changing world (Ministry of Education [MOE], 2012; Ng, 

2009). The curriculum has undergone significant revisions in tandem to the 

international reform in the educational landscape (Chan, 2009). The outcome of 

mathematics education in Singapore is to develop mathematical thinking and problem 

solving skills of all students, such that they can use these skills to formulate and solve 

problems (MOE, 2012).  

 

The Singapore mathematics curriculum framework has set its core direction of 

developing students to become good problem solvers. The framework (see Figure 1.3) 

has mathematical problem solving as a core skill that students must acquire in their 

learning of mathematics and other core components: skills, concepts, processes, 

metacognition and attitudes (Foong, 2009; MOE, 2012).  
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Figure 1.3. Singapore Primary Mathematics Framework Ministry of Education, 
Singapore, 2012. 

To achieve the outcome of being good problem solvers in mathematics, the 

development of skills, concepts, attitudes, metacognition and processes must be 

taught and nurtured in the classroom (MOE, 2019). The success of the outcome can 

be seen among students who have consistently maintained good results in the 

International Mathematics and Science (TIMSS) conducted by the International 

Association for the Evaluation of Educational Achievement (IEA) based in Boston, 

USA (Mullis, Martin, Foy & Hooper, 2016). However, the TIMSS scores also 

indicated that there was a group of students who experienced difficulties in 

mathematics. Comparing the students in the lower percentile, students in Singapore 

are faring worse than their peers from countries such as Taiwan and Hong Kong. This 

also indicates that a wide disparity exits between the top scorers and those who would 

require support among the students in Singapore.  These students are likely to 
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encounter difficulties in two areas in mathematics: computation and word problem 

solving (Koay, Chang & Ghani, 2012; Numkung & Fuchs, 2012). Therefore, there is 

a need for more research in instructional strategies that can better support these 

students in the classroom.  

 

Mathematical problem solving as stated in the Singapore mathematics 

curriculum includes using and applying mathematics in practical tasks, real-life 

problems and within mathematics. The lower primary mathematics (Primary 1- 3) 

syllabus focuses on computational skills and heuristic skills needed in the process of 

word problem solving. In order to equip students with skills in word problem solving, 

this domain of mathematics is introduced from the first year of primary school. 

According to the mathematics syllabus, students in Primary 1 are expected to solve 

one-step word problem involving the arithmetic operations of addition and subtraction 

(MOE, 2012). The introduction to word problem solving prepares students with 

foundational skills in word problem solving.  

 

Statement of the Research Problem 

 
 

The focus of this study is to examine the effectiveness of the proposed 

schema-based instruction with bar model approach for Primary 3 students with 

difficulties in mathematics, specifically in word problem solving. The effectiveness of 

the strategy was measured by the students’ improvement during intervention when the 

strategies were taught to the students. In order to measure the effectiveness, there was 

a need to develop an item bank of word problems and their difficulty level. This 

would enable tests to be created that are similar in difficulty so that there is greater 
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objectivity in the monitoring of the students’ progress.  As such, there were two 

phases in this research: the first phase was to develop an item bank of word problems 

and test construction, and the second phase was to find out the effectiveness of the 

schema-based instruction with bar model approach in improving the students’ word 

problem solving performance. In the first phase, pen and paper tests were 

administered to 191 Primary 3 students. In the second phase, the single-case design 

was applied to examine the effectiveness of the intervention.  

 

Low mathematics performance. There were three reasons for conducting the 

research. First, the percentage of students between the intermediate and low 

benchmark in TIMSS 2015. About 6% of the students were placed between the 

intermediate and low benchmark (Mullis et al., 2016). This percentage is the highest 

among the top five performing countries in TIMSS. These students are falling behind 

their peers in their mathematics performance. There was a concern for this group of 

students as the TIMSS (2007) results showed that their scores were lower in the 5th, 

10th, 15th and 20th percentiles in comparison to countries like Taiwan and Hong 

Kong (Kaur, Koay, Foong & Sudarshan, 2012). This pattern of performance in the 

lower 20th percentile continued in TIMSS 2015 (Mullis et al., 2016).  A possible 

implication of this pattern of performance is that more support should be given to low 

achieving students.  

 

One way to support students in improving their performance would be the 

implementation of schema-based instruction with the bar model approach has been 

found to be effective in word problems for students in Singapore (Lee, Ng & Ng, 

2009).  There has been little research in finding the effectiveness of the bar model 
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specifically for students with difficulties in mathematics in the local context. This 

research attempts to address this gap by investigating the effectiveness of the schema-

based instruction and bar model approach for students with difficulties in 

mathematics.  

 

Importance of word problem solving.  The second objective of this study 

relates to the importance of word problem solving and the difficulties that students 

with mathematics difficulties often struggle in this component of mathematics. Word 

problems are central to all mathematics curricula. The challenges that students 

encounter with this component of mathematics can result in a negative experience 

with the subject. The Singapore mathematics curriculum is spiral in nature. This 

means that word problem solving skills learnt in the lower primary sets the foundation 

for more complex word problems in the upper primary level (Ng, 2009). Therefore, 

being competent in word problem solving in the lower primary level is important. As 

mathematics teachers teach and guide students in their learning, they would require a 

repertoire of instructional strategies to support students’ learning needs. However, 

teachers acknowledged that word problem solving is one of the most difficult 

components to teach in Mathematics (Montague & van Garderen, 2008; Van de 

Walle, 2001). Teachers and allied educators supporting students with difficulties in 

mathematics grapple with the “how” and “what” in attempting to remediate students 

with mathematical difficulties. Having knowledge of instructional strategies for 

supporting students with learning difficulties in mathematics could increase the 

teachers and/or the allied educators’ repertoire of skills.  The findings from this 

research could confirm that the schema-based instruction and the bar model approach 

are effective for students and can be used in the classroom.  
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Developing an item bank. The third objective of this study is to develop an 

item bank of word problems so that tests of similar difficulty can be created to 

monitor the progress of students during an intervention.  The effectiveness of the 

intervention using the schema-based instruction with bar model approach would be 

measured by the progress of the students during intervention. It would be necessary to 

have tests that are of similar difficulty so that students’ performance can be measured 

objectively. The difficulty level of the word problems in the item bank could also 

inform teachers of the potential difficulty level of the word problems that could affect 

their students’ performance.  

 

In summary, word problem solving is central to the mathematics curriculum.  

Solving word problems is challenging to a majority of the students, and even more for 

students with difficulty in mathematics. Through appropriate and effective 

instructional strategies, the word problem solving performance of students with 

mathematical difficulties can be improved. Therefore, this study attempts to examine 

the impact of the intervention using the schema-based instruction with bar model 

approach for students with difficulties in mathematics.  

 

Rationale for the sample. In planning the data collection for the study, it was 

decided that the target participants would be Primary 3 students. This was due to two 

reasons. Firstly, the concept of bar model is introduced explicitly from Primary 3 

onwards (Kaur, 2019). Therefore, students who are not grasping this heuristic of word 

problem solving suggests that they require additional support. The bar model is an 

important heuristic as teachers gave feedback that students from Primary 4 onwards 

benefitted from the bar models in understanding the word problem. Secondly, 
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research has indicated that the age and identification of student with mathematics 

difficulties is critical, particularly in the selection of students in studies related to 

mathematics difficulties. Fletcher, Lyon, Fuchs and Barnes (2007) identified Grade 3 

as a period in which serious mathematics deficits can be determined.  Csikos et al., 

(2012) also supported the view that Grade 3 is a level at which difficulties can be 

identified.  They identified Grade 3 as the earliest possible school grade for 

intervention programmes that involve solving word problems, as this skill requires an 

adequate level of reading skills. Jordan and Montani (1997) in their study of students 

with specific and general mathematics difficulties, included students from Grade 3 

only. They recognised that mathematics difficulties at earlier grade levels might not 

be stable. Thus, the third grade seems to be an appropriate time which mathematics 

difficulties can be identified.  

 

In various research studies related to difficulties in word problem solving 

which had Grade 3 participants, the average age was between 8.94 to 9.7 years 

(Fuchs, Powell, Seethaler, Cirino & Fletcher, 2009; Jitendra et al., 2007a). This would 

be equivalent to students in Primary 3 in Singapore. In Singapore, the school term 

starts in January of the new calendar year, hence, students in Primary 3 are about nine 

years old.   

 

Significance of Study 

 

This study aims to contribute to the field of special education, specifically in 

the area of word problem solving for students with difficulties in mathematics. The 

study will also add to the limited research in special education in the Singapore 
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context. Research is important as it informs our practice (Fuchs, 2005) and 

improvements to the teaching pedagogy for students with mathematical difficulties 

can be achieved from the findings of research studies. Ginsburg (1997) asserted that 

effective instructional strategies are key to helping students with learning difficulties. 

As instructional strategies are important for supporting students, the research must be 

rigorous and up to date.  

 

In the local context, few research studies have been conducted on the teaching 

of students with learning difficulties in mathematics, specifically word problem 

solving. This study will investigate and subsequently provide insights to effective 

teaching strategies for word problem solving for students with mathematical 

difficulties. The contribution to the knowledge of instructional strategies will support 

the teachers and allied educators in teaching their students.  

 

Research Questions 

 

The four research questions that will be addressed in the study are:  

1) To what extent are the word problems different in their level of difficulty 

and how similar in difficulty level are the tests developed for the study? 

 

There will be a range of difficulties for the word problems in the various word 

problem types – Combine, Change and Compare. The Compare Word Problems can 

be difficult due to the concept of more and fewer than.  It is hypothesised that the 

most difficult word problems would be Compare Word Problems. It is also 
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hypothesised that two-step word problems are more difficult as they require greater 

conceptual understanding.  

 

2) How effective is schema-based instruction with bar model approach in 

improving students’ word problem solving performance? 

 

Students with mathematical difficulties will improve their word problem 

solving through strategies that facilitate the conceptual understanding of the word 

problems. In relation to the effective strategies for students with difficulties in 

mathematics, the use of explicit instruction and visual representation will support 

students in understanding the semantic relationship in the word problems. 

 

3) Which type of word problem would schema-based instruction with bar 

model approach have the greatest effect on? 

  

 The type of word problems, combine, change and compare, are of different level 

of difficulty (Riley & Greeno, 1988). Therefore, it would be would be appropriate to 

discover the difference in the effect size for the different word problem types applying 

the strategies used during intervention.  

 

4) Is the performance for schema-based instruction with bar model approach 

maintained after the intervention phase? 
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The students will continue to apply the schema-based instruction with bar 

model approach in solving word problems two weeks after the intervention as they 

would have mastered the processes at the intervention phase.  

 
 

Outline of Chapters 

 

 There are six chapters in this thesis. Chapter 2, literature review, presents 

research studies and literature on word problem solving, developing an item bank and 

single-case design. Chapter 3 focuses on the development of the item bank and test 

construction. Following that, chapter 4 reports on the single case design methodology 

in monitoring the progress of the students and the results of the students’ progress. It 

would also discuss the findings. The final chapter comprises a summary and conclusion 

of the research.  
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CHAPTER TWO: LITERATURE REVIEW 

 

This chapter comprises three main parts. The first part of the literature review 

focuses on the processes in word problem solving, the relationship between word 

problem solving processes and difficulties experienced by students, and strategies that 

research have found effective for the teaching of word problems.  

 

The second part of the chapter details the literature review of the single case 

design. The single case design methodology is used to find out the effectiveness of the 

schema-based instruction with bar model approach. The literature review discusses 

the research, the best practices and analysis of single-case design.  

 

The third part of the chapter concentrates on the literature review of the 

methodology that was used for the item bank item construction. The methodology for 

the development of the item bank and the construction of tests would be discussed 

with the use of Rasch model of measurement in the analysis of the difficulty level of 

the word problems.  

 

Literature Review in Word Problem Solving 

 

When students fall significantly behind their peers in their mathematics 

performance, it is an indication that they are having difficulties with the subject. 

Students who experience difficulties in learning mathematics are part of a 

heterogeneous group (Dowker, 2005a). They may manifest deficits in different areas 

of mathematics and the aetiologies of these difficulties are varied. Defining the main 
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deficit is difficult as mathematics is a complex subject (Dowker, 2005b; Geary, 2004) 

and a student’s inability to do mathematics could be related to diverse factors. 

Dowker (2005b) elaborated that the “nature of the arithmetical difficulties” (p. 324) is 

such that multiple components of mathematics performance are influenced. Areas of 

mathematics such as the retrieval of mathematical facts, use of mathematical 

procedures, understanding of mathematics principles, and application of heuristics to 

word problems may be affected.  

 

Challenges in Mathematics Research  

 

Lack of definition. Research in mathematics difficulties among students is 

complicated by the lack of standardised definition of mathematics disability or 

mathematics difficulties. Watson and Gable (2012) agreed with other researchers  

(e.g. Geary & Hoard, 2005) in this field that the complex nature of the definition 

stems from the different cognitive processes that are involved in learning the various 

mathematical skills such as counting, word problem solving or geometry. One of the 

cognitive processes which have been identified as an early indicator of mathematics 

difficulties is symbolic and non-symbolic skills (Hawes, Nosworthy, Archibald & 

Ansari, 2019). Wong and Chan (2019) in their longitudinal study identified numerical 

competencies such as number-magnitude mapping and symbolic numerical skills, and 

the understanding of the number systems to be significant factors present in students 

with mathematics difficulties.  

 

Although the research by Wong and Chan (2019) have provided insights to the 

core deficits to students with mathematics, they recognised that there are other 
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domain general cognitive capacities such as processing speed, executive functions 

that should be included to have a more comprehensive understanding of the cognitive 

deficits of students with difficulties in mathematics.  As such, researchers in this field 

of mathematics learning are still figuring out the core deficits of this disability or 

difficulty and its definition (Chong & Siegel, 2008; Murphy, Mazzocco, Hanich & 

Early, 2007; Watson & Gable, 2012). As Mazzocco (2005) expressed, “...it is 

necessary to have some consensus when answering of what it is that develops. That is, 

what inherent difficulties, deficits, or variations manifest as a math disability, and 

how does this manifestation change over time?” (p. 319). Similarly, Watson and 

Gable (2012) reiterated that there is a lack of a “comprehensive theory on the 

cognitive processes related with disabilities or difficulties in mathematics” (p. 179).  

 

Without a consensus with respect to the definition of mathematics difficulties 

or mathematics disabilities, researchers in the field use different terminology, cut-off 

scores and criteria to identify students who have difficulties in mathematics as 

compared to their peers (Vukovic & Siegel, 2010). There are different terms used to 

describe students’ struggles with mathematics, such as mathematical learning 

disabilities, mathematical learning difficulties, or arithmetic disability, nonverbal 

learning disability or developmental dyscalculia (Mazzocco, 2009; Shalev, Auerbach, 

Manor & Gross-Tsur, 2000; Vukovic & Siegel, 2010). Although researchers make use 

of different terminologies for students who struggle with mathematics, they similarly 

refer to students who find mathematics difficult and encounter challenges in learning 

the subject. Some of the criteria that researchers have used in the identification of 

students with difficulties in mathematics and their given terminologies can be seen in 

Figure 2.1. 
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Figure 2.1. Some of the Criteria and Terminology Used to Describe Students who 
Experience Difficulties in Mathematics. 

 

 Mazzocco (2009) suggested that the term “mathematical difficulties” is 

appropriate to refer to students who are relatively weak in mathematics as poor 

achievement is often the primary criterion for classifying children with mathematical 

difficulties in a research study. Similarly, other researchers (e.g. Gersten, Jordan & 

Flojo, 2005a; Vukovic, 2012) have used the term “mathematics difficulties” as it 

includes those whose performance is considered low average or below average. In this 

research study, the term “students with mathematical difficulties” will similarly be 

adopted.  The literature review for this study comprises journal articles that focused 

Authors Definition Terminology 
 

Kosc, (1974) Genetically determined 
disability in mathematics with 
normal intelligence 
 

Developmental 
dyscalculia 

 
Shalev, Auerbach, Manor 
& Gross-Tsur (2005) 

 
Cut-off score of 20th or 25th 
percentile on mathematics 
achievement test with an low-
average or higher IQ score 

 
Developmental 
dyscalculia 

 
Mazzocco (2005) 

 
Cut off score at 10th percentile 
on Test on Mathematical 
Ability 
 

 
Math disability  

 
Butterworth (2005) 

 
Difficulties in understanding 
basic numerical concepts, 
especially concept of 
numerosity 
 

 
Developmental 
dyscalculia 

 
Geary, Bailey & Hoard 
(2009) 

 
Scores below the 15th 
percentile for two consecutive 
mathematics achievement tests 
 

 
Mathematical 
learning disability 
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on students with mathematical difficulties or mathematical disability and had 

difficulties with word problems.  

 

Identifying mathematics difficulties. In Singapore, students with 

mathematical difficulties are identified as those who have numeracy needs based on 

the school readiness test at Primary 1 (Cheam & Chua, 2009). In the subsequent grade 

levels, students are identified to have difficulties in mathematics if they experience 

difficulties passing curriculum-based measures such as topical tests or end of year 

examinations.  The support that these students receive is school-based and therefore 

likely to differ from school to school. With the given support, students’ progress is 

monitored to check if the additional support given (e.g. learning in small group) 

improves their mathematics scores.  

 

 Cirino (2010) noted that identification of mathematics difficulties is usually 

presented at later ages (e.g. Primary 3) or “consistently weak performance over time” 

(p. 21). In the local context, students’ mathematical difficulties manifest in their low 

performance score for mathematics tests and examinations.  This study defines 

students with mathematical difficulties as students who have failed or achieved a 

marginal pass (not more than 10% of the passing mark) in their mathematics tests and 

examinations for their first semestral examination in Primary 3.  This group of 

students are likely to struggle with mathematics and be placed in the bottom 20 to 

30% of the mathematical attainment in their formal school assessment (Foong, Ghani 

& Chang, 2012).   
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Difficulties in Word Problem Solving 

  

Mathematics is a subject with a broad domain and many components requiring 

different cognitive abilities (Fuchs et al., 2006). These components include: 

knowledge of mathematical facts, the ability to carry out mathematical procedures, 

and understanding and using mathematical concepts such as commutativity and 

associativity; estimation; mathematical knowledge; applying mathematics to the 

solution of word problems and practical problems (Dowker, 2005b). These 

components of mathematics can be found in the MOE curriculum for lower primary 

mathematics (see Figure 2.2).  

 
Whole numbers 
 
Primary 1 Primary 2 Primary 3 
- numbers up to 100 - numbers up to 1000 - numbers up to 10000 
-addition and subtraction -addition and subtraction -addition and subtraction 
-multiplication and division -multiplication and division -multiplication and division 
-mental calculation -mental calculation -mental calculation 
 
Measurement 
Primary 1 Primary 2 Primary 3 
- length, mass, volume - length, mass, volume - length, mass, volume 
- time - time - time 
- money - money - money 
 
Geometry 
Primary 1 Primary 2 Primary 3 
- basic shapes - 2-D and 3-D - perpendicular and parallel lines 
- patterns - patterns -  angles 
 - line, curve and surface  
 
Data analysis 
Primary 1 Primary 2 Primary 3 
- picture graphs - picture graphs - bar graphs 
 
Fractions 
Primary 1 Primary 2 Primary 3 
- NIL - fraction of a whole - equivalent fractions 
 - addition and subtraction - addition and subtraction 

 
Figure 2.2. Topics Taught in Lower Primary Mathematics (Ministry of Education, 
2012). 
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Although the curriculum is planned according to content topics, word problem 

solving is present in almost all topics in the mathematics syllabus, starting from the 

Primary 1 syllabus. Word problem solving has been identified as one of the most 

challenging components in the mathematics curriculum (Ng & Lee, 2009). Most 

students face difficulties in working out the solutions to the word problems (Kaur, 

2019).  In comparison to computation sums, which require mainly procedural 

knowledge, word problems are found to be more challenging because of the linguistic 

information and cognitive demand for working out the solution (Fuchs et al., 2008b; 

Jitendra et al., 2007a; Namkung & Fuchs, 2012). Fuchs et al. (2008b) explained that 

word problem solving is seen to be more complicated as students are required to use 

the text to identify missing information, form the equation and calculate to derive the 

answer to the missing information. 

 

Research in word problem solving has attributed students’ difficulties in this 

area to a multitude of variables. Among students in primary schools internationally, 

difficulties in word problems have often been linked to language difficulties, lack of 

conceptual understanding, poor working memory, visual spatial difficulties, and 

attentive behaviour (Fuchs et al., 2016; Ostad, 1998; Swanson, Lussier & Orosco, 

2015; Skinner, Pearce & Barrera, 2016).  

 

Geary (2004) developed a conceptual framework for understand learning 

difficulties in mathematics. He identified that mathematical difficulties can arise from 

deficits in the ability to represent or process the information in one or all of the 

mathematical domains (Geary, 2004). These mathematical domains include (a) 

conceptual understanding, (b) procedural processing, (c) language and (d) visual 
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spatial processing. Geary believed that mathematical learning involves conceptual and 

procedural competencies that “are supported by an array of cognitive systems” (p. 8). 

The cognitive system includes the central executive, the language and the visuospatial 

system.  This framework can also be extended to understand the difficulties that are 

encountered by students with difficulties in word problem solving. The adapted  

framework from Geary for word problem solving is illustrated in Figure 2.3. In the 

review of literature on word problem difficulties, findings from various research 

studies indicated that conceptual understanding, procedural skills, language difficulty, 

attention and visuospatial are factors that affect the performance of word problem 

solving (Bryant et al., 2000; Fuchs et al. 2006; Fuchs et al. 2008b; Geary & Hoard 

2005; Riley, Greeno & Heller, 1983). 

 
 
 
 
 
 
 
 
 
                                                               affects  
 
 
 
 
 
                                                                 affects 
 
 
 
 
 
 
 
Figure 2.3. Variables Affecting Word Problem Solving. Adapted from “Framework for 
the identification and study of potential learning difficulties in mathematics”, Geary 
(2004), p 8. 

Word problem solving 

Supporting competencies 
Conceptual understanding 

Procedural skills  
 
 

Underlying cognitive structures 
Attention and inhibitory control of information 

processing 
Language system  

Visuospatial system  
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This framework helps to explain the relationship between the mathematical 

domains of word problem solving. The foundation of word problem solving requires 

students to have the ability to read and comprehend information that is given. The 

ability to translate text to a visual representation will clarify and support 

understanding of the word problem. Being able to identify the characteristics of the 

word problem requires a conceptual understanding of mathematical phrases such as, 

more than, fewer than. The conceptual understanding will also affect the accuracy in 

the construction of the equation. Procedural knowledge is required in the arithmetic 

calculation for the equation. The process of word problem solving also involves focus 

in seeing the task through. Therefore, the framework proposed by Geary (2004) 

complements the factors that have been found to influence students’ abilities in word 

problem solving. 

  

Similar to the factors identified by Geary (2004), Fuchs et al. (2006) detailed 

the cognitive variables that affect students’ ability in word problem solving. Their 

study was carried over a period of four years with 30 students in Grade 3 and its 

objective was to examine the relationship among arithmetic (defined as the adding 

and subtracting of single-digit numbers), procedural skills in mathematics 

computation and word problem solving (Fuchs et al., 2006). From the data collected 

on the students’ word problem solving performance, Fuchs et al. (2006) concluded 

that working memory, long-term memory, attentive behaviour, nonverbal problem 

solving, language ability, reading skills and concept formation are important in word 

problem solving. These findings corroborated with Geary’s (2004) framework. The 

following variables that affect word problem solving performance will now be 
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discussed – language difficulties, lack of conceptual understanding, poor working 

memory, visuo-spatial difficulties and lack of attentive behaviour.  

 

Language difficulties. Fuchs et al. (2008b) carried out a 4-year longitudinal 

study to determine whether word problem solving and computational skills were 

shared or distinct aspects of mathematical cognition. The nine cognitive dimensions 

identified were language, semantic retrieval fluency, concept formation, matrix 

reasoning, verbal working memory, numerical working memory, word identification 

skill, attentive behaviour and processing speed.  A total of 924 students participated in 

the study, with 73 students identified by the school as having a disability (learning 

disability, speech impairment, language impairment, attention-deficit/hyperactivity 

disorder, health impairment or emotional behavioural disorder). With the exception of 

attentive behaviour, the cognitive dimensions were measured using a range of 

diagnostic instruments. The diagnostic tests were administered individually, while the 

mathematics tests were administered in a large group. The diagnostic tests used to 

determine language difficulties include Test of Language Development – Primary 

Grammatic Closure (Newcomer & Hammill, 1988), The Woodcock Diagnostic 

Reading Battery Listening Comprehension (Woodcock, 1997), Wechsler Abbreviated 

Scale of Intelligence Vocabulary (Wechsler, 1999).  

 

The researchers noted that the variables of language and word identification, 

distinguished word problem-solving difficulty from computation sums. Students with 

difficulties in word problem solving and students with difficulties in both word 

problem solving and computational sums scored lower than students with difficulties 

computational sums.  The other two variables that were significant in demarcating 
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those with word problem solving difficulties and computation sums difficulties were 

concept formation and matrix reasoning. Students with difficulties in problem solving 

and students with both problem solving and computational difficulties scored lower 

than students with computational difficulties in concept formation and matrix 

reasoning. The study found that working memory contributed to both performance in 

problem solving and computation. Based on the results of the study, students with 

difficulties in word problem solving were likely to have difficulties with language, 

working memory, matrix reasoning, and concept formation. The researchers 

emphasized the importance of language as the students’ language ability allowed 

them to cope with the “narratives in the service of building problem models” (p.43).  

 

Language plays a critical role in word problem solving. Shin and Bryant 

(2015) in their research attempted to synthesize the findings from 23 articles that 

compared the mathematical and cognitive performances of students with mathematics 

difficulties to students with mathematics and reading difficulties, as well as to 

students with no learning difficulties.  Their analysis of the studies confirmed that 

language plays a significant role in solving word problems.  In comparing students 

with only mathematics difficulties and students with difficulties in both mathematics 

and reading, the students with only mathematics difficulties performed better when 

the word problems required a greater reading ability. Students with only mathematics 

difficulties scored better in word problems compared to students with difficulties in 

both mathematics and reading. Students with only mathematics difficulties were able 

to read and understand the sentences in the word problems and therefore were better 

equipped to solve the word problems. The synthesis of the articles by Shin and Bryant 
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(2015) indicated that there is a relationship between language and word problem 

solving.  

 

The importance of language in problem solving has been supported by other 

research studies (Bottage, 2001; Hanich, Jordan, Kaplan & Dick, 2001; Jordan & 

Montani, 1997).  These research studies were carried out to determine if there were 

differences in the mathematical difficulties encountered between students with 

mathematics difficulties only and students with both mathematics and reading 

difficulties. Hanich et al. (2001) focused their study on students with difficulties in 

mathematics only and students with both mathematics and reading difficulties. The 

rationale was that students with only mathematics difficulties showed different 

cognitive deficits from students with both mathematics and reading difficulties. In 

their study, Hanich et al. (2001) measured the mathematical cognition according to 

students’ abilities in basic calculation, approximate arithmetic, problem solving, place 

value, and written multi digit computation. Word problem solving was included, as 

the researchers identified word problem solving as an area of difficulty. Hanich et al. 

(2001) in this study used the word problem categories of change, combine, compare 

and equalize (Riley et al., 1983).  

 

The findings from Hanich et al. (2001) research demonstrated that students 

with mathematics difficulties and reading difficulties showed weakness specifically in 

word problem solving as compared to students with only mathematics difficulties. 

The findings reiterate that language is necessary in word problem solving as it affects 

students’ understanding of the word problems and the formation of the equation for 

the solution. Riley and Greeno (1988), and Swanson, Conney and Brock (1993) noted 
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that it is essential to comprehend the text in the word problem and this is related to the 

correct choice of mathematical operation for the solution to the word problem.  

 

 Research on language difficulties and word problem solving often focuses on 

students with a reading disorder or a language processing disorder. In the Singapore 

context, Koay et al., (2012) acknowledged that language was a key variable that 

influenced word problem solving performance. In their exploratory study of low-

attainers in primary mathematics, Koay et al. (2012) found that students who 

experienced difficulties showed a lack of comprehension in the information they had 

read in word problems and that 11% of the students in the study with difficulties in 

mathematics had poor language proficiency. This finding compounds the language 

variable in word problems as the language proficiency could affect the students’ 

ability to solve word problems.  

 

The findings from the above-mentioned research demonstrate that language 

difficulty appears to co-exist with difficulty in word problem solving. Students with 

difficulties in both mathematics and language were found to have more basic delays 

linked to conceptualizing of word problem, learning mathematical vocabulary and 

execution of calculation procedures (Hanich et al., 2001; Jordan & Montani, 1997; 

Wadlington and Wadlington, 2008).  Jordan (2007) noted that students with 

mathematics difficulties and reading difficulties needed intensive instruction with 

respect to problem conceptualization.  

 

Lack of conceptual understanding.  The ability to read allows students to 

decode written words. However, this is not sufficient to understand the word 
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problems. The understanding of word problem requires comprehension of how 

information is connected. Baroody (2003) emphasized the importance of conceptual 

understanding for building computation fluency and problem solving. He further 

detailed that conceptual understanding is required “in thoughtfully formulating, 

representing, and solving problems” (Baroody, 2003, p. 27).  In word problem 

solving, conceptual understanding allows students to build a coherent relational 

representation after synthesizing the various elements in the word problem (Riley et 

al., 1983). Thus, conceptual understanding is an important component in word 

problem solving as it supports students in their formulation of equation to arrive at the 

solution to word problems. In working out the solution, students need to understand 

the semantic relationship among the sentences so that the appropriate mathematical 

concept can be applied.  Resnick (1989) identified that word problems “provide a 

window on children’s conceptual interpretations of arithmetic” (p. 165). Word 

problems provide situations that require students to understand and apply appropriate 

arithmetic operations to solve. The following word problem illustrates the importance 

of understanding the semantic relationships in a word problem. In this word problem 

though there is a decrease in quantity of the objects illustrated, the arithmetic 

operation required to solve the problem is not subtraction but addition.  

Sam had some apples. He gave 4 apples to Sally.  Sam has 6 apples now. How 

many apples did he have at the start?”  

 

In planning for a solution to this word problem, a student would need to have 

the conceptual understanding that there is a change (i.e. apples were given away) 

which results in fewer apples after the action. Although the action results in fewer 

apples, the students would have to find out the number of apples Sam had at the 
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beginning which would be more than the quantity Sam had after he had given some 

apples away. With the understanding that there would be greater quantity before 

giving away, the arithmetic operation used would be addition. Therefore, the 

foundation for conceptual understanding must be well established for the students to 

be competent at word problem solving.   

   

 Jordan and Montani (1997) examined problem solving skills and number-fact 

knowledge of Grade 3 students with mathematics difficulties as well those with 

mathematics and reading difficulties. Among the list of challenges in mathematics 

learning, the students with mathematics and reading difficulties seemed to experience 

basic difficulties with word problem conceptualization. Jordan and Montani (1997) 

noticed that this difficulty in word problem conceptualization could be linked to 

problems in reading and intellectual capacity.  

 

Riley et al. (1983) emphasized the importance of conceptual formation. They 

commented that conceptual understanding could affect the way students work out the 

solutions to the problem and also acknowledged that students who were good problem 

solvers had conceptual knowledge that guided them to more effective and efficient 

solutions than problem description (Riley et al., 1983).  

 

The lack of concept formation among students with difficulties in word 

problem solving is also supported by a study conducted by Ostad (1998) in which one 

of the issues examined was the use of developmentally immature problem-solving 

strategies, as seen in the inflexible use of strategies by students with mathematical 

difficulties. Ostad’s (1998) study had 101 students identified as having a 
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mathematical difficulty and another 101 mathematically normal students. These 

students were from Grade 2, Grade 4 and Grade 6. Ostad (1998) identified students as 

having a mathematical difficulty if they were in the school’s special programme in 

mathematics for a minimum of two years.  

 

Ostad (1998) used the developmental perspective in his research; thus, as 

students moved up the school grade, the strategies they used in word problem solving 

would shift from using concrete materials to mental strategies. Ostad used 16 simple 

word problems that Riley et al. (1983) had written for their classification of word 

problems. These 16 word problems comprised addition and subtraction problems 

belonging to one of the categories of combine, change and compare. The position of 

the missing information in the equation differed for each word problem (e.g. 6+4 = ☐ 

, 6-4 = ☐., 10-☐ = 4 or  ☐ ± 4 = 10) and was dependent on the information that was 

given in the word problem.  This meant that the missing information the students had 

to find out could be at the end, in the middle or at the beginning of the equation.  

 

Ostad’s (1998) research found that typically performing students used mental 

strategies as they moved up through the grades. In comparison, students with 

mathematical difficulties solved the word problems entirely by means of material 

strategies, showing little change in strategy as they progressed up the grade. For 

students with mathematical difficulties, the use of strategies for both word problems 

and computation problems was established at Grade 2 with little progress made 

thereafter. Student with mathematical difficulties did not perform well in computation 

sums and word problems where the unknown was within the equation (e.g., 10-☐ = 6 
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or     ☐ ± 4 = 10).  However, they performed well in computation where the result 

was unknown (e.g., 6+4 =  ☐  or 6-4 = ☐). Their weak performance in some types of 

computation sums and word problems suggests that the students with mathematical 

difficulties do not have a good conceptual understanding.  These students showed 

little flexibility in their approach to simple word problems, as they did not increase 

their repertoire of strategies.   

 

Ostad (1998) explained that the lack of conceptual understanding and 

students’ limited strategies contributed to their poor performance in word problem 

solving. The challenges that students encounter when they have limited conceptual 

understanding of the word problem makes word problem solving a difficult task.  This 

might then raise the question, “Can conceptual formation be taught more effectively 

so that students have a better understanding of the word problem?”  This could be 

another line of thought that explores the possibility of working memory affecting 

conceptual understanding, as working memory is essential in areas such as language 

acquisition and retrieving information from long-term memory.  

   

Poor working memory. Working memory (WM) has been identified as one 

of the variables that affects word problem solving. Swanson et al., (2015) believed 

that a general cognitive process such as WM has an influence on students’ word 

problem solving performance. The working segment of the word problem solution 

involves the WM system, as it requires a combination of processes such as reading, 

language understanding, and problem representation, forming the mathematical 

equation and calculating the answers (Andersson, 2007). The WM is defined as a 
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limited capacity central executive system that interacts with the phonological loop and 

the visual sketchpad (Baddeley, 1992). A visual representation of the working 

memory (see Figure 2.4) shows the link between the visuo sketchpad, central 

executive and phonological loop. Swanson and Fung (2016) described WM as having 

a central executive system and two subsidiary storage system – the phonological loop 

and the visuospatial sketchpad.  The phonological loop is responsible for the 

temporary storage of verbal information while the visual sketchpad is responsible for 

storing visual-spatial information over short periods of time. Swanson and Fung 

(2016) supported the view that the phonological system and word problem solving 

were closely related. The phonological system has been linked to mathematical 

problem solving, as the phonological system is responsible for the decoding and the 

comprehension of text. Based on the relationship between text comprehension and the 

phonological system, students encounter challenges in mathematics problem solving 

due to inefficient phonological memory (Andersson, 2007). The WM has been found 

to affect problem solving through the access of information (e.g. appropriate 

arithmetic operations) from the long-term memory to solve the problem (Swanson et 

al., 2015). The central executive also plays an important part in inhibiting irrelevant 

information, which interferes with problem solving. It is also engaged in the 

regulation and the control of the WM system (Baddeley, 2012). Swanson and Fung 

(2016) identified accessing information in the long-term memory as one of the 

“activities” or processes in the executive function. Baddeley (2012) described the 

executive function as a “homunculus, a little man in the head, capable of doing all the 

clever things that were outside the competence of the two subsystems” (p.14).  
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 Figure 2.4. A Simplified Representation of the Baddeley and Hitch Working 
Memory Model (Baddeley, 1992).  
 

Swanson and Beebe-Frankenberger (2004) sought to identify the cognitive 

processes that contribute to individual differences in working memory and word 

problem solving accuracy. They conducted a study, which attempted to explain the 

differences based on the phonological processing model and executive functioning 

model. The phonological processing model attributes word problem solving difficulty 

largely to an inefficient phonological system, which causes a “bottleneck” that 

prevents information from being transferred to the next processing level. The 

executive functioning model associates difficulties in word problems with the 

difficulties in accessing the information from the long-term memory. In this study, 

there were 353 student participants from Grade 1 to Grade 3. Among these students, 

there were 132 students classified at risk of serious math difficulties. The 

classification for being at risk of serious math difficulties was based on two criteria:  

normal intelligence of more than 85 as well as performance below the 25th percentile 

 
 
 
 
 Visuospatial                         Central executive                     Phonological loop 
              sketchpad 
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on standard measures related to solving orally presented word problems and digit-

naming fluency.  

 

The findings from Swanson and Beebe-Frankenberger’s (2004) study showed 

that students at risk of severe math difficulties performed poorly with respect to 

calculation, reading, phonological processing, random generation/updating, short-

term memory, working memory, and semantic processing/vocabulary. Among these 

factors, WM was the variable that contributed most significantly to the difference 

between the performance of students at risk of serious mathematics difficulties and 

those not at risk (Swanson & Beebe-Frankenberger, 2004). Working memory was 

also most important in predicting solution accuracy of the word problem without any 

influence from factors such as fluid intelligence, reading skill, math skill, knowledge 

of algorithms, phonological processing, semantic processing, speed, short-term 

memory, and inhibition. These findings support the view that WM has an important 

role in integrating information during word problem solving (Swanson & Beebe-

Frankenberger, 2004). WM played such a critical role, as it was able to draw a 

relationship between the latest information and the recently processed information.  It 

was also able to hold the “gist of the information for the construction of an overall 

representation of the problem” (Swanson & Beebe-Frankenberger, 2004, p. 488).  

 

The study by Swanson and Beebe-Frankenberger (2004) established that WM 

plays an important role in mathematics word problem solving. Similarly, Lee et al., 

(2009) conducted a study in the Singapore context to examine the extent to which 

WM and executive functioning influenced representation and solution formation task 

in word problem solving. There were 255 participants in their study and all were 11-
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year-old students. The study comprised four parts. The first was on overall accuracy. 

Students were given 10 word problems and asked to solve them using the model 

method, a common heuristic taught in all primary schools in Singapore. These 10 

questions differed in quantitative concept and involved different numbers of 

protagonists. The second part focused on the componential task. There were 10 

questions, in which students had to identify the known and unknown quantities, as 

well as problem goal. The third part focused on the relational task, which assessed the 

students understanding of relational information in the word problems. The final part 

was the computation task. 

 

Their findings showed that WM affected overall accuracy and was responsible 

for 25% of the variation in the results for problem representation and solution 

formation (Lee et al., 2009). WM was important for text decoding, representation 

construction, and forming solutions to the word problem.  

  

Swanson and Fung’s (2016) research on WM and problem solving accuracy 

aimed to find out possible variables that might mediate the relationship between 

specific components of WM and problem solution accuracy. These variables include 

domain-general knowledge such as fluid intelligence, reading, and arithmetic 

calculation as well as domain-general processes such as naming, speed, and 

inhibition. The variables also encompass domain-specific knowledge, for example, 

word problem representation, planning and domain-specific processes like estimation 

and numerical magnitude judgments. For their study, there were 392 Grade 3 

students. Swanson and Fung (2016) selected Grade 3 students as word problems were 

introduced frequently at this level.  The students were required to take tests in a group 
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setting, and tests twere administered individually. Word problem-solving accuracy 

was measured using the following instruments – the story problem subtest of Test of 

Math Ability (TOMA -2; Brown, Cronin & McEntire, 1994), story problem-solving 

subtest from the Comprehensive Mathematical Abilities Test (CMAT; Hresko, 

Schlieve, Herron, Sawain & Sherbenou, 2003), the word problem solving subtest 

from the KeyMath Revised Diagnostic Assessment (KeyMath; Conolly, 1998).  

 

The finding from the research indicated that the phonological short-term 

memory and the executive system of the WM were able to anticipate problem solving 

accuracy (Swanson & Fung, 2016). Therefore, difficulties in word problem could be 

attributed to the phonological loop which specialises in the retention of verbal 

information as well as executive system which focuses on controlled attention.  

 

The studies conducted by Swanson and Bebee-Frankenberger (2004), 

Swanson and Fung (2016), and Lee et al. (2009) confirm the relationship between 

WM and word problem solving. WM could possibly be a factor that affect conceptual 

understanding, the ability to recall or retain strategies, and the attention required for 

word problem solving. These abilities are often observed to be absent in students with 

mathematics difficulties.  

 

Visual spatial difficulties. One of the variables related to word problem 

solving is students’ visual spatial abilities. Holms and Adams (2006) suggested that 

visual spatial abilities are critical in mathematics learning. They conducted a study 

involving 148 students in Grade 3 and Grade 5 on the influence of the different 

components of WM on mathematical skills performance in children. The Working 
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Memory Test Battery for Children (WMTB-C; Pickering & Gathercole, 2001) was 

administered to the students. The test included a phonological loop task, visual spatial 

sketchpad task and central executive task and mathematics skills were assessed using 

tests designed by the National Curriculum for England. The findings showed that the 

visual-spatial sketchpad accounted for the variance in students’ performance-related 

mathematical skills in the lower grade. According to Holms and Adams (2006), this 

was consistent with the hypothesis that younger students relied on their visual-spatial 

sketchpad for their solutions to word problems. It was furthermore noted that the 

older students would use visual-spatial strategies to solve more complex word 

problems where direct retrieval might not be possible. This research finding was 

congruous with the practice of using concrete materials and visual pictures when 

teaching mathematics to the students in the lower grade level. Holms and Adams also 

recommended for students to use “predominantly visuo-spatial strategies until they 

are competent and able to deploy verbal, abstract strategies” (p.360).  Similar to 

Holms and Adams (2006), Meyer, Salimpoor, Wu, Geary and Menon (2010) found 

that the components of WM involved in mathematics learning changed as the students 

moved to higher grade levels.  

 

Meyer et al. (2010) conducted a study to find out how the different 

components of the WM contributed to mathematics performance with participating 

students from Grade 2 and Grade 3. The study administered two instruments - the 

Numerical Operations and Mathematical Reasoning Subtests of the Wechsler 

Individual Achievement Test and the Working Memory Test Battery for Children. 

The findings indicated that there was greater reliance on visual-spatial representation 

as the students moved from the second grade to the third grade (Meyer et al., 2010). 
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In fact, among the third graders, the visual sketchpad capacity was the variable that 

predicted mathematics achievement. Meyer et al. (2010) elaborated that the students’ 

dependence on using visual-spatial representations could be due to their greater 

exposure to numeric-symbolic representations of mathematics problems and practice 

in word problems.  It was also noticed by Meyer et al. (2010) that students with 

greater reliance on the visual-spatial process were likely to perform betters in 

mathematics. This finding suggests that visual-spatial representation is important in 

word problems as students who employed these skills were able to perform better than 

the other students. It was also interesting to note that the research suggested that the 

interval between the second and third grade was an important time for students to 

transition to more visual-spatial strategies in word problem solving (Meyer et al., 

2010). The greater use of visual-spatial strategies could also be linked to the 

curriculum and the heuristics that are being taught to students for solving word 

problems in these two grades.   

 

The WM interacts with both the phonological loop and the visuospatial sketch 

pad. Passolunghi and Mammarella (2012) focused their research on finding out 

whether students failing word problem solving were impaired in spatial working 

memory tasks but not visual working memory task. They examined the visual and 

spatial working memory of 35 students with both mathematics learning difficulties 

and poor problem solving skills and another 35 students who were typically 

developing. All students were between Grade 3 and Grade 5. The students were of 

normal intelligence but were below the 25th percentile in a standardized mathematics 

test. Their teacher reported they had difficulties in word problem solving but not 

reading difficulty.  Passolunghi and Mammarella (2012) administered spatial and 
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visual working memory tasks, which were differentiated into simple and complex 

span tasks. The spatial memory task involved a recall of positions (e.g. dots) in a 4 X 

4 matrices following the presentation. The complexity level increased with more 

positions that needed to be recalled. For example, from 2 positions which were 

presented sequentially and had to be recalled, it was increased to a maximum of 5 

positions that were presented.  The visual memory tests is a simple-house recognition 

task  that required students to recall the schematic drawings of houses  which had 

been shown to them. The complexity of the tasks was progressively made more 

difficult with the increase number of houses presented to the participants. There was a 

maximum of three sets of five houses that had to be recognised from 10 schematic 

drawings. The research findings showed that students with mathematical learning 

difficulties failed in simple and complex spatial working memory but performed in a 

similar way to normal developing students in visual working memory tasks. In their 

analysis, Passolunghi and Mammarella (2012) categorised the students with 

mathematical learning difficulties into two groups, severe mathematical learning 

disability (<10th percentile) and low mathematical achieving (11th to 25th percentile). 

Analyzing the results when the group was subdivided showed that those in the severe 

group failed in both complex working memory tasks and spatial working memory 

tasks when compared to the low mathematical achieving group. The low 

mathematical achieving group was closer to the typically developing group in their 

performance on visual working memory tasks.  

 

In Passolunghi and Mammarella’s (2012) study, there was also an attempt to 

find out whether the failure in spatial WM tasks was related to the involvement of the 

central executive process in inhibiting irrelevant information. The findings indicated 
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that the students with mathematics learning difficulties exhibited higher errors caused 

by distractions than typically developing group and that students with severe 

mathematics learning difficulties had higher number of error caused by distractions 

than the low achieving students (Passolunghi & Mammarella, 2012). This could imply 

that the ability to control and ignore irrelevant information is lower in students with 

mathematical learning difficulty.  This group of students might have difficulty 

focusing on their learning, therefore, giving rise to more errors in their problem 

solving.  

 

Passolunghi and Mammarella (2012) showed that students with severe 

mathematical learning difficulties failed in their spatial working memory but not in 

their visual working memory. These students also exhibited poor inhibitory ability to 

suppress irrelevant information, which could affect the attention that is needed in 

learning and working out solutions to word problems. From the findings, it may be 

hypothesized that students with a mathematics difficulty in word problem are likely to 

have a relatively good visual working memory. However, they might not have been 

taught to make use of it as a strategy in their mathematics word problem solving. The 

other research studies that involved using visual spatial strategies (e.g. Holms & 

Adams, 2006; Meyer et al., 2010) also showed that as students develop over time, 

they might make better use of more visual spatial strategies. 

 

Lack of attentive behaviour.  Many research studies have supported the 

influence of WM on word problem solving (Lee et al., 2009; Swanson & Fung, 2016). 

However, there are fewer research studies that focus on attention or attentive 

behaviour on problems solving (Fuchs et al., 2006). Fuchs et al. (2006) embarked on a 
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study to investigate the cognitive variables that would affect three areas of 

mathematics - arithmetic, algorithmic computation and word problems. The variables 

associated with word problem solving are arithmetic, arithmetic algorithmic 

computation, working memory, inattentive behaviour, long-term memory, nonverbal 

problem solving, language ability, reading skill and concept formation (Fuchs et al., 

2006).  The data collected for this research were part of a 4-year longitudinal study. 

Three hundred and twelve Grade 3 students participated in the study.  There were two 

45-minute individual testing sessions. The test administered measured the following 

variables: language, nonverbal problem solving, concept formation, processing speed, 

long-term memory, working memory, attentive behaviour, phonological decoding, 

arithmetic, algorithmic computation, and arithmetic word problems. The data were 

presented in raw and standard score means and standard deviations along with 

correlations.  

 

The results showed that attentive behaviour, phonological decoding and 

processing speed were significant predictors of arithmetic skills.  For word problems, 

the significant predictors were arithmetic, attentive behaviour, non-verbal problem 

solving, concept formation, sight word proficiency and language. Among all the 

factors, attentive behaviour was found to be the most significant predictor for 

arithmetic, algorithmic computation and word problems. Fuchs et al. (2006) provided 

three suggestions for attentive behaviour as the variable that accounted for variance in 

all three aspects of mathematics skills. Firstly, attentive behaviour would probably 

have an impact on students’ ability to remain focused and persevere in mathematical 

tasks. Secondly, classroom instruction might not meet the needs of students with 

difficulties in mathematics, and therefore give rise to inattentive behaviour. Finally, 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       51 
 
 
 

 

attentive behaviour may be a critical cognitive dimension in problem solving. The 

previously mentioned study by Passolunghi and Mammarella (2012) also found that 

students with difficulties in word problems experienced greater distractions, which 

caused a higher number of errors.  

  

The variables that could affect students’ abilities with respect to word problem 

solving were mainly language difficulties, lack of conceptual understanding, poor 

working memory, visual spatial difficulties and lack of attentive behaviour. The 

following section will integrate the variables, which have been discussed, and the 

process of word problem to demonstrate the difficulties that students are likely to 

encounter in solving word problems.   

 

Word Problem Solving Process and Variables Affecting Word Problem Solving 

 

 Establishing the possible relationship between word problem solving process 

and variables affecting word problem solving will allow for a better understanding of 

the difficulties that students encounter at each process of word problem solving. Thus, 

it would be appropriate to analyse the process of word problem solving and the way in 

which these variables could hinder the students’ performance.  After reviewing the 

literature in these two areas of word problem solving, this research attempts to 

examine the processes and variables affecting word problem solving. This allows for 

greater understanding of the difficulties encountered by students in the process of 

problem solving so that a more targeted intervention can be implemented. The 

processes in word problem solving identified by Mayer (2003) will be used together 

with the variables affecting word problem solving.  
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A visual representation of the framework, which attempts to link the processes 

in problem solving and variables that affect the ability to solve word problem, can be 

seen in Figure 2.5.  The relationships or pairing the processes in word problems with 

the challenges do not eliminate other variables that might also affect that specific 

process. Van Dooren, Lem, Wortelaer and Verschaffel (2019) have highlighted that 

students often have difficulties connecting word problems to the real world. This 

affects the students’ behaviour in word problems. They also highlighted that the 

traditional classroom culture where students are expected to find the solution to the 

word problem does not encourage students to engage students to take the time to read 

and understand the word problems. Although the above mentioned variables are 

factors which could pose a challenge in the word problem process, they could be 

beyond the scope of this studies as it might involve a change the teachers’ attitude 

toward students’ behaviour in word problem solving and a change in curriculum to 

include more real word problems for classroom learning. Therefore, the challenges 

that have been identified are variables that are characteristics of the students who 

struggle with word problems.   The following sections detail the word problem 

solving process and the variables that make word problem challenging.  
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Figure 2.5.  The Link between Process, Skills and Strategies for Word Problem 
Solving. 
 

Word problem solving process. Mayer (2003) described word problems as 

comprising three elements: a given state meaning the current state of the situation, a 

goal state, referring to the desired state of the situation, and obstacles that block you 

from moving directly from the given state to the goal state. In moving towards the 

desired state, students need to mathematically problem solve with the given problem. 

For example, in Word problem B (see Figure 2.6), the current state of the situation is 

Sam having 6 apples. The desired state is finding the quantity of apples at the 

beginning. The obstacles that need to be worked on worked is that 4 apples were 
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given away. In order to get to the desired state, the number of apples given away must 

be added to the quantity that Sam has left after giving some apples to Sally. 

 

Mayer and Hegarty (1996) defined mathematical problem solving, as “the 

cognitive process of figuring out how to solve a mathematics problem that one does 

not already know how to solve” (p.29). Mayer (2003) identified the four cognitive 

processes as translation, integration, planning and execution. Similarly, Polya (1973) 

identified four steps in mathematics word problem solving, understanding the 

problem, devising a plan, carrying out the plan and looking back. The processes 

outlined by Polya (1973) and Mayer (2003) are similar. Both authors emphasized 

understanding the problem text, linking the missing information to the data given and 

then planning for the execution.  

 

Word problem A 
Sam had 10 apples. He gave some apples to Sally.  Sam has 6 apples now. How 
many apples did he give to Sally?  
 
Word problem B 
Sam had some apples. He gave 4 apples to Sally.  Sam has 6 apples now. How 
many apples did he have at the start?  
 
Word problem C 
Sam had some apples.  Sally gave 4 apples to Sam.  Sam has 12 apples now.  How 
many apples did he have at the start?  
 
Word problem D 
Sam has 6 apples. Sally gave him 4 apples. How many apples does Sam have? 
 
Word  problem E 
Sam has 6 apples. Sally has 4 apples. How many apples do they have altogether? 
 
Word problem F 
Sam has 10 apples. Sally has 4 apples. How many fewer apples does Sally have? 
 

 
Figure 2.6.  Examples of Word Problems (adapted from Riley et al. 1983). 
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Translation and language difficulty. The first step in word problem solving 

is translation, which requires reading and understanding the word problem. 

Understanding of the text involves the process of translating the sentences in the word 

problem to a mental representation (Kintsch & Greeno, 1985; Mayer, 2003). This 

process requires students to have a good resource of semantic and linguistic 

knowledge.  Semantic knowledge refers to knowledge of facts about objects and 

events while linguistic knowledge refers to knowledge of the language that is used to 

represent the problem. With reference to the word problems in Figure 2.6, semantic 

knowledge refers to the students knowing that apples are fruit, which are given as a 

whole, while linguistic knowledge refers to knowing the meaning of the sentence. For 

example, in Word problem A, students must understand that there is a starting 

quantity of apples and that this number decreased subsequently when some were 

given away.  

 

The comprehension of the word problem involves understanding both the 

meaning and mathematical implication of specific words (e.g. the word more implies 

an increase) as well as the structure of the entire word problem. The word problem 

then needs to be translated into a representation that highlights the quantitative 

features of the problem (Mayer, 2003). In the given examples of the word problems 

(see Figure 2.6), the student must understand the semantic relationship between the 

two quantities in order to form a mental representation of the word problem. 

 

In understanding the text and translating it to a mental representation that has 

quantitative features, students would be able to identify the missing information and 
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form the equation (Fuchs et al., 2008b). The difficulty of comprehension and 

translation could also be influenced by the order and manner in which the information 

in the word problem is presented. In Word problem B (see Figure 2.6) the student 

would need to understand that there were 6 apples after 4 apples were given away. 

He/she must have a mental representation in which there was a total number of apples 

at the start before some were given away. Between Word problem A and Word 

problem B, students are likely to find Word problem B more challenging as the 

student needs to find out the quantity before the change took place. 

 

As word problems involve linguistic processing, students who have language 

difficulties may encounter challenges understanding word problems. The ability to 

translate the words in a word problem to a mental representation influences the types 

of problems that students are able to successfully solve (Geary, 1996). Therefore, in 

the process of word problem solving, the language ability of the students is essential, 

as the level of proficiency is likely to affect word problem solving.  

 

Recognizing that language could have a significant influence on students’ 

level of success in word problem solving, Fuchs et al. (2008a) recommended that 

interventions for helping students to be better problem solvers include increasing the 

language ability of students. This could be achieved through word recognition skill 

and being exposed to the genre of word problems. While the translation process 

requires students to have, a mental representation of the word problem, Mayer (2003) 

and van Garderen (2007) suggested that students could become better problem solvers 

when they learn to translate the word problem text into another representation such as 

a visual representation. However, some students with difficulties in word problems 
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have difficulties in using representations to communicate their mathematical thinking 

(Jitendra et al. 2016). They might have an understanding of the word problem but 

have difficulty in the translation as they might not know how to construct the 

representation. Thus, Jitendra et al. (2016) emphasized that students need to be 

instructed explicitly on the selection of “the appropriate representation and use the 

representation to visualize the data in the problem” (p. 10).  

 

The translation process in word problem is closely related to the students’ 

ability to read and understand the relationship between the given quantities in the 

word problems. In the process of translation, the mathematics vocabulary words, the 

semantic relationship among the sentences and the construction of a visual 

representation of the word problem should be taught explicitly or explained. This 

would support students with difficulties in solving word problems in the translation of 

word problems to a representation.  

 

Integration and generalization difficulty. The integration process proceeds 

after the translation process. In the integration process, the relevant information in the 

word problem is added to the mental representation to form the problem model 

(Mayer, 2003). The process relies on schematic knowledge. In word problem solving, 

this means that the student must have a storehouse of knowledge about similar 

problem situations (Mayer, 2003). Having worked on similar word problems will 

allow the student to recognise the relevant information and form a coherent mental 

representation of the situation in the word problem.  

 

Working on Word problem D (see Figure 2.6), a student learns the schema of 
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a “Start amount + Received = Total”.  In solving Word problem C (where the start 

amount of apples needs to be calculated), an integration of previous knowledge to the 

new word problem is required. The new word problem to be solved has relevant 

features (e.g. start amount, received amount and total amount) that are similar to the 

previous problem. However, the missing information required to find a solution 

differs for both word problems.  The example illustrated shows the need for students 

to identify the common characteristics of the word problems.  

 

There are three variables which could attribute to students having difficulties 

at this stage. First, students might have difficulties accessing the information from 

long-term memory. Thus, given a similar example, students might not be able to 

apply the solution to an earlier word problem to the current one. The student would 

then struggle to find a solution to the new word problem. Second, difficulties in 

integration could be the lack of attentive behaviour. This could result in students not 

focusing and therefore not recognising the relevant information in the word problem. 

Students might not have given enough attention to learning the characteristics or 

structure of previous word problems or been explicitly taught to recognise the 

characteristics of the word problems. As new problems are presented, they may not be 

able to make comparison to find similarities that exists between them. Third, students 

could encounter difficulties when they are unable to identify common characteristics 

of similar word problems due to their weak conceptual understanding of the word 

problems. Therefore, explicit teaching of the characteristics of word problems would 

enable students to recognise the concepts that are present in various types of word 

problems. Students who have difficulties at this stage are unlikely to proceed to the 

next process of planning or devising solutions appropriate to the word problem.   
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This process of integration requires students to apply previous information to 

the current situation (Mayer 2003). There are two variables that are important at this 

stage. First, students must have a good conceptual understanding of the word problem 

so that they may integrate the current word problem with similar ones they have 

worked on previously. Secondly, having identified the concept underpinning the word 

problem, students must be able to access the mathematical information stored in the 

long-term memory in order to plan for the solution. Some students with difficulties in 

word problem solving encounter challenges as they have a weak conceptual 

understanding of the word problems. Their weak conceptual understanding does not 

support them in transferring the solution to their long-term memory, which would be 

retrieved when they work on similar problems subsequently.    

 

Planning and difficulties in cognitive process. Following the integration 

process, planning takes place with the objective of devising a plan to solve the word 

problem. In planning the solution for this phase, the student relies on strategic 

knowledge. Mayer (2003) noted that good problem solvers were able to recognise 

structural similarities among word problems and use the solution in their plans for the 

word problems. Therefore, students need to recognise and recall similar word 

problems that they have worked on previously.  

 

The planning process is much dependent on the prior stages of translation and 

integration. The planning process can be improved with metacognition skills (Mayer, 

2003). The metacognitive skills would involve self-monitoring to check students’ 

progress working towards the solution and to think about the similarities between the 

present word problems and those they have solved previously.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       60 
 
 
 

 

Execution and computation difficulties. In the final process of word 

problem solving, students must carry out the three other processes of translating, 

integration and planning. The executing process involves carrying out the solution 

plan and this requires procedural knowledge to carry out the arithmetic computation. 

Mayer (2003) highlighted that students who are able to carry out mathematical 

computations easily, are able to divert their limited cognitive resources to other 

components of word problem solving.  

 

Students with difficulties in mathematics might experience difficulties in 

computation, procedural difficulties in the final process of word problem solving. 

Students must have the procedural skills to compute the answers. Some students 

encounter difficulties at this stage as they might use immature procedures or have a 

poor understanding of the concepts underlying procedural knowledge in computation. 

The procedural deficits might reflect a delay in the acquisition of the underlying 

concepts for some children (Geary, Bow-Thomas & Yao, 1992). 

 

In summary, the challenges experienced by students in the process of solving 

word problems could be related to one or several of the variables such as language 

difficulties, lack of conceptual understanding of the word problems, poor working 

memory, visual spatial difficulties and lack of attentive behaviour. These variables 

might affect one or more than one of the processes in word problem solving.  
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Theoretical Rationale for Intervention  

 

The cognitive demands of the process of word problem solving and the 

possible variables contributing to difficulties in word problem solving provide an 

overview of the challenges that students encounter in word problem solving. Jitendra 

et al. (2015) noted that solving mathematics word problems “involves the integration 

of several cognitive (e.g., attention, memory, language) and metacognitive processes 

(e.g. self-questioning, self-monitoring, self-evaluation)” (p.51). One of the evidence-

based instructional strategies in word problems solving is schema-based instruction. 

Schema-based instruction is based mainly on the cognitive theory and schema theory.  

 

Cognitive theory. Research on difficulties in word problem solving attributes 

the difficulties students experience mainly to cognitive domains.  The variables 

related to mathematical difficulties such as working memory, attentive behaviour, and 

poor concept formation are connected to cognitive processing.  The information-

processing model can be used to understand the way information is stored, retrieved 

or lost. The information processing model is one of the most influential models that 

drives research in education and special education (Boyle & Scanlon, 2010).  

Information processing can be divided into stages.  There is a limit to how much 

information can be processed at any one time. Information processing involves the 

sensory memory, working memory and long-term memory (Woolfolk, 2013). Sensory 

memory is described to hold information for a very short time before the working 

memory “reads” the information and decides whether to attend or discard it 

(Zimbardo, Johnson & McCann, 2009).   
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Role of working memory. The working memory plays a key role in   

organizing new information, retrieving information from long-term memory, and 

encoding new information with information from long-term memory.  Among 

students with mathematical difficulties, working memory is one of the cognitive 

processes that contributes to poor mathematics performance (Swanson & Beebe-

Frankenberger, 2004; Swanson & Jerman, 2006). Raghubar, Barnes and Hecht (2010) 

emphasized that many mathematical tasks need to be supported by the working 

memory. The role of working memory is important in mathematical problem solving 

as often partial information needs to be held for some time while working for a 

solution (Raghubar et al., 2010). This relationship between working memory and 

solving word problem helps explain one aspect of students’ difficulties in word 

problem solving.  

 

Sousa (2008) highlighted that working memory has a limited capacity. Each 

individual has different amount of storage memory (Alamolhodaei, 2009). Baddeley 

(1992) suggested that there are three distinct subsystems in the working memory: 

phonological loop, visuo-spatial sketchpad and central executive. The phonological 

loop and visuo-spatial sketchpad subsystem are known as “slave systems” as they 

contain the respective type of information until it is required. The phonological loop 

subsystem temporarily stores verbal information. The visuo-spatial sketchpad holds 

visual material while it is processed and these visual images can be retrieved from the 

long-term memory.  The central executive co-ordinates the placement of the material 

into the two subsystems and retrieves it for use in other tasks when necessary 

(Baddeley, 2012).  
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Improving working memory. Working memory is a variable that has received 

considerable attention in research studies looking into possible causes of mathematics 

difficulties. Based on previous research (e.g. Lee et al., 2009; Swanson & Beebe-

Frankenberger, 2004;), working memory accounts partly for the variables related to 

mathematics difficulties. The next question one could put forth would be the 

possibility of improving working memory to help students who encounter difficulties 

in learning mathematics. Sousa (2009) explained that the number of items within the 

functional capacity of working memory can be increased through a process known as 

chunking. The chunking strategy organizes information with similar traits into groups 

so that it is easier to remember. The concept of the chunking strategy in relation to 

mathematics problem solving is similar to schema-based instruction. One of the steps 

in schema-based instruction requires students to recognise word problems according 

to their specific characteristics and classify them accordingly to the categories of 

combine, change and compare.  The schema theory is discussed further in this 

chapter.  

 

According to Sousa (2008), when new learning needs to be associated with 

previous knowledge, elaborative rehearsal is required. Sousa (2008) explained that 

elaborative rehearsal is a more complex thinking process as new information needs to 

be reprocessed several times in order for the learner to be able to make connections to 

previous learning and assign meanings. In comparison, rote rehearsal involves the 

memorization of mathematical facts. Elaborative rehearsal emphasizes finding the 

meanings of and interrelationships between concepts. Elaborative rehearsal and 

schema-based instruction are similar in that the understanding of concepts is 

emphasized in mathematics learning. In schema-based instruction, learning to identify 
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the main characteristics of the word problems and its semantic relationships enable 

students to categorise word problems and apply the appropriate visual representation.  

 

Sousa (2008) noted that students resort to rote rehearsal when they get little 

time for elaborative rehearsals. In mathematics problem solving, the students would 

use addition as the default arithmetic operation to solve word problem solving (Sousa, 

2008). As a result, these students do not discover the relationship among the concepts 

that elaborative rehearsal can allow for. This lack of opportunity to discover the 

relationships in the word problems could arise as this group of students might need 

more time for learning the concepts in mathematics. As the teacher proceeds with 

lessons, this group of students might still be figuring out the mathematical concepts 

and their relationships. Ostad (1998) also noticed this behaviour in his research of 

students with mathematics difficulties.  

 

Schema theory.  According to Marshall (1995), Jean Piaget’s contribution to 

the schema theory was related to how schemas develop and change through 

assimilation and accommodation. The assimilation of information takes place when 

new information is modified or changed to fit into our existing schema. However, 

when the existing schema is modified so that new knowledge can fit better, then 

accommodation takes place. Skemp (1987) in Marshall (1995) recognised that schema 

was important in integrating what was already known. It was also essential as a 

framework for learning and understanding as information is assimilated into the 

appropriate schema. Marshall (1995) also highlighted that schema has a role in 

cognition.  In long-term memory, information is arranged into knowledge structures 

(Boyle & Scanlon, 2010). Each knowledge structure is known as a schema and 
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contains information about a particular concept. The schema theory postulates that a 

schema is important in organizing things in categories. Chen (1999), Cooper and 

Sweller (1987) described schema as the general description of a group of problems 

that share a common basic structure requiring the use of similar strategies.   

 

Marshall (1995) described schema as a vehicle of memory that helps an 

individual to organize similar experiences such that the individual can utilize prior 

information in solving a new problem. When students have a well-defined schema 

about a concept that they are learning, they can easily access the schema, elaborate on 

it, and have a good grasp of the concept. On the other hand, when they have a poorly 

developed schema, learning becomes slow and tedious as they struggle to understand 

the concept. 

 

Schema development. Marshall (1995) identified four processes that are 

required for schema development and subsequently for retrieval:  identification 

knowledge, elaboration knowledge, planning knowledge and executive knowledge. In 

the identification knowledge stage, the focus is on pattern recognition. Pattern 

recognition involves simultaneous cognition processing to identify the basic 

characteristics (Marshall, 1995). For example, in order to recognise that a problem 

belongs to a change schema, a student needs to notice that the problem contains some 

or all of the elements such as starting amount, amount of change and ending amount, 

and the passage of time. The student should be able to identify the passage of time or 

identify the action that caused the change.  

 

During the elaboration knowledge process, one creates a mental model of the 
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word problem. Marshall (1995) suggested that verbal and visual information are 

retained during this process. Once the word problem has been identified as part of a 

schema, the details from the problem will fit into a schema template. The details in 

the word problems, for example, the starting amount, the ending amount, the change 

amount and the relationship among the components would help the student place the 

word problem in the “change” category and connect with the representation.  

 

  Although students have acquired the identification and elaboration knowledge, 

the planning knowledge process requires that the student identify the missing 

information in the word problem as well as which arithmetic operation to use in order 

to obtain the unknown value. Marshall (1995) explained that students at this stage 

could have a difficulty, as success is dependent on having an appropriate mental 

representation of the problem.  Therefore, the foundation built during the 

identification and elaboration processes is important for the planning process. The 

executive knowledge process involves the students carrying out the steps in the 

planning stage. The knowledge at this stage is to calculate the unknown using the 

solution that has been planned.  

 

Use of schemas. Kho, Yeo and Lim (2009) recognised schemas as building 

blocks of mental structures and cognitive processes. They noted that schemas are 

constructed in the process of learning and word problem solving, and can be used 

successfully to comprehend and solve problems.  The strength of word problem 

instruction using schemas enables students with mathematics difficulties to identify 

the word problem as belonging to a particular problem type. This helps the students to 

form an appropriate mental model and a visual representation of the word problem.  
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Resnick (1989) highlighted that the development of word problem solving 

skills for students with learning difficulties relies on schema theory. Schema has been 

found to be effective in helping students with mathematics difficulties as the word 

problems are organized according to the different characteristics or schemas (Jitendra 

et al., 2007a). This helps students who struggle with word problem to make 

connections between the word problem and possible solutions.  Fuchs et al. (2004) 

also asserted that the development of schemas for word problem solving especially 

for young and low-performing students is critical for understanding problem solving. 

Research studies such as those conducted by Jitendra et al. (2007a) relied on models 

derived from schema theory to understand and assess students’ solution to addition 

and subtraction problems. 

 

Mayer (2003) highlighted that schema recognition involves schematic 

knowledge or problem identification.   The recognition of a problem schema is 

facilitated when the basic semantic relations in the word problem are evident. Nesher 

and Hershkovitz (1994) supported the use of the schema in “mapping the semantic 

relations underlying a given test and its mathematical structure” (p. 1).  They 

elaborated that schemes help students to interpret the text of the word problems within 

a more structured domain (Nesher & Hershkovitz, 1994). The findings in their study 

of solving two-step word problems pointed to the significance of schemes in the 

cognitive process in comprehending word problems to derive an accurate solution.   

During this process of problem schema recognition, there must be simultaneous 

processing of the various problem features.  Researchers like Briars and Larkin 

(1984), as well as, Griffin and Jitendra (2009), have emphasized that different 

problem schemata (e.g. change, group, compare) have their own distinct core features. 
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Thus, students must be explicitly taught to recognise these core features in order for 

them to be able to recognise the problem schema.  

 

Schema-based instruction. Schema-based instruction has its theoretical 

foundation in schema theory and cognitive theory. The approach supports students in 

identifying the problem schema, the semantic structure and the analysis of the 

underlying mathematical relationship that are important in forming the problem 

solution (Marshall, 1995). Schema-based instruction emphasizes integrating the 

various pieces of information essential for problem solving. The strength of schema-

based instruction focuses on the underlying problem structure, thus facilitating 

conceptual understanding and word problem solving skills (Jitendra & Hoff, 1996). 

Jitendra et al. (2015) identified that schema-based instruction is an effective strategy 

that has passed the standards of research in the field of special education. They 

articulated that schema-based instruction applies the following strategies – “priming 

of the underlying structure, using visual representation, providing explicit, systematic 

instruction” (p. 68).  

 

Jitendra and Star (2011), in their schema-based instruction design, 

incorporated systematic, explicit instruction and visual representation into their 

approach. They used explicit instruction as the special education literature highlighted 

explicit and direct instruction as key strategies in teaching students with learning 

difficulties. Jitendra and Hoff (1996) established that schema-based instruction is an 

integration of knowledge from disciplines such as cognitive psychology, special 

education and mathematics.  
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Jitendra and Star (2011) further elaborated that the schemata are arranged in a 

hierarchical manner and the cognitive structures are acquired and stored in the long-

term memory. They explained that the characteristics of the schema are put together 

and held together in long-term memory. When one piece of information is retrieved 

during problem solving, other connected pieces would also be recalled. This would 

mean that if students were able to identify the characteristics of the word problem, 

they were likely able to place it in the appropriate schema and possibly select the 

solution which they had used previously.  

 

Schema-based instruction has been found to be effective in helping students 

with learning difficulties (Jitendra et al. 2007a). Fuchs et al. (2004) also supported 

that using schema for instruction to students with mathematical difficulties is 

important for problem solving.  Jitendra et al. (1998) concluded that word problem 

instruction using schemas is more advantageous to students at risk for learning 

disabilities than traditional word-problem instruction such as the key word method. 

 

Change, combine and compare word problems. Riley et al. (1983) and 

Carpenter and Moser (1984) classified addition and subtraction word problems based 

on semantic structure.  The semantic structure in word problems refers to the way in 

which the quantities in the word problem are related to each other. Griffin and 

Jitendra (2009) acknowledged that a number of research studies (e.g. Carpenter, 

Hiebert & Moser, 1983; García, Jiménez & Hess, 2006) showed that semantic word 

structure had a greater impact than arithmetic syntax on word problem solving.  Being 

aware of the semantic structure assists students in identifying the schema of the word 

problems.  Riley et al. (1983) have classified word problems mainly into four general 
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categories: change, combine, compare and equalize. Figure 2.7 provides examples of 

combine, change and compare word problems. 

 

 
Combine word problem 
Sally spent $30 on a shirt and $95 on a pair of shoes at a sports shop. How much did 
she spend at the sports shop? 
 
Change word problem 
Joe had some marbles.  He lost 45 marbles and had 146 marbles left.  How many 
marbles did he have at the start? 
 
Compare word problem  
Joe made 50 cupcakes.  He made 12 cupcakes more than Sally. How many cupcakes 
did Sally make? 
 
 
Figure 2.7. Examples of Combine, Change and Compare Word Problems. 
 

Change Word Problems and Combine Word Problems are conceptually 

different, even though the basic arithmetic involved in solving these problems is the 

same (Carpenter & Moser, 1984; Riley et al., 1983). In Combine Word Problems, the 

relationship remains a static one rather than an implied action. There is a concept that 

the parts of the quantity make up the whole. Thenevot (2017) classified combine word 

problems as those where there are two quantities that need to be considered in 

combination to derive the solution.   For example, the combine word problem in 

Figure 2.7 shows that Sally had a totally amount of money which was spent on two 

items. The total amount is the whole and the money which was used to buy the two 

items refers to the parts that forms the whole. In the “Change” word problem, there is 

an implied action.  The word problem in the compare group compares the quantities 

of two subjects. It involves the same types of static relationships as in combine 

problems.  The quantity for each subject does not change.  
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The cognitive and the schema theory provide the rationale for the possible 

strategies, which meet the needs of students with mathematics difficulties. Research 

studies in the field of learning difficulties have also been conducted to find strategies 

leading to improvements in word problem solving (Browder et al., 2018; Xin, 2019). 

A few researchers have attempted to study and analyse different strategies in their 

meta-analyses of teaching strategies for students with learning difficulties (Zheng et 

al., 2012). The following section on instructional strategies reviews some meta-

analyses that have been conducted. The meta-analyses indicated that explicit 

instruction and visual strategies are effective in helping students to be successful 

problem solvers.  

 

Instructional Strategies 

 

The literature review on instructional strategies is essential as it informs us the 

strategies which have been found effective. From 1999 to 2012, there were three 

meta-analyses (Gersten et al., 2009; Kroesbergen & Van Luit, 2003; Xin & Jitendra 

1999) that focused on effective strategies in teaching mathematics to students with 

learning difficulties.  Among the three, explicit teaching was one strategy that was 

highlighted as effective in teaching students with special needs. Research studies that 

used explicit teaching in their programme or intervention demonstrated significant 

gains, indicating that it is an impactful strategy for teaching students with learning 

difficulties (Swanson, Orosco & Lussier, 2014; Xin, 2019).  

 

The meta-analyses of teaching strategies for students with learning disabilities 

by various researchers have also found the following strategies to be effective in 
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teaching students with learning disabilities: (a) systematic, explicit teaching; (b) 

student think-aloud; (c) visual representations; (d) peer assisted learning opportunities 

in which students focus on problem details; and (e) formative assessments to provide 

feedback to teachers and students (Baker et al., 2002; Kroesbergen & Van Luit, 

2003).  

 

In the meta-analyses of teaching strategies for students with difficulties in 

mathematics, the strategy of explicit teaching was found to be effective (Baker et al., 

2002; Gersten et al., 2009; Kroesbergen & Van Luit, 2003). In addition, the use of 

visuals was also found to be effective in teaching word problems. When explicit 

teaching and visual strategies were used together, there was a greater positive effect 

size than when used alone (Gersten et al., 2009). This finding suggests that both 

explicit teaching and visual strategies complement each other and support such 

students in their learning. It also confirms that schema-based instruction, which uses 

both explicit teaching and visual strategies in word problem solving, would likely be 

effective in helping students with word problem solving.  

 

Instructional Strategies for problem solving.  Pearce, Bruun, Skinner and 

Lopez-Mohler (2013) interviewed teachers about their strategies in teaching word 

problems. The teachers reported that the strategy most often used was identifying key 

words. Following the key word strategy, the teachers used drawing a picture and steps 

procedure to teach word problems. Although the key word strategy is commonly 

used, it may not be the most effective strategy in comparison to other strategies 

(Jitendra & Star, 2011).  
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Weakness of key word strategy. The key word strategy is found to be less 

effective as key words do not necessarily imply that a particular mathematical 

operation should be used in all instances. Jitendra and Star (2011) illustrated with a 

similar example that reliance on key word can lead to systematic error. In the given 

problem,  

“Tom took some photographs with his digital camera during his holiday to 

Spain. When he returned home, he deleted 10 of the photographs and had 72 

photographs left of his trip to Spain. How many photographs did he have in his  

camera at the start?” 

 

Students who have been taught to recognise key words in their problem 

solving are likely to use the subtraction operation instead of addition (as required by 

the word problem) since the word “left” is associated with the use of the subtraction 

operation. Silver and Thompson (1984) reiterated that the use of key words in word 

problems poses the danger of influencing students to be inflexible and blindly 

executing the arithmetic operation associated with those key words. Therefore, it is a 

strategy that is not highly encouraged in order to avoid cultivating overreliance on key 

words and not being flexible in their solution to the word problem.  

 

In the Singapore context, Heng and Sudarshan (2013) in their research on 

mathematics learning at the lower primary level also noted a similar pattern. Teachers 

often used the key word strategy in teaching simple addition and subtraction word 

problems.  As the students were taught to use key words, they used the approach to 

determine the arithmetic operations needed to reach the solution. The approach did 

not help students to understand the word problem but influenced students to look for 
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key words when they worked on the solutions to the word problems. Carpenter and 

Moser (1984) noted that using key words for certain specific operations could lead to 

errors and did not encourage students to develop more general problem solving skills.   

 

Ben-Zeev and Star (2001) were also not supportive in the use of key word 

strategy. They noted that the approach does not emphasize the meaning and structure 

of the problem. This was less effective in helping students understand and make 

linkages in deriving a solution. Powell and Fuchs (2018) cautioned the association of 

key words with arithmetic operations, stating, “Defining a problem by operations 

undermines conceptual understanding” (p. 41). Hegarty, Mayer and Monk (1995), in 

their research of successful and unsuccessful problem solvers recognised that those 

who were less successful in their word problem performance were more likely to 

focus on key words and numbers. Therefore, research studies suggest that the key 

word strategy would not be the choice strategy in teaching students with difficulties in 

word problems.  

 

Strength of schema-based instruction. Studies have been conducted to show 

that teachers’ instructions have improved the problem solving skills of students with 

difficulties in mathematics. Jitendra et al. (2007b) compared the effects of schema-

based instruction versus general strategy instruction on problem solving among third 

grade students. The schema-based instruction focused on teaching students to 

translate the text in word problem into a schematic representation. The general 

strategy instruction taught generic planning (read and understand, plan, solve and 

check) in problem solving. In the study, the students were randomly assigned to 

receive schema-based instruction or general strategy instruction in problem solving 
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for 32 sessions.  Jitendra et al. (2007b) reported that students in the schema-based 

instruction group had performed better than students in the general strategy 

instruction group at posttest, an indication suggesting that the schema-based 

instruction had a greater impact on students’ learning.  

 

Jitendra et al. (1998) noticed that in most classroom practices the key words 

approach was used for some of the chapters in the textbooks. This strategy was seen 

to be effective as the arrangement of these word words was such that all word 

problems presented on a page required the same procedures to work out the solution. 

However, the strategy does not help to discriminate among problems that require 

different solutions. Research studies, which involved schema-based instruction found 

the method to be an alternative to traditional instruction as it integrates effective 

strategies that improve word problem solving performance of students with 

mathematics difficulties (Jitendra, 2007a; Jitendra & Hoff, 1996; Montague & van 

Garderen, 2008; Morin et al., 2017).  

 

Use of explicit instruction. Archer and Hughes (2011) define explicit 

instruction as the student’s learning process which is supported with clear rationale 

for learning the new skill, explanation and demonstration of skills and supported 

practice until mastery of skill is demonstration. Powell (2011) in her review of 

solving word problems using schemas highlighted several features in planning 

intervention for teaching students with mathematics difficulties. Firstly, the 

instructions must be explicit. Majority of the studies involving interventions based on 

schema theory introduced schema in an explicit manner. The teacher often modelled 

or provided worked examples of word problems using each schema. The second 
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feature was the amount of time teaching that was given. It was a common practice 

across all schema studies at the primary levels that students learned the schema for 

one category of word problem at a time.  Finally, there was sufficient practice on the 

word problems (i.e. for days or weeks) in the schema before moving on to the next. 

Other researchers (Fuchs & Fuchs, 2001; Kroesbergen & Van Luit, 2003) also 

supported this teaching strategy where the teacher connects knowledge acquisition 

and knowledge application, rather than leaving student to discover the connections by 

chance. Geary (1996) in his research on students with mathematical difficulties noted 

that both instructional strategies such as explicit teaching and visual representations of 

word problems were key in word problem solving. In particular, he emphasized that 

students required explicit teaching for recognising each type of word problems and 

their solutions.  

 

  Xin and Jitendra (1999) found that strategy training which incorporated 

explicit instruction and metacognitive strategies was effective in promoting 

mathematical world problem solving. In their meta-analysis of 25 published and 

unpublished studies on word problem solving, they found that strategy which 

involved representation and explicit instruction were effective approaches for word 

problem solving. In the same study, Xin and Jitendra (1999) found that strategies that 

provided attention to the students with no instruction as well as the key word strategy, 

were not effective.  Gersten et al. (2009), and Zheng et al. (2012) in their meta-

analyses of mathematics instruction practices for students with learning difficulties, 

found that explicit instruction was an important teaching strategy.  They noted that 

interventions that included instructional components such as skill modelling, and 

explicit instruction indicated greater effect size. Gersten et al. (2009) also highlighted 
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that although explicit instruction had yielded significant effect size, there was no 

evidence that it was the sole mode of instructions for the students. There were other 

strategies, which used together enhanced explicit teaching. One of these strategies 

found in the meta-analysis was the use of visual strategies.  

 

Use of visual strategy. Schemas help students to classify word problems into 

their respective category and subsequently to retrieve the appropriate solutions. The 

schematic diagrams are visual strategies, which enable students to visualize the 

problem structure and understand the quantitative relationships involved in a problem 

(Kho et al., 2009). Hegarty and Kozhevnikov (1999) differentiated between schematic 

and pictorial representation in word problem solving. Schematic representation 

mainly encodes the relationship in the given word problem while pictorial 

representation details the visual appearance of objects described which may not be 

relevant to word problem solving.  

 

Gersten et al. (2009) supported the use of visuals to help students with 

mathematical difficulties.  Their meta-analysis confirmed that the use of visual 

representation was effective in helping students understand word problems. When 

visuals were used with other instructional strategies, the effects were more significant 

than when used independently. Similarly, Xin and Jitendra (1999) used the term 

“representation techniques” to refer to the use of visuals in teaching. They found that 

the use of visuals was effective in facilitating word problem solving performance. 

Jitendra et al. (2016) explained that the effective use of visual representation reduces 

the demands on working memory, allowing students to focus on abstract concepts. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       78 
 
 
 

 

Goldman (1989) also advocated for strategies that would support the students in the 

“how” of word problem rather than “what” in learning to solve word problems.  

 

Research has shown that successful problem solving entails both problem 

representation and problem solution (Krawec, 2014; van Garderen & Montague, 

2003). In order to focus students’ attention on the problem schema, the semantic 

relations between the different elements in the word problem, schematic diagrams are 

used (Hegarty & Kozhevnikov, 1999; Krawec, 2014). Visual representations that 

permit effective translation or interpretation of information in word problems 

facilitate problem solving (Jitendra et al., 1998). van Garderen and Montague (2003) 

found that students with learning difficulties used fewer visual strategies to aid them 

in word problem solving.  These students often used the trial and error approach and 

spent much time in their attempts at computation. This was a concern as van Garderen 

et al. (2012) found that students with learning difficulties were more likely to have the 

correct solution to the word problem when they used schematic diagrams. Based on 

their findings, van Garderen et al. (2012) have suggested that explicit instruction with 

respect to the drawing of schematic representation would be necessary to help these 

students to acquire the skills in constructing a schema diagram. The diagrams help the 

students to organize, translate and integrate the information in the word problems. 

Jitendra et al. (2016) asserted that visual representation is an “evidenced-based 

strategy with moderate literature base to support its use with students with 

mathematical disability” (p.22). Research studies carried out had yielded results that 

support the use of visual representation such as schematic diagrams in improving 

word problem performance (Kaur, 2019; Jitendra et al. 2016).  
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Rationale for Choice of Intervention 

 

In Singapore, students are introduced to the bar model method as one of the 

heuristics in word problem solving. The bar model method uses rectangular bars as 

visual representations to help solve abstract mathematics word problems in primary 

school (Kho et al., 2009; Yeap 2011).  The rectangular bars represent the semantic 

relationship between the quantities in the word problems. Ng (2009) described the bar 

model method as one of the problem solving heuristics that is a distinctive feature of 

the Singapore primary mathematics curriculum. Ho and Lowrie (2014) noted that 

studies in the local context has shown that the bar model method has been helpful for 

students who have difficulties in mathematics. In order for the students to acquire the 

practice of drawing the bar model, teachers must teach and guide students in the 

construction of the visual representation (Ng & Lee, 2009).  

 

While the traditional key word strategy has not been supported widely, 

schema-based instruction has been relatively well-researched (Fuchs et al., 2004; 

Fuchs et al., 2008a; Fuchs et al., 2008b; Fuchs et al., 2009; Griffin & Jitendra, 2009; 

Jitendra & Hoff, 1996; Jitendra et al., 2007a, Jitendra et al., 2007b). Jitendra et al. 

(2016) in the review of various instruction strategies for word problem solving listed 

three intervention packages – schema-based instruction, schema- broadening 

instruction and conceptually based model of problem solving. Among the various 

intervention strategies, the choice of schema-based instruction was selected based on 

three criteria: evidence of effectiveness based on research, relevance to the local 

classroom and the ability to integrate with existing knowledge. Research focusing on 

schema-based instruction for problem solving has been found effective for students 
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with mathematics learning difficulties (Fuchs et al., 2008a, Jitendra et al., 2007a, 

Jitendra et al., 2007b; Morin et al., 2017). The bar model approach in solving word 

problems is one of the heuristics taught in the local classroom. To reinforce and 

enhance existing knowledge in word problem solving, the intervention was planned 

combining the schema-based instruction with bar model approach.  

 

Evidence based research. Powell (2011) in her review of literature on 

solving word problem using schemas found that researchers who used schema-based 

instructions in their intervention saw significant improvements in the students’ 

performance (e.g., Fuchs et al., 2004; Fuchs et al., 2008a; Fuchs et al., 2008b; Fuchs 

et al., 2009; Griffin & Jitendra, 2009; Jitendra & Hoff, 1996; Jitendra et al., 2007a, 

Jitendra et al., 2007b; Morin et al., 2017). The research studies using schema-based 

instruction had been used for studies across grades from elementary school to middle 

school and results demonstrated its effectiveness. In addition, the meta-analyses of 

instructional strategies supported explicit teaching and the use of visual strategies.  

 

Relevance. Research in teaching word problem solving has shown that a 

range of strategies from computer programmes to teacher-directed lessons were 

effective in helping students learn to be better in solving word problem. The choice of 

teacher involvement in teaching was preferred, as this form of teaching would allow 

for interaction and clarification of concepts by the students. The teacher would 

explicitly teach the steps and the procedures in the schema-based instruction to the 

students. This would involve teaching the students to recognise the types of word 

problems, the steps in drawing the visual representation for the word problem, and the 

use of the visual representation to construct the equation for the solution.  
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Integrating with existing knowledge. The Singapore mathematics 

curriculum for each grade level is implemented according to topics (e.g. numbers to 

1000, money, area and perimeter). Students might not be able to recognise the 

similarities of the word problems across the various topics. For example, a change 

type of word problem may appear in the topic of numbers to 1,000 as well as be 

present in the topic on money. Students are not taught explicitly to categorize the 

word problems according to their characteristics. This makes the generalization of the 

word problem difficult, as students are more likely to recognise the topics rather than 

the similarities in the characteristics of the word problems (Jitendra, 2007a). Ng and 

Lee (2009), in their research of the use of bar model for problem solving, noted that 

students in the upper primary levels who had incorrect bar model representation 

showed the lack of conceptual understanding in the word problems (e.g., comparative 

concepts such as more than or less than) in topics such as fractions.  

 

The skill of classification according to the characteristics of the items would 

not be a new skill to the students. The classification of items according to some 

common characteristics is being practised in science (MOE, 2013). Therefore, 

introducing the classification of word problems would be a generalization of the skill 

to mathematics.   

 

Students are introduced to the bar model method for problem solving in 

Primary 1 (Kaur, 2019). Morin et al. (2017) in their research of using bar model in the 

cognitive strategy instruction for math word problem solving has described the bar 

model as one type of schematic diagram that could be used more generically across 

word problem types. In the local classroom, bar model drawing is used as a heuristic 
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that translates the word problems to a visual representation for various topics such as 

whole numbers, fractions (Foong, 2009). The research conducted by Lee and Ng 

(2009) in the local classroom suggests that the bar model approach could be enhanced 

if the conceptual understanding in the word problems could be made more explicit, 

especially to students with difficulties in mathematics.  Thus, one of the possibilities 

would be the use of the schema-based instruction where the characteristics of the 

word problem is made explicit to the students.  

 

The use of the bar model rather than the schema diagram does not alter the 

teaching strategies applied in schema-based instruction. Both the schema diagram and 

the bar model method are visual representations of the word problems.  

 

Using the bar model is an appropriate integration of students’ current 

knowledge of problem solving to the schema-based instruction. The students are not 

required to learn the schematic diagram (as used in schema-based instruction) which 

might further confuse and have limited application as the current practice of word 

problem solving uses the bar model method.  

 

 Based on the criteria above, the schema-based instruction with bar model 

method was selected as the intervention that would be implemented in this study. The 

following paragraphs elaborate on the steps of the intervention which would be 

included in this study.  

 

Steps in intervention. The schema-based instruction has four separate but 

interrelated critical problem-solving procedural steps. The four steps are problem 
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schematic identification, schema representation, planning, and working the solution 

(Marshall, 1995).  

 

Problem schematic identification. The first and most critical function of 

schema-based instruction is pattern or schema recognition, which involves schematic 

knowledge for problem identification (Mayer, 2003). This means that students would 

need to learn the characteristics of the different type of word problems. The teachers 

would be required to explicitly teach the characteristics of Combine, Change and 

Compare Word Problems.  Chen (1999) noted that in the school setting, one of the 

teaching strategies would also be the use of examples to demonstrate the types of 

characteristics.  

 

Schema representation. In the second step, the information from the first step 

is then developed into a schematic diagram. This step requires elaborating on the 

“main features of the situation or event around which the schema was developed” 

(Marshall, 1995, p. 40). Students show understanding of the word problem when they 

are able to transfer the details of the word problem correctly into a schema diagram. 

This process of translating the information of the word problem to a visual 

representation demonstrates conceptual understanding of the word problem.  

 

Planning. After completing the visual representation of the word problem, the 

third step involves planning. Planning involves (a) setting up goals and sub goals, (b) 

selecting the appropriate operation (e.g. addition), and (c) writing the equation 

(Marshall, 1995). Griffins and Jitendra (2009) noted that students might successfully 

identify and elaborate on a specific schema in a problem but may not have the 
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strategic knowledge to plan for the solution. Planning is important as it demonstrates 

students’ understanding of the mathematical situation. The understanding of the word 

problem requires the use of the arithmetic conceptual knowledge. Students at this 

stage would need to understand the word problem and the arithmetic operation that is 

needed to form the equation. The visual representation would help students to form 

the equation that is needed for the solution to the problem. Students who are 

successful problem solvers have shown their ability to connect their mathematical 

representations, usually the equation with the understanding of the word problems 

(Silver & Thompson, 1984).  

 

Working out the solution. The final step of problem solving is to carry out the 

plan. This involves following an algorithm that leads to a problem solution (Marshall, 

1995). While the planning step focuses on a particular choice of arithmetic operation, 

the final stage implements the plan. In this stage, students carry out the procedures of 

addition or subtraction. 

 

The steps in schema-based instruction provide a structure in the 

implementation of the intervention.  The steps are taught explicitly to the students 

through the researcher modelling the process, providing opportunities for working 

together with researcher and student individual practice. While schema-based 

instruction has been often been used with visuals such as the schematic diagram 

(Jitendra & Hoff, 1996), there is yet to be a research on the use of schema-based 

instruction with bar model approach to support students in their word problem 

solving. 
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Summary 

 

Research studies in this field of difficulties in word problem solving  have 

identified variables such as language difficulties, poor concept formation, weak 

working memory, visual spatial difficulties and attentive behaviour that affect the 

word problem solving process.  The literature review supports the use of schema-

based instruction in teaching students who encounter challenges in word problem 

solving. In particular, the meta-analyses have found that visual representation and 

explicit teaching in word problem solving are effective teaching strategies. Therefore, 

the schema-based instruction with bar model approach was implemented in Primary 3 

students in a mainstream school to find out if the intervention improved the students’ 

word problem solving performance  
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Literature Review in Single-Case Designs 

 

In this study, two research questions address the effectiveness of the schema-

based instruction with bar model approach and whether this intervention can be 

maintained over time. Based on the research questions, two research methods were 

considered.  The first method was the group experimental method while the second 

was the single-case design. The group experimental design has two groups of 

participants. The group experimental receives the treatment or the intervention while 

the other group is a control group where no intervention is introduced. The outcome 

of the intervention would then be assessed to determine the before and after 

intervention effect.  When the group experimental improves more than the control 

group, the improvement is attributed to the intervention. The second method was 

single-case designs. According to Cook and Cook (2016), single-case designs 

“compare the participants to themselves” (p. 194). This means that there is a 

comparison before and during intervention of each participant to examine if there are 

meaningful differences. Although there are many types of single-case designs (e.g. 

multiple baseline, changing criterion), they have the common components of 

measuring outcome repeatedly and systematically introducing intervention and 

withdrawing it (Kazdin, 2019).  

 

 In the literature review on intervention for students with mathematics 

difficulties, some research studies were conducted using the single-case design. Some 

of these researchers include Jitendra and Hoff (1996), Peltier and Vannest (2018) Morin 

et al. (2017). Morin et al. (2017) justified for single-case design as the method had been 

used by researchers for more than 40 years that effectively demonstrated the functional 
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relationship of the educational intervention. Peltier and Vannest (2018) similarly had 

used this method for their research as the intervention would result in a learned 

mathematics problem solving skill that was not expected to reverse.  Jitendra and Hoff 

(1996) had employed single case design to find out the effectiveness of the schema-

based instruction direct instruction strategy in word problem solving. The methodology 

used in the above-mentioned research supported the use of single-case design in this 

study.      

 

Rationale for Single-Case Design  

 

The group experimental method and single-case design were reviewed as they 

captured the pre-test and post-test performances of the students. In addition, both 

methods emphasized the clear description and the fidelity of the intervention. 

However, three main factors influenced the selection of the single-case design over 

the group experimental method. These factors were the availability of comparison 

groups, the close monitoring of the students’ progress using the schema-based 

instruction with bar model approach, the ability of the students to provide their own 

comparison in single-case research design and the school context which limits 

implementation of intervention.  

 

 Challenge of forming equivalent comparison group. Gersten, Baker and 

Llyod (2000) supported the use of group experimental method and quasi-experimental 

design in special education.  However, they highlighted that one of the challenges in 

the experimental design is the formation of a comparison or equivalent group. In the 

present study, one of the considerations was the formation of a comparison group. 
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The availability of comparison groups was difficult due to two constraints. The first 

constraint was related to the number of students with learning difficulties within each 

school. The expected number of students with learning difficulties in mathematics 

within one school would likely be insufficient to have two comparison groups with 

comparable characteristics. Therefore, an alternative option would be to have a 

comparison group from a different school. The use of two groups of students from 

two different schools would likely result in the intervention being conducted in 

different classroom environments, however, and this could interfere with the outcome 

of the study.  

 

In addition, it might be difficult to have students with similar demographic 

variables or comparability between the two groups of students from different schools. 

The comparability of two groups of students was considered one of the essential 

quality indicators for group experimental and quasi-experimental designs (Gersten et 

al., 2005b). However, the number of students with learning difficulties in mathematics 

within each school was large enough for the method to- be employed effectively.  

This challenge was similarly highlighted by Odom et al. (2005) as they noted that “the 

heterogeneity of participant characteristics poses a challenge to research design based 

on establishing equivalent groups, even when randomization and stratification is 

possible” (p. 140). Alnahdi (2015) supported the use of single-case design where the 

individual is his/her control in examining the intervention effects. This addressed the 

issue of the heterogeneity of students with special needs in experimental group 

design. Given the constraints of the group experimental design and the advantage of 

single-case design, it was deemed more feasible to conduct the study using the single-

case design.  
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Close monitoring of students’ progress. In the implementation of the 

intervention, the close monitoring of the students’ progress would inform the 

strategies supporting the students or that needs modification. Word problem solving 

skills are related to other mathematics components (e.g., computation skills) and 

monitoring of the students’ performance would be necessary to determine the 

difficulties that the students encounter in word problems.  Hence, the student is the 

individual unit of focus. Tankersley, Harjusola-Webb and Landrum (2008) pointed 

out that single-case research designs are pertinent to special education research.  

Research in special education often focuses on the needs of individual students, the 

measurement of the students’ behaviour or performance frequently, and the 

monitoring of the effects of intervention (Tankersley et al., 2008). Monitoring the 

progress of each student is thus more relevant than the mean scores of a group of 

students. The analysis of students’ scores that showed improvement would indicate an 

effect of the intervention on their learning. The lack of students’ improvement in their 

scores would also allow for the examination of the intervention procedures or 

strategies that need to be adapted to achieve the improvement in scores for a wider 

range of students. Horner et al. (2005) recognised the suitability of   single-case 

design especially for participants in studies who were not responding to intervention. 

They emphasized that single-case designs provide an empirically rigorous method for 

analysing the characteristics of these non-responders, thereby advancing the 

knowledge about the possible existence of subgroups and subject by treatment 

interactions (Horner et al., 2005). The analysis of non-responders also allows for the 

“identification of intervention adaptations needed to produce outcomes with a wider 

range of participants” (Horner et al., 2005, p. 174).  The methodology of the single-

case design, which focuses on individual progress, met the objectives of the research 
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questions. Kazdin (2011) further recognised that single-case designs are well suited 

for studies which sought to evaluate the effectiveness of the intervention and its 

impact on performance, terming it “the critical strength” (p. 362) of single-case 

design.  

 

Students’ are their comparison. The final reason for choosing single-case 

study over group experimental design is the individual student being his/her own 

control. Horner et al. (2005) suggested that research questions that examined the 

functional relationship or the impact of intervention would be appropriately addressed 

by a single-case research design.  This is achieved through the comparison of the 

student’s behaviour or performance across baseline condition and intervention 

(Tankersley et al., 2008). Robey and Wambaugh (1999) also supported the use of 

single-case design in evaluating the intervention effect without sacrificing 

experimental control as individuals act as their own control.  In evaluating and 

optimizing the intervention, a single-case design allows for this provision of 

modifying the intervention if it does not have an impact on the student (Kazdin, 

2019).   The progress of the students using the single-case design can be closely 

monitored by measuring the students’ problem solving performance repeatedly. While 

the measurement of students’ behaviour must be consistent to monitor their progress, 

the introduction of the intervention must also be systematic. The comparison between 

performance in the two conditions, baseline and intervention, establishes the 

effectiveness of the intervention. The intervention is applied to one condition 

(behaviour) at a time and once mastery is attained, can be applied to different 

behaviours (O’Neil, McDonnell, Billingsley & Jenson, 2011).  

  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       91 
 
 
 

 

School context within the intervention is conducted. The learning support 

programme for mathematics is implemented for students in Primary 1 and Primary 2. 

The students with mathematics difficulties in Primary 3 are supported by their school 

remedial programmes. Therefore, each school has their programmes planned 

according to the learning needs of their students and deployment of their resources. 

This means that the students might not have any withdrawal session similar to the 

learning support programme. As the students with mathematics difficulties learn 

along with their peers in the classroom, the implementation of the intervention would 

be a challenge. The intervention using schema-based instruction with bar model 

approach was designed to support the students in their word problem solving, not an 

alternative to the topics in the textbook. The teacher in the classroom has the syllabus 

to complete with the given textbook and workbook for the year. Given that the 

students are not withdrawn from the classroom and that the teachers have a syllabus 

to teach, the possibility of recruiting entire classes of students for an experimental 

design for this research would be extremely low. This was one of the constraints that 

had to be considered in the choice of method.  

 

Multiple Baseline Design  

 

According to Moeller, Dattilo and Rusch (2015), single-case methods have 

been used to ascertain the effectiveness of intervention within disciplines such as 

special education and physical therapy. Since the present objective of the research 

was to determine the effectiveness of the intervention using schema-based instruction 

with bar model approach for students with mathematical difficulties, a single-case 

design was selected as it could ascertain if the intervention was effective in improving 
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students’ word problem solving.  The method was also selected as “the degree of 

procedural specification required for single case study are completely compatible with 

instructional purposes” (Guralnick, 1978, p. 421). This means that prior to the 

intervention, baseline data were collected and subsequent data were collected during 

maintenance. This was to monitor progress and the maintenance of the intervention. 

Prior to the intervention, lesson plans were planned and scripted.  This was to 

standardize the teaching procedures during the intervention.  

  

Among the single-case designs, two common ones used for evaluating the 

effect of intervention are ABAB or reversal designs and multiple baseline designs. An 

ABAB design involves the implementation of the intervention at phase B and no 

intervention at phase A (Kazdin, 2019). The result of the intervention is confirmed 

when improvement is recorded during the intervention at phase B, reverts to baseline 

level when there is no intervention at phase A, and again improvement is noticed 

during intervention at phase B.  A multiple baseline design collects data of current 

level of performance of two or more behaviours. When the intervention is introduced 

to address the first behaviour, an improvement should be noted if the intervention is 

effective. Behaviours that have not received the intervention should remain the same 

at baseline. The effectiveness of the intervention is determined when the results show 

consistently that there is improvement only when the intervention is introduced to the 

behaviours. Between the ABAB design and the multiple baseline design, the multiple 

baseline was selected. The multiple baseline design did not require the withdrawal 

intervention to show its effect. For this study, it would not be ethical to teach the 

participants the schema-based instruction with bar model approach and restrict the use 

of the strategy for certain period of time. As Kazdin (2011) noted in ABAB design, 
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“There are feasibility and potentially ethical issues too in making a constructive 

change in some facet of functioning and then testing whether one can diminish that” 

(p.5). The multiple baseline also allowed for participants to master the intervention on 

one behaviour at a time. Therefore, the participants would have reached a level of 

mastery before moving to the next type of word problems. Kazdin (2011) pointed out 

that the application of interventions in a gradual manner is useful to find out if the 

intervention is sufficiently strong before using it across all behaviours, persons or 

situations.  

 

 Rationale for multiple probe design. One variation of the multiple baseline 

designs is the multiple probe design.  The multiple baseline and the multiple probe 

designs are similar as they are “flexible (i.e., the learner’s behaviour controls the pace 

and choice of programming procedures); are rigorous in their evaluation of threats to 

internal validity” (Gast, Llyod & Ledford, 2014, p. 252).  The two methods also show 

experimental control. However, they differ in the frequency with which pre-

intervention data are collected. In the multiple probe design, the data are collected 

intermittently before the intervention (Gast et al., 2014; O’Neil et al., 2011).  

 

Since the purpose of study was to examine the impact of the schema-based 

instruction with bar model approach on students’ performance in solving three 

different types of word problems, the decision was made to use a multiple probe 

design across behaviours for this study. If a multiple baseline design were to be used, 

the baseline data would have to be captured continuously and this would mean that 

many more tests would have to be administered at baseline, which could result in test 

fatigue. 
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This study also included inter-subject replication where the intervention is 

repeated with different students. The replication of the multiple probe design to four 

students provided greater internal and external validity. Gast (2014b) recognised that 

replication to be the “heart of all science” (p. 105) and that successful replication 

would enable greater confidence in the experimental findings. Therefore, replication 

of the study would support a study in the reliability of its findings, assessing the 

generality of the findings and checking if there were exceptions (Gast, 2014b). Direct 

replication guidelines were suggested by Barlow and Hersen (1984) (as cited in Gast, 

2014b.). These guidelines included having the same investigator, material, settings, 

and instructional arrangement across replications attempts with the same student and 

across students in the same study. The students should be of similar abilities as this 

could be a factor influencing the effectiveness of intervention. The dependent variable 

should be similar across students while the independent variable should be the same 

across the students until progress with respect to the instructional objective is 

stagnated. The recommendation is for at least three direct replications in a single 

study.  

 

In summary, in the second phase of the study, the methodology of the multiple 

probe design across behaviours was used to collect data for the research questions. 

The study was replicated across four students in order to enhance the reliability and 

suggest possible generalization. The following discussion examines best practices in 

single-case research design and the way in which this study attempts to adhere to the 

guideline.  
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Best Practices in Single-Case Designs   

 

In reviewing the literature on single-case designs, there were good practices 

advocated by various authors (Horner et al., 2005; Kratochwill et al., 2010; Johnston, 

2011). A summary of these best practices can be seen in Figure 2.8.  These 

recommended best practices or quality indicators were summarized and compiled to 

show the similarities in their emphasis on various components. The following critical 

indicators were common to all the authors – independent variable, dependent variable, 

baseline conditions, and experimental control/internal validity. These indicators 

guided the design of this study. The following paragraphs elaborate on these critical 

indicators and the adherence to them in this research.  In addition, Horner et al. (2005) 

suggested three components that were not mentioned by the other authors:  a 

description of the participants and settings, external validity and social validity.   
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 Horner et al. (2005) 
 

Kratochwill et al. (2010) Johnston (2011)  

Participants 
and setting  

Operational descriptions of participants and 
the selection process.  
 

  

Dependent 
variable 

Dependent variable is defined in a manner 
that allows for valid and consistent 
assessment of the variable and replication 
of the assessment process. It is measured 
repeatedly over time. Data are collected on 
the reliability or observer agreement for 
each dependent variable. Observer 
agreement should meet minimum standards 
(e.g. 80%) 
 

Each outcome variable must be measured 
systematically over time and study needs to 
collect observer agreement on at least 20% 
of all sessions for a condition.  

Dependent variable must be 
operationally defined. 

Independent 
variable 

Independent variable is operationally 
defined so that there is valid interpretation 
of results and replication of procedures. 
Fidelity of implementation must be present. 

The independent variable must be 
systematically manipulated. The researcher 
knows when and how the variable conditions 
change. 

Intervention must be 
operationally defined 

Baseline Baseline condition are described to allow 
for replication 

In a multiple baseline study, there must be at 
least three baseline conditions  

Data has to be collected across all 
three conditions until stable 
performance is obtained.  

Experimental 
control/internal 
validity 

There must be at least three demonstrations 
of experimental effect at three different 
points of time. The design controls for 
common threats to internal validity  

Multiple baseline with minimum of six 
phases with at least five data points per 
phase. (Meet Standards) 
Multiple baseline with minimum of six 
phases with at least three data points per 
phase (Meet standards with reservations) 

Begin intervention with condition 
1 until stable performance is 
established. Continue taking 
baseline data for condition 2 and 
3.  
 
Start intervention with condition 2 
and continue taking intervention 
data for condition 1 and baseline 
data for condition 3. Once stable 
performance is observed, initiate 
intervention with condition 3.  
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Figure 2.8. Quality Indicators of Single-Case Design. 
 

While intervention is introduced 
to condition 3, take intervention 
data for condition 1 and 2.  
 
At least three independent and 
functionally equivalent 
conditions. 

External 
validity  

Experimental effects are replicated across 
settings, participants or materials.  
 

  

Social validity  The dependent variable and its magnitude 
of change is socially important. The 
implementation of independent variable is 
practical and cost effective.  
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Description of participants and settings. Horner et al. (2005), and Wolery 

and Ezell (1993) advocated for the specification of subject selection criteria to be 

described in the study. With the specified criteria, the findings of the study could be 

replicated more accurately with participants with similar profiles. The profiles of the 

students are elaborated on in the following chapter.  

 

Independent variable. The independent variable has to be systematically 

manipulated and be operationally defined (Horner et al., 2005; Kratochwill et al., 

2010). The independent variable to be manipulated within this design is the presence 

of an intervention. In this study, the intervention involved teaching the students the 

schema- based instruction with the bar model approach in solving three types of word 

problem – Combine Word Problem, Change Word Problem and Compare Word 

Problem. 

 

Dependent variable. The dependent variable needs to be measurable and be 

measured over time (Horner et al., 2005; Kratochwill et al., 2010). There should also 

be observer agreement for at least 20% of the sessions with a minimum agreement of 

80%.  In the present study, the effect of the intervention was measured in terms of the 

performance of each student. The student’s performance was measured by the 

accuracy of steps used in the word problem solving process. The “Rubrics for 

awarding points to word problem responses” (found on p. 174) guided the marker to 

check the accuracy of steps shown by the students.  

 

Baseline condition. In single-case design, the effect of the intervention on the 

performance is compared to baseline condition (Horner et al., 2005). The data 
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collected at baseline phase has two functions, descriptive and predictive functions 

(Kazdin, 2011). The descriptive function informs about the performance of the 

students’ ability to solve the word problem prior to intervention while the predictive 

function allows for a reasonable prediction of future performance without 

intervention. Therefore, it is important that the data at baseline show stability. Kazdin 

(2011) defined the “stable rate of performance” (p. 124) as the absence of a trend or 

slope or little variation in the performance at baseline. 

 

In this study, there were at least three data points obtained for baseline scores 

for each category of the word problems. One baseline data for each of the word 

problem type was taken at the start of the research study where there was no 

intervention.  As intervention was applied in solving the Combine Word Problems, 

intermittent baseline tests were administered to the Change Word Problems. There 

was an attempt to keep to a maximum of six baseline data so that students would not 

be frustrated as a result of excessive testing. 

 

Experimental control/Internal validity. One of the concerns in single-case 

research design is the issue of internal validity. Internal validity is defined as the 

intervention being the variable responsible for the effect of the experiment (Kazdin, 

2011; Gast, 2014a). In this study, there was a deliberate attempt to design the 

experiment in a way that would reduce threats to internal validity. Gast (2014a) 

acknowledged that while it is not possible to control every possible threat to internal 

validity, it is important to address and control possible threats.  Common threats to 

internal validity include factors such as history effect, maturation effect, and testing or 

practice effect.  The history effect that might pose a threat to internal validity refers to 
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events or situations outside the study that could affect the participant’s behaviour. In 

order to minimize this threat, the study was conducted over 15 weeks. This reduced 

the possibility of changes in school such as a change in the students’ class or class 

teachers. The maturation effect refers to changes that could have taken place due to 

typical developmental processes (O’Neil et al., 2011).  Gast highlighted that “session 

fatigue” (p. 99) might pose a threat to the validity of the finding. To address 

maturation and “session fatigue”, the length of the experiment was kept to a 

maximum of four months for each participant. Each session was planned for 30 to 40 

minutes of work on the word problems so that the students would not be exhausted. 

The third common threat to internal validity is testing or practice effects. Gast 

recommended that baseline and probe conditions should be designed in such a way 

that they yield the students’ best effort to reduce the possibility of overestimating or 

underestimating the effect on the behaviour. The recommendations include 

randomizing stimulus presentation across sessions, not reinforcing correct response, 

and not prompting (either on purpose or otherwise) for correct responses. These 

recommendations were incorporated into the design of the tests for the word 

problems. Each set of tests consisted of word problems randomly selected from each 

category of difficult level. Therefore, there was variation among the tests. The tests 

were administered to the students with no support given. After each student had 

completed the tests, no feedback was given to them.  

 

Horner et al. (2005), Kratochwill et al. (2013), and Zhan and Ottenbacher 

(2001) were of the opinion that internal validity of research is shown when the 

research design is able to demonstrate the effect of the independent variable in at least 

three different points in time or conditions. Kratochwill et al. (2013) specified that 
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within each phase (e.g. baseline, intervention), there must be at least three data points 

in order for the study to be considered to meet one of the standards of single case 

design with reservations. In this study, the students applied the steps in the word 

problem solving process to three different types of word problems, Combine, Change 

and Compare Word Problems. Within each category of word problem, there were at 

least three data points for the baseline and intervention phases. In similar research on 

schema-based instructions using single-case design, there were three to five baseline 

data points to capture pre-intervention performance (Jitendra & Hoff, 1996).  

 

External validity.  Horner et al. (2005) proposed that single-case studies be 

replicated across settings and participants to achieve external validity. Similarly, Gast 

(2014a) supported the repeat of the independent variable on intra-subject or inter-

subject so that experimental findings would have both internal and external validity. 

For the present study, the independent variable was applied to four students to 

examine its effect on different students.  

 

Social validity. Horner et al. (2005) identified several components in the 

social validity of single case design, including the social importance of the dependent 

variable, the magnitude of change in the dependent variable, and the practicality and 

cost effectiveness of the independent variable. The dependent variable of improving 

the accuracy in word problem solving is important as the improvement provides the 

students with foundational word problem solving skills for more difficult word 

problems.  
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The analysis of the research would include a description of the participants. The 

dependent variable measured by the accuracy of the steps in the word problem process 

would be used to analyse the effectiveness of the intervention. The planning of the 

intervention and the design of the study took into consideration the baseline condition, 

internal and external validity. Although social validity is important in single-case 

design, it would not be addressed as it was not included within the scope of this 

research.  

 

Analysis of Single-Case Design Findings  

 

Horner, Swaminathan, Sugai and Smolkowski (2012) outlined three essential 

aspects in summarizing and evaluating the findings from single-case design: a) the 

documentation of a causal or experimental effect of the intervention, b) the size of the 

effect and c) the social importance of the effect of the intervention. In this study, the 

intervention was evaluated using visual analysis to determine the causal effect, and 

the effect size was used to determine the magnitude of the relationship between the 

independent and dependent variable.  

 

Use of visual analysis. In a single-case design research, the results from the 

participants are typically evaluated using visual analysis. These results are graphed 

and evaluated through visual inspection of the data (Gast & Spriggs, 2010). The use 

of visual analysis has historically been known to be the “proper way to analyze” the 

data (Brossart, Vannest, Davis & Patience, 2014, p. 466). The advocates of visual 

analysis were of the opinion that the graphic displays were the distinctive features of 

data analysis for a single-case design (Lane & Gast, 2014). Harjusola-Webb and 
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Landrum (2008) supported the use of visual-analysis, as the data graphed was 

“primary” data that had not undergone any statistical summation. Horner et al. (2012) 

also highlighted that the data in the single-case design was a “descriptive display of 

actual data” (p. 280) that had not undergone transformation or reduction. The pivotal 

function of the visual analysis is to establish whether a functional relationship exists 

between the introduction of the independent variable and the dependent variable, and 

to replicate the effects across multiple participants (Horner et al., 2012; Lane & Gast, 

2014). The use of visual analysis to explain the functional relationship between the 

independent and dependent variables also requires the data to show the basic tenets of 

single case design. This includes demonstrating that each of the participant serves as 

his/her control, measuring the dependent variable at baseline before intervention and 

over a period of time when the independent variable was introduced (Horner et al., 

2012).  

 

The visual analysis demonstrates the effects of intervention by “examining the 

size of change, onset of change, trend or stability of measurement, replication 

demonstration and consistency” (Brossart et al., 2014, p. 468).  One of the advantages 

of visual analysis of data in a single-case design is that the information and data from 

the research are presented in a format that is easy to understand and interpret. 

 

Kazdin (2011) recommended the use of a line graph as the non-technical 

format for presenting the session-by-session data to demonstrate the progress of 

students at a glance. The line graph provides a clear and direct representation of the 

data for visual evaluation and inspection that would show the level, trend and stability 

of data. The visual analysis of the data focuses on the magnitude and rate of changes 
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across the phases. The magnitude of change can also be demonstrated by changes in 

means across phases and changes in levels across phases of the dependent variable 

(Kazdin, 2011). The rate of change is usually illustrated by the changes in trend or 

slope and the latency of change (Gast & Spriggs, 2014; Kazdin, 2011).  

 

Magnitude of change. The change in means involves examining the mean of 

the data points within each phase and making a comparison between the baseline and 

intervention phases.  These shifts indicate whether the intervention has had an impact 

in improving the students’ performances in word problem solving. However, Lane 

and Gast (2014) highlighted the limitation that outliers in the data series could skew 

the mean level change. Therefore, mean level change and median level change are 

recommended to complement the visual analysis (Lane & Gast, 2014). In the present 

study, both the mean and median scores at baseline and intervention phases were 

presented.  

 

According to Gast and Spriggs (2010), the change in level is determined by 

comparing the last data point at baseline to the first data point of the intervention 

phase. The level change allows for a visual analysis that describes the impact of 

intervention on behaviour across the phases. Gast and Spriggs (2010) noted that a 

large difference in the level change is “indicative of a “powerful” or immediately 

effective intervention” (p. 213).  

 

Rate of change. The visual analysis of the data also provides the rate of 

change across the phases. The rate of change is illustrated by the change in trend and 

the latency of the change. The change in trend shows either a systematic increase or 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       105 
 

 

decrease over time. Kazdin (2011) highlighted that a significant change in the slope 

indicated that the intervention was reliable and had caused the change in the predicted 

pattern of performance from baseline.  Horner et al. (2012) added that “the greater 

difference between the slope of the trend line between adjacent phases” (p. 278), the 

greater the confidence in the responses between the phases. Gast and Spriggs (2010) 

defined the trend of the data as the “steepness of the data path across time” (p. 205). 

 

The latency of change is shown in the time taken for the change to occur when 

the experimental conditions have been altered. Kazdin (2011) suggested that the 

closer the time that change takes place after the implementation of the intervention, 

the greater the possibility that the intervention has had an effect on the intended 

behaviour. Horner et al. (2012) recommended that the latency of change be analyzed 

using the “mean or median difference between the last three to five data points in 

phase 1 and the first three to five data points in phase 2” (p. 279). When the analysis 

shows an immediate change at the intervention phase in the direction of the intended 

intervention, it could be attributed to the manipulation of the independent variable. 

 

Amount of variability. Gast and Spriggs (2014) included level stability within 

each phase in the visual analysis. Gast and Spriggs (2010) explained that the amount 

of level stability is focused on the variability or the range in the data-point value. It is 

recommended that 80% of the data points within a 20% range of the median level of 

all data-point values in that phase be considered to have stability in data (Gast & 

Spriggs, 2010). The median point is determined by the middle data point value when 

all data values are arranged in an increasing order. The median line parallel to the 

abscissa is drawn from the median point. This is followed by the construction of the 
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stability envelope where one line is drawn parallel above the median line and the 

other drawn parallel below the median line. Kratochwill et al. (2013) noted that too 

much variability in the data points might prevent the ability to predict the outcome in 

the absence of the intervention.  

 

Issues in visual analysis. Campbell (2013) pointed out three main weaknesses 

of visual analysis: a) unreliability of the agreement of whether the intervention was 

effective among raters, b) the autocorrelation of data, which may lead to Type 1 error, 

and c) the non-provision of the size of the intervention. Due to the inadequacy of 

visual analysis, effect size plays a supporting and complementary role to the visual 

analysis.   

 

Brossart, Parker, Olson and Mahadevan (2006) noted that numerous research 

studies have questioned the reliability of the visual analysis. Some studies such as 

Ottenbacher (1990) found that there was low to moderate interrater agreement on the 

visual analysis of intervention effectiveness. Using visual analysis to examine 

intervention effectiveness permits only a dichotomous decision of yes  or  no to 

intervention effectiveness. Therefore, it does not allow an evaluation of the 

intervention effectiveness on a continuum of effectiveness. This might result in a 

Type 2 error, a false negative, where an effect from the intervention could be present, 

yet based on the visual analysis, the assessor might decide that there is no intervention 

effectiveness.  

 

The application of visual analysis could also make the analysis vulnerable to 

Type 1 error, a false positive, where the intervention does not have an effect but is 
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evaluated to have an impact on the dependent variable. One of the factors contributing 

to a Type 1 error in the visual analysis is the serial dependence in the data (Brossart et 

al., 2006; Matyas & Greenwood, 1990). Matyas and Greenwood (1990) found that 

positive autocorrelation and random variation often resulted in Type 1 error in the 

analysis. Matyas and Greenwood (1990) hypothesized that this phenomenon was due 

to a lack of conservatism by the evaluators of the data. Therefore, given that human 

beings tend to be generous when it comes to acknowledging an intervention as being 

effective, alternative methods to support visual analysis are needed so that Type 1 

error can be minimized.  

 

Use of effect size and statistical method of analyses. The issues with visual 

analysis substantiate the use of statistical analysis to complement visual analysis. 

Rakap, Synder, and Pasia (2014) supported the use of statistical analysis for four 

reasons. Firstly, statistical approaches allow small effects to be identified which 

otherwise could have been omitted in visual analysis. Secondly, statistical analysis 

can evaluate the effectiveness if there is a large variation or trend during baseline 

phase. Brossart et al. (2014) noted that visual analysis poses a challenge when the 

data sets have a range of variability in their baseline and intervention phases. Thirdly, 

statistical methods are able to indicate intervention effectiveness objectively. Finally, 

statistical analysis allows for comparison of findings when the measured outcomes are 

similar. These rationales would be discussed in details in the following paragraphs. 

 

The statistical analysis for single-case makes use of effect size rather than 

statistical significance. Kromrey and Foster-Johnson (1996) defined effect size as the 

“strength of the relationship between two variables” (p. 76).  Mitchell and Hartman 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       108 
 

 

(1981) as cited in Parker and Brossart (2003) identified three main reasons for the 

choice of effect size rather than statistical significance. First, effect size is able to 

establish the strength of the relationship between intervention and outcome. Campbell 

and Herzinger (2010) also emphasized that the “dichotomous decision making of 

visual analysis be supplemented by the summary of the strength of the effect size” (p. 

437). Second, effect size is a continuous index and therefore, determining degree of 

increment for intervention is possible. Effect size provides objective indices of change 

and its precision is able to detect smaller and moderate effects (Parker & Hagan-

Burke, 2007). Finally, the effect size is not affected by sample size, making it suitable 

for single-case design where the sample size is small. 

 

Use of different methods to derive effect size. In literature for statistical 

analysis, the methods to calculate effect size can be categorized into regression and 

non-regression approaches. Campbell (2013) proposed regression and non-regression 

analysis to manage data trend and autocorrelation. The three non-regression 

approaches are mean baseline reduction, percentage of non-overlapping data and 

percentage of zero data.  

 

Regression and non-regression methods. Campbell (2004) defined regression 

methods as those which “summarize efficacy of single-subject designs by using 

linear-estimation technique to model repeated observations” (p. 235). Kratochwill et 

al. (2013) noted that regression methods do not require detrending of data as the 

approaches are able to model the trend in the data. Therefore, this factor was an 

advantage in using regression methods to find effect size.  However, regression 

methods are often known to be complex, requiring specialized knowledge. Shadish 
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(2014) acknowledged that the use of complicated statistical methods would require 

programmers to be familiar with more sophisticated programming such as graphical 

user interfaces. Shadish (2014) also pointed out that single case experiments often 

have few data points that makes it difficult to estimate the intervention effectiveness 

with reliability.  

 

The regression estimates and multilevel models assume independence of data, 

normal distribution of data and constant variance of residual scores (Smith, 2012). 

However, data gathered from single-case design does not possess the characteristics 

that are required by the regression method. Parker and Brossart (2003) noted the 

presence of serial dependence or autocorrelation in the data for single-case design. 

Wolery, Busick, Reichow and Barton (2010) argued that the data are not likely to be 

independent as they “are collected on an individual over time in the same setting, 

under the same conditions, with the same response definitions, and the same 

recording procedures” (p. 19). The autocorrelation in the data results in different 

variability of the standardized metrics when a comparison is made between single-

case design and large participants design (Beretvas & Chung, 2008). Therefore, the 

results using these approaches might be biased, as the data sets in the single-case 

study are often small. In single-case design, data are often from a small number of 

participants which may result in the absence of numbers required to have a normal 

distribution and constant variance of residual scores. Smith (2012) reiterated that most 

statistical methods often assume there is normal distribution in the data. However, in 

the single-case data, measurements are often count data or observation-rated 

behaviours, which may result in skewed distribution. The characteristics of the data in 

single-case design therefore do not match the criteria of regression or multilevel 
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models. Rakap et al. (2014), in their review of the regression method noted that 

extreme outliers or data points, which are often seen in single-case design data, affect 

the method that would be used.  They also found that regression approach used in 

single-case design did not result in statistics comparable to the effect size obtained 

from group experimental research. Parker and Brossart (2003), in their research on the 

effect size of seven statistical methods, including regression methods, found that the 

effect size varied when applied to the same set of data. The challenges mentioned in 

the use of regression methods were taken into consideration in the decision making of 

the methods for analysis.   

 

Campbell (2004) listed the following non-regression methods for calculating 

effect size:  mean baseline reduction method (MBLR), percentage of nonoverlapping 

data (PND) and percentage of zero data (PZD). Campbell (2004) compared 

regression-based d effect size and non-regression methods such MBLR, PND and 

PZD to find out the relationship in calculating effect size. The research found that the 

regression-based d effect size “appeared to overestimate” the intervention effect 

(Campbell, 2004), and that the regression-based effect provided no greater 

understanding to the data in single-case design, and results were comparable to those 

derived using the non-regression methods. Campbell (2004) supported the use of non-

regression methods given that there was no distinct advantage in using the regression 

method.  

 

Unlike the regression approach, the non-regression approach is free from the 

assumptions of normal distribution. The non-regression approach does not assume 

normal distribution of data (Maggin et al., 2011; Rakap et al. 2014). It is also 
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recognised as easy to interpret and understand (Beretvas & Chung, 2008; Brossart et 

al., 2014; Rakap et al., 2014). However, Maggin et al. (2011) listed four weaknesses 

in the use of non-regression approach. First, the use of single baseline data to estimate 

the effect of treatment would not be aligned with the visual-analytic approach where 

all the data points are considered. Second, the presence of extreme scores at baseline 

would also significantly affect the analysis of the intervention effect. Third, one of the 

concerns using non-regression approach is being insensitive to data trend and 

variability. Therefore, if there is a point at baseline that is extreme and higher than the 

other points at intervention phase, the intervention would be considered ineffective. 

Fourth, as the non-regression method does not assume normal distribution, it limits 

the validity of the analysis. According to Wolery et al. (2010), the non-regression 

approach is not able to detect differences in the magnitude of effect, thus it gives 

similar estimates for data patterns which show various degree of effect. As such, the 

effect size calculated might demonstrate positive intervention effect but would not be 

able to measure the strength of the intervention. For example, the calculation of PND 

showed 100% non-overlapping data. However, it would not be able to indicate the 

magnitude of change between baseline and intervention phase. Beretvas and Chung 

(2008) also highlighted another concern of using the non-regression approach, that is, 

the non-regression approach does not take into account the sampling distribution, 

hence, the validity of the analysis could be compromised.  

 

Despite the challenges of applying the non-regression approach to find the 

effect size of intervention, it continues to be supported in the field of single-case 

design. The PND developed by Scruggs, Mastropieri and Casto, (1987) is one non-

regression method that has often been used to analyze effect size (Maggin et al., 2011; 
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Scruggs & Mastropieri, 2013). Recognizing the strengths of the non-regression 

approach, several methods were developed to overcome some of its weaknesses. 

Brossart et al. (2014) acknowledged that non-regression approach is essential as 

single-case designs frequently have “short data sets or few data points, non-normal or 

unknown distributions and unknown parameters” (p. 467). Maggin et al. (2011) 

identified the following methods: Percentage of All Non-overlapping Data (PAND) 

by Parker, Hagan-Burke and Vannest (2007), the Improvement Rate Difference (IRD) 

by Parker, Vannest and Brown (2009), the Percentage Exceeding the Median (PEM) 

by Ma (2006), the Percentage exceeding the Mean Trend Line (PEM-T) by Wolery et 

al. (2010) and the Pairwise Data Overlap Squared (PDO2) by Parker and Vannest 

(2009). The non-regression approaches consist mainly of non-overlap methods.   

 

Parker, Vannest and Davis (2011) advocated for the use of the non-overlap 

methods as “they blend well with visual analysis of graphed data” (p. 304) and do not 

require parametric assumption of distribution of data. The non-overlap methods have 

the advantage of being easily understood and the logic of the non-overlap methods is 

useful in interpreting the visual analysis.  

 

Considerations in the choice of method.  Manolov, Gast, Perdices and Evans 

(2014) and Campbell (2013) acknowledged that there is no single statistical method 

that would be optimal for all single-case design studies. Manolov et al. (2014) 

recommended some criteria for selecting an appropriate method of analysis. Firstly, 

the method of analysis should reflect the aim of the research. Secondly, the output of 

the analysis should be easy to interpret and the calculation procedure not be 

complicated. Third, the method of analysis must also consider the design 
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requirements and data assumptions. Fourth, the method of analysis should be based 

on the evidence of performance on typical single-case data design.  

 

Rationale for using non-regression methods. In this research, the process of 

deciding the method to find out effect size took into consideration the factors that 

were recommended by Manolov et al. (2014). The objective of this study was to find 

the effectiveness of the schema-based instruction with bar model approach for 

students with difficulties in word problem solving. Therefore, while the functional 

relationship between the intervention and the progress of the students could be 

established with visual analysis, the magnitude of the functional relationship would 

require a statistical analysis for indexing the strength of the relationship and 

confirming that functional relationship (Brossart et al., 2014; Campbell & Herzinger, 

2010). The method of analysis was limited to non-regression methods as data sets in 

this study were short and would not meet the assumptions of data distribution, 

independence of data without autocorrelation for regression approach. Therefore, only 

non-regression methods were used to find the effect size of the intervention. 

 

Brossart et al. (2014) and Manolov et al. (2014) advocated for the report of 

effect sizes based on different methods. Among the non-regression methods, four 

methods were selected for use in the research. In Figure 2.9, which details the criteria 

for selection, the requirements of the methods are summarized to show their 

suitability for the research. The examination of the data collected and the 

requirements of the methods narrowed the selection to four methods:  Percentage of 

Non- overlapping Data (PND) by Scruggs et al. (1987), Percentage of Data Exceeding 

Median Trend (PEM) by Ma (2006), Percentage of All Non-overlapping Data  
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 Percentage of non-overlapping 
data (PND; Scruggs et al. 1987) 

Percentage of all non-overlapping 
data (PAND; Parker et al. 2007) 

Percentage of data exceeding 
median trend (PEM; Ma, 2006) 

Tau-U for non-overlap with 
baseline trend control (Tau-U; 
Parker et al., 2011) 

Brief description 
of the method 

Finds out the percentage of 
intervention data points that 
exceeds the highest data point (for 
behaviour increase) at baseline.  

Finding the index as the percentage of 
data removing the minimum data 
points that eliminate all overlap 
between phases.  

Pearson’s Phi can be computed and 
translated into interpretable effect size 
metric (Cohen’s d) that can be used to 
measure strength of intervention 

Finding the percentage of data 
points intervention phase, which 
exceeds the median of the baseline 
phase.  

Finding the percentage of data 
showing improvement between 
phases. It accounts for both the 
level change across phases and 
positive baseline trend.  

Shortcomings An  overemphasis on a single 
extreme data point at baseline 

 

  

 Extreme outliers in baseline affect 
the split middle line by steepening 
the trend in a therapeutic direction. 
In these cases, PEM-T might result 
in an ineffective intervention, while 
a visual analysis will show that the 
intervention is effective.  

 

Does it support 
visual analysis  

Correlates well with visual 
analysis (Parker et al., 2007) 

High correlation with visual analysis 
(Rakap et al., 2014). 

High correlation with visual 
analysis (Rakap et al., 2014). 

 

Ease  of 
calculation  

Yes (Parker et al., 2011) Yes (Parker et al., 2012) Yes (Parker et al., 2012) Requires the use of statistical 
packages or the Tau-U  

Evidence of 
performance on 
multiple 
probe/baseline 

One of the most commonly used. 
Gives the lowest treatment scores 
for the study 

PAND showed higher mean treatment 
effect when they compared with other 
non-overlapping methods (Rakap et 
al., 2014). 

PEM was in higher agreement with 
visual analysis than PND (Rakap et 
al., 2014). 

No known studies have 
reviewed it. 
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 Percentage of non-overlapping 
data (PND; Scruggs et al. 1987) 

Percentage of all non-overlapping 
data (PAND; Parker et al. 2007) 

Percentage of data exceeding 
median trend (PEM; Ma, 2006) 

Tau-U for non-overlap with 
baseline trend control (Tau-U; 
Parker et al., 2011) 

data   

Strength of the 
method 

One of the most widely used to 
provide statistical support to 
visual analysis 

Use of all data points are rather 
extreme. Pearson’s Phi can be easily 
computed and translated into 
interpretable effect size metric 
(Cohen’s d) that can be used to 
measure strength of intervention 

 

PEM had better agreement with 
visual analysis than the PND 
(Rakap et al., 2014) 

Addresses the limitations of 
regression and simple AB 
nonoverlap.  Like regression, it 
is a complete measure, including 
trend and level.  

Greatest statistical power is 
Tau-U (Parker, Vannes & 
Davis, 2011) 

 

Figure 2.9.  Non-overlapping Methods and Criteria Used for Selection
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(PAND) by Parker et al. (2007) and Tau-U for non-overlap with baseline trend 

control (Tau-U) by Parker et al., (2011).  

 

The use of PND, PAND, PEM and Tau-U provided an easy interpretation of 

the data and ease of calculation of the effect sizes. In addition, PND, PAND and PEM  

have been found to complement visual analysis (Rakap, 2015). The use of more than 

one method to calculate effect size allowed for confirmation that the intervention was 

effective.   

 

Rakap (2015) suggested the following benchmarks to interpret effect size 

calculated using PND and PEM (see Figure 2.10). According to Schneider, Goldstein 

and Parker (2008), the percentage derived using all the data points in PAND can be 

translated to Pearson’s Phi which can be converted to an effect size metric (cohen’s d) 

that measures the effectiveness of an intervention. Parker and Vannest (2009) 

recommended the following criteria for Tau-U: 65% or lower having weak or small 

effect; between 66% and 92% having a medium to high effect, and 93% to 100% having 

a large or strong effect.  

 

Method Score 
range 

Ineffective Questionable Effective Very 
Effective 

 
PND 

 
0-100 

 
X ≤ 50 

 
50 <X< 70 

 
70 ≤ X< 90  

 
X ≥ 90 

 
PEM  

 
0-100 

 
X ≤ 50 

 
50 <X< 70 

 
70 ≤ X< 90 

 
X ≥ 90 

 
 

 
Figure 2.10.  Benchmarks for Effect Sizes Calculated by Each Method (Rakap, 2015). 
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In summary, the visual analysis, together with non-regression methods, was 

used in the data analysis. The effect size was calculated using PND, PEM, PAND and 

Tau-U. Each of the methods, PND, PEM, PAND and Tau-U, has its strengths and short 

comings. These methods have different approach in calculating effect size. Using the 

different methods helped to ensure that the intervention demonstrated effectiveness in 

improving the word problem performance of the students. PND was chosen as it is one 

of the most widely used method in single case design. The PAND was selected as the 

effect size can be translated to Pearson’s Phi while PEM was included as it had better 

agreement of the visual analysis than PND (Rakap et al., 2014). The fourth method, 

Tau-U, was used as it known for its statistical strength (Parker et al., 2011).  
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Literature Review for Developing Item Bank and Test Construction 

 

The single-case design requires continuous assessment to monitor the progress 

of participants. In this study, the students had to complete tests on word problems by 

applying the strategies that they had learned. In order for the tests to be of similar 

difficulty, an item bank of word problems needed to be constructed. Prior to the 

implementation of the intervention using the schema-based instruction with  bar model 

approach, an item bank was built. The word problems from the item bank were then 

used to construct the tests. The literature on item bank focused on two main aspects – 

the steps in item bank construction and the analysis that was used to determine the 

difficulty level of the word problems.  

 

Item Bank Construction  

 

Wright and Bell (1981) defined an item bank as, “the set of items that implies a 

complete specification of what is important” (p.8) and stated that the items in the bank 

are “arranged empirically by the responses of the students” (p.8). An item bank captures 

students’ responses rather than how experts would have expected the results (Wright & 

Bell, 1981).  The item bank is meaningful as the items are calibrated on a standardized 

measure to enable them to be arranged empirically by the responses of the students. 

Wright and Bell (1981) stated that item banks provide tests to be customized for specific 

purposes in their use, and that items could be chosen to suit the level of use. Wright and 

Stone (1999) outlined several steps in the item bank construction. First, the bank plan 

focused on the items to be banked and the creation of these items which could be put 

together as a test.  This would be followed by the test administration, which comprised 
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the assembling of consent forms, giving out of tests and filing of responses. Finally, the 

items would be calibrated and item and student reports generated.  

 

This study focused on the following types of word problems to be included in 

the item bank- Combine, Change and Compare Word Problems. Riley et al. (1983) had 

used the classification of the word problems into change, combine, compare and 

equalizer. The equalizer word problems were not included in the present study, as most 

of the research that involved schema-based instruction had mainly used the three types 

of word problems, combine, change and compare.  Figure 2.11 shows the types of word 

problems and the different information given and the unknown quantity that needs to 

be calculated. Riley et al. (1983) reiterated that the semantic structure and the identity 

of the unknown quantity in the word problems are challenges, which make word 

problem solving difficult. They defined semantic relationship as, “conceptual 

knowledge about increases, decreases, combination and comparisons involving sets of 

objects” (p.159).  
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Types of word problems 
 
Combine word problems 
 
Combine value unknown 

1. John has 8 marbles. Tom has 2 marbles. How many marbles do they have 
altogether?  

Subset unknown 
2. John and Tom have 8 marbles.  John has 6 marbles.  How many marbles 

does Tom have?  
 

Change word problems 
 
Result unknown 

1. John had 8 marbles. Tom gave him 6 more marbles.  How many marbles 
does John have now? 

2. John had 8 marbles. He gave 6 marbles to Tom. How many marbles does 
John have now?  

Change unknown 
3. John had 8 marbles. Tom gave him some more marbles.  Now John has 10 

marbles. How many marbles did Tom give him?  
4. John had 8 marbles. He gave some marbles to Tom. Now John has 6 

marbles. How many marbles did he give to Tom?  
Start unknown 

5. John had some marbles.  Tom gave him 2 more marbles.  Now John has 10 
marbles. How many marbles did John have in the beginning? 

6. John had some marbles. He gave 2 marbles to Tom.  Now John has 8 
marbles. How many marbles did John have in the beginning?  

 
Compare word problems 
 
Difference unknown 

1. John has 10 marbles. Tom has 4 marbles. How many more marbles does 
John have than Tom?  

2. John has 10 marbles. Tom has 4 marbles. How many fewer marbles does 
Tom have than John does? 

Compared quantity unknown 
3. John has 10 marbles. Tom has 4 more marbles than John. How many 

marbles does Tom have? 
4. John has 10 marbles. Tom has 4 marbles fewer than John.  How many 

marbles does Tom have?  
Referent quantity unknown 

5. John has 10 marbles. He has 4 more marbles than Tom. How many marbles 
does Tom have? 

6. John has 10 marbles. He has 4 marbles fewer than Tom.  How many 
marbles does Tom have?  

 
Figure 2.11. Types of Combine, Change and Compare Word Problems.  
Adapted from “Development of Children’s Problem Solving Ability in Arithmetic” by 
Riley et al. (1983) in “The development of mathematical thinking” p. 160. 
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Riley and Greeno (1988) reported that Combine Word Problems that required 

finding the subset of the combination were more difficult than the unknown 

combination. In Change Word Problems, the word problems in which students had to 

find the unknown result were the easiest, and this was followed by the change 

unknown which was less difficult than when the start quantity was unknown. In the 

Compare Word Problems, the most difficult subtype was word problem that needed 

students to calculate the referent’s amount. The difference unknown and the 

compared quantity unknown were less difficult to solve than the unknown referent 

word problems. Riley et al. (1983) highlighted that in the Change Word Problems, the 

unknown starting amount was difficult for students from kindergarten to Grade 3. 

They also noted that the Compare Word Problems in which the referent was unknown 

were more difficult than the other Compare Word Problems. The difficulties of the 

subtypes within each word problem type were used as a reference in the development 

of the word problems for the item bank.  

 

The literature on item bank construction for items, that were used for 

educational, or therapy purposes often involve the use of the Rasch model in the 

analysis (Baylor, Hula, Donovan, Doyle, Kendall & Yorkston, 2011; Ehart, Ravens-

Sieberer, Dickson & Clover, 2009; O’Brien & Hampilos, 1988). Although it is 

recognised that there are various methods, such as the item response theory that could 

be used for item difficulty, the Rasch model was selected. The Rasch model of 

analysis was chosen, as it is suitable for small sample size, a situation that is often 

encountered in education (O’Brien & Hampilos, 1988; Woods & Baker, 1985). 

Snyder and Sheehan (1992) also supported the use of the Rasch model of 

measurement in item banking as it has specific objectivity and does not require 
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massive normative calibration groups. 

 

Use of Rasch Analysis 

 

 The Rasch model of measurement is based on a stochastic model used to 

describe the probable outcome when a person takes an assessment or a test (Bond & 

Fox, 2007). According to Bond and Fox (2007), the Rasch model of measurement 

assumes that the outcome is governed by two parameters – the ability of the 

participant and the difficulty of the item. Therefore, when the ability of the participant 

is greater than the difficulty of the word problem, the participant is likely to succeed 

on that word problem. Similarly, when the difficulty of the word problem is greater 

than the ability of the participant, it is less likely that the participant will get the 

correct answer for the word problem.  

 

The raw test scores obtained from assessments indicate the gaps between 

scores, but it does not inform equal interval of measurement. Rasch model of 

measurement is known to achieve the “ideal of interval scale measurement of the 

latent trait to the same degree” (Baylor et al., 2011 p. 246). The Rasch model 

transforms raw scores to their natural logarithm or logit, which provides for a more 

useful equal interval scale of measurement (Bond & Fox, 2007). The logit is 

sometimes compared to a “ruler” in which the logit is the measurement that places 

word difficulties and students’ ability on a standardized scale. According to Bond and 

Fox (2007), the logit range is usually within three logits and minus three logits, with 

zero logit as the mean logit representing the test sample. The higher logits are 

associated with higher ability of obtaining a correct answer, representing higher 
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ability. At the same time, it would also mean that the higher value of the logit would 

also mean that the question is more difficult. The converse is also true. The 

illustration showing the difficulty level of items and the ability of the participants can 

be seen in Figure 2.12. In the illustration, there were seven participants in zero logit 

and 1, indicating that most of the participants were in the average range to above 

average in terms of ability. For the questions, question 12 was the most difficult. The 

questions (8, 2, 3, 4) were considered to be of average difficulty as they were at the 

level of zero logit.  

 

3    x  12    
2    x   5   
1  x x x  1 6 7  
0 x x x x  8 2 3 4 
-1   x x  9    
-2    x      
-3          
          
Logits                  Participants                               Questions 

 
 Figure 2.12. An Example Showing Participant Ability and Question Difficulty. 

 

According to Snyder and Sheehan (1992), five dimensions have to be adhered 

to maintain validity in the application of the Rasch model. The dimensions would also 

show the rigor of the process in the analysis stage of the item bank construction. The 

five dimensions include: (1) unidimensionality of scale, (2) ability of the items to 

discriminate between ability groups, (3) participant’s response should not be due to 

guessing, (4) the responses should be independent of each other and (5) the items 

written should not help the participants to answer other questions. This study 

attempted to meet all five criteria.  
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Unidimensionality. Baylor et al. (2011) defined unidimensionality as the 

ability of the items or the instrument to represent the same construct or latent trait. 

The Rasch model is characterised as a unidimensional measurement model and the 

use of item fit is one of the approaches to assess dimensionality (Linacre, 2012). 

Wright and Bell (1981) in their item construction process emphasized the importance 

of defining the domain in which the instrument would measure for the items. The 

main purpose of the item bank was to create tests for the following phase of this study 

that would monitor the students’ progress in Combine, Change, and Compare Word 

Problems.  Hence, the word problems were created with the intention of only 

measuring the variable of students’ word problem solving ability. The students’ word 

problem solving ability would be measured based on the performance scores that 

were obtained from the test.   

 

One of Rasch models of analysis that can evaluate the fit of the items to the 

underlying construct is the item fit analysis. According to Bond and Fox (2007), the 

“item fit” is able to ascertain if the items being scrutinized are either diverged or 

closely unacceptable from the expected ability/difficulty pattern. The item fit in Rasch 

model analysis provides the construct validity of the tests. It is considered the “quality 

control mechanism” (Bond & Fox, 2007, p. 35) as the analysis keeps in check if the 

items measure only one construct, thus holding the assumption of unidimensionality. 

Bond and Fox (2007) reinforced the importance of fit indices as one that “ascertains 

whether the assumption of unidimensionality holds up empirically” (p.35).  The 

Rasch model is able to provide the analysis of how well each item fits within a 

construct. Using the item fit analysis, items that do not fit the underlying construct of 

the study, have to be reconsidered for inclusion in the study.  
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The mean square residual (MNSQ) weighted infit and unweighted outfit is 

commonly used in the item fit statistics (Bond & Fox, 2007). The MNSQ weighted 

infit statistics and the unweighted outfit statistics were used to determine if the items 

were “behaving” as expected of the Rasch model (Bond & Fox, 2007).  According to 

Bond and Fox (2007), the MNSQ weighted infit is more sensitive to unexpected 

patterns than the MNSQ unweighted outfit statistics. The infit statistics place greater 

weight for the person ability, which is nearer to the item difficulty. Wright and Stone 

(1999) reiterated that infit statistic is useful as it is “robust with respect to 

idiosyncratic outliers” (p. 112). The unweighted outfit statistic is not weighted and 

thus, is sensitive to outlying scores.  

 

In addition, the z-standard scores or the t-standard infit (infit t) scores would 

be used to determine the suitability of the items to be included in the research. The 

infit t is one of the alternative measures that would inform the deviation or the 

adherence to the Rasch model. Bond and Fox (2007) recommended that the values of 

the z-score or the infit t scores fall between -2.0 and +2.0. This was the range of 

values used in this study. The item reliability index would also be used in the word 

problem analysis.  

 

Ability of the items to discriminate between ability groups.  The ability of 

the items to discriminate between ability in-group is measured by the person 

reliability index. A high person reliability index would imply that in using the set of 

tests, there would be some participants who would score higher and some who score 

lower with the result likely be consistent with replication.  This study generates the 

person reliability index.  
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Response not due to guessing and independent of each other. The ability 

error of the individual indicates that the participant’s response was not due to 

guessing. It also indicates that the items were independent of each other and did not 

influence the responses. In the analysis of the Rasch measurement, the ability error 

would be checked. However, it would be difficult to re-generate a similar test for the 

individual to check if the error occurred due to a guess or carelessness.  The tests 

administered in this first phase would be a one-off test and it would be unlikely for a  

follow-up.  

 

Questions not helping each other. Snyder and Sheehan (1992) emphasized 

that the items in any tests did not help answer or provide clues to the answer of other 

questions. In the construction of word problems, different scenarios and numbers 

were used for each word problem. Therefore, each word problem was unique and 

would not influence the participants in working out the solutions to other word 

problems. The combine, change and compare word problems were also randomly not 

arranged in any sequence to avoid clustering of the type of word problems. There was 

also a deliberate effort to include different subtypes of the word problems in each test. 

The variety of word problems arranged randomly and different ways of calculating 

the unknown increased the item independence.  

  

In summary, the ability to solve word problems can be affected by language 

difficulties, lack of conceptual understanding, poor working memory, visual-spatial 

difficulties, and lack of attentive behaviour. The evidence-based approach of schema-

based instruction has been found effective in improving the performance scores for 

Combine, Change and Compare Word Problems. In research studies involving 
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schema-based instruction, single-case design was used to evaluate its effectiveness. 

One of the characteristics of single-case designs was the close monitoring of progress 

through continuous assessment. The assessment would require tests which were as 

similar in difficulty to each other.   

 

An item bank of word problems was constructed so that in the development of 

the tests, the difficulty of the tests could be as similar as possible for each word 

problem type. The Rasch model of measurement was used to determine the difficulty 

level of the word problems. It used the MNSQ infit and outfit statistics and infit and 

outfit t scores for the item fit analysis, item reliability and item difficulty in the 

analysis of the word problems.  

 

Informed by the literature review, the present study is a two-part study, the 

first part involves the development of an item bank, and the second part is the single-

case design to evaluate the effectiveness of the intervention. The following chapter, 

chapter 3, details the methodology, results and discussion of findings of the item bank 

development.   
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CHAPTER THREE: CONSTRUCTION OF AN ITEM BANK: 
METHODOLOGY, ITEM BANKING AND DISCUSSION  

 
 
 

Prior to conducting the intervention of the schema-based instruction with bar 

model approach, it would be necessary to construct an item bank of word problems. 

The objective of constructing an item bank of word problems was to provide a set of 

word problems that could be used to create tests which were of similar difficulty. 

These tests were used to monitor the progress of the students in the next phase of the 

study so that the effectiveness of the intervention could be established.  Wright and 

Stone (1999) described the item bank as one that consists of items that had been 

jointly calibrated which provide an “operational definition of one variable” (p. 107). 

They also emphasized that a well-constructed item bank would allow for “the best 

possible test for any possible assessment” (Wright & Stone, 1999, p. 10). Therefore, 

the item bank is likely to have items of varying difficulties. Similarly, the item bank 

of word problems should comprise word problems of different difficulty levels. In 

order for the word problems to be placed on the continuum of difficulty, they must be 

calibrated on a standardised measurement. The application of the Rasch model 

analysis to empirical data allows for the word problems to be arranged from the least 

to the most difficult according to logit. This chapter details the method employed in 

the construction of the item bank and the tests that were created from the item bank. 

This will be followed by the results, the discussion on the word problems in the item 

bank and the tests that were created to monitor student progress.  
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Methodology 
 
  

The construction of the item bank involved the process of developing word 

problems that used the mathematical operation of addition and subtraction in their 

solutions for Primary 3 students. The word problems were administered via a pen and 

paper test to one hundred and ninety-one Primary 3 students to find out their 

performance scores. Using their performance in the word problems, the Rasch model 

of measurement was used to analyze the data to determine the difficulty level of the 

word problems. The analysis using the Rasch model was to operationalize the 

difficulty level of the word problems (Bond & Fox, 2007; Gustafsson 1981).  After 

the difficulty levels of the word problems were derived, the word problems were 

grouped according to their word problem type – combine, change or compare. For 

each word problem type, the word problems were used to construct tests for the next 

phase.  

 

Design of the Item Bank Construction  

 

The objective of the item bank construction was to form a repository of word 

problems to create tests for monitoring students’ progress in the following phase of 

the study.  These word problems were targeted to be of different level of difficulty to 

allow students to apply the intervention strategies to solve the range of word 

problems. The word problems and their difficulty level would also allow the 

researcher to attempt to create tests of similar difficulty.  

 

The design of the item bank construction was similar to the steps 

recommended by Wright and Stone (1999) in forming a group of items into a 
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calibrated bank. Wright and Stone (1999) outlined the following steps. First, the bank 

plan focused on the items to be banked and the creation of the items. This was 

followed by the test administration which comprised the assembling of forms, giving 

out of tests and filing of responses. Finally, the calibration of the items as well as the 

item and student reports, were generated. In this study, the first stage of bank plan 

focused on the principles of the word problems and the processes in item bank 

development. These processes include the writing of word problems, teacher 

validation and student validation. At the second stage, the tests were administered 

after the recruitment of participants. The final stage was the analysis of the word 

problems using Rasch analysis. Following this, the item bank of word problems 

continued with the categorisation of the word problems into word problem type and 

level of difficulty for the development of the tests. 

 

Development of Word Problems 

 

Principles of items. The construction of the item bank involved the 

development of word problems for the three types of word problems. In the design of 

the item bank, two important qualities, relevance and different levels of difficulties, 

were emphasized. In order to achieve these two qualities, the 2015 MOE primary 

mathematics curriculum, local mathematics resources that were used in the lower 

primary mathematics (e.g. text books and school examination papers) were 

referenced. The word problems closely followed the format of word problems in the 

MOE lower primary mathematics syllabus. The word problems in the item bank had 

the following characteristics: the use of either addition or subtraction in the solution to 
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the word problem, the solutions requiring one or two equations to be formulated and 

the numerical value of the quantity (when summed) should not exceed 1,000.  

 

As the focus of the study was on intervention for Combine, Change and 

Compare Word Problems, the word problems were those which required the 

application of addition or subtraction in the equation. The word problems involved 

numerical values less than 1,000, as the focus was on the steps in word problem 

solving rather than procedural skills of addition or subtraction.  The numerical values 

in the word problems were deliberately kept small to maintain the motivation of the 

students in attempting and learning the strategies for word problems (Riley et al., 

1983).The numerical values were also kept within the Primary 3 mathematics 

syllabus, where students are required to learn numbers up to 10, 000 (MOE, 2012).   

The adherence to the lower primary mathematics syllabus addressed the internal 

validity, since the characteristics of word problems did not deviate from the national 

mathematics syllabus.  

 

Writing of word problems. With the given characteristics of the word 

problems as a guide, the researcher adapted the word problems from current Primary 

3 mathematics textbooks, workbooks (e.g. My Pals Mathematics and My Pals 

Mathematics workbook) and one-step word problems from Riley et al. 1983. The 

characteristics of word problems that were often found to be difficult for students 

were cross-checked against studies such as Riley et. (1983) and Ostad (1998). The 

differentiating characteristics of the word problems were the different contexts and 

the numerical values used. The numbers were randomly generated such that the sum 

of the two numbers would not exceed 1,000.  
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It was decided that 75 word problems would be developed for the item bank 

based on the number of tests to be created. It was planned that each word problem 

type would have 20 tests. As no two tests would have the exact combination of word 

problems for each word problem type, there was a need to have at least 10 different 

word problems. However, this number could mean that students might be working on 

the same word problems for a number of tests. This might affect their performance if 

they remembered the solution to the word problems or were able to recall the word 

problem to request help from their friends or parents. Therefore, it was decided that 

25 word problems for each word problem type would allow for greater variety of 

word problems in each tests.  

 

The 75 word problems for the item bank were distributed across six pen and 

paper tests.  The tests were labelled Test A – Test F with 20 word problems within 

each test. There were nine anchoring word problems that were common to all the 

tests. The purpose of these anchoring word problems was to have a network of 

common items in which the tests are connected. The anchoring items reduced the 

number of word problems in each test as the word problems could be distributed 

across Test A – Test F as the tests are connected by the shared anchoring word 

problems.   Among these nine anchoring word problems, there was an equal 

distribution of three word problems for each type of word problems. The nine word 

problems can be seen in Figure 3.1.  
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Anchoring word problems 

 
1. Joe had some tarts for party. Sally brought another 12 tarts to the party.   

Now Joe has 40 tarts.  How many tarts did Joe have at the start? (Change) 
 

2. Joe had 368 pens in his shop after he bought another 126 pens.  How many 
pens were there in his shop at first? (Change) 

 
3. Joe had some apples.  He threw away 34 rotten ones. Then he bought 

another 65 apples.  If he had 156 pears in the end, how many apples did he 
have at first? (Change) 

 
4. Joe sold 80 apples and oranges this morning. If he sold 37 apples, how 

many oranges did he sell? (Combine) 
 

5. Sally has 120 candies.  She wants to give 380 children a candy each. How 
many more candies does Sally need? (Combine) 

 
6. There were 150 mangoes and 300 papayas. Joe threw away 30 mangoes and 

bought another 50 papayas. How many fruits were there in the end? 
(Combine) 

 
7. Joe made 50 cupcakes.  He made 12 cupcakes more than Sally. How many 

cupcakes did Sally make? (Compare) 
 

8. There were 20 men and 60 women at a cinema.  There were also some 
children.  If there were 30 more adults than children, how many children 
were there? (Compare) 
 

9. Joe had 450 sticks. After his friend gave him 150 more sticks, he still had 
120 fewer sticks than Sally.  How many sticks does Sally have? (Compare) 

 
Figure 3.1. Common Word Problems in Test A to Test F. 

  

In each test, the 20 word problems consisted of a combination of Combine, 

Change and Compare Word Problems. Among these 20 word problems, there were at 

least six from each of the word problem categories.  The distribution of the word 

problems, including the nine anchoring word problems can be found in Table 3.1.  
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Table 3.1  
Distribution of Word Problems in Test A – Test F 
 

 Test A Test B Test C Test D Test E Test F 
 

Anchoring 
word 
problem 

 
1, 6, 7 (Combine word problem) 
2, 4, 5 (Change word problem) 

6, 8, 9 (Compare word problem) 
 

Combine 
word 
problem 

11, 16, 19 22, 25, 
27, 30 

33, 36, 
37, 41 

44, 49, 
52 

55, 59, 
60, 63 

66, 69, 
70, 74  

Change 
word 
problem  

10, 14, 
15,18 

21, 24, 
29 

32, 35, 
40 

43, 46, 
48, 51 

54, 57, 
58, 62 

65, 68, 
73 

Compare 
word 
problem  

12, 13, 
17, 20 

23, 26, 
28, 31 

34, 38, 
39, 42 

45, 50, 
53 

56, 61, 
64 

67, 71, 
72, 75 

 

Following the development and the analysis of the word problems for their 

difficulty level, the word problems were organised into word problem types. From 

each of the word problem type, tests for the next phase were developed. There were 

20 tests created for each word problem type, with a combination of word problems of 

different difficulty levels.  

 

Face validation. After adapting the word problems from various sources such 

as textbooks and journals, the researcher also consulted a senior teacher in 

mathematics regarding the suitability of the word problems. The researcher had 10 

years of experience in teaching primary school mathematics, while the senior teacher 

had more than 20 years of teaching experience in mathematics. The teaching 

experience included the setting of school examination papers for assessment of 

students’ learning. The senior teacher was consulted to confirm the relevance and 

phasing of the word problems. The information from the senior teacher on the 

difficulty level was also cross-referenced with a review of the literature on the types 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       135 
 

 

of word problems and their difficulty.  The characteristics of word problems of 

different difficulty for the lower primary provided the guideline for developing the 

word problems. An example of a modification that was made after the consultation 

was the phrasing of word problems. The following word problem, “A candy shop sold 

600 lollipops. If it sold 260 strawberry lollipops, and the rest were banana lollipops, 

how many lollipops were sold?” was modified to, “A candy shop sold 600 lollipops. 

It sold 260 strawberry lollipops. The rest were banana lollipops.  How many lollipops 

were sold?”  The word “if” was not to be used for lower primary students as it 

constituted a hypothetical, which could be confusing for students.  

 

Student testing. Following the development of the word problems, it was 

planned that the word problems would be drawn randomly for a pilot test to check the 

clarity of the word problems. After the pilot test, modifications were made to word 

problems that were found to be ambiguous. The student’s workings were also 

analysed to find out if student was able to understand the wording in the word 

problem. For example, in a given word problem, the phase, “ …was short of $120” 

was not understood by the student. This was noted in the student’s visual 

representation of the word problem of the word problem. During the student testing, it 

was also observed if the test could be completed within 30 minutes.    The next step 

after developing the word problems was to recruit participants to attempt the word 

problems. The participants had to be Primary 3 students from local schools.  
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Participants 

 

Before administrating the word problem tests to the students, the research 

proposal was sent to the NTU Institutional Review Board (NTU-IRB) for approval. 

The NTU-IRB gave its approval (IRB-2014-02-001) (see Appendix A) and the 

procedure for the test administration was followed. Permission to administer the word 

problem tests to students in schools was also sought from the Ministry of Education 

(MOE), Singapore and approval was given (see Appendix B).  Following this, an 

email to the primary schools inviting participation in this phase of the research was 

sent to the principals of the schools. There were four schools and one after school-

care centre which consented to participate in the research study. Subsequent to 

approval being given by the principals to collect data in the school, letters of consent 

for their child’s participation were distributed to parents. Parents’ consent was 

obtained before students were able to participate in the study. This was followed by 

the students’ consent to participate in the study. See Appendix C for the parent 

consent form and the student consent form. 

 

The participants were Primary 3 students recruited from four primary schools 

and one afterschool care center. This included students of different academic abilities 

and represented by different ethnic groups and genders. There were 191 students who 

participated in this phase. Among these students, there were 64 boys and 127 girls. 

There were more girls among the participants as one of the participating schools was 

an all-girls school. The number of students from each school and afterschool care 

center are indicated in Table 3.2. The number of students who completed each tests 

can be seen in Table 3.3. Linacre (2012) recommended that at least 30 “observations” 
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be required for every item for Rasch analysis as fewer than the recommended quantity 

might result in every item fitting to the expected measure. 

 
 
Table 3.2 
Number of Students from Each School/After School Care Center 
 
 School A School B School C School D After school care 

No. of 
participants 

27 32 58 71 31 

 

Table 3.3 
Number of Students in Each Test 
 
 Test A Test B Test C Test D Test E Test F 

No. of 
participants 

34 31 31 31 31 33 

 

Procedure 

 

Tests A- Test F were administered to the students who consented to participate 

in the study. The tests were stratified so that each school had the right selected tests 

based on participants who had given consent. For example, school A was given five 

copies of tests A-F for their participants of 27 students.  The students had to complete 

one test, which was randomly assigned to them. They were given 60 minutes to 

complete the test. See Appendix D for a sample of the test that was given. The form 

teacher or subject teacher of the class administered the tests. The students completed 

the tests in groups in their classrooms, as not all students in the class had consented to 

participate in the study. The instructions regarding the expected mathematics working 

were printed on the tests. The teacher only had to inform the students that they had to 

complete the test within 60 minutes.  
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After the students completed the tests, the tests were scored by the researcher. 

An answer key was created to provide an objective method of accepting solutions to 

the word problem. The equation to the solution of the word problem had to be correct 

in order for the answer to be considered correct. As the primary objective was to 

check the accuracy of the students’ understanding of the word problem, the equation 

would be considered correct even if there was a computation error or if the result of 

the equation was inaccurate. A correct equation to the word problem was awarded 1 

mark while an incorrect one was not awarded any marks. If the answer was correct 

without the equation, it was given a mark as it could be inferred that the student was 

able to understand the word problem in order to work out the solution. Therefore, a 

score of either 1 or 0 was awarded to students for each word problem. The following 

is an illustration of the process of awarding a score. The word problem given is 

“Joe had some tarts for a party. Sally brought another 12 tarts to the party.   

Now Joe has 40 tarts.  How many tarts did Joe have at the start?”  

 

A score of 1 is given for the equation 40-12=□ or the answer of 28. If the student had 

given the equation 40-12=□ and an answer of 18, they would also be awarded a score 

of 1 as the equation was correct. The rationale for awarding a score of 1 for accuracy 

of answer at this stage was to provide the data to the Rasch analysis for determining the 

difficulty level of the word problem. The data required for the analysis were either “1” 

or “0” meant that either the student was able to work the solution or otherwise.  

 

The researcher scored all the word problems in the tests using the prepared 

answer key. To ensure that there was interrater reliability, a primary school senior 

teacher with 24 years of mathematics teaching experience scored 25% of the 
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completed tests using the same prepared answer key. Interrater reliability was 

computed using point by point agreement ratio. This meant the researcher would 

score each word problem according to the given criteria of a correct equation in the 

first time. For the second round of scoring, the senior teacher would score the tests. 

The researcher and the senior teacher would check if they agreed on the criteria for 

each word problem. Thus, in scoring each word problem, both the researcher and 

senior teacher had to agree that either all the criteria were present or a particular 

criterion was missing. The interrater reliability was calculated using the following 

formula – 

number of agreements on the number of word problem
number of agreements on the number of word problems and the disagreements on the number of word problems 

 

The interrater reliability for the tests was 99.3%.  When there was no agreement, the 

researcher and the senior teacher discussed on the point of disagreement and came to 

a consensus with respect to awarding the mark or not awarding it.  

 

Analysis  

 

The final step in the construction of the item bank was the analysis and 

calibration to determine the difficulty level of the word problems. The Rasch model 

of measurement was used for the analysis of item difficulty in selecting word 

problems for the item bank. Rasch analysis allows for common calibration through 

anchor items and this solves the challenge in test equating as all the items are placed 

on a common scale based on the logit unit of measurement (Wright & Stone, 1999). 

One of the softwares that uses the principles of Rasch and generates the data for 

analysis is Winstep. In this study, Winstep Version 3.68.0 was used to analyse the 

data. Word problem answered with the correct equation or correct result of the 
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equation were scored 1 while those with incorrect equation was scored 0. When the 

data are scored and entered as 0 or 1 in Winstep, the Rasch dichotomous analysis is 

used to obtain the statistical information such as item reliability, item fit, and the 

difficulty level of the word problems.   

 

The steps in Table 3.4 provide the sequence in which the analysis of the word 

problems was conducted to obtain the difficulty level.  

 
Table 3.4 
Steps in the Analysis of Word Problems Using Winstep Program 
 
Steps in the analysis of word problems 
1. Analyse  the item fit of the word problems 

- Outfit statistics then infit statistics 
- MNSQ statistics before t statistics 
- High values before low or negative values 

 
2. Check the Reliability index  

- Person reliability index 
- Item reliability index 

  
3. Remove word problems which do not fit 
 
4. Check the reliability index  
 
5. Check the variance 

- Person standard error of person mean 
- Person standard deviation  

 
6.  Collate the difficulty level of the word problems 
 

 

The mean square residual (MNSQ) weighted infit and unweighted outfit are 

commonly used in item fit statistics. This study used MNSQ weighted infit and outfit 

statistics and the unweighted infit and outfit statistics in the analysis of each word 

problem, in order to determine whether the items were “behaving’ as expected of the 
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Rasch model. The MNSQ weighted infit is more sensitive to unexpected patterns than 

the MNSQ unweighted outfit statistics.  

 

The person and the item reliability index were also analysed. After the item fit 

analysis and the item reliability were checked, word problems that did not fit into the 

acceptable range of scores were either reviewed again to find out the cause of the 

misfit or removed from the item bank. After these word problems were taken out, 

there was another iteration of the item reliability index of word problems.  

 

 Following the second generation of the reliability index, the process of 

checking the reliability was conducted. The variance statistics demonstrates that 

responses are likely not due to guessing and independent of each other. Therefore, the 

standard error and the standard deviation were checked before item difficulty was 

analysed. When the item reliability was confirmed to be acceptable, the word 

problems and their difficulty levels were included in the item bank. 

  

After the word problems were analysed using Rasch analysis, they were 

categorised into their word problem types – combine, change and compare. The 

difficulty level of the word problems was calibrated again after grouping the word 

problems. This was to determine the difficulty of the word problems when those 

belonging to the same category had been grouped together.  Within each category, the 

word problems were subdivided according to their level of difficulty. These 

subdivisions were obtained from the standard deviation in the analysis.  The levels of 

difficulty were determined by the standard deviations from the mean. The levels of 

difficulty are as follows: Level 1 (one to two standard deviation below mean), Level 2 
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(half to one standard deviation below mean), Level 3 (half-standard deviation below 

mean to mean), and Level 4 (mean to one standard deviation above mean). The 

objective of grouping the word problems according to difficulty was to create tests 

that have a combination of word problems from various levels of difficulty. This 

prevented tests from being made up entirely of word problems of either a high or low 

level of difficulty. In order to determine the extent to which that the tests are similar 

in difficulty, two methods were used. The first method was to find the percentage of 

tests that were within ±1.5 standard deviation from the mean.  The second was the 

one-sample t-test to find out if the tests difficulty scores was significantly different 

from the mean group difficulty (Ross & Wilson, 2017).   

 

Results 

 

Item fit of the Word Problems  

 

Four steps were required in the analysis of the item fit. In the first step of 

analysing the outfit MNSQ, four word problems had outfit MNSQ statistics that were 

more than two. However, in the second step when the infit mean squares were taken 

into consideration, none had infit MNSQ that was more than two.  Therefore, none of 

the word problems were removed from the list when the MNSQ outfit and infit were 

analyzed. Following the MNSQ infit and outfit analysis, the outfit and infit t statistics 

were analyzed for the word problems. In this analysis, three word problems had outfit 

t statistics greater than 2 and were also more than 2 in the outfit analysis. Going more 

in-depth in the final step, the infit t statistics continued to indicate more than 2 for 

word problem Question 4. As the word problem (question 4) did not fit the item fit 
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criteria, it was removed from the list of word problems. The fit statistics and the item 

reliability for all 75 items are indicated in Appendix E. Table 3.5 shows a summary of 

the word problems that were scrutinized at the different stages of statistical item fit 

analysis.  

 
Table 3.5 
A Summary of the Item Fit Analysis for the Word Problems 
 

 1st step  2nd step  3rd step   4th step  
 Outfit MNSQ > 2 Infit MNSQ 

>2 
Outfit -2< t >2 Infit -2< t >2 

Number of 
word 
problems 

 
4 

 
0 

 
3 

 
1 

 
Word 
problems 

 
Q5, Q71, Q16, 
Q23 

  
Q4, Q23, Q 71 

 
Q4 

 

MNSQ statistics was used as it was less of a threat to measurement. There 

were possibilities for outliers to be present as the participants were students in 

Primary 3 and the tests administered might not be seen as important as their school 

examinations. Therefore, there could be a few students who might not take the tests 

seriously, causing outliers in the data which may affect the MNSQ outfit statistics. 

After the MNSQ and the t statistics outfit and infit analysis, one word problem was 

removed thus 74 word problems were included in the item bank.  

 

Following the item fit analysis, an analysis was carried out to find the 

percentage of word problems that had MNSQ statistics of between 0.5 and 1.5 as 

these questions would be considered productive for measurement. There were 49 

word problems (66.2% ) of the word problems within the 0.5 to 1.5 MNSQ outfit 

statistics, 15 word problems (20.2 % ) of the word problems which had MNSQ outfit 

of less than 0.5, and 6 word problems (10.8%) which were within 1.5 and 2. There 
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were four word problems (5%) Q5, Q16, Q23, Q71,  which had MNSQ outfit 

statistics measuring more than 2, however, these word problems were then checked 

for their infit statistics and t statistic,  and their infit statistics were not greater than 2. 

Therefore, they were included in the item bank. A summary of the item fit statistics 

can be seen in Table 3.6.  

 
Table 3.6 
Mean Square Fit Statistics of Word Problems 
 
 Fit statistics Number of word 

problems 
Percentage 

Distorts > 2 4 5.4 
Unproductive 1.6 - 2 6 8.1 
Productive 0.5 – 1.5 49 66.2 
Less productive < 0.5 15 20.2 

 

Linacre (2012) proposed that MNSQ fit between 0.5 and 1.5 is the ideal range 

for measurement construction. MNSQ fit statistics that are less than 0.5 suggest that 

there could be some redundancy in the responses, but it is not harmful. For fit 

statistics that are more than 2, there is a possibility of randomness in the data.   

 

Item Reliability and Person Reliability 

  

The item and person reliability are similar in their interpretation as Cronbach’s 

alpha index (Bond & Fox, 2007). The person reliability is 0.86, showing that there is 

high consistency and that replication of the tests with this group of students is likely 

to result in them performing similarly given a parallel test and measuring the same 

construct (Wright & Masters, 1982). The item reliability measuring 0.92 shows that 

items are likely to behave in a similar way when given to another group of students of 
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the same sample size. Therefore, the item reliability shows that there was internal 

consistency among the word problems.  

 

The person ability index or the person separation index of 2.29 suggests that 

the word problems in the item bank were reasonably able to differentiate between the 

students who were good at word problem solving and those who required more 

support.  

 

The person standard error measures the distance between the group mean and 

the expected results. The standard error of person mean is 0.14. The standard 

deviation shows how the persons differ to the mean. The standard deviation for the 

person item is 1.7. These two statistics suggest that the variance is relatively low, and 

this could mean that items scored were not due to guessing.  

 

Difficulty Levels of Word Problems  

 

Following the analysis of the statistics to confirm the reliability of the word 

problems for the item bank, the difficulty level of the word problem was collated. The 

most difficult word problem was 5.58 logit while the easiest item was -4.92 logit. The 

mean difficulty of all the word problems was -0.7 logit.  This means that a majority of 

the word problems were not difficult for most of the Primary 3 students. As there was 

a wide range in the difficulty level, it was decided that word problems which were 

more than 2 standard deviation below the mean and word problems more which were 

than 1 standard deviation above the mean would not be included.  
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INPUT: 191 Person  75 Item  REPORTED: 191 Person  75 Item  2 CATS WINSTEPS 
3.91.2 
---------------------------------------------------------------------------- 
  
MEASURE    Person - MAP - Item 
               <more>||<freq> 
    6          ####  ++  I0057 
                     || 
                     ||T 
                     || 
                     ||  I0055 
    5                ++  I0022  I0025 
                 .#  || 
                     || 
                    T||  I0046  I0054 
                     ||  I0070 
    4          .###  ++  I0065 
                     ||  I0024 
                     ||S I0001  I0033  I0056 
                 ##  ||  I0014  I0015  I0021  I0043  I0047  I0066  I0072 
                     ||  I0017  I0067 
    3            ##  ++  I0012  I0058  I0060  I0069 
             ######  ||  I0023 
                  . S||  I0011  I0032  I0068 
          .########  ||  I0002  I0003  I0006 
                 ##  ||  I0010  I0016  I0059 
    2          .###  ++  I0049  I0061 
                 ##  ||  I0062  I0063 
               .###  ||M I0034  I0035  I0036  I0038 
                     ||  I0004 
           ########  ||  I0037 
    1           .##  ++  I0007  I0030  I0039  I0041 
                .## M||  I0042 
                 ##  ||  I0026  I0052  I0073 
                ###  ||  I0019  I0045 
               .###  || 
    0          .###  ++  I0008  I0044  I0071  I0074 
                 .#  ||  I0031  I0040 
                .##  ||  I0027 
            #######  ||S I0009  I0064 
                  #  ||  I0029  I0050  I0051 
   -1          #### S++  I0028 
               ####  || 
                 ##  || 
                 .#  || 
                 .#  ||  I0053 
   -2           .##  ++  I0075 
                     ||  I0005  I0048 
                  #  ||  I0013 
                     ||T 
                 .#  || 
   -3               T++ 
                     || 
                     || 
                     || 
                  .  || 
   -4                ++  I0018  I0020 
                  .  || 
                  .  || 
                     || 
                     || 
   -5                ++ 
               <less>||<rare> 
EACH "#" IS 2: EACH "." IS 1 

 
Figure 3.2. Person-item difficulty of the 75 test items. 
  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       147 
 

 

The range of difficulty level, the standard deviation and item reliability are 

summarized in Table 3.7. Among the three types of word problems, the Change Word 

Problem had the widest range of difficult and less difficult word problems.  The 

standard deviation was the largest for Compare Word Problems. The item reliability 

is interpreted in the same way as Cronbach’s alpha statistics.  

 
Table 3.7 
The Range of Level Difficulty, Standard Deviation and Item Reliability 
 
Type of word 
problem 

Range of 
difficulty level 

Standard 
deviation  
 

Item reliability 

Combine 4.43 to -4.92 1.99 0.88 

Change 7.28 to -4.16 2.21 0.92 

Compare 5.28 to -3.35 3.23 0.94 

 

 After the word problems were categorised, they were placed into their various 

levels of difficulty, starting from Level 1 to Level 4. The number of word problems 

distributed across Level 1 to Level 4 of difficulty level is seen in Table 3.8. 

 
Table 3.8 
The Distribution of Word Problems According to Difficulty Levels 
 
Levels of difficulty No. of combine 

word problem and 
percentage 

No. of change word 
problem and 
percentage 

No. of compare 
word problem and 

percentage 
Level 1 
(1 to 2 standard 
deviation below mean) 
 

3 (15%)  2 (10.5%) 4 (19%) 

Level 2  
(Between 1 to ½ 
deviation below mean) 
 

5 (25%) 7 (36.8%) 4 (19%) 

Level 3 
(Between ½ deviation 
below mean to mean) 
 

4 (20%) 5 (26.3%) 2 (9.5%) 

Level 4 
(Between mean and 1 
deviation above mean) 

8 (40%) 5 (26.3%) 11 (52.4%) 
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Word problems used to develop the tests for the following phase were placed 

in their various difficulty levels. From the item bank of word problems, not all were 

used in the construction of the tests.  For Combine Word Problems, there was 1 word 

problem which was below Level 1 difficulty level and 4 word problems that were 

beyond Level 4 difficulty. For Change Word Problem, there were 5 word problems 

more difficult than Level 4 difficulty.  There were 4 Compare Word Problems that 

were more difficult than Level 4. The word problems that were not between Level 1 

and Level 4 were not used in the test.  

 

For Combine Word Problems, most of the word problems were at the Level 4 

difficulty. This was also similar for Compare Word Problems in which 52.4% of the 

word problems were at the Level 4 difficulty. In the Change Word Problem, most of 

the word problems were at Level 2. As there were fewer Combine and Change Word 

Problems at Level 1, the word problems at that level were not included in the tests. It 

was also noted that the difficulty level was at -4.92 logit for the easiest Combine 

Word Problem, and -4.16 logit for Change Word Problems. These word problems 

might have been too easy for the tests, therefore it was decided to exclude them. 

Therefore, 17 word problems from the Combine Word Problem  were used in the tests 

and another  17 word problems from the Change Word Problem were included in the 

tests. 

 

Within the Compare Word Problem type, there were only 2 word problems at 

Level 3 difficulty. It was not suitable to use only those 2 word problems for all the 

tests as the students might recognise the word problems over a short period of time. 

For Compare Word Problem, the Level 2 and Level 3 word problems were combined 
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and two word problems were randomly drawn. The 2 remaining word problems were 

drawn one from Level 1 and one from Level 4. There were 21 word problems which 

were used for the tests. The word problems were randomly selected from each level of 

difficulty. This was an attempt to make tests as similar in difficulty to each other as 

possible. 

 

Combine word problem. Within the Combine Word Problems, the word 

problems that required two or more equations to solve were more difficult than those 

that required one equation. These word problems were either in Level 3 or Level 4. A 

total of 60% of Combine Word Problems were between Level 1 and Level 3. This 

suggests that the Combine Word Problems were generally less difficult in their level 

of difficulty.   A sample of the Combine Word Problems and their difficulty levels is 

shown in Table 3.9.  

 
Table 3.9 
A Sample of the Combine Word Problems in the Various Difficulty Levels 
 

Difficulty level Word problems 

Level 1 
(1 to 2 standard 
deviation below mean) 

1. Sally bought a jigsaw puzzle. She completed 85 pieces on 
Saturday and 115 pieces on Sunday.  How many pieces 
were completed altogether? 

 
2. Joe had $800. He bought a sofa set and received $20  

change. How much did his sofa set cost? 
 
 

Level 2  
(Between 1 to ½ 
standard deviation 
below mean) 

1. On Saturday, there were 400 visitors to the Botanical 
Gardens.  On Sunday there were 435 visitors. How many 
people visited the Botanical Gardens during the weekend? 
 
2. The total cost of a story book and a water bottle is $45.  

The story book costs $27. What is the cost of the water 
bottle? 
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Table 3.9 (cont.) 
Level 3 
(Between ½ standard 
deviation below mean to  
mean) 

 
1. Sally had 100 mangoes and oranges. She used 10 

mangoes and 35 oranges. How many fruits had she left? 
 

2. There were 160 children and adults at the supermarket. 
There were 45 girls and 15 boys. How many adults were 
at the supermarket? 

 
 

Level 4 
(Between mean and 1 
standard deviation above  
mean) 

1.  Sally baked some cookies and muffins. On Monday, she 
baked 30 cookies and 15 muffins. On Tuesday, she baked 
another 50 cookies and 25 muffins.  How many cookies 
and muffins did she bake altogether? 

 
2.  There were 150 mangoes and 300 papayas. Joe threw away 

30 mangoes and bought another 50 papayas. How many 
fruits were there in the end? 

 

 Change word problems. Similar to the Combine Word Problem, Change 

Word Problems requiring two or more equations to solve were in Level 4 difficulty. 

Riley et al. (1983) identified three subtypes of Change Word Problems – result 

unknown, change unknown and start unknown. Samples of Change Word Problems 

of various level of difficulty can be found in Table 3.10.  From the analysis, word 

problems at Level 3 and Level 4 are mostly those which involved solving the start 

unknown or change unknown value.  

 
Table 3.10 
A Sample of Change Word Problems in the Various Difficulty Levels 
 

Difficulty level Word problems 

Level 1 
(1 to 2 standard 
deviation below mean) 

1. Sally had 160 paper stars in her art box. She used 25 paper 
stars for her art project. How many paper stars were left? 
(result unknown) 

 
2. Joe baked 250 muffins. He gave some muffins to his 

neighbours and was left with 108 muffins. How many 
muffins did Joe give to his neighbours? (change 
unknown) 
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Table 3.10 (cont.) 
Level 2  
(Between 1 to ½ 
standard deviation 
below mean) 

 
 
1. Sally had $580 in her savings after her grandmother gave 

her $100.  How much money did Sally have in her savings 
at first? (start unknown) 

 
2. Sally had 90kg of flour in her bakery. She used 35 kg. How 

much flour does she have now? (result unknown) 
 
 

Level 3 
(Between ½ standard 
deviation below mean to  
mean) 

1. Joe had some marbles.  He lost 45 marbles and had 146  
marbles left.  How many marbles did he have at the start? 
(start unknown) 

 
2. At the beginning of the year, Sally had some stamps in her 

collection.  She added 145 new stamps to her collection. 
At year end, she had 800 stamps.  How many stamps did 
Sally have at the beginning of the year? (start unknown) 

 
 
Level 4 
(Between mean and 1 
standard deviation 
above mean) 

 
1. Joe had $1200 in his savings. He donated $700.  His 

grandmother gave him some money.  If he had $880 in his  
savings at the end, how much did Joe’s grandmother give 
him? (change unknown) 

 
2. There were 350 students at the exhibition in the hall. During 

recess, 200 students left and some students came into the 
hall. If there were 240 students in the hall at the end of 
recess, how many students came into the hall? (change 
unknown) 

  
 

Compare word problems. Compare Word Problems involve the comparison 

of the two quantities. Riley et al. (1983) grouped comparison word problems to 

finding the difference between the quantities, the quantity compared unknown and the 

referent unknown. In Compare Word Problem, word problems that had the referent 

unknown were generally more difficult than those involving finding the difference 

between quantities and the quantity compared unknown. A sample of the Compare 

Word Problem is presented in Table 3.11.  
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Table 3.11 
A Sample  of Compare Word Problems in the Various Difficulty Levels 
 

Difficulty level Word problems 

Level 1 
(1 to 2 standard 
deviation below mean) 

1. Joe baked 350 cookies and 600 fruit tarts.  How many fewer 
cookies than fruit tart did he bake? (Difference unknown) 

 
2. There are 25 boys in the class. There are 10 more girls 

than boys. How many girls are there in the class? 
(Compared unknown)  

 
Level 2  
(Between 1 to ½ 
standard  deviation 
below mean) 

1. Joe has 25 marbles. Sally has 9 marbles fewer than Joe. 
How many marbles does Sally have? (Compared 
unknown) 

 
2. Sally had 120 stamps.  She had 20 more stamps than Joe.  

How many stamps did Joe have? (Referent unknown) 
 
 

Level 3 
(Between ½ standard 
deviation below mean to 
mean) 

1. Sally baked 120 tarts on Monday.  She baked 315 tarts on 
Tuesday. How many more tarts did she bake on Tuesday 
than on Monday? (Difference unknown) 

 
2. A florist ordered 120 stalks of sunflower. She had ordered 

40 more stalks of sunflower than roses. How many stalks 
of roses did she order? (Referent unknown) 

 
 

Level 4 
(Between mean and 1 
standard deviation above 
the mean) 

1. Sally had 500 stickers. After giving away 100 stickers, she 
still has 50 more stickers than her friend Joe. How many 
stickers does Joe have? (Referent unknown) 

 
2. Joe had 450 sticks. After his friend gave him 150 more 

sticks, he had 120 fewer sticks than Sally.  How many 
sticks did Sally have? (Referent unknown)  

 

 

Development of Final Tests 

 

There were 60 sets of tests created: 20 Combine Word Problem tests, 20 Change 

Word Problem tests and 20 Compare Word Problem tests. Within each word problem 

type, number of word problems from the various difficulty level was the same for each 
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test. There were no two tests that had exactly the same word problems. For example, 

Combine Word Problem Test 1 comprised Q6, Q7, Q49, and Q66 while Test 11 

comprised Q11, Q41, Q49, and Q66.  

 

For each word problem category, the level difficulty, mean, and standard 

deviation of each test was calculated.  For the Combine Word Problem, the average 

difficulty of each test was -1.47 logit. The standard deviation for the Combine Word 

Problem tests was 0.61 and 90% of the tests were within 1.5 standard deviation of the 

mean.  

 

For the Change Word Problem, the standard deviation was 1.06, and the mean 

difficulty level for the tests was -3.44. The standard deviation for the Change Word 

Problem was 1.06 and 90% of the word problems were within 1.5 standard deviation 

from the mean. For the Compare Word Problems, the average level of difficulty was        

- 4.44 and standard deviation was 1.08.  There were 95% of the word problems tests 

which were within 1.5 standard deviation.  This could be linked to the fact that the 

tests included word problems at difficulty Level 1, therefore the tests were seemingly 

easier than the Combine and Change Word Problems.  

 

The items in each of the test can be found in Table 3.12, Table 3.13 and Table 

3.14.  A summary of the mean, standard deviation of the tests, and percentage of the 

word problems within 1.5 standard deviation can be seen in Table 3.15.  
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Table 3.12 
Tests for Combine Word Problems 
  

Test 
number 

Items in the 
test (word 
problems) 

Difference 
from mean 

Single 
Sample t-
test & SD 
 

1 66, 6, 49, 7 0.21  
 
 
 
 
 
 
 
 
SD:  0.61 
Single 
Sample t-
test:  .001 

2 33, 11, 59, 37 -0.22 
3 60, 11 ,6, 41 0.72 
4 69, 59, 49, 16 -0.32 
5 1,11,49,44 0.67 
6 66, 6, 59, 63 -0.89 
7 33, 6, 49, 52 -0.47 
8 60, 11, 59, 36 0.02 
9 69, 11, 6, 7 0.77 

10 1, 59, 49, 37 0.01 
11 66, 11, 49, 41 0.17 
12 33,6,59,16 -1.19 
13 60, 6, 49, 44 1.19 
14 69, 11, 59, 63 -0.29 
15 1, 11, 49, 7 -0.10 
16 66, 59, 49, 36 -0.64 
17 33, 11, 49, 7 -0.02 
18 60, 6, 59, 37 0.60 
19 69, 6, 49, 41 0.55 
20 1, 11, 59, 16 -0.78 

 
 
Table 3.13 
Tests for Change Word Problems 
 

Test 
number 

Items in the 
test (word 
problems) 

Difference 
from 
mean 

Single 
Sample t-
test & SD 

1 24,14,58.35 -1.84  
 
 
 
 
 
SD:  1.00 
Single 
Sample t-
test:  .004 

2 54,2,15,62 -1.03 
3 47,15,58,73 0.66 
4 21,2,14,40 0.81 
5 46,2,32,10 0.10 
6 68,2,58,35 0.68 
7 43,15,32,62 -0.11 
8 54,14,15,73 -0.61 
9 43,58,32,40 2.59 

10 21,14,32,10 -0.95 
11 46,14,58,35 -1.27 
12 68,2,15,58 -0.29 
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Test 
number 

Items in the 
test (word 
problems) 

Difference 
from 
mean 

Single 
Sample t-
test & SD 

13 47,15,58,73 0.66 
14 24,2,14,40 0.31 
15 43,2,32,10 1.02 
16 21,2,58,35 -0.36 
17 46,15,32,62 -1.03 
18 68,14,15,73 0.13 
19 24,58,32,40 1.10 
20 54,14,32,10 -0.65 

 
 
Table 3.14 
Tests for Compare Word Problems 
 

Test 
number 

Items in the 
test (word 
problems) 

Difference 
from 
mean 

Single 
Sample t-
test & SD 

1 12,3,23,26 -2.15  
 
 
 
 
 
 
 
 
SD:  1.08 
Single 
Sample t-
test:  .001 

2 56,34,67,42 -0.98 
3 17,61,38,8 0.46 
4 72,3,34,64 1.59 
5 12,23,61,9 0.15 
6 56,67,38,50 0.68 
7 17,34,61,71 0.48 
8 72,3,67,28 -0.04 
9 12,23,38,39 -0.87 

10 56,61,67,31 -1.14 
11 17,38,34,45 0.73 
12 72,23,3,26 -1.54 
13 12,34,67,42 -0.79 
14 56,61,38,8 0.40 
15 72,3,34,64 1.59  
16 12,23,61,9 0.15  
17 56,34,61,50 1.60  
18 17,67,38,71 -0.44  
19 72,23,38,28 1.32  
20 17,34,67,39 -1.22  
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Table 3.15 
The 20 tests within Each Word Problem Type: Summary of Mean Difficulty, Standard 
Deviation, Percentage within ±1.5 Standard Deviation and Mean Difference 
 
Tests types Mean Standard 

deviation 
% within ±1.5 

standard 
deviation 

Single-
Sample t-test 

(vs Mean)  
Combine -1.47 0.61 90% 

 
.001 

Change -3.44 1.00 90% 
 

.004 

Compare -4.99 1.08 95% 
 

.001 

 

 The tests within each type of word problem were similar in difficulty level as 

the majority of the tests are within 1.5 standard deviation from the mean.  Using the 

one-sample t-test, the mean difficulty scores for the 20 tests within the word problem 

types was not statistically different from the mean group difficulty.  The mean 

difficulty scores for Combine Word Problems was not statistically different from the 

mean group difficulty, t(19) = -.004, p = .997. The mean difficulty scores for Change 

Word Problems was not statistically different from the mean group difficulty t(19) = -

.017, p = .986. The mean difficulty scores for Compare Word Problems was not 

statistically different than the mean group score t(19) = -.004, p = .997 

 

In summary, the item analysis using Rasch model provided the difficulty level 

of the word problems. After determining the difficulty level of the word problems, the 

word problems were categorised into various difficulty levels within their word 

problem type.  In order to create tests of similar difficulty within each word problems 

type, a specified number of word problems were randomly drawn from the different 

levels of difficulty. This also enabled the test not to have the same set of word 

problems, therefore each test is unique from the others. The findings indicate that at 

least 90% of the tests within each word problem type was within ±1.5 standard 
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deviation from the mean. The use of the one-sample t-test shows that the tests are not 

significantly different from the mean.  In the following part of this chapter, the 

discussion will focus on the findings from the item bank of word problems using 

Rasch analysis.  

 

Discussion of Findings 

 

The discussion focuses on the findings of the level difficulty of the word 

problems in the item bank and the development of tests that are similar in difficulty. 

The research question at this phase was: “To what extent are the word problems 

different in their level of difficulty and how similar in difficulty level are the tests 

developed for the study?” From the results, there was a range of word problems with 

different levels of difficulty used to develop the tests, from 2 standard deviation 

below the mean to 1 standard deviation above the mean. The range of difficulty level 

and the number of word problems at each difficulty level can be found in Table 3.8 

(in the results section). The tests constructed were similar in difficulty with 90% to 

95% of the tests within ±1.5 standard deviation for each word problem type.  

 

In order to have a range of less difficult and more difficult word problems, the 

word problems were developed with a variation of the unknown position in the 

equation (e.g., the start of the equation being an unknown). The following 

characteristics of word problems were found to be categorised in the Level 4 word 

problem difficulty: two-step word problems, and unknown starting quantity for 

Compare Word Problems, unknown referent quantity (e.g., “John has 10 marbles. He 

has 4 marbles fewer that Tom. How many marbles does Tom have?”). The two-step 
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word problems in Level 4 support the hypothesis that two-step word problems are 

more difficult and the Compare Word Problems, with unknown referent quantity, 

support the hypothesis that Compare Word Problems are most difficult among the 

word problem types.  

 

Most of the students were familiar with one-step word problem. The difficulty 

of the two-step word problems arose as the word problems required the students to 

understand the semantic relationships in a more complex word problem. In the 

Change Word Problem, the difficulties could arise due to weak understanding of the 

part-whole relationship. When the start value is unknown, the part-whole concept is 

important as it enables the students to understand that whole is formed from the 

change quantity and the quantity that results from the change. The Compare Word 

Problems can be identified by the comparison of the two quantities. In Compare 

Word Problem, the structure of where the referent is unknown requires students to 

have a strong conceptual understanding of the concepts of “more than” and “less 

than”. Many students have difficulties with this subtype of Compare Word Problem. 

The word problems which were more difficult were consistent with the subtypes of 

those which were found in the literature. Their difficulty level was also linked to the 

subtypes of the word problems which were often associated with the semantic 

structure and the position of the unknown quantity in the equation.  

 

While the literature has compared the subtypes within each type of word 

problems and described their difficulty in the process of solving them, the Rasch 

analysis was able to provide a “standardized measurement” for comparison. The 

standard measurement of logit enabled the categorisation of the word problems into 
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various levels so that a standard combination of word problems to be used for each 

tests could be determined. There was rigor and objectivity to the use of the Rasch 

analysis in determining the difficulty of the word problems.  In the Rasch analysis it 

was important that the items were able to measure one construct (unidimensionality) 

and that items were independent of each other. These two requirements were fulfilled 

when the data fit the model and item reliability was acceptable. The model fit was 

referenced to the fit statistics mean-square values (see Table 3.6). A total of 86.4% of 

the word problems were in the productive range (0.5 to 1.5).  

  

In the development of the tests, the profiles of the students were taken into 

consideration. These were students who were already experiencing challenges in 

learning to solve word problems. For the tests developed for use in the next phase (of 

intervention), it was deliberate that several of the less difficult word problems were 

included. The less difficult word problems tested the students’ basic understanding of 

the word problem and allowed the students to experience success in problem solving. 

This would build the students confidence in using the strategies learnt. At the same 

time, the students had to learn to apply the strategies to more difficult word problems.  

Therefore, more difficult word problems were also included in the tests.  

 

For the level of difficulty of the word problems, the word problems were 

grouped according to their difficulty level within each word problem type. There were 

4 word problems in each test. Analysing the types of word problems that were in each 

category of difficulty, the researcher decided to set the combination of selecting one 

word problem each from Level 2 and Level 4 difficulty, and two word problems from 

Level 3 difficulty for Combine and Change Word Problems. As the Level 1 word 
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problems were deemed too simple for the students, they were omitted. However, in 

the Compare Word Problem, the researcher included word problems from Level 1 as 

they were word problems that would be essential for building the foundation for 

solving the more difficult ones. Hence, in the Compare Word Problems, one word 

problem each was selected from Level 1 and Level 4 and two word problems from 

Level 2 and 3 combined. The random selection of word problems in each level of 

difficulty was to enable the tests to be different in combination yet similar in 

difficulty.   

 

The item bank of word problems allowed tests to be created to be as similar to 

each other in difficulty as possible, so that the improvement of the students’ 

performance scores could be attributed to the effectiveness of the strategies. There 

were two processes implemented to make the tests as similar as possible. First, for 

each type of word problem, 75% of the word problems were within ±1 standard 

deviation from the mean difficulty. This step was followed to enable the tests to be as 

similar to each other as possible. The second process conducted was to have a 

standard combination of word problems selected randomly from the various difficulty 

levels.  

 

It was a challenge to include variations in the difficult level of the word 

problems within each test, and at the same time have the tests be similar in their 

difficulty. As there were word problems which were more than 1 standard deviation 

from the average difficulty included in the test, the researcher used ±1.5 standard 

deviation from the mean of the test to calculate the percentage of tests which were 

similar within each word problem type. For the Combine Word Problem type, 90% of 
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the problems were within this range. For the Change Word Problem, 90% of the word 

problems were within ±1.5 standard deviation of the mean difficulty level. For the 

Compare Word Problem, 95% of the word problems were within ± 1.5 standard 

deviation of the mean. The findings suggest that the tests used in the following phase 

were similar in difficulty. Although, there were differences in the average test 

difficulty across the three types of word problems, the test difficulty scores were not 

statistically significantly different from the means of the respective problem types.  

 

In summary, the use of the Rasch model in the analysis of word problem 

difficulty allowed the word problems to be categorised into different levels of 

difficulty.  The categorization facilitated the creation of tests that were similar to each 

other in difficulty. With the process of selecting 75% of word problems within one 

standard deviation of the mean difficulty, and using a standard combination of 

selection from each difficulty level of word problems, 95% of the tests of each word 

problem type were within ±1.5 standard deviation. 
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CHAPTER FOUR: SINGLE-CASE DESIGN METHODOLOGY, ANALYSIS, 

RESULTS AND DISCUSSION 

  

This chapter starts with a recapitulation of the rationale of the study and the 

research questions for this study. This would be followed by the discussion on the 

methodology employed in this study, the presentation of the results, and the 

discussion of the findings.  

 

Although Singapore is known for its high achievement in TIMSS, there is a 

group of students who are in the lower band of the scores. These students are likely to 

find  word problems one of the most challenging components in mathematics as it 

involves many cognitive processes. From the literature review, research on schema-

based instruction for word problem solving has indicated a positive effect on 

improving students’ performance. In the local context, the bar model approach is 

taught intuitively from Primary 1 and explicitly from Primary 3 (Kaur, 2019). Both 

the schema-based instruction and the bar model approach have shown to improve 

students’ performance (Jitendra et al., 2007a; Kaur, 2019; Morin et al., 2017).  It 

would be appropriate to evaluate the effectiveness of the integration of the schema-

based instruction with bar model approach as an intervention for students with 

difficulties in word problems. The single-case design was used so that there could be 

close monitoring of students’ performance and their response to intervention. The 

monitoring of performance required tests to be administered to the students. These 

tests should be as equivalent as possible in difficulty level. This meant that an item 

bank of word problems with their difficulty level had to be constructed.  Rasch 

analysis was used to determine the difficulty level of word problems. With the item 
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bank of word problems, tests were created to monitor the students’ progress using the 

intervention in the single-case design. The data collected with respect to the single-

case design aims to answer the following research questions: (1) How effective is 

schema-based instruction with bar model approach in improving students’ word 

problem solving performance? (2) Which type of word problem would schema-based 

instruction with bar model approach have the greatest effect on? (3) Is the 

performance for schema-based instruction with bar model approach maintained after 

the intervention phase? 

  

Before elaborating on the methodology, the study had attempted to meet the 

single-case design standards recommended by the What Works Clearinghouse (WWC) 

Pilot Single-Case Design (SCD) Standards (WWC, 2017). First, the intervention was 

implemented by the researcher only after a stable baseline trend was observed and there 

were at least three baseline data. The intervention was also applied systematically when 

the students attained the criterion before moving to the next type of word problem. 

Second, the inter-rater agreement was collected by a senior teacher independently re-

scoring 25% of the tests. The interrater reliability was 99.3%. The multi probe research 

design was also conducted across three problem types, demonstrating at least three 

demonstration effects and replicated across 4 participants. In this study, there were at 

least three data points at baseline and intervention phase, thus meeting the What Works 

Clearinghouse (WWC) standards for Single-Case Experimental Designs with 

reservations.   
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Methodology 

 

Design  

 

In this part of the study, two of the research questions were to examine the 

effectiveness of the schema-based instruction with bar model approach and whether 

this intervention could be maintained over time. Based on the research questions, the 

single-case research design was considered. Three main factors influenced the 

selection of the single-case design. They were the availability of comparison groups, 

the close monitoring of the students’ progress using the schema-based instruction with 

bar model approach for solving different types of word problems, and the ability of 

the students to provide their own comparison in single-case research design. The 

focus of the single-case design is on individuals and the progress is specifically linked 

to the particular student. Thus, the single-case study allowed the “answers” to the 

research questions to be captured with the close monitoring of progress.  

  

Among single-case designs, concurrent multiple probe design across problem 

types for each participant was selected. There were two compelling reasons for 

selecting a multiple probe design. Firstly, the data at baseline are collected 

intermittently before intervention and secondly a multiple probe design allows for 

gradual application of the intervention to the behaviour. In this research, the students 

had to master solving one type of word problem before proceeding to the next type of 

word problem. Kazdin (2011) pointed out that the application of interventions in a 

gradual manner is useful to find out if the intervention is sufficiently strong before 

using it across all behaviours, persons, or situations.   
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The independent variable was the intervention of the schema-based instruction 

with bar model approach used across solving three different types of word problems 

of Combine, Change and Compare Word Problems. There were three phases for each 

type of word problems – baseline, intervention and maintenance. The dependent 

variable was students’ performance, measured by the accuracy of steps used in the 

solutions to the word problems during baseline, intervention and maintenance.  

 

Baseline phase. There were at least three data points to obtain baseline scores 

for each category of word problems. One point of data at baseline for each of the 

word problem types was taken at the start of the research study when there was no 

intervention.  As intervention was applied for solving Combine Word Problems, 

periodic baseline tests were administered to Change Word Problems and Compare 

Word Problems. There was an attempt to keep to a maximum of six baseline data so 

that the students would not be frustrated with excessive testing. 

 

Intervention phase. During the intervention phase, the sessions on teaching 

or intervention sessions alternated with sessions of assessment. This meant that the 

assessment session was always after the intervention session. The steps taken during 

the intervention would be detailed according to an instruction or a lesson plan. The 

instructional plans standardized the teaching procedures, which was operationalised 

during the intervention. In order to minimize the threat to internal validity, the study 

was conducted over 15 weeks to address the maturation or history effect. Each session 

was planned to be no longer than 40 minutes of work on the word problems so that 

students would not experience “session fatigue”.  The students received no support 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       166 
 

 

when the tests (created in the earlier phase) were administered. After each student had 

completed the test, no feedback was given to them to reduce the possibility of 

overestimating or underestimating the effect on behaviour.  

 

Maintenance phase. In order to check if the students were able to recall 

strategies to solve the different types of word problems, there was a maintenance 

phase. The maintenance phase started two weeks after the last data point during 

intervention. Within the maintenance phase, there were two data points. The time 

interval between these two data points was at least two weeks apart.  

 

The study also included inter-subject replication where the intervention was 

repeated with different students. The replication of the multiple probe design to four 

students provided greater internal and external validity. The study was replicated 

across four students with direct replication guidelines that were suggested by Barlow 

and Hersen (1984; as cited in Gast, 2014b).  

 

Participants 

 

The study obtained approval from NTU Institutional Review Board 

Committee (IRB-2014-02-001) and MOE prior to data collection in the schools. After 

approval was granted, permission and interest to participate in the study was sought 

from the principals of primary schools. A school in the eastern part of Singapore 

responded positively to the request and was supportive of the study. The principal was 

contacted and permission was sought to conduct the study on the school premises. 
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The identified school is located in a low socio-economic status neighbourhood with a 

large proportion of public rental housing. It is an all girls’ school. 

 

Students were selected for the study according to the following inclusion 

criteria: (a) they had failed or passed marginally in their Primary 3 first semester 

mathematics examinations, (b) their grade in the Test of Mathematical Ability, Third 

Edition (TOMA-3; Brown, Cronin & Bryant, 2012) was poor or below average in the 

word problem component, and (c) they were nine years old in 2016 or 1st January in 

2017, studying in Primary 3.  Two exclusion criteria were also developed in the 

selection of participants. These include having irregular attendance in school, as 

defined as having more than 2 days of absence per week over 3 weeks and having a 

diagnosis of autism or attention deficit hyperactivity disorder. Given the criteria for 

the selection of participants, four students were selected for the study. Their parents 

had given written consent for their children to be participants.   

 

Student Amy. Amy was 9 years old in a mixed ability class.  Her 

mathematics teacher identified Amy to have difficulties in mathematics based on the 

first semestral examination results in Primary 3. Amy had passed all her subjects in 

Primary 1 and Primary 2. She started to struggle in Primary 3 especially in 

mathematics. She passed Chinese and Science and failed marginally for English. The 

score in TOMA-3 indicated that she was average in mathematical symbols and 

concepts and computation, below average in word problems, and poor in mathematics 

in everyday. Her mathematical ability index showed that she was below average. The 

scores from the Raven’s Coloured Progressive Matrices showed that she was in the 
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37th percentile. She was a keen learner and was willing to work hard. Her family was 

supportive and encouraged her efforts to do better in school.  

 

Student Beth. Beth was 9 years old. She was in a class with academically 

weaker students. She passed mathematics marginally for the first semestral 

examination. Her teacher observed that Beth was struggling with mathematics. Her 

results from TOMA-3 showed that she was average in mathematical symbols and 

concepts and computation. However, the scores for mathematics in everyday and 

word problems were in very poor and below average category respectively. Overall, 

her mathematical ability index was average. Beth was placed on the 84th percentile in 

the Raven’s Coloured Progressive Matrices.  At times, Beth was impatient when 

learning new strategies for word problem. She would attempt to derive the solution to 

the word problem using the fewest number of steps. She showed frustration when the 

solution was incorrect. She needed encouragement to learn new strategies or 

procedures in word problem solving. She was able to cope with Malay and Science.  

  

Student Carol. Carol had difficulty reading. She was in the Learning Support 

Programme for English and Mathematics in Primary 1 and Primary 2. She continued 

to experience difficulties in English and mathematics in Primary 3. Her scores for 

TOMA-3 were in the category of poor for mathematical symbols and concepts, 

mathematics in everyday and word problems. He computation was below average. 

Overall, her mathematical ability index was in the category of poor. The results from 

Raven’s Coloured Progressive Matrices placed her on the 9th percentile.   She was a 

very quiet student who seldom expressed her thoughts and emotions. Through her 

non-verbal behaviours, the researcher was able to get some clues, (e.g. crying or 
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finishing her work very quickly) that she was getting frustrated with the practice or 

the tests. This did not occur often, but it affected her learning and performance. 

During some of the sessions, Carol appeared very tired from lack of sleep.  There 

were six children in her family and home support was minimal.  

  

Student Donna. Donna was in the Learning Support Programme for both 

English and Mathematics in Primary 1 and Primary 2. She was easily distracted and 

needed reminders to focus on her work. For TOMA-3, she scored average in 

mathematical symbols and concepts and computation, poor in mathematics in 

everyday and below average for word problems. She was placed below average for 

mathematical ability index. In the Raven’s Coloured Progressive Matrices, she was in 

the 37th percentile rank.  Positive feedback was important to her, and that was one 

way to encourage on-task behaviour and build her confidence in word problem 

solving.  She was easily frustrated when she sensed that she was not able to derive the 

solution to the word problems. She showed low interest in mathematics in comparison 

to Chinese, which she performed better.  A summary of the students’ profile can be 

seen in Table 4.1  
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Table 4.1 
Summary of Profiles of Participants  
 
 Amy Beth Carol Donna 

 
Age   

9 yrs 6 mths 
 

9yrs 8 mths 
 

9yrs 6 mths 
 

8 yrs 10 mths 
 
Ethnicity  

 
Chinese 

 
Malay 

 
Malay 

 
Chinese 

 
Learning 
support 
programme  

 
 

No 

 
 

No 

 
English,  

Mathematics 

 
English,  

Mathematics 

 
First semestral 
exam 
Mathematics 
 
First semestral 
exam 
English 

 
40% 

 
 
 

48% 

 
51% 

 
 
 

41% 

 
41% 

 
 
 

40% 

 
20% 

 
 
 

41% 

 

A summary of the students’ performance in TOMA-3 and RCPM are tabulated in Table 

4.2 and Table 4.3 respectively. 

 
 
Table 4.2  
Summary of Students’ Scores in Test of Mathematical Ability, Third Edition 
 
Subsets/scaled 
score 

Amy Beth Carol Donna 

 
Mathematical 
symbols and 
concepts 
 

 
 
8 

 (Average) 

 
 

12 
 (Average) 

 
 
5  

(Poor) 

 
 
8  

(Average) 

 
Computation 

 
9  

(Average) 

 
12  

(Average) 

 
7 

(Below 
average) 

 
10  

(Average) 

 
Mathematics 
in everyday 
 

 
5  

(Poor) 

 
3  

(Very Poor) 

 
5  

(Poor) 

 
4 

(Poor) 
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Table 4.2 
(cont.) 
Word 
problems 
 

 
 
6  

(Below 
average) 

 
 
7  

(Below 
average) 

 
 
4  

(Poor) 

 
 
6 

(Below 
average) 

 
Mathematical 
Ability Index     
(composite 
index)* 

 
 

82  
(Below 
average) 

 
 

90  
(Average) 

 
 

72  
(Poor) 

 
 

82  
(Below 
average) 

 

Table 4.3 
Students’ Scores for Ravens Coloured Progressive Matrices 
 
 Amy Beth Carol Donna 

 
Standard 
score 

95 115 80 95 
 

Percentile 
rank  

37 
 

84 9 37 

 

The Test of Mathematical Ability, Third Edition (TOMA-3; Brown et al., 

2012) and the Ravens Coloured Progressive Matrices (RCPM; Ravens, 2008) were 

administered to the four students prior to the intervention. The scores from these two 

tests provided more information on the students in the study to allow for the 

replication of the study based on the students’ profile. TOMA-3 was administered to 

the students to ascertain the students’ mathematics ability, while RCPM provided 

information on their nonverbal learning reasoning ability.  

 

Materials and setting of intervention. In each session, the following 

materials were used: white board, concrete bar model manipulative, teaching sheet, 

and worksheet for session practice, worksheet for independent practice. Samples of 

the teaching sheet, the worksheet for session practice, independent practice can be 

found in Appendix F. In addition, test worksheets were used in the assessment 

sessions.  
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Among the four students, Amy, Beth and Donna were in an after-school 

programme that was within the school premises.  Student Carol went home after 

school. The intervention sessions could not be implemented within school hours. The 

teachers had to teach the national mathematics curriculum and the withdrawal of 

students for the research during curriculum hours would not be feasible. Hence, the 

intervention was conducted after school hours.  

 

Either a quieter part of the classroom or a room next to the after-school care 

facility was used to conduct the intervention. Only the researcher and the student were 

present in the mentioned location.  Effort was put in to select a setting with minimal 

distractions. The intervention was conducted for 30 to 40 minutes with each student.  

As Carol did not join the after-school programme, the intervention was carried out in 

her home, in a corner of a room with a table that had only the items necessary for the 

session.  

 

Measures 

  

Operational Definition for Dependent Variable (DV). The dependent 

variable was measured by the students’ word problem solving performance in the tests 

administered at baseline, intervention and maintenance. The performance was 

operationalised by the accuracy in each of the steps used in the process of problem 

solving. The accuracy of each step was given in a rubric used for awarding marks for 

the completed word problems in the tests. For example, the model drawn has been 

labelled correctly with the amount given in the word problem would be given 1 point. 

There were five steps specified in the rubrics. The maximum points for each word 
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problem is 5 points. As there are four word problems in each test, the maximum score 

is 20 points. The points were converted to percentage measures that are depicted on the 

graph.  

 

Inter-observer Agreement (IOA). Similar to the first phase, the researcher 

scored the word problems in the tests that were administered in the baseline, 

intervention and maintenance phases. The scoring was marked according to an answer 

key.  There was another scorer to check the accuracy of the marking. A training session 

was conducted on the use of the rubric to guide the awarding of marks. The scorer was 

an experienced senior teacher in mathematics in primary school.  Using the point-by-

point agreement ratio, the researcher and a senior teacher in mathematics had to agree 

on the criteria that were present or correct in each of the word problems. The agreement 

occurred when both agreed that specific processes were present or missing in each word 

problem investigation. 

 

Procedural Fidelity. A checklist was developed to ensure that the researcher 

adhered strictly to the process in the scripted sessions. The checklist contained the 

four components of the intervention sessions: a) recalling the characteristics of the 

Combine or Change, Compare word Problems, b) using the concrete bar model, 

asking of questions to clarify students’ understanding which could be referenced from 

the lesson plans, c) working on the word problems with the researcher during “We 

Do”, d) working independently on word problems at “You Do” and feedback given 

by the researcher.  There were observer ratings using the checklist for 24% of the 

sessions and these observer ratings achieved 100%.  
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Instruments  

 

The effect of the intervention upon learning was measured using the 

dependent variable, which was operationalized by the percentage correct for the word 

problems in each test. This was measured by the students’ accuracy of applying the 

steps in the word problem solving process.  

 

The responses to the word problem were assessed according to the presence of 

the visual representation, the information from the word problem that should be 

included in the visual representation and the mathematical equation. The visual 

representation included the correct bar model drawn, the correct labelling of the bar 

model, the indication of the quantities in the bar model and the labelling of the bar 

model using a question mark to indicate missing information that needed to be solved. 

The rubric for awarding points to each word problem can be seen in Figure 4.1. The 

researcher administered the tests and charted the students’ progress in a table. The 

students’ progress was monitored to check if the students had met the criteria to move 

on to the next type of word problem. 

 

Criteria Points 
 

The model has been drawn according to the word problem type 1 

The model has been labeled correctly with the amount given in the word 
problem 

1 

The model has been labeled correctly with the items/subjects that are 
given in the word problem 

1 

The amount that needs to be found is indicated by a question mark 1 

The correct equation is given 1 

 
Figure 4.1. Rubrics for Awarding Points to Word Problems Responses. 
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The schema-based instruction with bar model approach was taught in the 

sequence of Combine Word Problems, followed by Change Word Problems and then 

finally Compare Word Problems. The intervention session alternated with the testing 

session. The alternating sessions between intervention and testing were implemented 

to check the students’ ability in retaining and applying the strategies independently. 

There was not more than four working days between any two sessions, unless a 

student was unwell. 

 

Procedures   

 

Baseline phase. At the start of the study, the first baseline data were collected 

for the three types of word problems. Subsequently, the data were collected 

periodically. The baseline data for the combine word problems were collected before 

the intervention phase. While the intervention took place for the combine word 

problems, the baseline data were captured for the Change Word Problems. This 

pattern was replicated for collecting baseline data for Compare Word Problems. 

 

 In each assessment session, there were 20 sets of test worksheets for selection 

in each word problem type. The researcher requested that each student pick a number 

between 1 and 20 for the test worksheet. The student would then complete the 

selected test worksheet. In each test worksheet, there were four word problems to be 

solved. The students worked independently on the tests without any prompts given to 

them. There was no time limit given for the students to complete the test. The students 

handed in the completed test to the researcher. There was no reinforcement for correct 

response or feedback for the tests.  
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During this phase, each student had 3 assessment sessions for Combine Word 

Problems. For Change Word Problems, Amy, Beth and Carol had 3 assessment 

sessions while Donna had four assessment sessions. All the students, except Carol, 

had 3 assessment sessions for Compare Word Problems. She had 4 assessment 

sessions. The average number of weeks during baseline was 3.2 weeks across the 4 

students. There was a range from 1 week to 7 weeks as students started with Combine 

Word Problems, followed by Change and Compare Word Problems.  

 

Intervention phase. The intervention sessions were conducted after the 

baseline data had been collected and delivered in the sequence of combine, change 

and compare. The intervention session alternated with the assessment session until the 

mastery criterion was reached.  

 

The use of explicit instruction was adopted in delivering the intervention 

sessions to teach the schema-based instruction with bar model approach. There were 

three sections in the intervention. The first section was the “I Do” where the 

researcher modelled the four steps in the schema-based instruction with bar model 

approach.  The second section was the “We Do”. This section involved the researcher 

working with the students on the word problems using the strategies introduced in “I 

Do”. The final section was the “You Do” where students work independently.  The 

four steps in the schema-based instruction with bar model approach include: problem 

identification, schema representation or visual representation of the word problem, 

planning the solution, and working out the solution. The procedures and the questions 

to be included for each session were scripted to minimize differences in the delivery 

of the sessions.  
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Problem identification. The first step of the session was the introduction or 

recapitulation of the characteristics of the types of word problem the students would 

be learning to solve. The students were taught to recognise the type of word problem 

according to their characteristics in the first session. In subsequent intervention 

sessions, the students had to recall the characteristics of the types of word problems.   

 

Visual representation. In the second part of the session, students read the 

word problems together with the researcher.  The researcher asked the questions that 

were scripted for the session. Following this, the researcher enacted the “I Do” section 

by demonstrating the translation of the information from the word problem to a 

concrete representation using the bar model manipulative. The researcher used the bar 

model manipulative and guiding questions to assist the students in gaining a better 

understanding of the semantic relationship in the word problem. After using the bar 

model manipulative, the researcher modelled the construction of the visual drawing of 

the bar model, during which the object quantity in the word problem was indicated in 

the visual bar model.  The quantity that needed to be worked out was indicated with a 

question mark in the bar model.  

 

There were special modifications to the procedure for one student, Donna who 

required manipulatives that could be removed or added to make a comparison or view 

the result of the change in quantity. Therefore, Lego bricks were used for Change and 

Compare Word Problems.   
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Planning. The researcher, was the instructor who taught how the equation was 

derived using the visual representation. She explained the mathematical operation 

required in the equation for the solution.  

 

Working out the solution. After the equation was constructed, the procedures 

of either adding or subtracting the numbers in the equation were worked out.  

 

After the researcher had modelled the four steps for the schema-based 

instruction with bar model approach, the researcher worked with the students together 

on a worksheet using the four steps that had been shown in the “I Do”. This part was 

known as the “We Do” section, where the researcher provided assistance when the 

student was uncertain of the steps in solving the word problems. 

 

In the “You Do” section, the students were given a worksheet in which they 

had to solve two word problems independently using the steps they had learned.  The 

researcher provided feedback on their solutions. To ensure that the four parts of each 

session were followed, procedural fidelity was scored using a checklist (see Appendix 

G). The following paragraphs outline the key conceptual understanding and process 

for teaching each type of word problem.  

 

Combine word problems. The intervention sessions commenced with the 

combine word problems. In the first session, the researcher explicitly taught the 

characteristics of the Combine Word Problems. The students were introduced to the 

part and whole concept. They were taught that situations in the Combine Word 

Problems were mostly static. For example, “Jane spent $12 on some apples. She spent 
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$20 on some oranges. How much did she spend at the fruit shop?” The questions 

posed would guide them in the concept formation.  An example of a relevant question 

would be, “What did she buy at the fruit shop and how much did she pay for them?” 

The students’ responses of “apples” and “oranges” would allow them to verbalize 

their understanding that there were two parts combined to form the whole. In this 

case, the “whole” would be the total amount spent at the shop.  

 

After questions were asked to clarify thinking, the researcher used the 

concrete bar model to represent the sematic relationship in the word problem. The 

researcher placed the word card, “part” together with the bar model. When the two 

“parts” were put together, they formed the whole. After placing the manipulatives on 

the whiteboard, the researcher indicated the quantity in the word problem just on 

concrete bar model. Appendix H illustrates the use of the concrete bar model and the 

information that was transferred from the word problem. The question mark indicated 

the quantity that the students needed to calculate.  

 

Following the use of the manipulatives and the indication of the amount 

represented, the researcher modelled the drawing of the bar model and the quantity 

that was represented in the word problem. This became the visual representation of 

the word problem. Figure 4.2 is an example of the visual representation of a Combine 

Word Problem.  
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Figure 4.2. Visual Representation of a Combine Word Problem. 
 

After the researcher modelled the drawing of the visual representation, she 

continued to demonstrate how the equation was constructed using the visual 

representation. This was followed by working the equation to reach the answer. After 

the research had modelled the steps in the “I Do” section, it was the student’s turn to 

apply the word problem solving process. The student had to read the problem then use 

the concrete bar model to represent the word problem. Following this, the student 

drew the visual representation of the word problem and indicated the given 

information in the word problem. Using the visual representation, the student then 

formed the mathematical equation to obtain the final answer to the word problem. 

During this period of practice by the students, the researcher clarified the students’ 

thoughts through questions or highlighted some of their mistakes (e.g. incorrect 

information in the visual representation). After the guided practice, the students 

completed two word problems independently. The researcher provided feedback on 

the completed word problems after the individual practice.  

 

The structure of the sessions remained the same for all Combine Word 

Problems. A small variation that differed between the first session and subsequent 

ones was the teaching of the characteristics of Combine Word Problem in the first 

Jane spent $12 on some apples. She spent $20 on some oranges. How 
much did she spend at the fruit shop? 
 
 
 
 
 
 
 
 
 

apples oranges 

$12 $20 

? 
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session.  After the first intervention session, the researcher asked each student to 

recall the characteristics of Combine Word Problem. The student had to identify that 

the Combine Word Problem involved the concept of “a part and a part that formed the 

whole”. 

 

The intervention sessions on combine word problems started with word 

problems that required the total to be calculated. A variation of this type of word 

problem required one unknown quantity to be calculated given the information of the 

total and one known quantity. In each intervention session, the researcher taught both 

types of Combine Word Problems where either the total amount (i.e. the whole) was 

the quantity the students had to calculate or they had to find one part quantity given 

the total and another known part. An example of the lesson plan that was used in the 

intervention session can be found in Appendix I. The intervention sessions alternated 

with the assessment sessions. As this was the first type of word problems to be 

introduced in the research, there was a variation in the period of time for the students 

to learn the strategy. Amy had 3 assessment sessions, Carol had 5 assessment 

sessions, Beth and Donna had 8 assessment sessions. The average number of weeks 

for Combine Word Problems was 3.5 weeks with a range from 2 weeks to 5 weeks. 

 

The tests were modified for student Donna from the second baseline test at 

Change Word Problem as she struggled and showed anxiety when it came to with 

Level 4 difficulty word problems. It was decided that the Level 4 word problems 

would be replaced with word problems at Level 2 difficulty for student Donna’s tests.  
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Change word problems. When students attained the minimum performance 

required to proceed to the next stage, the researcher proceeded to the second word 

problem type: Change Word Problem. In the first session of teaching Change Word 

Problem, the researcher introduced the concept of “before-and-after” and “change”. 

This change was being defined as being brought about by actions such as adding, 

giving away, or losing a quantity of items. This resulted in a different quantity than 

before the change had taken place. The students were taught to identify these 

characteristics of “change” and, “before-and-after” in the word problem. The 

following is an example of a Change Word Problem:  

“Joe had 10 marbles.  Then Sam gave him some more marbles. Now Joe has 12 

marbles. How many marbles did Sam give him?”  

 

The researcher taught the students that there was a change when Sam gave Joe 

some marbles. In the Change Word Problem, the “story” would start with a quantity 

and then an activity or event would take place that would result in a quantity change. 

The period before the change is known as “before” and after the change, “after”.  The 

researcher placed the word cards, “before” and “after”, on the table.  The researcher 

asked questions such as, “Did Joe have more or fewer at the start?”, “What happened 

that brought about the change?”, “Did Joe have more or fewer after the change?” If 

the student did not get the answer correct, the researcher explained the impact of the 

activity or event on the quantity after the change (e.g., losing or winning items in a 

game, giving or selling some items). Once the explanation had been given, the 

researcher placed the appropriate bar model next to the key words of “before” and 

“after”.  After the information in the word problem had been translated to the concrete 

bar model, the researcher drew the visual representation of the bar model based on the 
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concrete bar model. In the visual representation, the quantities in the word problem 

were indicated and the amount that needed to be worked out was denoted with a 

question mark. The mathematical equation was derived with the information in the 

visual representation. Figure 4.3. shows an example of the visual representation of the 

bar model for Change Word Problem.  

 

Figure 4.3. Visual Representation of a Change Word Problem. 

 

After demonstrating the use of the concrete bar model to represent the 

information in the word problem and the translation of the manipulative to a visual 

representation, the researcher than demonstrated the construction of the equation as 

the planning of the solution to the word problems. After, the teacher solved the 

equation to get the answer to the word problem. Following this of “I Do”, the student 

worked with the researcher on the “We do” component.  This was followed by 

independent practice and feedback was given to individual students.  

 

Joe had 50 marbles.  Then his friend gave him 25 marbles.  How many 
marbles does Joe have now?  
 
 
Before   
 
 
 
After 
 
 
 
 
 
 

? 

50 

25 50 
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Similar to the intervention for Combine Word Problems, the first session on 

Change Word Problem involved teaching the student its characteristics. In subsequent 

sessions, the students were to explain that Change Word Problems had the concept of 

“change”, “before-and-after”. The “after” amount was affected by the change. In the 

Change Word Problems, the missing quantity that needed to be worked out could be 

the “change” quantity and/or “before or after” quantity. The students were taught to 

solve word problems that required finding the “after” quantity first. The “change” 

quantity questions were taught next, followed by the “before” quantity. This sequence 

was adopted as Riley and Greeno (1988) noted that the easiest word problems were 

those that required the students to work on the resultant, and the most difficult ones 

were those in which students had to find the beginning quantity.  

  

During the intervention phase of this word problem type, Amy needed 4 

assessment sessions, Beth needed 3 assessment sessions, Carol needed 5 assessment 

sessions and Donna with 4 assessment sessions. For Change Word Problems, the 

average number of weeks for intervention was 2 weeks. The students took 1 week to 3 

weeks to learn the strategy for this type of word problems. 

 

Compare word problems. The student progressed to the final type of word 

problem when the criterion for achieving mastery was met.  The main concept in the 

Compare Word Problem focused on the comparison of two persons or types of items. 

There was no exchange between the two persons or the types of items, thus the 

quantity remained static, similar to that in the Combine Word Problem. The first 

session introduced the concept of comparison between the two persons/items. In the 

Comparison Word Problem, the key concepts were the identification of the item or 
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person which/who had “more” or “fewer”. The concept of comparing a quantity that 

is more or fewer than the other person/item was also taught. The students were taught 

to recognise that Compare Word Problems would have two items or persons and a 

comparison was made between them.  Questions such as, “Who are the people in the 

word problems?” or “Who has more marbles?” were posed. Similar to other sessions, 

recalling the characteristics of Compare Word Problems, “I Do”, “We Do” and “You 

Do” sections were implemented during the sessions. The manipulative was used to 

represent the comparison quantity. The item or person who has more was represented 

by the longer bar model while a shorter one represented the smaller quantity. The 

person or item’s label was matched with the bar model representation. When the 

concrete bar model had been used to translate the information from the word problem, 

the next step was the construction of the visual representation. An example of a 

Compare Word Problem and its visual representation is shown in Figure 4.4. 

 

Joe has 60 pencils. He has 15 more pencils than Sam does. How many pencils does 
Sam have? 
 
                                          60 
 
Joe          
 
 
                                                                  15 
Sam 
 
 
                           ? 
 
 

 
Figure 4.4. Visual Representation of a Compare Word Problem. 
 

After the visual representation, the researcher showed the student the way to 

form the mathematical equation in order to find the answer to the word problem. This 
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proceeded with the guided practice where the student worked with assistance. After, 

the student attempted two Compare Word Problems independently. The student 

received feedback for their solution. A summary of the procedure for instruction is 

shown in Figure 4.5. In this intervention phase, all the students had 3 assessment 

sessions. The average duration was 1.5 weeks, with a range of 1 to 2 weeks.  

 

In order for the students to progress from one from one type of word problem 

to the next, they had to achieve at least 80% accuracy in their solutions - at least 80% 

accuracy in their solutions either in 3 out of 4 given tests, or 80% accuracy for three 

consecutive tests.  

 

Maintenance phase.  In order to check if the students were able to recall and 

apply the intervention strategies, there were two tests for each type of word problem 

at maintenance phase. These were administered two weeks and four weeks 

respectively after the students had completed the last test during the intervention 

phase for that category of word problem. All the students had 2 assessment sessions at 

maintenance. The average duration in this phase was 4.2 weeks. The period in the 

phase ranged from 4 to 5 weeks as one of the students was not well.   
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 Sequence 1. Combine word  
problems 

2. Change word 
problems 

3. Compare 
word problems 

In
te

rv
en

tio
n 

 p
ha

se
 

 
Sequence 
of 
intervention 
and 
assessment 
sessions 

 
Baseline tests administered to the students 
 
 
Intervention sessions and test (alternate sessions) are 
conducted. 
The criteria of 80% accuracy must be achieved for three 
out of four tests or three consecutive tests before 
proceeding to the next type of word problem. 
                                      
 
Two tests conducted at the maintenance phase with an 
interval of two weeks and four weeks respectively from 
the last test at intervention phase  
 
 

In
te

rv
en

tio
n 

ph
as

e 

Process in 
intervention 
sessions 

Part 1 – The teacher teaches the characteristics of the 
word problem or reiterates the characteristics of the 
word problem. 
 
Part 2 – The teacher asks questions to check for 
understanding of the word problem, models the process 
of using the concrete bar model, and transfers of 
information from the bar model to a visual 
representation. The teacher works on the equation with 
the information in the visual representation.  
 
Part 3 – The student has guided practice on the word 
problem using the processes in part 2. 
 
Part 4 – The student completes word problems 
independently and receives feedback from the 
researcher. 

Figure 4.5.  Summary of the Intervention Phase. 

 

Intervention agent. During the period of the research, intervention was 

conducted after school hours on a one-to-one basis. The researcher was the only 

person who administered the intervention to the four students. This allowed for 

uniformity in the implementation of the intervention. The researcher has a 

Postgraduate Diploma in Education and a Masters in Special Education with 10 years’ 

experience in teaching primary mathematics.  
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Procedural fidelity. There were two observers trained to use the checklist. 

The checklist was mentioned in the section of “Measures”. One of the observers was a 

special education teacher and the other was an allied educator. The observer training 

involved explaining the parts of the lesson plan for the session and the enactment of 

the intervention. The observers were taught to use the checklist and were given the 

opportunity for clarification during the training session. Using the checklist, the 

observer examined the session to ensure that the parts of the teaching session were 

implemented. The observer gave a tick if he/she noted that part of the session being 

carried out. The checklist was then returned to the researcher at the end of each 

session. There was 100% procedural fidelity for all the observed sessions. For each 

student, at least 20% of all the intervention sessions were observed.  

 

Inter Observer Agreement (IOA). A senior teacher independently rescored 

25% of the tests. The interrater agreement percentage was obtained using the 

following formula – number of scoring agreements for word problems divided by the 

total number of agreements and disagreements for word problems multiplied by 100 

percent. The interrater reliability was 99.3%.  The interrater agreement can be seen in 

Table 4.4.  

Table 4.4 
Inter Observer Agreement for Each Participant 
 
Phase of study IOA (Amy) IOA (Beth) IOA (Carol) IOA (Donna) 
Baseline 100% 100% 100% 96% 

92% -100% 
 

Intervention  100% 100% 100% 100% 
 

Maintenance  100% 100% 96% 
92% -100% 

100% 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       189 
 

 

Data Analysis  

 

In this study, the data collected were during baseline, intervention and 

maintenance phases. They were presented in a line graph for the visual analysis. The 

line graph was chosen as the display to capture the progress of each student. In the 

visual analysis of the data, the following were analysed: the magnitude of change 

shown by change in mean and median across phases and change in level across 

phases, and the rate of change shown in trend and the latency of change.  

 

Magnitude of change. The mean and median at baseline were calculated and 

compared across phases to check if there were improvements from baseline to the 

intervention phase. The change in level across phases was calculated using the last 

data point at baseline to the first data point at the intervention phase.  

 

Rate of change. The latency of change was observed if there was a change in 

the performance shortly after the intervention was implemented. The trend was also 

observed in baseline and at intervention phase.  

 

Effect size. To complement the visual analysis, the effect size of the 

intervention was calculated using the following methods – Percentage of Non- 

overlapping Data (PND; Scruggs et al., 1987), Percentage of Data Exceeding Median 

Trend (PEM; by Ma, 2006), Percentage of all Non-overlapping data (PAND; Parker, 

Hagan-Burke & Vannest, 2007) and Tau-U for non-overlap with baseline trend 

control (Tau-U; Parker, et.al., 2011).  
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The PND was calculated with the identification of the highest data point at 

baseline. Following this, the number of data points that were above the highest data 

point at baseline in the intervention phase were found. Then, the ratio of data points 

above the highest point to the total number data points at intervention phase were 

found. The ratio was then converted to a percentage. The PEM effect size was 

identifying the median point at baseline. The median value was extended to the 

intervention phase. If all the data points in the intervention phase were higher than the 

median at baseline, the PEM would be 100%. Otherwise, the calculation would be 

one where the ratio of data points above the median to the total number of points at 

intervention.  

 

The effect size of PAND was derived from removing the data points that 

overlap at baseline and intervention phase. The next step was to divide the number of 

data points not removed to the total points at baseline and intervention. The step that 

had been completed gave PAND.  PAND is scaled from 50 to 100, with 50% chance, 

to convert to a 0 to 100 scale, PAND must be divided by 0.5, and subtract 1. (Parker, 

Vannest & Davis, 2011).  The Tau-U scores were generated by an online Tau-U 

calculator at the website www.singlecaseresearch.org.calculator. 

 

Results 

 

The findings from the single case study are reported according to each student 

– Amy, Beth, Carol and Donna. For each student, the visual analysis and the effect 

size were used to determine the effectiveness of the intervention.  
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Amy 

Amy participated in 25 assessment sessions and 10 intervention sessions. The 

baseline assessment data and her progress during intervention were graphed to 

demonstrate her performance in word problem solving (see Figure 4.6).  

  

Visual analysis of combine word problems. Within the baseline phase, there 

were three data points at baseline. The median score of baseline was 20% and its 

mean score at 28.3%. The level stability suggested that the data was variable as only 

two-thirds of the data points were within the stability envelope.  In this phase, there 

was an absolute change of 25% in an accelerating, contratherapeutic direction. The 

trend at baseline was accelerating and this changed to a stable trend at the intervention 

phase. Amy’s score increased in the third baseline probe as she attempted to draw the 

visual representation including the quantity given from the word problems. She 

obtained some marks that were awarded for the transfer of the quantity from the word 

problem to the visual representation. The concept of the model was not correct and 

her performance would likely not improve with further baseline tests.   

  

At the intervention phase, there were three data points. Since all the data 

points were at 80%, the mean and median were 80%. All the data points were within 

the stability envelope, denoting the presence of level stability and no absolute level 

change within the phase. The trend was stable.  
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Figure 4.6 Amy’s Performance on Combine, Change and Compare Word Problems. 
 

In the visual analysis between phases, a comparison was made for the change 

in level and the change in trend. For Amy, there was an absolute level change of 35% 

from the last data point at baseline to the first data point in the intervention phase. The 

change in level was in the improvement direction in relation to the intervention 

objective. An analysis of the change in level noted a change in the median scores 

from baseline to intervention phase. At baseline, the median score was 20% and an 
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improvement to 80% was obtained at intervention. There was also a large difference 

in the mean scores between the two phases. At baseline, the mean score was 28.3% 

and there was an upward shift to 80% in the intervention phase. There was a change 

in trend from an accelerating trend in baseline to one that was zero-celerating (80%) 

during intervention.  A summary of student Amy’s score at baseline and intervention 

phase is seen in Table 4.5. 

 
Table 4.5 
Amy – Median and Mean Scores across Phases for Combine Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
20 

 
80 

 
Mean score 

 
28.3 

 
80 

  

The first maintenance assessment was given two weeks after the last 

assessment session for combine word problem.  The performance for the first 

maintenance assessment was a score of 95%. The second maintenance assessment 

was administered at least two weeks after the first maintenance assessment. The 

second assessment received a score of 100%. The average percentage of correct 

responses at maintenance was 97.5%.  

 

Visual analysis for change word problems. Amy scored a median of 35% 

and a mean of 26.7% at baseline. Using the level stability envelope, the analysis 

showed less than 80% of the data points within the level stability envelope at baseline 

or intervention. Therefore, there was some variation in the scores for both phases. 

Within the baseline phase, there was an absolute change of 20% in the opposite 

(contratherapeutic) direction to the intended objective of the study. However, the data 
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were sufficiently stable before the intervention was introduced. The last two baseline 

tests obtained the same scores.  

  

Within the intervention phase, there were four data points. The median score 

was 100% while the mean score was 90%.  Only 75% of the data points were within 

the level stability envelope, presenting some variation in the data. The absolute level 

change demonstrated that there was a 40% improvement in the word problem scores. 

The trend also showed that the student’s progress was in the direction of improvement 

during intervention.  

  

In the analysis between the baseline and intervention phases, there was an 

absolute change of 25% from the last data point at baseline to the first point at the 

intervention phase. There was also an improvement in the median and mean scores 

from baseline to intervention phase. The median and mean scores for the Change 

Word Problems are shown in Table 4.6. At the baseline, the mean was 26.7% and an 

increase of 63.3% was computed in the intervention phase. This pattern of increase 

was also seen in the median score, which was 35% at baseline and increased to 100% 

at intervention. In the trend analysis, it was an accelerating trend at the baseline and 

intervention phases. The absolute change within each phase shows that improved 

substantially after the intervention was implemented.  

 
Table 4.6 
Amy – Median and Mean Scores across Phases for Change Word Problems 
 

Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
35 

 
100 

 
Mean score 

 
26.7 

 
90 
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Amy achieved a mean score of 90% for correct answers at the intervention 

phase. However, at maintenance, there was a slight decrease in the average score. The 

first score at maintenance was 80% the second was 95%, yielding an average of 

87.5%.   

   

Visual analysis for compare word problems. In the baseline phase, Amy 

obtained a median of 10% and a mean of 16.7%. Within the level stability envelope, 

only one data point out of the three was included, indicating that there was variation 

in the scores. At baseline, the absolute change was 30% decelerating with a trend 

direction showing a deteriorating trend.  

  

The intervention phase showed a significant improvement from baseline. The 

median was 100% and the mean score was 98.3%. All the points were within the level 

stability envelope, showing that there was stability within this phase. The trend 

stability was present and the data points showed a positive stable trend direction as 

the scores were within 90% to 100%.  

 

The comparison of the baseline and the intervention phases showed that there 

was an absolute change of 95% improvement once the strategy was introduced at 

intervention. Table 4.7 displays the median and mean scores attained by Amy in both 

phases for Compare Word Problem. The median and the mean scores improved by 

90% and 81.6%, respectively. There was a change in the trend direction between the 

two phases, from a deteriorating-decelerating trend at baseline to an improving-

accelerating trend during intervention.  
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Table 4.7 
Amy – Median and Mean Scores across Phases for Compare Word Problems 
 

Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
10 

 
100 

 
Mean score 

 
16.7 

 
98.3 

 
  

In the first maintenance test, there was a decline in the score to 65%. 

However, Amy managed to obtain 100% in the second maintenance score. Therefore, 

at maintenance phase, the average score was 82.5%.  

  

Summary of visual analysis. From the visual analysis, a functional 

relationship between the independent and the dependent variables could be 

established. The introduction of the schema-based instruction with bar model 

approach showed an improvement in the student’s performance at intervention phase. 

For the Combine Word Problems, there was a change in level and in trend, from an 

accelerating to a zero-celerating trend. For the Change Word Problems, the 

intervention showed an accelerating pattern showing improvement and stability. For 

the Compare Word Problem, there was a change in level and trend from baseline to 

the intervention phase. It started with a decelerating and deteriorating trend at 

baseline. When the intervention was introduced, there was a change in the direction of 

the trend to one that indicated an improvement. Among all the three word problem 

types, there was an improvement resulting in a change in level as intended by the 

objective of the study. There was also an improvement in scores once the intervention 

was implemented. The change in level suggests that the intervention had an impact in 

improving student Amy’s performance on word problem solving. The improvement in 
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the median and mean scores from baseline to intervention is indicative that the 

intervention resulted in better word problem solving performance.  

 

Effect size. Though the functional relationship can be established with the 

visual analysis, the statistical analysis further confirms the visual analysis and 

demonstrates the strength of the intervention through the effect size. The following 

four non-regression methods were used for the statistical analysis: percentage of Non- 

overlapping Data (PND; Scruggs et al., 1987), percentage of data exceeding median 

(PEM; Ma, 2006), percentage of all non-overlapping data (PAND; Parker et al., 2007) 

and Tau-U for non-overlap with baseline trend control (Tau-U; Parker et al., 2011).  

  

The effect size was used to complement the visual analysis. The 

aforementioned four non-regression methods were used to find the effect size of the 

intervention that showed that the schema-based instruction with bar model approach 

was effective. For the combine and change, word problems, the effect size calculated 

using PND, PEM and PAND indicated that it was “very effective”.  The computation 

using Tau-U showed it was effective. Rakap (2015) noted that Tau-U often has lower 

estimate in comparison to methods like PND as Tau-U controlled for positive baseline 

trend. In this study, the positive baseline trend was present for Combine and Change 

Word Problems. Using Tau-U, the effect size confirmed that the intervention was 

effective for Combine and Change Word Problems.  In Table 4.8, the non-regression 

methods and the effect sizes for Combine, Change and Compare Word Problems are 

summarized to show the intervention effect. The effect size using PND for all the 

word problems showed that the intervention was very effective. Using PEM and 

PAND, the findings were similar to PND where the intervention showed that it was 
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very effective when applied to all three types of word problems. The PAND phi-

coefficient was 1, suggesting a strong effect of the intervention on the performance of 

word problems. When Tau-U was used, the intervention effect on the various types of 

word problems showed slight variation. In multiple probe designs, Rakap (2015) 

suggested computing the average effect size to find the effect size. The calculation of 

the average Tau-U for the word problems is 86.6%, indicating that the intervention 

was generally effective in supporting Amy in her word problem solving.  

 
Table 4.8 
Amy – Effect Size for Combine, Change and Compare Word Problems 
 
 Percentage of 

non-
overlapping 
data (PND) 

Percentage of 
data exceeding 
median (PEM) 

Percentage 
of all non-
overlapping 
data 
(PAND) 

Tau for non-
overlap with 
baseline trend 
control (Tau-U) 

 
Combine 
word problem 
 
 

 
100% 

(very effective) 

 
100% 

(very effective) 

 
100% 

 
77% 

(medium to 
high effect) 

 
Change word 
problem 
 
 

 
100% 

(very effective) 

 
100% 

(very effective) 

 
100% 

 
83% 

(medium to 
high effect) 

 
Compare 
word problem 
 
 

 
100% 

(very effective) 

 
100% 

(very effective) 

 
100% 

 
100% 

(large effect) 

 
Average  

 
100% 

 
100% 

 
100% 

 

 
86.6% 

  

Discussion for Amy. The positive change in level between baseline and 

intervention phase suggests that the intervention improved word problem solving for 

all types of word problems. The absolute level change showed the greatest 
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improvement for Compare Word Problem, followed by Combine and Change Word 

Problems. The decelerating trend at baseline in Compare Word Problem was likely 

due to the inability to grasp the conceptual understanding of the word problems. This 

would lead to difficulty in translating the word problems to visual representations and 

the ability to construct equations to solve the word problems. When Amy was taught 

the process of problem solving using the schema-based instruction, she was able to 

apply the steps to solve the word problems. The Compare Word Problem had the 

greatest absolute level change, which could possibly be attributed to the student being 

to integrate the steps in Compare Word Problems after the intervention sessions for 

Combine and Change Word Problems. The ability to assimilate the learning quickly 

could have also stemmed from a better understanding of the concepts such as “more 

than”, “less than” and “referent or the subject compared to” that led to the accurate 

translation of word problems to visual representation and forming the appropriate 

equations for solutions. The effect size using all the four methods confirmed that the 

intervention was very effective for the Compare Word Problem.  

 

In Combine and Change Word Problems, the change in level was not as high 

as in Compare Word Problems. This could be attributed to the ability of the student to 

sustain discipline in following the steps in the schema-based instruction with bar 

model approach. Using PND, PEM, and PAND, the intervention was considered to be 

very effective. However, using Tau-U, the intervention for Combine and Change 

Word Problems was considered moderately effective only. Only Compare Word 

Problem was considered to have a large effect.  

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       200 
 

 

Key findings. Amy showed improvement in her test scores with not more than 

four sessions at intervention for each type of word problem. This pattern suggests that 

she was able to grasp the concepts and apply the steps in the schema-based instruction 

with bar model in the word problem tests. However, it is noted that during 

maintenance, she still maintained her average scores of more than 80% for the three 

types of word problems. With the exception of Combine Word Problem, there was a 

decrease in performance for Change and Compare Word Problems during 

maintenance as compared to intervention. This could be due to the student’s 

difficulties retaining information over a period of time.  

 

While Amy was able to understand and apply the steps in the schema-based 

instruction with bar model approach at intervention, the retention of the knowledge 

could be improved. The Compare Word Problem was the last type of word problem 

that was taught. Unlike the maintenance phase in Combine and Change Word 

Problems where intervention was still on-going for the next type of word problems, 

the maintenance for Compare Word Problem was a complete “empty” two weeks 

where there were no intervention sessions. This could suggest that the student needed 

constant practice to reinforce the steps for long-term retention of the process in word 

problem solving.  

 

Summary of findings for Amy. The visual analysis indicated a functional 

relationship between the intervention and the percentage correct for Combine, Change 

and Compare Word Problems. Comparing the change in level between the phases 

showed that there was an improvement in the percentage of correct answers when the 
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intervention was introduced. The change in level was the greatest for Compare Word 

Problem.  

 

The performance during intervention was also sustained as seen during the 

maintenance phase where the student was able to maintain a minimum average of 

80% for the tests. Using Tau-U, the intervention was most effective for Compare 

Word Problem, followed by Change Word Problem and Combine Word Problems. 

On average, the Tau-U score of 86.6% shows that the intervention was effective in 

improving word problem solving.   

 

Beth  

 

Beth participated in 29 assessment sessions and 14 intervention sessions 

where she was taught the strategies of the schema-based instruction with bar model 

approach. The graphs in Figure 4.7 show Beth’s baseline performance and her 

progress during the intervention for the different types of word problems.  

  

Visual analysis for combine word problems. Among the three types of word 

problems, Beth received the most intervention and assessment sessions for Combine 

Word Problem. At the baseline phase, the median score was 20% and mean score was 

18.3%. Only 33.3% of the data points were within the stability envelope, indicating 

variability. Between the first and the last point at baseline, there was a difference of 

25%. The trend showed a decelerating and deteriorating trend.  

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       202 
 

 

There were eight data points at the intervention phase. The median score at the 

intervention phase was 62.5% and the average score was 63.1%. Similar to the 

baseline phase, a higher percentage of the data points were outside the stability 

envelope. The absolute level change within the intervention phase was 65%. There 

was an accelerating trend line in the direction of improvement when the intervention 

was implemented.  

 

The analysis between adjacent phases showed that there was an absolute 

change of 35% from the last point at baseline to the first point at intervention. Both 

the median and mean scores indicated that there was an improvement in the 

percentage of correct responses between the phases. Table 4.9 shows the change in 

the median and the mean scores obtained by student Beth. The decelerating trend 

direction at baseline changed to an accelerating improving trend during intervention.  
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Figure 4.7. Beth’s Performance on Combine, Change, and Compare Word Problems. 
 
 
 
Table 4.9. 
Beth – Median and Mean Scores across Phases for Combine Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
20 

 
62.5 

 
Mean score 

 
18.3 

 
63.1 
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Beth scored 100% for the first maintenance assessment and 80% in the 

subsequent session. The average score at maintenance was 90% and this was higher 

than the mean score of 63.1% at the intervention phase.  

 

Visual analysis for change word problems. For the Change Word Problem, 

the baseline mean score was 16.7% and the median score was 10%.  A total of 33% of 

the data points were within the level stability envelope. Between the first and the final 

data point within baseline, the absolute change was 25%, in the contratherapeutic, 

decelerating trend direction.  

  

During the intervention phase, Beth obtained a median score of 95% and a 

mean score of 91.7%. There was variability as 33.3% of the data points were within 

the level stability envelope. There was also an absolute level change of 15%, in an 

accelerating direction.  

  

In comparing the baseline and intervention phase, an absolute level change 

was observed when the intervention was introduced to the student. There was a 70% 

improvement from the last point at baseline to the first point at intervention. The 

progress was also evident from the mean increase of 75% from baseline to 

intervention. The median score improved from 10% to 95%. A summary of student 

Beth’s median and mean score for Change Word Problem can be seen in Table 4.10. 

The change in the trend between the conditions moved from a decelerating trend at 

baseline to an accelerating trend at intervention.  

 
 
 
 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       205 
 

 

Table 4.10 
Beth – Median and Mean Scores across Phases for Change Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
10 

 
95 

 
Mean score 

 
16.7 

 
91.7 

 

 Beth was able to recall the intervention process at maintenance phase. She 

scored 100% for both assessments at the maintenance phase.  

  

Visual analysis for compare word problems. Beth obtained an average of 

13.3% of Compare Word Problems correct at baseline. The median for the scores was 

15%. The absolute level change of 20% was in the deteriorating (contratherapeutic) 

direction. The data were variable as only 66.7% of the points fell within the level 

stability envelope. The trend direction indicated a decelerating trend.  

  

During the intervention phase, the median score was 95% and the mean score 

for correct responses was 93.3%. Similar to baseline data, the data series were 

considered variable as only 33.3% of data points were within the level stability 

envelope. The trend direction also indicated that it was accelerating in the direction of 

an improvement.  

  

The change in level between the phases of baseline and intervention exhibit an 

absolute change of 70%. There was also a change in trend, from one that was 

decelerating at baseline to one that was accelerating in the direction of the intended 

improved performance in word problem solving.  The median and mean scores for 

Compare Word Problems are summarized in Table 4.11. There was an improvement 
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in the scores at intervention as compared to those at baseline. The positive pattern in 

the trend, the increase in scores and level change between phases, suggest that the 

intervention was effective in improving word problem solving for Compare Word 

Problem.  

 
Table 4.11 
Beth – Median and Mean Scores across Phases for Compare Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
15 

 
95 

 
Mean score 

 
13.3 

 
93.3 

 
  

Beth scored 75% for the first assessment and 95% in the second assessment. 

The mean score for maintenance phase is 85%, which is close to the average score 

during intervention. 

 

Effect size. The visual analysis of the data for Beth suggests that the 

independent variable had an effect on the dependent variable. The visual analysis 

showed a change in level when the adjacent phases were compared for all three types 

of word problems. The change in level demonstrated that the change was an 

improvement from baseline to intervention phase. To support the visual analysis, the 

effect size were included to indicate the strength of the effectiveness for the 

intervention.  

  

The four methods to compute effect size were applied to the data collected. The 

effect size of the intervention for the various word problems can be seen in Table 4.12. 

Using PAND, the effect size was 1, suggesting that the improvement in word problem 
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solving improved was possibly due to the intervention. The effect sizes show that the 

intervention was very effective in improving Beth’s word problem performance.  

 
Table 4.12 
Beth – Effect Size for Combine, Change and Compare Word Problems 
 
 Percentage of 

non-
overlapping 
data (PND) 

Percentage of 
data exceeding 
median (PEM) 

Percentage 
of all non-
overlapping 
data (PAND) 

Tau for non-
overlap with 
baseline trend 
control (Tau-
U) 

 
Combine 
word problem 
 
 

 
100% 

(very effective) 

 
100% 

(very effective) 

 
       100% 

 
100% 

(strong effect) 

Change word 
problem 
 
 

100% 
(very effective) 

100% 
(very effective) 

100% 100% 
(strong effect) 

Compare 
word problem 
 
 

100% 
(very effective) 

100% 
(very effective) 

100% 100% 
(strong effect) 

 
Average  

 
100% 

 
100% 

 
100% 

 
100% 

 
 

 Discussion for Beth. Beth had data that showed explicitly the effectiveness of 

intervention on her word problem solving skills. The visual analysis of the change in 

level shows the functional relationship between intervention and the improvement in 

word problem solving. There was a 70% improvement in the absolute change level 

for Compare Word Problem, which possibly had a greater impact compared to 

Combine Word Problem, which had an absolute change level of 35%.    

  

Beth had grasped the conceptual understanding and the steps in solving 

Compare Word Problems during intervention. However, similar to Amy, student Beth 

also did not score as well during maintenance for Compare Word Problems. The 
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score, although maintained above 80% was lower than the average score at 

intervention. As Compare Word Problems were the last type of word problems to be 

taught to the student, there was no practice of any word problems during the 

maintenance period. In combine and change period, there was teaching carried out for 

the other type of word problems (e.g. Change Word Problem) while it was the 

maintenance phase (for Combine Word Problem). The consistency of practice allowed 

the student to retain and reinforce their learning. During the maintenance phase for 

Compare Word Problems where there was completely no “input” of word problem 

solving, the students including student Beth seemingly had more difficulty recalling, 

and this affected their performance.  

 

Key findings. Among the three types of word problems, Beth had the most 

number of tests for Combine Word Problem. As Combine Word Problems were the 

first to be taught, Beth had to learn the steps in the schema-based instruction with the 

bar model approach. In the first few sessions, she had difficulty translating word 

problems to concrete and visual representation. This was even more difficult for the 

two-step word problems. Initially, Beth was frustrated with all the steps that were 

required in problem solving, particularly in the drawing of the bar model.  However, 

after persevering and experiencing success during practice, she developed confidence 

in the tests using the steps that were taught.  

 

 For Beth, the change in trend was also very consistent across all three types of 

word problems. It showed a decelerating trend at baseline followed by an accelerating 

trend at intervention. This strongly demonstrates the reliability of the intervention on 

improving word problem solving performance.  
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Summary of findings for Beth.  The visual analysis of student Beth’s 

performance strongly suggests a functional relationship between the independent and 

dependent variables for Combine, Change and Compare Word Problems. For all three 

types of word problems, there was a decelerating trend within baseline. When the 

intervention was introduced, word problem solving performance improved. The 

absolute change in level across the phases varied from 35% and 70%, showing the 

presence of an impact in the intervention. This finding was also confirmed by a 

change in trend where the decelerating trend at baseline became an accelerating 

pattern when the intervention was introduced. The effect size to determine the 

strength of the effectiveness also confirmed the impact of the intervention. All the 

effect sizes derived from the non-regression methods suggest that the intervention was 

very effective.  

 

Carol 

 

 Carol participated in 29 assessment sessions and 13 intervention sessions.  The 

graphs in Figure 4.8 show her word problem solving performance at baseline, 

intervention and maintenance phase.  

  

Visual analysis for combine word problems. Carol had some difficulties 

with Combine Word Problems. At baseline, she scored a median score of 10% and a 

mean score of 18.3%. The data for baseline showed variability as only one data point 

(33.3%) was within the level stability envelope. There was an absolute level change 

of 35% within this phase. The trend direction was decelerating and deteriorating.  
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At the intervention phase, Carol showed progress in her performance in word 

problems. She obtained a median score of 95% an average score of 81.3% over four 

tests. There was variability in the level stability envelope. The trend direction 

indicated a decelerating trend with an absolute level change of 10%.   

 

The comparison at baseline and intervention showed that the intervention had 

an impact on improving word problem solving performance. There was an absolute 

change in level. The last point of baseline was 5% and the first point of intervention 

was 95%. This shows that the change was immediate with an improvement of 90%. 

The median score also increased from 10% to 95% at intervention. There was also an 

improvement of 63% of the mean score. The visual analysis showed that the 

intervention had an effect on Carol’s word problem solving. There was no change in 

trend direction of a deteriorating-decelerating trend at baseline to intervention.  Table 

4.13 shows the median and mean scores across phases of Carol. The scores and the 

graphs suggest a substantial improvement in solving Combine Word Problems when 

the intervention was introduced.  

 

At maintenance phase, Carol scored 80% for the first test and 90% for the 

second test. The mean score at maintenance phase was 85%, a slight increase from the 

mean score at intervention.  
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Figure 4.8. Carol’s Performance on Combine, Change, and Compare Word Problems. 
 
 
 
Table 4.13 
Carol – Median and Mean Scores across phases for Combine Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
10 

 
95 

 
Mean score 

 
18.3 

 
81.3 
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Visual analysis for change word problems. Carol obtained a median score 

of 25% and mean score of 23.3% during baseline. The level stability showed that 

33.3% were within the level stability envelope.  The trend showed an accelerating 

trend that opposed the intended objective of the study. Although the scores were 

accelerating, the last two scores were close to each other. Therefore, a decision was 

made to introduce the intervention and not to test further at baseline.  

 

 At the intervention phase, the median score was 100% and the mean score 

obtained was 72%. Similar to the Combine Word Problem, there was variability in the 

data at intervention phase. There were 60% of the data points within the level stability 

envelope. The trend direction depicted an improvement during intervention.   

 

Comparing the baseline and the intervention phase, there was an absolute level 

change of 5% improvement. Both phases showed an improving trend at baseline and 

intervention phase.  Although the absolute level change between phases was small, 

the change in the mean and median scores suggested that the intervention was 

effective in improving the word problem solving for Change Word Problem. The 

median score improved greatly in the intervention phase. The average mean score at 

baseline was 23.3% and this score improved to 72% during intervention.  The median 

and mean scores can be seen in Table 4.14. 
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Table 4.14 
Carol – Median and Mean Scores across Phases for Change Word Problems 
 
Percentage correct 
for word problems 

Baseline phase Intervention phase 

 
Median score 

 
25% 

 
100% 

 
Mean score 

 
23.3% 

 
72% 

 

 Carol obtained 75% for the first test and scores improved to 95% in the second 

test. The average score at maintenance phase was 85%. This was higher than the 

average score of 72% at intervention.  

 

Visual analysis for compare word problems. There were four data points at 

baseline. The mean percentage of correct responses was 35% and the median was 

37.5%. There was variability in the data, as 33.3% of the data points were within the 

line stability envelope. The absolute change within baseline was 35%, an accelerating 

trend that was against the direction of the intended outcome of the study.  

  

In the intervention phase, there was an improvement in the percentage of 

correct responses. Carol scored an average of 96.7% and a median of 95%. The data 

were stable as all the scores were within the level stability envelope. There was little 

differentiation among the scores at intervention.  

  

Comparing the baseline and intervention phase, there was an absolute level 

change of 45%, showing an improvement when the intervention was introduced. 

Table 4.15. shows the change in the median and mean scores from baseline to 

intervention. Carol gained substantial progress at intervention.  
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Table 4.15 
Carol – Mean and Median Scores across Phases for Compare Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
37.5 

 
95 

 
Mean score 

 
35 

 
96.7 

 
  

Carol scored 100% for the first test at maintenance phase. However, her score 

for the second test was 65%. On the average, Carol scored 82.6% at maintenance phase.  

 

Effect size. The visual analysis indicated that the intervention had an impact 

on improving the performance of word problem solving for Combine, Change and 

Compare Word Problems. There was a positive change in level from baseline to 

intervention.  The effect size supported the visual analysis and reinforced the strength 

of the intervention with the effect size. On average, the intervention was effective for 

all three types of word problems. Using PND, the average effect size was 93%. This 

was similar to PEM where the average was also 93%. The average effect size 

calculated using PAND was 91.7%. As PAND (rescaled 0-100) effect size has been 

found to be similar with a phi co-coefficient (Parker et al., 2011), it likely that this 

effect size 0.83 (rescaled (0-100) PAND) would indicate a strong relationship 

between the intervention and improvement of the word problem solving performance. 

 

These three non-regression methods yielded an effect size that suggested that 

the intervention was effective. The fourth method, Tau-U, also computed the average 

size of 72.6% which meant that the intervention was effective for all the word 

problems. Table 4.16 shows the effect size for the word problems calculated by the 
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various non-regression methods.  For Compare Word Problem, the effect size using 

PND, PEM and PAND demonstrated strong impact of the intervention on Combine 

Word Problems. Similarly, PND, PEM and PAND indicated effect sizes that were 

considered effective for Change Word Problems. However, the Tau-U method 

calculated an effect size that was smaller than the other three non-regression methods. 

For Change and Compare Word Problems, there was a positive trend at baseline 

which likely affected the computation of the effect size using Tau-U. Rakap (2015) 

noted that Tau-U resulted in lower effect size estimates when there was a positive 

trend at baseline. Overall, Tau-U calculated an average effect size of 72.6%, 

indicating that the intervention was effective.  

 
Table 4.16 
Carol – Effect Size for Combine, Change, and Compare Word Problems 

 Percentage of 
non-
overlapping 
data (PND) 

Percentage of 
data exceeding 
median (PEM) 

Percentage 
of all non-
overlapping 
data (PAND) 

Tau for non-
overlap with 
baseline trend 
control (Tau-
U) 

 
Combine 
word problem 
 
 

 
100% 

(very effective) 

 
100% 

(very effective) 

 
100% 

 
100% 

(strong effect) 

Change word 
problem 
 
 

80% 
  (effective) 

80% 
(very effective) 

75% 60% 
 (weak effect) 

Compare 
word problem 
 
 

100% 
(very effective) 

100% 
(very effective) 

100% 
 

58% 
(weak effect) 

Average 93% 93% 91.7% 72.6% 
 

 

Discussion of Carol. A comparison across the phases shows that there was a 

positive change in level for all the word problem types. The small increase of 5% 
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from baseline to intervention for Change Word Problem could be due to a lack of 

readiness by the student to integrate the learning and testing. The effect size using 

PND and PEM demonstrated that the intervention was effective. Combine Word 

Problem had the greatest change in level from baseline to intervention. Based on 

effect sizes, using the four non-regression methods, the intervention was considered to 

be very effective.  

 

The effect sizes using PND, PEM and PAND confirmed that the intervention 

was effective for the three different types of word problems. Similarly, Tau-U 

indicated an average effect size of 72.6%, which deemed the intervention effective for 

improving word problem solving. Using Tau-U, the effect size for Change and 

Compare Word Problems was considered weak. This is likely due in some part to the 

accelerating trend at baseline, which affected the effect size. In addition, one of the 

test scores for Change Word Problems during intervention was lower than baseline. 

Overall, there was a significant improvement in the mean and median score during 

intervention for Change and Compare Word Problems.  

 

Key Findings. There was more variation in the data for Carol as compared to 

student Beth. At baseline, Combine Word Problems had a decelerating trend, and an 

accelerating trend for Change and Compare Word Problems. In the baseline tests for 

Change and Compare Word Problems, there was evidence that the student attempted 

to translate the word problem to a visual representation after she had been taught the 

strategy of visual representation. Although the intervention should not influence her 

solution to the other types of word problems, the baseline pattern in Compare Word 

Problem suggested that the student might have generalized part of the intervention 
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method to the word problems. It would be difficult to segment strictly the learning for 

each word problem type, as the process of word problem solving involves integration. 

The process of integration means a student is able to make use of knowledge that as 

previously in the current context of the word problem (Mayer, 2003). This could have 

resulted in the accelerating trend for the baseline data in Change and Compare Word 

Problems. Though there was an accelerating trend at baseline for Change Word 

Problem, the scores for the last two baseline tests were close to each other. Therefore, 

it was decided that the intervention would be introduced after the third baseline test.  

Similar to Change Word Problem, the intervention for Compare Word Problem was 

introduced after the last two baseline scores were the same. It was noted that in the 

maintenance phase for Compare Word Problem, there was a decrease in the student’s 

performance. This could be related to test fatigue as this was the final test for the 

assessment sessions. This test was also administered during the school examination 

period which could be a stressful period for the student. These are variables that could 

affect Carol’s performance during the test session.  

 

Summary of findings for Carol.  For Carol, the visual analysis indicated a 

functional relationship between the interventions that resulted in an increase in 

performance for word problem solving. There was an increase in the level change 

across the phrases for all types of word problems. In addition, there was an 

improvement across all the mean scores from baseline to intervention.   

  

The effect size suggested that the intervention was effective for all three 

different word problem types. The non-regression methods of PND, PEM, and PAND 

had effect size that suggested that the intervention was effective.  Using Tau-U, the 
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effect size of 72.6% indicated a medium to high effect, consistent with the other non-

regression methods demonstrating that the intervention was effective.  

 

Donna 

 

 Donna participated in 31 assessment sessions and 15 instruction sessions. 

Figure 4.9 shows the graphs of the percentage of correct responses for the word 

problems and the assessment sessions for each word problem type. Donna needed 

modification to the concrete manipulative and tests as she experienced frustration 

during the Combine Word Problems. The dotted line on the graph for Change Word 

Problems in Figure 4.9 shows the start of the manipulative was introduced. The 

manipulative was also used in Compare Word Problems.  

 

Visual analysis of combine word problems. There were eight assessment 

sessions for Combine Word Problems. At baseline, the median and the mean scores 

were 20%. Within the level stability envelope, only 33.3% of the data points were 

within the defined area, showing variability in the data series. The trend direction was 

an accelerating one with an absolute level change of 5%.  

 

There was an increase in the median and mean scores at the intervention 

phase. The median score was 75% and the mean was 60%. There were 25% of the 

data points within the level stability envelope. During intervention, the trend showed 

an improving accelerating trend direction. There was an absolute change of 40% 

within the phase.  
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 A comparison of the baseline and intervention phases showed that there was 

an absolute change from baseline to intervention. From the last point at baseline to the 

first data point at intervention, there was a positive increase of 15% in the percentage 

of correct responses. There was an absolute change in level but no change in the 

direction of the trend from baseline to intervention. Table 4.17 shows the median and 

mean scores at the baseline and intervention phases. There was an increase in the 

mean and median scores across the phases, showing an improvement when the 

intervention was implemented. 
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Figure 4.9.  Donna’s Performance on Combine, Change, and Compare Word 
Problems. 
 
 
Table 4.17 
Donna – Median and Mean Scores across Phases for Combine Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
20 

 
75 

 
Mean score 

 
20 

 
60 

Manipulatives 
introduced 
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 Donna scored 85% and 70% for the first and second test, respectively at 

maintenance. The average was 77.5% and this was higher than the mean score at the 

intervention phase.  

 

Visual analysis for change word problems. The modifications to 

intervention and tests mentioned previously were implemented from the second 

baseline assessment onwards. At baseline, the median was 17.5% and the mean was 

16.3%. There was variability in the data series as none of the data points were within 

the level stability envelope. There was an accelerating trend, with an absolute change 

of 15%.  Although the data series was not stable, the last two data points remained at 

the same percentage score and therefore, it was decided that the intervention would be 

introduced.  

 

The mean and median scores moved positively in the intervention phase, 

showing that there was an improvement in the student’s word problem solving 

performance. In the intervention phase, the median score was 82.5% and the mean 

was 72.5%. The trend line showed an accelerating trend and improvement of 

performance. There was an absolute change of 45%.  The data was stable as 75% of 

the data points were within the level stability envelope.  

 

The data at baseline and intervention phase showed a difference in the 

percentage of correct responses. Table 4.18 displays a comparison of the median and 

mean scores at baseline and intervention phases. There was an improvement of 65% 

in the median scores from baseline to intervention. There was also an increase of 

mean scores from 16.3% at baseline to 72.5% at intervention. Comparing the adjacent 
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phases, there was an absolute level change of 15%, from the last point at baseline to 

that at the intervention phase. The improvement at intervention suggested the 

effectiveness of improving Change Word Problem solving performance for Donna.  

 
Table 4.18 
Donna – Median and Mean Scores across Phases for Change Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
17.5 

 
82.5 

 
Mean score 

 
16.3 

 
72.5 

 
  

Donna obtained 80% for the first test and 75% for the second test. The average 

percentage of 77.5% was higher than the average percentage of 72.5% obtained 

during intervention.  

 

Visual analysis for compare word problems. In comparison to Combine and 

Change Word Problems, Compare Word Problems had the fewest data points.  At 

baseline, the median and mean score were 10%. The data was stable as all the points 

were within the level stability envelope. The trend showed a plateauing trend.  

 

During intervention, there was an increase in the median and mean scores 

from baseline. The median was 100% and the mean was 98.3%. The trend was an 

accelerating trend, in the direction of improvement in performance for word problem 

solving.  

  

The comparison between baseline and intervention phase demonstrated that 

the dependent variable changed when the independent variable was introduced. This 
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was seen in the change in scores from baseline to intervention. While the baseline 

mean was 10%, this score increased to 98.3% at intervention. Table 4.19 shows a 

comparison of the median and mean scores in the two phases and the increase of 

scores. The increase suggest that the intervention was effective in improving word 

problem solving. The absolute level change of 85% from baseline to intervention 

demonstrated the presence of an impact of intervention. The trend showed a change 

from a zero-celerating at baseline to an accelerating trend at intervention.  

 
Table 4.19 
Donna – Median and Mean Scores across Phases for Compare Word Problems 
 
Percentage correct 
for word problems 

Baseline phase 
% 

Intervention phase 
% 

 
Median score 

 
10 

 
100 

 
Mean score 

 
10 

 
98.3 

 

 At maintenance Donna scored 100% for both tests. The scores showed that she 

was able to recall the steps and procedures after the intervention phase.  

  

Effect size. The visual analysis demonstrated that the intervention was 

effective in improving the word problem solving performance of Donna. The effect 

size confirmed and supported the visual analysis. The effect sizes are summarized in 

Table 4.20. Looking at the visual analysis, the Combine Word Problems had 

overlapping data points between the phases and a positive trend was present at 

baseline. Applying Tau-U, the effect size was 54% for Combine Word Problem. The 

small effect size obtained from the calculation using Tau-U was likely due to the data 

points at intervention that were below the baseline data. The effect size of 81.3% for 

Change Word Problem and 100% for Compare Word Problem indicated that the 
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effectiveness of the intervention was medium to high. The average effect size of 

78.4% demonstrated that the intervention was generally effective in improving the 

word problem solving performance of the student.  

 

The non-regression method of PND, PEM and PAND showed effectiveness of 

the intervention in the improvement of word problem solving performance. The 

average effect size of 91.7% using both PND and PEM showed that the intervention 

was very effective. Using PAND, the average effect size was 88%, and converting to 

a 0 to 100 scale, the effect size was 0.76, implying that the intervention and the 

performance of the word problem were strongly related. Therefore, the intervention 

was effective in improving word problem solving.   

 
 
Table 4.20 
Donna – Effect Size for Combine, Change and Compare word problems 
 
 Percentage of 

non-overlapping 
data (PND) 

Percentage of 
data exceeding 
median (PEM) 

Percentage 
of all non-
overlapping 
data 
(PAND) 

Tau for non-
overlap with 
baseline trend 
control (Tau-
U) 

 
Combine 
word problem 
 
 

 
75% 

(effective) 

 
75% 

 (effective) 

 
    64% 

 
 

 
54% 

(weak effect) 

Change word 
problem 
 
 

100% 
  (very effective) 

100% 
(very effective) 

    100% 
 

 
 

81.3% 
(medium to 
high effect) 

Compare 
word problem 
 
 
Average  

100% 
(very effective) 

 
 

91.7% 

100% 
(very effective) 

 
 

91.7% 

    100% 
 

 
 

88% 

100% 
(strong effect) 

 
 

78.4% 
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Discussion for Donna.  Two modifications to the intervention were made to 

meet the learning needs of the student. The difficulty level of the tests was reduced by 

replacing the more difficult word problems with less difficult ones. These word 

problems that replaced the more difficult ones were taken from the item bank of word 

problems in phase 1.  At the same time, the bar model concrete manipulative was 

changed to Lego blocks for explicit teaching, where the pieces could be removed to 

show the concept of items being given or taken away. These modifications worked 

well for the student as improvement could be seen within the intervention for Change 

and Compare Word Problems.  

 

 The baseline data for Combine and Change Word Problems showed an 

accelerating trend. Although there was an accelerating trend at baseline, the 

intervention was implemented as the student showed little conceptual understanding 

in solving the word problems. For Combine Word Problem, the introduction of the 

intervention saw an increase in the percentage of correct scores to 40%, and then a 

decrease in the next two tests before the scores improved. The absolute level change 

of 85% in Compare Word Problem showed the greatest improvement from baseline to 

intervention.  

 

Among the three types of word problems, the intervention had the greatest 

effect on Compare Word Problem. Although there were modifications made to 

Change Word Problems, it did not immediately improve performance at intervention. 

The change in level for Combine and Change Word Problems was the same at 15% 

improvement. This could possibly show that with different types of word problems, 

the student had to learn the semantic relationships and construct visual relationships 
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using the appropriate bar models for the solution. As the student proceeded to 

Compare Word Problems, she could possibly have integrated some knowledge of the 

concepts that she had learned in Combine and Compare Word Problems to new types 

of word problem. As to whether improvements in Compare word problem could have 

resulted from having an achieved mastery at Change Word Problem, it is unlikely as 

the student needed to know, learn, and clarify the concepts in compare word problem. 

Such concepts are often confusing for students who find mathematics challenging 

(Riley & Greeno, 1988).  

 

Using the four non-regression methods, the average effect size ranged from 

78.4% to 91.7%. Among them, Tau-U had the lowest effect size of 78.4%, which is 

an acceptable effect size for the intervention to be considered effective.  

 

Key findings.  Donna had more intervention sessions for Combine Word 

Problem than the other types of word problems. In the initial sessions of Combine 

Word Problem, she took a longer time to learn and put into practice the steps involved 

in solving the word problems. While she was able to translate the word problems to 

the use of concrete manipulatives, the process of translating to a visual analysis 

required time for learning.  Sousa (2008) noted that some students require more time 

for elaborative rehearsals where they discover and learn concepts in mathematics. 

Therefore, after becoming more familiar with the steps and procedures, student Donna 

might have become more confident with word problems and gained a better 

understanding of strategies that could be applied to Change and Compare Word 

Problems.    
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The word problems, manipulatives and tests were modified and thus allowed 

student Donna to experience success, and at the same time supported her learning. 

Reducing the difficulty level of the tests enabled Donna to learn only one- step word 

problems and attain mastery of skills in the process of word problem solving. The 

modification worked well as she was able to improve her word problem solving at 

intervention and sustain that performance at maintenance phase.  

 

Summary of findings for student Donna. The visual analysis showed that 

the intervention was effective in helping Donna improve in word problem solving. 

The change in level across the phases for all the word problems as well as the 

improvements in the median and mean scores at intervention phase determined that 

the intervention was effective in improving word problem solving.  

  

The effect size supported the visual analysis in confirming that the 

intervention was effective for Donna.  Although, the four non-regression methods 

yielded different effect size, they were considered large enough to suggest that the 

intervention was effective in improving word problem solving performance.  

 

Summary of Findings 

  

The findings from single-case design study illustrate that the intervention was 

effective in improving the performance of word problem solving among the four 

students. In the visual analysis of the data, there was a positive absolute level change 

from baseline to intervention phase for all types of word problems across all the 
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students. There was also an improved median percentage and mean performance 

percentage at intervention in comparison to the baseline phase.  

  

The visual analysis was also substantiated by the non-regression methods. The 

effect size calculated using PND and PEM showed that the intervention was very 

effective for all the word problem types for all four students. Using PAND, the effect 

size was considered a large effect one, implying that the intervention had been very 

effective. Among the four non-regression methods, Tau-U was the most stringent. 

Nevertheless, the effect sizes using Tau-U indicated that the intervention was 

effective for all the word problem types for the four students. Therefore, the visual 

analysis and the effect size from the various non-regression methods supported that 

the intervention was effective in improving the word problem solving performance of 

all the students.  

 

Discussion and Conclusion  

  

The aim of the study was to examine the effectiveness of the schema-based 

instruction with the use of bar model approach in supporting students with difficulties 

in word problem solving. This study attempted to investigate the following research 

questions: (1) How effective is schema-based instruction with bar model approach in 

improving students’ in problem solving performance? (2) Which type of word 

problem would schema-based instruction with bar model approach have the greatest 

effect on? and (3) Is the performance for schema-based instruction with bar model 

approach maintained after the intervention phase?  

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       229 
 

 

Reflection on Research Questions 

  

Research question 1: How effective is schema-based instruction with bar model 

approach in supporting students in problem solving? 

 

The effectiveness of the schema-based instruction with the bar model 

approach was supported by the visual analysis and the effect size.  There was 

agreement that the intervention was effective using both approaches of visual and 

non-regression methods, as the performance scores of the students improved during 

intervention.  

  

Visual analysis. The effectiveness of the schema-based instruction with bar 

model approach was determined by the visual analysis and the non-regression 

methods. It was noted that at baseline, the average score across all four students did 

not exceed 30%. This was similar to the research by Jitendra, Hoff and Beck (1999) 

where students obtained an average score of 32% at baseline before the schema-based 

instruction was taught to the students to solve one-step and two-step word problems.  

After the intervention using schema-based instruction, their average score improved 

to 86%. In the present study, among the three types of word problems, the scores at 

baseline were similar. The percentages of correct responses at baseline for Combine, 

Change and Compare Word Problems were: 21.2%, 20.7%, and 18.8% across all four 

students, respectively. During the baseline phase, there was no consistent pattern of 

either an accelerating or a decelerating trend for all the students.  
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Student improvement at intervention. When all four students were taught 

the schema-based instruction with bar model approach, they showed significant 

improvement in their word problem solving performance. The average percentage of 

correct responses at intervention across the students for Combine Word Problem was 

71.1%, followed by Change Word Problem with 81.6%, and Compare Word Problem 

with 96.7%. Although there was no common pattern of a contratherapeutic trend at 

baseline for all types of word problems among the students, the data at the 

intervention phase showed an upward trend, denoting improvement.  Their average 

score of 83% at intervention for all word problem across the students is comparable 

with the students in the study conducted by Jitendra et al. (1999).   

 

Absolute change in level. The absolute level change between baseline and 

intervention varied for each student for each type of word problems. For Combine 

Word Problems, the range was between 15% and 90% across all participants. For 

Change Word Problems, the range was between 5% and 70% for Amy, Beth, and 

Carol. Donna, who had the modified tests, had an absolute change of 15% for Change 

Word Problem. The Compare Word Problem had absolute change scores ranging 

from 45% to 95% across all participants. The absolute change in level was the highest 

for Compare Word Problem, possibility attributed to the students being able to 

integrate the processes learnt in Combine and Change to Compare Word Problems. 

After the students were explicitly taught the characteristics and the semantic 

relationships within the word problems, they were able to consolidate their previous 

learning and translate this to Compare Word Problems. Therefore, there was a 

significant change in scores from the baseline to intervention phase.  
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The results from the absolute change in level suggest a possible similarity 

between Change and Compare Word Problems. For Change Word Problems, there 

was a comparison of a “before and after” concept that could be similar to the 

Compare Word Problems where there was a comparison of two items or two persons. 

In addition, a comparison was made if the quantity had become more or fewer in 

number after the change.  

 

Non-regression methods. While the visual analysis provided evidence that 

the intervention was effective, the non-regression methods were used to provide the 

statistical analysis to determine the size of the effectiveness. The non-regression 

methods, PND, PEM, PAND and Tau-U were used to calculate the average effect size 

of the intervention for each student. Using the various non-regression methods, the 

average effect size showed that the intervention was effective for each student and for 

each word problem type. The Tau-U average effect sizes for each student were as 

follows: Amy was 86.6%, Beth was 100%, Carol was 72.6%, and Donna was 78.4%.  

All the effect sizes obtained by the students were within the effective range.  Using 

Tau-U, a “stricter” non-regression method the effect sizes indicated that the 

intervention was effective in improving word problem solving performance. 

 

In summary, the level change in the mean and median, the absolute level 

change across phases and the data trend at intervention for all the word problems 

indicated that the schema-based instruction with bar model approach was effective in 

improving all four students’ problem solving performance. This was also supported 

by the effect sizes that were determined by the four non-regression methods. The 

findings support the hypothesis that students will improve in their mathematics word 
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problem solving performance through explicit teaching and visual representation 

which facilitates conceptual understanding of the word problem.  

 

Research question 2: Which type of word problem would schema-based instruction 

with bar model have the greatest effect size on?  

 

The application of a more stringent calculation using Tau-U to find the 

average effect size for the word problem type showed that the intervention was most 

effective for Compare Word Problem (89.5%), followed by Combine Word Problem 

(82.8%) and then Change Word Problem (81.1%).  

 

The calculation of Tau-U and the other three non-regression methods used 

focuses on the overlap data at baseline. One way in which effectiveness of the 

intervention could be indicated is from the absolute level change between the last 

point of baseline and the first point at intervention. On reflection, this research 

question could include the visual analysis using absolute level change. This could 

inform the improvement that has taken place when the intervention was introduced.  

 

In the data analysis, both visual and effect size do not take into consideration 

of the length of period for the intervention or number of tests which could indicate the 

efficiency of the intervention. While the intervention could be effective in terms of 

being efficient in increasing performance scores, the efficiency of the intervention 

was not be captured. The efficiency of the intervention might be one factor that could 

be included in the analysis of effectiveness. During the intervention phase, some 

students were observed to be tired after completing the tests. This was especially so 
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during the Compare Word Problems, the final type of word problem that was taught 

to the students. As the students had already undergone a few weeks of testing by that 

time, they were tired after completing the test. This was similar to the experience of 

the study carried by Jitendra et al. (1999), who noted that students showed signs of 

fatigue as the study progressed with numerous rounds of testing.  

 

Research question 3: Is the performance for schema-based instruction with bar model 

approach maintained after the intervention phase? 

 

The students continued to use the schema-based instruction with the bar model 

approach after the intervention. Three students (students Amy, Beth and Carol) were 

able to maintain at least an average of above 80% at maintenance phase for each word 

problem type, indicating that they had been successful in attempting to recall and use 

the strategies taught during the intervention to solve word problems. Student Donna 

achieved 77.5% accuracy for Combine and Change Word Problems and 100% for 

Compare Word Problem. This finding supports the hypothesis that the students 

continue to apply the schema-based instruction with bar model approach during 

maintenance, after the intervention period.  

 

In order to have some understanding of the students’ feelings and their 

feedback on the intervention, it might be necessary to include in the research question 

the factors that motivated students to continue applying the use of strategies after the 

intervention phase. This would enable a deeper understanding of how the strategies 

helped the students in word problem solving.   
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In summary, the findings indicate that the intervention was effective for all the 

students in solving the different types of word problems. Among the types of word 

problems, Compare Word Problem had the highest effect size score using Tau-U.  

The students were able to recall and apply the concepts and procedures to solve the 

word problems at maintenance phase. The following section discusses the theoretical 

and practical implications of the findings, while the final part of this chapter focuses 

on the limitations of the study.  

 

Theoretical Implications  

 

Jitendra et al., (2007a) emphasized on the need for the acquisition of the 

problem schema as schema-based instruction is based on the schema theory. This 

means that it is essential that students learn the characteristics and classify word 

problems according to type. Jitendra et al. (2016) elaborated that problem structure 

when highlighted through the use of visual representation enables students to 

categorise word problems and apply the appropriate problem solutions. The teaching 

of the different word problem types involves the use of explicit instruction that 

specifically defines the characteristics of the word problem.  

 

The use of schema. Jitendra et al. (2015) found that “explicit strategy 

instruction priming the underlying mathematical problem structure” (p.70) was 

effective in problem solving. In their study, students were taught explicitly the 

characteristics of the word problems. Equipped with this knowledge of the word 

problem schema, students were further taught the strategies to solve that particular 

word problem type. The explicit instruction of differentiating word problems 
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according to their characteristics enabled the students to categorise and subsequently 

recall the appropriate solution (Jitendra et al., 2015).  

 

In the present study, the word problems used were mainly one-step word 

problems. Learning the word problem schemas enabled the students to establish the 

connection between the type of the word problem and the appropriate concrete and 

visual representation. Thus, they were able to translate to the word problems to the 

concrete representation and then the visual representation with the correct key 

components of the word problems independently after the intervention sessions. 

Christou and Philippou (1999) noted that students who were successful in word 

problem solving had appropriate schemas. They elaborated that schemas were 

organized structures that supported students’ understanding of the semantic relations 

in the word problems (Christou & Philippou, 1999). This further implies that teachers 

should focus on the explicit teaching of word problem schemas. As students progress 

to two-step word problems at the upper primary level, a strong foundation in word 

problem would likely enable them to solve more difficult word problems.  

 

While textbooks used in schools do not classify word problems according to 

the schema of the word problems, students with difficulties in word problems are 

likely to benefit from this approach as it allows them to master that particular word 

problem and therefore increases the likelihood of greater retention. The use of a 

schema, which is similar to the strategy of chunking information, helped the students 

organize the information. The strategy of chunking was recommended by Sousa 

(2008) to help students in retrieving information. Such a method of grouping word 

problems according to their characteristics contributed to the students being able to 
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recall the conceptual understanding of similar word problems and the steps in 

working out the solution. This was evident in the maintenance phase, where a 

majority of the students were able to maintain at an average of 80% accuracy for all 

the word problem types.  

 

The explicit teaching of the word problem schema identification enabled the 

students to identify the characteristics of the word problems. The other instructional 

strategies such as visual representation as well as categorization of word problems to 

schemas in the schema-based instruction with bar model approach were also important 

in improving the students’ performance. 

 

Conceptual understanding. The schema-based instruction is also based on 

the cognitive theory in which several cognitive processes such as language, attention, 

working memory etc. are involved. Schema-based instruction emphasizes on the 

conceptual understanding of the word problems prior to planning for a solution. This 

conceptual understanding of word problems requires the students to recognise the 

semantic information and the situation information of the word problem (Jonassen, 

2003). The conceptual understanding of the word problems allows the students to 

categorise the word problems according to schemas, which subsequently supports 

them in retrieving the process for problem solving. The conceptual understanding of 

the word problem is essential. The following strategies supported the process of 

conceptual understanding: explicit teaching in the identification of the characteristics 

of the word problems, the use of the concrete manipulatives and visual representation.  

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       237 
 

 

Having a schema of the word problems supported the students in the 

translation of the word problems to the concrete and visual representation. The 

translation process of the word problem to a representation is important. With 

reference to the word problem solving process by Mayer (2003), translation is the first 

process that precedes the other processes. Thus, strategies that could enable the 

translation of the word problem would allow students to continue with the other 

processes.  The strategy of helping students understand the semantic relationships in 

the word problems addressed the challenge of poor concept formation in word 

problem solving. Teaching students to recognise the characteristics embedded in the 

word problems would provide them with a strategy that they can apply when they are 

solving word problems.  

 

Explicit instruction. The current Singapore mathematics curriculum does not 

focus on categorizing word problems according to their characteristics. In 

mathematics textbooks, word problems either constitute a chapter on their own, or are 

woven in with the procedural skills that are taught for addition, subtraction, 

multiplication and/or division. In learning to translate the conceptual understanding of 

word problems to concrete representation, students are not explicitly taught the type 

of word problem and the possible bar model representation. For example, a Change 

Word Problem is characterised by the concept of an event that brings about a change 

in the quantity of items. In terms of the bar model approach, it would require a 

representation showing the quantity before and after the change. Students who 

struggle with word problems might not notice that word problems from the same 

word problem type have similar characteristics. Thus, they struggle to solve word 

problems as every word problem seems to be a new one. 
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The explicit teaching of the characteristics of the word problems allowed 

students to have the corresponding schemas organized in their memory. Schema 

activation in the long-term memory would further allow them to use the appropriate 

visual representations to help them solve the word problems. The explicit teaching of 

constructing the bar models as visual representation also scaffolds the learning for the 

students. Jitendra et al. (2007a), in their research on the effectiveness of schema-based 

instruction for third graders, found that low performing students were most likely to 

have benefitted from the explicit instruction. Zheng et al., (2012), in their meta-

analysis of word problems highlighted that an effective approach to word problems 

involved a combination of instruction components and explicit instruction.  Similarly, 

in this study, students were taught to recognise the semantic relationships in word 

problems via explicit instruction. Together with explicit teaching, the use of questions 

also helped to clarify the students’ understanding, thereby developing a better 

understanding of the word problem.  The instructional component such as the use of 

questions was also one of the strategies in interventions that yielded greater effect size 

(Swanson & Hoskyn, 1998; Zheng et al., 2012). The instructional approach of explicit 

teaching coupled with the use of questions is likely to have contributed to helping 

students improve their word problem solving performance in this study.  

 

One of the explicit teaching strategies was the use of concrete bar models to 

explain the semantic relationships in the word problems. The purpose of the concrete 

representation was to allow students to translate the word problems into something 

concrete (using the rectangular bars). Miller and Hudson (2007) emphasized the 

importance of developing conceptual understanding through the concrete- 

representational-abstract process. The manipulatives enabled the students to check if 
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the semantic relationship in the word problems was accurately translated to the 

concrete representation before the students drew the visual representation.  

 

Fuchs et al. (2006) and Geary (2004) indicated that attentive behaviour was 

often absent for students who had difficulties in word problem solving. It was noted in 

the present study that this step of using the concrete manipulative reduced the 

impulsivity of the students to complete the visual representation of the word problem. 

They gave more attention and focus to the concrete representation and task of 

constructing the visual representation. During the teaching sessions, it was observed 

that the concrete representation allowed the students to check their understanding 

before drawing the visual representation. It was also noted that there was less 

frustration experienced as the students would check on the concrete representation 

before they transferred their understanding to the visual representation.  

 

Use of visual representation for word problems. One of the key 

components of the schema-based instruction with bar model approach is the visual 

representation. When the students were able to translate the sematic relationship in a 

word problem to a concrete representation then to a visual representation, the visuals 

supported their conceptual understanding of the word problem. Jitendra et al., (2016) 

in their analysis of research studies using mathematical representation, noted that the 

visual representation was one of the key instructional approaches for students with 

difficulties in problem solving. They concluded that representations, either visuals 

only or a combination of concrete and visual representation is an evidence-based 

strategy that improves the word problem solving performance of students with 

difficulties in mathematics (Jitendra et al. 2016). The concrete representation using 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       240 
 

 

the rectangular bar model was used to support explicit instruction to support students 

in their understanding of the word problem. The information transferred from the 

word problems to the visual representation also allowed the students to identify the 

given information and the unknown information they had to calculate. The visual 

representation also put less demand on the students’ working memory in retaining the 

relevant information of the word problem. Jitendra and Star (2011) noted that 

teaching students to “represent the situation described in the problem using a 

schematic diagram is critical to reduce working memory resources” (p. 15). 

 

van Garderen and Montague (2003) noticed that students with learning 

difficulties were likely to reach the correct answers to the word problems if they had 

drawn the solutions. Similarly, in this study, when the students drew the appropriate 

model during intervention and maintenance phases, they made improvements in their 

problem solving scores. Therefore, visual representation is also one of the key 

strategies that is essential in assisting students in the understanding of word problems 

and helping them to be more successful problem solvers. Furthermore, including 

concrete manipulatives provides students with additional support that they can rely on 

when they are uncertain if they have translated the word problem accurately. Research 

by Jitendra et al. (2016) supported the use of manipulatives and visual representation. 

They acknowledged that studies which had used both concrete and visual 

representation as interventions resulted in a large effect size, indicating that the 

intervention was effective (Jitendra et al., 2016). 

 

Explicit practice. The use of explicit practice was also included in 

interventions that were found to be effective (Zheng et al., 2012). In the present study, 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       241 
 

 

in order for students to have opportunities for practice, there was also explicit practice 

during the sessions on word problems that they were learning. The “dedicated” 

practice on only that type of word problem allowed the students to have sufficient 

practice in translating the word problem using bar models for concrete and visual 

representation of the word problems. Focused practice provided attentive 

concentration on the process of word problem solving.  

 

The discussion sections have explored the strategies of schema-based 

instruction with bar model approach that are effective in supporting word problem 

solving. These components should be used together instead of individually to achieve 

comparable outcomes. The following discusses the findings in comparison to other 

similar research studies on word problem solving.  

 

Comparison of effect size with other studies.  Peltier and Vannest (2018) 

published their study on the effects of schema-based instruction on word problem 

solving among Grade 2 students with emotional and behavioural disorders.  Their 

study was conducted using single case design with Tau-U used as the method to find 

the effect size. The effect size for the four participants ranged from 63% to 98%. In 

the present study, the effect size using Tau-U ranged from 72.6% to 100% that is 

comparable to the study conducted by Peltier and Vannest (2018). Therefore, the 

effectiveness of the schema-based instruction with bar model approach has yielded 

comparable results as Peltier and Vannest’s (2018) research study.  

 

Jitendra and Hoff (1996) conducted a similar study which measured the 

effectiveness of schema-based instruction using the performance score improvement 
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of three students with learning difficulties in Grade 3 and Grade 4. They found that 

the average performance scores of the three students were 77.7%, 88.7%, and 89% 

after they were taught the schema-based instruction (Jitendra & Hoff, 1996).  

Similarly, the students in the present study demonstrated improved performance when 

they were taught the schema-based instruction with bar model approach. The four 

students scored an average of 89.4%, 82.7%, 83.3% and 77%.  The average 

performance scores for the students in the present study were comparable to that of 

the students in the study conducted by Jitendra and Hoff (1996). The similar scores at 

intervention in this study are an indication that the schema-based instruction with bar 

model approach was as effective as the intervention carried out by Jitendra and Hoff 

(1996).  

 

Comparison to other strategies. The findings from this study support the 

meta-analysis of teaching strategies that have been found effective for teaching 

students with difficulties in word problems. The teaching of word problems requires a 

combination of strategies to support these students.  

 

While the schema-based instruction with bar model approach has been found 

to be effective for word problem solving, there are also other methods such as strategy 

instruction that have been implemented to support students in solving similar types of 

word problems. Case, Harris and Graham (1992) examined the effectiveness of 

strategy instruction on solving addition and subtraction word problems.  In their 

study, strategy instruction involved the use of five steps during problem solving.  The 

first step was to read the problem aloud. After which, the students had to look for 

important words and circle them. The following step was to draw pictures to help 
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understand the word problem. Finally, the students had to form an equation and solve 

for the final answer.  The researchers used single case design to carry out their 

research. The students in the study had to memorize the steps during the instructional 

phase of the study and tests on solving word problems were carried when they were 

familiar with the steps. At baseline phase, the students scored 82% accuracy for 

addition word problems and 30% accuracy for subtraction word problems. The score 

improved at the intervention phase. For addition word problems, the students obtained 

95% accuracy and 82% accuracy for subtraction word problems. There was an 

improvement of 13% for addition word problems. For the subtraction word problems, 

the students’ scores improved by 65% from baseline to intervention. Averaging the 

two scores, there was an improvement of 39% from baseline to intervention phase.   

 

In the present research using schema-based instruction with bar model 

approach, the average baseline score for accuracy in answers for all three types of 

word problems was 20.2%. During intervention, the average score obtained by the 

students was 83.1%. There was an improvement of 62.9% from average baseline 

score to average score at intervention phase. A comparison of the improvement in 

scores between the two strategies of instruction suggests that schema-based 

instruction with bar model approach is possibly more effective in supporting students 

in their word problem solving.  

  

An attempt was made to search the databases using the following keywords, 

“mathematics word problems” and “key words”. The result did not show any studies 

specifically using the key-word approach in word problem solving.  
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In summary, the schema-based instruction with bar model approach improved 

the word problem solving performance of students. The intervention was effective as 

it supported the working memory in the organizing and retrieval of information from 

long-term memory. From the schema theory perspective, the grouping of word 

problems enabled the students also to draw association with similar solutions for each 

word problem type. This supported the students in the retrieval of possible solutions.  

  

Practical Implications 

 

Classroom teaching practice. Visual analysis and the effect size 

demonstrated that the schema-based instruction with bar model approach improved 

the word problem performance of students with difficulties in solving math word 

problems. The empirical evidence of the improvement made by students in their word 

problem performance could inform teachers on the combination of strategies that 

could be used for students who struggle with word problems in the local context. 

These strategies include explicit instruction and visual representation.  

 

Emphasis on schema. Findings from this research suggest that teachers who 

are teaching students with difficulties in word problem could focus on teaching the 

characteristics of the word problems. During the process of schema identification, the 

students may develop the conceptual understanding of the semantic relationship of the 

word problems. The explicit teaching of schema identification is essential, 

particularly for students at the lower primary level as it helps them to the recall the 

associated solution to the type of word problem. This enables the students to build a 

strong foundation for word problem solving.  
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The use of explicit instruction. The teacher’s use of explicit teaching is 

important in teaching the students to recognise the characteristics of the word 

problems. In the meta-analysis of teaching strategies for students with difficulties in 

Mathematics, Baker et al. (2002), Gersten et al. (2009), and Kroesbergen and Van 

Luit, (2003), recommended the use of explicit teaching. Therefore, teachers are 

encouraged to explicitly teach students to recognise the characteristics of the word 

problems and highlight the semantic relationship in the word problems. Explicit 

teaching was also used in showing the students the use of the manipulatives and 

drawing a visual representation using the bar model.  

 

The use of concrete representation in explicit instruction supported the 

students in their conceptual understanding of the word problems. Teachers are 

encouraged to make use of concrete manipulatives to help students to translate and 

clarify their understanding from text to a representation. The strength of concrete 

representation is the ease of modifications if the representation is inaccurate. 

Compared to visual representation, making modification to the concrete 

representation would be less frustrating then erasing the visual representation.  

 

Teachers using concrete manipulatives also need to be observant of the way 

students interact with the concrete manipulatives. It is often assumed that concrete 

materials work in the same way for students. In this study, the experience with student 

Donna suggested that there can be differences in the functionality of manipulatives 

for students.  
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Use of visual representation. The use of visual representation has been 

shown to support students in their word problem solving process. The bar model is 

one form of visual representation that has been used extensively in local primary 

schools. Ng and Lee (2009), in their research of the use of bar model approach for 

problem solving among local students, noted that students who used this approach 

showed a sound conceptual knowledge of the word problems. For example, in 

comparison sums, the students showed an understanding of relational phrases such as 

“more than” or “less than”. This illustrates that the explicit teaching of the 

characteristics of the word problems together with the translation of the word 

problems to bar models helps students in their conceptual understanding. Ng and Lee 

(2009) also concluded that the “art of the representation first has to be taught” (p. 

312). This implies that teachers must guide and teach their students in the bar model 

approach in order for them to have a strong foundation in this heuristic. This is even 

more important for students with difficulties in word problems. Therefore, the 

findings of this research attempt to convince teachers in the lower primary and those 

teaching students with mathematics difficulties to be more disciplined and consistent 

in the use of bar models as visual representations for solving word problems.  Without 

a strong foundation in the use of this heuristic, students will struggle as they progress 

to more difficult multi-step word problems at the upper primary levels. 

 

Use of schema-based instruction. The finding showing the effectiveness of 

schema-based instruction is highly relevant to the Singapore context, especially in the 

teaching of Combine, Change, and Compare Word Problems at the lower primary 

levels. It has been acknowledged that the bar model approach is one of the effective 

strategies that is used for word problem solving (Ng & Lee, 2009). Local primary 
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school teachers are familiar with teaching the bar model approach as one of the 

heuristics for word problem solving. The integration of schema-based instruction with 

the bar model approach would not result in a different teaching pedagogy. Therefore, 

teachers are likely to be more willing to implement this instruction in their 

classrooms.  

 

The findings from the study could initiate the interest of teachers to conduct 

their remediation programme differently. Students who have difficulty in mathematics 

often have to attend remediation programme after school hours. These remediation 

programmes usually attempt to re-teach or provide more drill and practice for students 

to improve their mathematics performance. The experience and results of the students 

in this study could inform teachers of an alternative approach to remediation 

programmes. Teachers could adopt and receive training in schema-based instruction 

with the bar model approach so that similar student outcomes can be achieved.  

 

Other research studies have focused on specific word problem solving 

methods such as visual representation, or Polya’s (1973) 4 stages in word problem 

solving.  As these strategies are generic effective strategies that help students 

systematically approach word problems, teachers use these strategies with the whole 

class without differentiating the needs of those who face particular difficulty in word 

problem solving. Students who face such difficulties are more likely to require 

scaffolding with more specific steps that could help them understand word problems. 

The final part of this chapter discusses the limitations of the study.  
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Limitations of the Study 

 

 The findings of the research are encouraging, as schema-based instruction 

with bar model approach could be an alternative way of teaching students with 

difficulties in word problem in the local school context. Going beyond the school 

level, the research findings corroborate with existing research studies conducted using 

schema-based instruction. However, this research presents a few potential limitations. 

Firstly, the participants in the study are all female students from the same mainstream 

school. As some research studies have highlighted the gender differences in 

mathematics performance (e.g. Lachance & Mazzocco, 2006), it would have been 

preferable to have a combination of both male and female students in the study.   

 

The second limitation that arose from this research is the difficulty level of the 

word problems. The difficulty levels of the tests for Combine, Change, and Compare 

Word Problems were within ±1.5 standard deviation. This could be further improved 

by having the difficulty level of all tests be within ±1 standard deviation. This would 

increase the similarity of the difficulty level of the tests. The difficulty level of the 

tests for all types of word problems could also be within a specific range so that they 

are similar across the word problem types.  

 

Thirdly, the word problems used in this research were limited to the topic of 

whole numbers involving the mathematical operation of addition and subtraction. 

Further research could include other types of word problems involving operations 

such as multiplication and division and/or topic-based word problems. This would 

allow for the examination of whether the schema-based instruction with bar model 
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would be effective for other types of word problems involving other mathematical 

operations or topics such as ratio or fractions.  

 

The fourth limitation is the lack of students’ feedback with respect to the 

intervention. The findings focused on the students’ performance test score. It could 

have included the qualitative component of getting feedback from students on their 

preference and opinion on the use of the strategies in the intervention. This would 

enable the researcher to use their feedback for future modifications to the process. 

The qualitative feedback could also support the quantitative data that the success of 

the intervention is due to the schema-based instruction with the bar model approach.  

 

 Finally, in the development of the item bank of word problems, the 

demographics such as the age, ethnic group, academic abilities of the participants 

could be collected in future studies. This was not captured in this study.  

 

Summary of Discussion 

 

 The visual analysis and effect size indicated the effectiveness of the schema-

based instruction with bar model approach for all word problem types. The schema-

based instruction with bar model approach consists of strategies such as the use of 

schema, concrete and visual representation, and explicit teaching and explicit practice. 

The use of these strategies has helped to address some of the challenges in word 

problems (e.g. poor concept formation, lack of attentive behaviour) which are often 

faced by students.  This chapter has outlined the methodology, results of the findings, 
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discussion and the limitations of the study.  The following chapter will provide 

concluding remarks about the study.  
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CHAPTER FIVE: GENERAL DISCUSSION AND CONCLUSION 
 

Summary of Study  

 

The focus of this research was on the study of effectiveness of strategies that 

could support students with difficulties in word problem solving, specifically with 

respect to the word problem types of combine, change and compare. Word problem 

solving has been identified as one of the components in mathematics with which 

students encounter the greatest difficulty. As the mathematics curriculum is spiral in 

nature, intervention and support must be provided so that students can build a strong 

foundation in mathematics computation and word problem solving.  

  

From the literature review, research studies on schema-based instruction 

indicated that there were significant improvements in students’ word problem solving 

using this strategy (Jitendra & Hoff, 1996; Morin et al., 2017; Peltier & Vannest, 

2018).  As the research was mainly conducted in schools in other countries, it would 

be appropriate to investigate the impact of this strategy in the Singapore context. 

Within schema-based instruction, the schema diagram is used as a visual 

representation of the word problem. In Singapore, the visual representation that is 

commonly used is the bar model approach. To integrate an existing heuristic into the 

intervention, the bar model approach replaced the schema diagram. Explicit 

instruction was used to teach students to identify the characteristics of the word 

problems to categorise them into the different schemas.  

 

There were two phases in this study. The first phase was the development of 

the item bank of word problems and the second phase was to the investigation of the 
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effectiveness of the schema-based instruction with bar model approach. Before the 

single-case study was conducted, an item bank of word problems was developed. The 

word problems were used to create 60 tests to monitor the progress of the students. A 

majority of the tests within each word problem type were similar in difficulty.  At 

least 90% of the tests within each type of word problems, combine, change and 

compare were within ±1.5 standard deviation. The one-sample t-tests indicated that 

the mean difficulty scores for the tests in each category of the word problems was not 

statistically different from the mean group difficulty. This would prevent the claim 

that any improvement in word problem test scores were the result of word problems 

of lower difficulty administered during intervention, and those of higher difficulty 

administered during baseline data collection. The multiple probe design in single-case 

study methodology was selected for data collection to find out if the schema-based 

instruction with bar model approach was effective in improving the performance of 

the students. This method was selected as close monitoring of students’ progress was 

necessary during intervention and it also allowed for the gradual application of the 

intervention to the combine, change and compare word problems.  

 

During the intervention, there was alternation between teaching and 

assessment sessions. There was a standardised procedure for the teaching sessions.  

The tests created in the earlier phase were used to monitor the impact of the 

intervention on the students’ word problem performance. Visual analysis was used to 

determine the effectiveness of the intervention. This was complemented with non-

regression methods which were used to calculate the effect size.  
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The findings from this study indicated that the intervention was effective in 

improving the performance scores of the students. The effect size using Tau-U for the 

four students (student Amy, Beth, Carol and Donna) were between 72.6% and 100%. 

This finding was comparable to the study by Peltier and Vannest (2018) using 

schema-based instruction for word problem solving. In Peltier and Vannest’s (2018) 

study, the effect size using Tau-U for 4 participants ranged from 63% to 98%.  The 

average scores for the four students in this study were in the range of 77% to 89.4%. 

This was also comparable to the average scores of the findings in the study conducted 

by Jitendra and Hoff (1996). In Jitendra and Hoff’s (1996) study, their students 

achieved an average score of 77.7% to 89% during intervention.  

 

The strength of schema-based instruction is the explicit teaching and visual 

representation that translate word problems to the bar model. The researcher explicitly 

highlighted the characteristics of the word problems to the students. The semantic 

relationships in the word problems were also explained to the students. This supported 

the students in their conceptual understanding of the word problems. The use of   

explicit teaching also supported the students in the processing of the information, so 

that there could be greater retention of information. The explicit teaching of the 

semantic relationship and the categorisation of the word problems according to the 

schemas supported the students during the translation and the integration process of 

word problem solving.  This means that the students are able to identify the 

characteristics of the word problems and the possible visual representation of the 

word problems. The literature review identified working memory as one variable that 

affects students’ ability to solve word problems (Swanson et al., 2015). The 

categorisation of the word problems according to their characteristics enabled the 
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information to be arranged into knowledge structure or schemas that facilitate 

retrieval of information (Cooper & Sweller, 1987).  Therefore, the explicit teaching of 

the characteristics of word problems enables students to have well-defined schemas 

which support students in their retrieval and the assimilation of new knowledge.  

 

 As the finding in this present study corroborates with the literature review on 

the importance of explicit instruction and schemas, teachers should consider the use 

of schemas and the explicit instruction of the categorise word problems into schemas. 

Students with mathematical difficulties in the primary schools might not be able to 

categorise word problems according to their characteristics. Therefore, teachers could 

apply the use of schemas and the strategy of explicit instruction in teaching students 

to categorise word problems into the appropriate word problem schemas.  

 

 The teaching strategy using visual representation complements explicit 

instruction and the use of schemas. The meta-analysis by Gersten et al. (2009) in the 

evaluation of the effectiveness of instructional strategies indicated that visual 

presentation used together with other teaching strategies had demonstrated a positive 

impact. The translation of the word problems to a visual representation enables the 

students to understand the semantic relationship in the word problem (Kho et al., 

2009). This strategy supports the students in the planning process during word 

problem solving. The bar model as a visual representation of the semantic relationship 

in the word problem enables the students to construct the equation for the solution.  

 

 In summary, the strategies in the schema-based instruction with bar model 

approach are essential in supporting students with difficulties in word problems. 
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These strategies are applicable to the process of the word problem solving to 

overcome some of the challenges encountered in word problem solving.  

 

Significance of the Study 

 

 The findings and the discussion of this study contributes to research in 

supporting students with difficulties in mathematics and teaching of word problem 

solving in schools.  

 

Use of word problems in item bank. The findings from the construction of 

the item bank of word problems informed the difficulty level of the word problems. 

Teachers often have some intuition of the difficulty level of word problems from the 

number of students who are able to reach the solution. In this study, the difficulty 

level of the word problems was measured based on a standardised measurement 

known as logits. This would provide teachers with a more accurate comparison of the 

difficulty level of the word problems. The item bank would allow teachers to 

introduce less difficult word problems before more difficult word problems. Students 

could learn foundation skills through practice with less difficult word problems and 

progress to more difficult word problems. The word problems in the item bank could 

be used to create tests for various purposes. Teachers could create tests of different 

levels of difficulty to meet the learning needs of their students.  

 

 Application as a teaching approach.  The schema-based instruction with  

bar model approach could be included as one of the approaches to be considered in 

teaching students with difficulties in mathematics. As classroom instructions impact 
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students’ learning, teachers and allied educators could consider applying this 

intervention to students from the lower primary who struggle with word problems. As 

schools embark on a multi-tiered system of support, this intervention could be an 

example of a Tier 3 intervention for word problem solving.  Following closely to the 

intervention in this study, the implementation is intensive as it involves one-to-one 

teaching and the constant monitoring of the student’s progress.  

  

The schema-based instruction with bar model approach consists of a 

combination of strategies. The findings suggest that no one strategy alone is 

sufficiently effective in improving word problem solving. Each strategy complements 

another and results in improving the students’ problem solving. Teachers should be 

encouraged to use a combination of strategies in supporting students with difficulties 

in word problem solving.  

 

The findings from this research provide an alternative approach that could be 

implemented in schools to support students who have difficulties in word problems. 

Heng and Sudarshan (2013) found that “teachers readily acknowledged that they 

tended to use key words to help students solve simple addition (and subtraction) 

problems” (p. 478).  As most teachers seemed “comfortable” with the key word 

strategy, there might be a need to change the teachers’ approach. The present study 

also suggests that combinations of strategies such as schema construction, visual 

representation, and explicit teaching could be applied in teaching other mathematics 

topics.  

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



SUPPORTING WORD PROBLEM SOLVING                                       257 
 

 

Research in supporting students with difficulties in mathematics.   

Schema-based instruction with the bar model approach has been found to be effective 

in improving word problem solving performance. This finding has indicated that 

using schema-based instruction with bar model approach could be as effective as the 

schema-based instruction implemented by Jitendra and Hoff (1996).  Both the 

schema-based instruction approach and the schema-based instruction with bar model 

approach are similar. They have the same components of categorising word problems 

into schemas, visual representation and the application of explicit teaching.  

 

Finally, the findings and discussion contribute to research in the field of word 

problem solving for students with difficulties in mathematics, particularly in the area 

of word problem solving.   

 

Limitations and Directions for Future Research 

  

There were five limitations of the study which were mentioned in Chapter 4. 

The limitations were: (a) the participants in the single-case design were all female 

students from the same mainstream school, (b) variation in the average difficulty of 

the tests among each type of word problem, (c) the schema-based instruction with bar 

model approach was applied to word problems on the topic of whole numbers (d) lack 

of students’ feedback on the intervention and, (e) lack of participants’ demographics 

in the development of  an item bank of word problems.  

 

The participants in the study during the single-case design were all female 

students. There are research studies which have shown that there are differences in 
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mathematics performance for male and female students (Stevens & Schulte, 2017). 

Therefore, to examine the effectiveness of the schema-based instruction with bar 

model approach, it would be appropriate to include male participants in the study. The 

study could also examine the use of this intervention on students in the upper primary 

level.  

 

 The one-sample t-test has indicated that test difficulty scores were not 

statistically significantly different from the means of the respective word problem 

types. However, their average difficulty for each word problem type differed from 

each group. For future research, the average difficulty levels could be kept within one 

standard deviation across the word problem types.  This is an attempt to narrow the 

range of test difficulty so that the study could evaluate whether effectiveness of the 

intervention is affected by the difficulty levels of the word problems across the word 

problem types.  

 

The third limitation of this study is the focus of word problems in the topic of 

whole numbers. The intervention was found to be effective for combine, change and 

compare word problems. Future research could examine the effectiveness of the 

intervention when applied to other topics in mathematics such as fraction, ratio and 

proportion or more complex word problems which require more than two steps in 

deriving the solution.  

 

This present study did not investigate the students’ feedback on the 

intervention. The findings reported on the performance of the students’ during 

intervention. However, it did not include students’ feedback on the intervention. 
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Future research could include the component of students’ feedback so that there is a 

more holistic evaluation of the intervention. The feedback could include students’ 

attitude towards word problem solving and whether there was change during 

intervention. It could also include other aspects such as their learning experience in 

during the intervention and their confidence level in word problem during and after 

the intervention. The students’ demographics in the development of the item bank of 

word problems could also be included. While students’ feedback is important, the 

possibility of studying teacher effectiveness in using the schema-based instruction 

with bar model approach and their views would provide another important perspective 

in the use of the intervention.  

 

In addition, there could be an extension of the research question to find out if 

the effectiveness of the schema-based intervention with bar model approach would be 

affected by the change in the order of the type of word problems taught to the 

students. The purpose of the question would also help us understand the possible 

similarity between the visual representations of Change and Compare Word Problems 

that facilitates the students’ learning.  

 

In summary, the findings in this study show that schema-based instruction 

with bar model approach is effective in improving the performance of students in 

solving combine, change and compare word problems.  Moving forward, future 

research could include male students in the study, having tests which are similar in 

difficulty level across combine, change and compare word problems, including other 

topics in the mathematics syllabus and including students’ feedback during 

intervention.  
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Appendix C: Parent Consent Form & Student Consent Form 

 

 
 
  
 
 
 
 
Dear Parents/Guardian, 

 

INFORMATION SHEET  & CONSENT FORMS 

 

RE: Study of effective strategies for supporting children with learning difficulties in mathematics  

 

The objective of this research is to study the strategies that have been found effective for pupils with mathematical 
learning difficulties. Specifically, the strategies would be useful for word problem solving.  There are two phases in 
this research. The first phase involves pupils’ participation in a word problem test.  The objective of this phase is to 
determine the difficulty level of the word problems.  This is to allow the research to have an objective use of the word 
problems as evidence for effectiveness of strategy in Phase 2. During the second phase, pupils with learning difficulties 
in mathematics will be taught word problem solving strategies. Using the word problems (and the difficulty level) from 
Phase 1, we would have a better insight to the progress of the pupil.  

 

We would like to invite your child to be a participant in Phase 1 of the study. It would involve taking a written test on 
word problems for an hour. The test would be administered as a class.  

 

You are assured that all information regarding the pupils will remain strictly confidential. When data is reported or 
published in any way, they will be presented with utmost care and responsibility to all the participants. The names  of 
pupils, teachers or schools will not be disclosed in any way. The Principal Investigator, Assoc Prof Kenneth Poon, Co-
Investigator Lim Luck Siew, the school Principal and Head of Department for Mathematics and the child’s mathematics 
teacher will have access to the data.  

 

Your child’s participation in this study is voluntary and you are allowed to withdraw your child from the study at any 
point of time. If you have any questions regarding this research, please feel free to e-mail to Ms Lim Luck Siew at 
lim_luck_siew@moe.edu.sg.  You may also direct your queries to irb@ntu.edu.sg.  

 

We thank you for your time and look forward to your child’s participation in the study. 

 

 
 
 

National Institute of Education 
1 Nanyang Walk,  
Singapore 637616 
NTU Reg. No. 200604393R 
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Dear Parents/Guardian, 
 

INFORMATION SHEET & CONSENT FORMS 
 

RE: Study of effective strategies for supporting children with mathematical learning 
difficulties 

 
The objective of this research is to study the strategies that have been found effective for pupils 
with mathematical learning difficulties. Specifically, the strategies would be useful for word 
problem solving. These strategies would be taught to the pupils individually. We would like to 
invite your child to participate in this study. 

 
Prior to the study, there would be 2 assessments which would be conducted. The Ravens 
Standard Progressive Matrices and Test of Mathematical AbilitiesN3(TOMAN3) would be used to 
find out the strengths and abilities of the pupils. 

 
The one to one teaching may involve approximately 60 sessions, each session would take 30 
minutes. The researcher would be conducting all individual teaching. The progress of the pupils 
would be monitored during the one to one teaching. 

 
You are assured that all information regarding the pupils will remain strictly  confidential. When 
data is reported or published in any way, they will be presented with utmost care and 
responsibility to all the participants. No pupils, teachers or schools will be disclosed in any way. 
The  Principal  Investigator,  Assoc  Prof  Kenneth  Poon,  CoNInvestigator,  Ms  Lim  Luck  Siew  and 
the school Principal, Head of Department for Mathematics and the child’s mathematics teacher 
will have access to the data. 

 
Your child’s participation in this study is voluntary and you are allowed to withdraw your child 
from the study at any point of time. The proposed intervention programme is neither endorsed 
nor owned by MOE or the school. If you have any questions regarding this research, please feel 
free  to  eNmail  to  Ms  Lim  Luck  Siew  at  lim_luck_siew@moe.edu.sg.   You  may  also  direct  your 
queries to irb@ntu.edu.sg. 

 
We thank you for your time and look forward to your participation in the study. 

National Institute of Education 

1 Nanyang Walk, 

Singapore 637616 

NTU Reg. No. 200604393R 
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Yours sincerely 
 
 
 

 
 

Kenneth POON, M PsyClin, Ph.D. 
Associate Professor, Early Childhood and Special Education 
Assistant Dean (Research Translation), Office of Educational Research 
National Institute of Education, Nanyang Technological University 

 
 
 
 

Ms Lim Luck Siew 
CoNInvestigator 
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PARENT’S CONSENT FORM 
 
 
To allow your child to participate in this research study, it is necessary that you give your informed 

consent. By signing the consent form, you are indicating that you understand the nature of the 

research study, your child’s role in the research and that you agree to allow your child to be a 

participant in the research. Please think about the following points before signing. 

 
1. I fully understand that my child will be participating in a research 

2. I understand that all the information collected in this study will be used for the research only. 

My identity and my child’s identity will be kept confidential. 

3. The investigators of the research were able to clarify any doubts and uncertainties, if any, to 

my satisfaction. 

4. I understand that my child’s participation to the research is voluntary and I can withdraw my 

child from the research study at any point of time. 

5. I understand that I can contact Ms Lim Luck Siew at lim_luck_siew@moe.edu.sg for 

clarication of any queries. 

 
By signing this form, I am stating that I understand the above information and consent to allow 

my child to participate in this research study. 

 
Name of Parent:  Signature / Date:  

Name of Child:  Relationship to the child    
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CHILD’S CONSENT FORM 
 
 
By signing the consent form, you are indicating that you understand the nature of the 

research study, your role in the research and that you agree to be a participant in the 

research. Please think about the following points before signing. 

 
1. I fully understand that I will be participating in a research 

2. I understand that all the information collected in this study will be used for the 

research only. My identity will be kept confidential. 

3. The investigators of the research were able to clarify any doubts and 

uncertainties, if any, to my satisfaction. 

4. I understand that my participation to the research is voluntary and I can 

withdraw from the research study at any point of time. 

5. I understand that I can contact Ms Lim Luck Siew at 

lim_luck_siew@moe.edu.sg for clarication of any queries. 

 
By signing this form, I am stating that I understand the above information 

and consent to participate in this research study. 

 
 
Name of Child:  ____     Signature / Date:  
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Appendix D: Sample of a Test for Item Bank Development 

 

Test B 

Class: 

 Index No: 
Gender: 

 
Instructions: There are 20 word problems. Please try to solve all the word problems and show 
the equation(s)/number sentence(s). 
 

 
1. Joe sold 80 apples and oranges this morning. If he sold 37 apples, how many oranges 

did he sell?  
 

 

 

 

 

 

 

2. Joe had some tarts for party. Sally brought another 12 tarts to the party.   Now Joe has 
40 tarts.  How many tarts did Joe have at the start?  

 

 

 

 

 

 

3. Joe made 50 cupcakes.  He made 12 cupcakes more than Sally. How many cupcakes 
did Sally make?  
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4. After selling 68 curry puffs, Sally had 80 curry puffs left.  How many curry puffs did Sally 
have at first? 

 

 

 

 

 

 

5. There were 240 people at the zoo on Tuesday morning. If there were 180 adults, how 
many children were there? 

 

 

 

 

 

 

 

6. Joe has 25 marbles. Sally has 9 marbles fewer than Joe. How many marbles does Sally 
have? 

 

 

 

 

 

 

7. Joe had 368 pens in his shop after he bought another 126 pens.  How many pens were 
there in his shop at first?  
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8. Joe had some apples.  He threw away 34 rotten ones. Then he bought another 65 
apples.  If he had 156 apples in the end, how many apples did he have at first?  

 

 

 

 

 

 

9. Sally has 120 candies.  She wants to give 380 children a candy each. How many more 
candies does Sally need?  

 

 

 

 

 

 

10. Joe had $950.  He bought a television set.  He was left with $200.  How much did the 
television set cost? 

 

 

 

 

 

 

11. Joe had $800.  He bought a sofa set and received $20  change. How much did his sofa 
set cost? 
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12. There were 100 men and 120 women at the cinema. There were also 90 children.  How 
many more adults than children were there? 

 

 

 

 

 

 

13. There were 200 children at the zoo.  There were 100 more adults than children. How 
many people are there at the zoo? 

 

 

 

 

 

 

14. There were 100 red beads in the box. If there were 20 more blue beads than red beads, 
how many beads were there in the box? 

 

 

 

 

 

 

 

15. There were 150 mangoes and 300 papayas. Joe threw away 30 mangoes and bought 
another 50 papayas. How many fruits were there in the end?  
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16. There were some adults and children at a cinema. 20 of them were men and 60 were 

women. The rest were children. If there were 30 more adults than children, how many 
children were there?  

 
 
 
 
 
 
 
 
 
 
 

17. Joe had 450 sticks. After his friend gave him 150 more sticks, he had 120 fewer sticks 
than Sally.  How many sticks did Sally have?  

 

 

 

 

 

 

18. Sally had 450 stamps.  She gave away 45 stamps and bought some new ones.  If she 
had 420 stamps in the end, how many new stamps did she buy? 

 

 

 

 

 

19. There were 150 mangoes and 300 papayas. There were 30 mangoes and 60 papayas 
that were rotten and thrown away. How many fruits were left? 
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20. There were 200 boys and 120 girls in Primary 2. There were 50 fewer boys and 20 more 
girls in Primary 3.  How many students were there in Primary 3? 
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Appendix E: Fit Analysis for 75 Items  

 

Rash Analysis with Fit Analysis for all 75 Items and a Measure of Discrimination using Item Reliability 
Index 

 
Item reliability: .91 
  Infit  Outfit  
Items SError MNSQ t MNSQ t 

1 .26 1.00 .0 1.73 1.3 
2 .21 .99 -.1 .88 -.3 
3 .21 1.18 1.6 1.29 .9 
4 .19 1.26 2.5 1.75 2.9 
5 .26 1.07 .5 2.23 1.9 
6 .21 .93 -.6 .82 -.4 
7 .19 .96 -.4 .93 -.3 
8 .19 .89 -1.1 .76 -1.0 
9 .20 .92 - .7 1.54 1.6 
10 .45 .66 -1.9 .45 -.6 
11 .47 1.30 1.4 1.72 1.0 
12 .49 .96 -.1 2.00 1.2 
13 .75 1.27 .6 .53 .1 
14 .50 .96 -.1 .56 -.3 
15 .50 1.13 .6 .69 -.1 
16 .45 1.85 3.4 2.52 1.6 
17 .48 .87 -.5 .59 -.3 
18 1.14 .74 -.1 .09 -.7 
19 .49 .65 -1.5 .46 -.9 
20 1.15 .74 - .1 .09 -.7 
21 .61 1.20 .7 .77 .1 
22 .88 .87 .0 .62 .2 
23 .55 .97 .0 4.23 2.7 
24 .66 .67 -.9 .26 -.4 
25 .88 .58 -.6 .16 -.5 
26 .48 .92 -.2 .74 -.2 
27 .48 .86 - .7 .65 -.3 
28 .52 .80 - .8 .47 -.5 
29 .50 1.01 .1 1.01 .3 
30 .48 1.09 .4 1.56 1.1 
31 .49 .82 - .8 .57 -.4 
32 .61 1.20 .7 1.89 1.0 
33 .79 .94 .1 .34 -.2 
34 .52 .74 -.9 1.16 .5 
35 .52 1.24 .9 1.8 1.3 
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Item reliability: .91 
  Infit  Outfit  
Items SError MNSQ t MNSQ t 

36 .52 .69 -1.2 .50 -.8 
37 .49 .70 -1.2 .65 -.7 
38 .52 .99 .1 .69 -.4 
39 .48 .57 -2.0 .43 -1.6 
40 .45 1.23 1.1 1.49 1.4 
41 .48 .69 -1.3 .60 -1.0 
42 .47 .63 -1.7 .47 -1.6 
43 .80 .87 -.1 .38 -.1 
44 .46 1.16 .8 1.39 1.0 
45 .46 1.11 .5 1.08 .3 
46 1.08 .88 .1 .17 -.5 
47 .47 1.30 1.4 1.72 1.0 
48 .50 .98 .0 1.09 .4 
49 .58 1.19 .6 .92 .3 
50 .47 1.23 1.0 1.13 .4 
51 .45 .85 -.6 .76 -.4 
52 .47 1.14 .7 1.18 .5 
53 .50 1.20 .9 .99 .2 
54 .77 1.12 .4 .88 .4 
55 1.04 .83 .1 .21 -.4 
56 .59 .91 -.2 .64 -.1 
57 1.85 minimum measure .00 .00 
58 .56 1.04 .2 1.28 .6 
59 .49 .56 -2.2 .40 -1.4 
60 .56 .69 -1.1 .41 -.7 
61 .48 .85 -.6 .64 -.8 
62 .50 .88 -.5 1.45 1.0 
63 .53 .53 -2.3 .40 -1.5 
64 .59 .90 -  .2 .58 -.4 
65 .58 .81 -.5 .44 -.1 
66 .52 .74 -.9 .45 -.4 
67 .50 .90 -.3 .57 -.3 
68 .47 .81 -.9 .54 -.6 
69 .50 .88 -.4 .59 -.3 
70 .64 1.35 .9 .78 .3 
71 .51 1.21 .8 3.58 2.1 
72 .53 .90 -.2 .87 .2 
73 .50 .89 -.3 .57 -.5 
74 .52 .59 -1.6 .37 -.7 
75 .69 .81 -.4 .28 -.3 
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Appendix F: Teaching sheet and  Worksheets for Practice 
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Appendix G: Procedural Fidelity Checklist 

 

Fidelity checklist for phase 2 intervention  

 

Student: __________________________________ 

 

Session: ________________________ 

 

Date: ____________________________ 

 

Step Activity YES NO 
 

1 Asked the student to identify 
the components of the word 
problem* 

  

2 Researcher worked with 
student on 4 word problems. 

  

3 Use of manipulative to aid 
learning. 

  

4 Questions used to clarify 
student’s understanding of the 
word problems.  

  

5 Student independent word 
practice.  

  

6 Monitoring of word problem 
done at independent practice. 

  

 

 

Completed by: ____________________________________________ 

 

*Combine word problems- part-part whole.  

  Change word problems – Before and after, there was a change in the quantity  

Compare – there were 2 persons/two items which were used to compare with each other.  
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Appendix H: Use of manipulative and Information Transfer from Word Problem 
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Appendix I: Example of a Lesson Plan 
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