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DEFINITION OF TERMS 

EF Executive Functions. A set of higher cognitive functions (working 

memory/updating, inhibition, switching/shifting) involved in the control of our 

behaviour and thoughts. 

CL Consistent Language Problems. Math problems where the relational term and 

the operation required to solve the problem match the student’s preference e.g., 

a problem with the term more than and requiring addition. 

IL Inconsistent Language Problems. Math problems where the relational term and 

the operation required to solve the problem do not match the student’s 

preference e.g., a problem with the term more than and requiring subtraction. 

LR Listening Recall. Working memory task requiring students to verify statements 

(e.g., lions have four legs) and recall the last word of the presented statements.  

PRI Prepotent Response Inhibition. Type of inhibition involved in the suppression 

of dominant or automatic responses.   

RDI Resistance to Distractor Interference. Type of inhibition involved in 

suppressing interference from distractors in the environment.   

RPI Resistance to Proactive Interference. Type of inhibition involved in preventing 

interference from old learning from affecting new learning.    

WM Working Memory. Short-term memory store for the temporary storage and 

manipulation of information.   
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SUMMARY 

 

 In this thesis, I examined the association between inhibition and math problem 

solving in primary school students. Some researchers have argued that the ability to 

control irrelevant information is important for math problem solving. There is also 

reason to believe that the ability to suppress ineffective but prepotent strategies could 

be important. However, not all studies have found a significant relationship between 

inhibition and math problem solving.  

 Findings might have differed because some studies used irrelevant information 

in the word problems given to the students. This might have increased the need for 

inhibitory skills. Findings might also have differed because different types of inhibition 

were assessed. In the literature, inhibition has been conceptualized in different ways but 

there is support for a distinction between suppressing prepotent or automatic responses 

and suppressing proactive interference or interference from irrelevant information. Age 

of the participants also differed among studies; finally, methodological approach 

(examination of individual versus group differences) among the studies was also 

different. I ran three studies examining these four potential explanations for the mixed 

findings. 

Study 1 involved 11 year-old students (N = 134) and examined the use of 

irrelevant information and the differences in the type of inhibition assessed. Type 

(numerical versus literal) and amount (none versus one piece versus three pieces) of 

irrelevant information were manipulated in the word problems administered. Both 

prepotent response inhibition and resistance to proactive interference were assessed. 

Measures of computational, relevancy identification (the ability to identify irrelevant 

information in word problems) and working memory skills served as control variables. 
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Study 2 was a partial replication of Study 1 with nine year-old students (N = 118) and 

examined age as a potential variable moderating the relationship between inhibition and 

problem solving. Study 3 examined differences in methodological approach. In contrast 

to the first two studies that focused on individual differences in problem solving 

performance and the contribution of the various factors, Study 3 compared poor (N = 

22) and average (N = 21) problem-solvers on their inhibitory, working memory and 

relevancy identification skills. Study 3 also involved nine year-old students.  

Findings were consistent across all three studies. Numerical but not literal 

irrelevant information was challenging to students. Study 1 showed that having one or 

three pieces of numerical irrelevant information was equally detrimental to 

performance. Study 3 showed that both poor and average math ability students were 

similarly affected by numerical irrelevant information. Consistent across all three 

studies, no relationship between inhibition and problem solving was found. Instead, 

relevancy identification was associated with problem solving. Working memory and 

computational skills also showed some associations with problem solving but they were 

moderated by age. 

 Findings challenged the four explanations for the mixed findings in the 

literature and highlight the need to consider alternative explanations. More research is 

needed to clarify the role of inhibition in problem solving but findings highlighted the 

importance of working memory, relevancy identification and computational skills for 

problem solving.  
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CHAPTER 1 

GENERAL INTRODUCTION 

  

Since its beginnings as a scientific discipline, psychology has had a close 

relationship with education. Pioneers of the discipline such as James (1899), Dewey 

(1897) and Thorndike (1910) have highlighted the importance of psychology to 

education and have discussed how pedagogical practices should align with 

psychological principles. Over the course of the 20th century, psychologists have 

provided critical insights into how students learn. For instance, Thorndike (1923) was 

among the first to demonstrate empirically the problem of transfer of learning. He also 

believed in individual differences in students’ abilities and suggested that these 

differences, which exist since birth, become more pronounced with age (Thorndike, 

1918). Piaget and neo-piagetian psychologists have proposed theories of cognitive 

development that described how children became increasingly capable of more abstract 

thinking as they grew (see Demetriou, 2016; DeVries, 2000). These theories have had a 

strong impact on teaching. For instance, the use of concrete aids and manipulatives is a 

common feature of many early childhood classrooms today and is firmly grounded in 

Piagetian theory. 

Psychologists have always been interested in the extent to which cognitive 

abilities influence learning. At the beginning of the 20th century, Binet and Simon 

(1904) developed the first intelligence scale to identify students with intellectual 

disabilities at the behest of the French government. Although some of the tests used in 

the scale were developed much earlier (Boake, 2002), the authors’ publication was a 

significant development in the literature. It generated much interest in the measurement 

of intelligence and subsequently led to numerous studies examining the relationship 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



2    

 

between intellectual ability and academic achievement (e.g., Brooks, 1924; Dickinson, 

1925; Dvorak & Rae, 1929; Frandsen, 1950; Gates, 1922; Gough, 1953; Shewman, 

1926; Wesman, 1945; Woodrow, 1945).  

In the second half of the 20th century, the concepts of executive functioning 

(EF) and working memory (WM) became popular. EF can generally be understood as a 

set of several different but related cognitive functions involved in the control of our 

thoughts and behaviours (e.g., Diamond, 2013; Miyake et al., 2000).  The term WM has 

been used to refer to a limited-capacity cognitive system that is involved in the 

temporary storage and manipulation of information (Baddeley, 2012). Recently, 

researchers (e.g., Lee & Bull, 2016; Szmalec, Verbruggen, Vandierendonck, & Kemps, 

2011; Wilhelm, Hildebrandt, & Oberauer, 2013) have also associated WM with 

updating; an executive function whose role is to replace old information in WM with 

new information. Interest in EF and WM has grown rapidly in the literature because of 

their association with a wide range of human behaviours. In terms of educational 

outcomes, they have been associated with performance in mathematics (e.g., Bull & 

Scerif, 2001; Gilmore et al., 2013; Lee, Ng, & Ng, 2009), reading (e.g., Borella, 

Carretti, & Pelegrina, 2010; Christopher et al., 2012; Daneman & Merikle, 1996) and 

the sciences (e.g., Latzman, Elkovitch, Young, & Clark, 2010; Rhodes et al., 2016). 

There is also some evidence suggesting that WM is a better predictor of later academic 

success than measures of intelligence (Alloway & Alloway, 2010). The findings 

highlighting the importance of EF and WM have led to a growing number of 

intervention studies focused on these cognitive functions (e.g., Alloway, Bibile, & Lau, 

2013; Ang, Lee, Cheam, Poon, & Koh, 2015; Flook et al., 2010; Khng, 2016). Outside 

of the academic domain, commercial programs such as Cogmed 

(https://www.cogmed.com/), Jungle Memory (http://www.junglememory.com/) and 
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Cognifit (http://www.cognifit.com/) have proven popular.  The rise in popularity of 

these programs highlights a keen interest in EF and WM beyond research.  

 In this thesis, I examined inhibition — another commonly-studied executive 

function in the literature — and its role in mathematics. Inhibition can be understood as 

the ability to resist interference from distracting information (Nigg, 2000). Poor 

inhibitory skills have been observed in students who struggle with math problem 

solving in primary school (e.g., Passolunghi, Cornoldi, & De Liberto, 1999; 

Passolunghi & Siegel, 2001). However, not all studies have reported an association 

between inhibition and problem solving (e.g., Lee et al., 2009; Viterbori, Usai, 

Traverso, & De Franchis, 2015). This thesis tests four reasons for the mixed findings in 

the literature: the use of irrelevant information in some studies; differences in the 

measures of inhibition; age differences among the studies; finally, differences in 

methodological approach. 

From a pedagogical and practical point of view, this research is important 

because problem solving is integral to mathematics curricula worldwide (e.g., 

Australia, Australian Curriculum Assessment and Reporting Authority, 2014; 

Singapore, Curriculum Planning and Development Division, 2012; the United 

Kingdom, Department for Education, 2013; Hong Kong, The Curriculum Development 

Council, 2017). International tests such as the Programme for International Assessment 

Student Assessment (PISA; OECD, 2017) and Trends in International Mathematics and 

Science Study (TIMMS; Averett, Ferraro, Tang, Erberber, & Stearns, 2017) also assess 

students’ math problem-solving skills. This research is also important because it can 

inform WM and EF training programs on the aspects of EF essential to mathematical 

performance.  
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The format of this thesis is as follows: I will describe the concept of inhibition 

and then review the theoretical and empirical work on inhibition and math problem 

solving in the next few sections of the general introduction. I will also describe the 

importance of variables such as computational fluency to the relation between 

inhibition and math problem solving. The subsequent three chapters report on empirical 

studies conducted with primary school students in Singapore. In the last chapter, I 

discuss the findings across the three studies, and their theoretical and pedagogical 

implications. 

 

INHIBITION 

Early Work 

The study of inhibitory processes in psychology can be traced back to work 

done in the field of neurophysiology. The discovery of central inhibition and peripheral 

inhibition (referring to the central and nervous systems respectively) have often been 

cited as a major influence (e.g., Aron, 2007; Bari & Robbins, 2013; F. N. Dempster & 

Corkill, 1999). Specifically, in 1842, Sechenov conducted his landmark physiological 

experiment in which the suppression of the spinal reflexes of a frog (leg-withdrawal 

reflex) was observed after the thalamic regions of its brain were stimulated. He was the 

first to demonstrate inhibitory processes in the brain and the spinal cord functions (for a 

review of Sechenov's work, see Stuart, Schaefer, Massion, Graham, & Callister, 2014). 

In a similar vein, Weber and Weber (1846) first discovered that electrical stimulation of 

the vagus nerve in the frog led to a decrease in heart rate (a brief profile of the Weber 

brothers and their work can be found in Fye, 2000).  

In psychology, early ideas about inhibition were primarily focused on 

observable behaviour reflecting the dominant school of thought at that time. Many 
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early psychologists believed that the formation of habits and the elimination, or 

inhibition, of certain habits was instrumental to learning (e.g., Dewey, 1900; James, 

1899; Thorndike, 1910). During the behaviourism movement, the main focus was to 

examine how associations between a response and a stimulus were formed. For 

instance, Skinner (1948, 1958; Skinner & Morse, 1957) examined how certain 

behaviours could be increased through rewards or reinforcement. He also studied how 

these same behaviours could be extinguished (inhibited) through the removal of 

reinforcement or through the presentation of punishment.  

 The concept of inhibition has also been present in some of the earlier research 

on verbal learning. For instance, Müller and Pilzecker (1890) demonstrated the 

phenomenon of retroactive interference by presenting a list of nonsense syllables 

followed by either a second list of nonsense syllables or an unfilled delay. The authors 

found that recall of the first list was worse after the presentation of the second list than 

after the unfilled delay (for a review of Müller and Pilzecker's work, see Dewar, 

Cowan, & Sala, 2007). This idea that forgetting due not to time alone but factors such 

as the learning of other materials became what would be known as classical 

interference theory. In the work that followed, researchers examined factors that 

modulated interference effects (e.g., Foran, 1937; Hovland, 1939; Osgood, 1946, 1948; 

Underwood, 1944). Classical interference theory subsequently suffered a decline in 

interest. F. N. Dempster and Corkill (1999) attributed the decline to two main factors: 

(a) the emergence of competing cognitive theories which focused on retrieval processes 

and stimulus encoding and (b) the limited practical applications of the interference 

phenomena outside of the research laboratory. 

The cognitive revolution brought the mind back into psychology. Cognitive 

models describing how individuals process information became popular. One of the 
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recurring themes was that individuals possessed a limited pool of mental resources. 

Miller (1956) is well-known for suggesting that individuals are only able to hold seven 

pieces of information at one time in their short-term memory. In the area of attention, 

some models incorporated an inhibitory-like mechanism whose purpose is to reduce or 

stop the processing of irrelevant information in order to address the constraints imposed 

by a limited cognitive system. For instance, Broadbent (1957, 1958)  conceptualized a 

filter that operated on physical features like the pitch of an auditory input. Expanding 

on Broadbent’s work, Treisman (1964) suggested that the filter can become overloaded 

if there are too many channels of incoming information and, as a result could start to 

function sub-optimally. Finally, Deutsch and Deutsch (1967) suggested that the 

incoming information itself can be ―manipulated‖ to serve an inhibitory function. By 

asking participants to focus on certain information, the salience or importance of this 

information can increase and this can have a suppressing effect on lesser important 

information or processes associated with them.  

 

Inhibition and Executive Functioning 

The cognitive revolution also brought about changes in the conceptualization of 

memory processes. Miller, Galanter and Pribram (cited in 1960; Spiegel, Koester, & 

Schack, 2013) described a mental location called working memory where ―plans‖ could 

be temporarily stored. Such a temporary space for storing information would also be 

featured in Atkinson and Shiffrin’s (1971) multi-component model of memory; 

specifically, working memory was conceptualized as ―a store in which decisions are 

made, problems are solved, and information flow is directed‖ (p. 5).  Also featured in 

Atkinson and Shiffrin’s model were control processes that allude to executive 

functions. Upon closer examination however, they are best described as strategies used 
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by individuals to manage the flow of information in the memory system. For instance, 

one such control process was rehearsal which the authors suggested could be a covert 

(e.g., mentally repeating) or overt activity (e.g., copying). These strategies were 

thought to assist in maintaining information in working memory or transferring 

information to long-term memory. It was, however, not until Baddeley and Hitch’s 

(1974) model of working memory that one saw an executive system that is more 

aligned with the present day’s conceptualization.  

Baddeley and Hitch (1974)’s model of working memory specified a central 

executive that regulated the operations of two separate slave systems: the phonological 

loop and the visuo-spatial sketchpad. These two slave systems were thought to be 

responsible for the storage of phonological and visuo-spatial information respectively. 

In many ways, Baddeley and Hitch (1974)’s model bears similarity to Atkinson and 

Shiffrin (1971)’s model which made a distinction between storage and regulatory 

processes. Baddeley and Hitch (1974) modelled their central executive after Norman 

and Shallice (1986)’s supervisory attentional system, a cognitive system that was 

thought to be important for the conscious control of behaviour. In situations where such 

control was required, the supervisory attentional system had a contention scheduling 

mechanism that ―[acted] through  activation  and  inhibition  of  supporting  and  

conflicting schemas‖ (Norman & Shallice, 1986, p. 3). Besides inhibition, the central 

executive was also thought to be implicated in the coordination of task performance in 

dual-task situations, the ability to switch strategies, and the ability to maintain and 

manipulate information in working memory (Baddeley, 1996).  

Besides Baddeley and Hitch (1974)’s central executive, a few other early 

conceptualizations of cognitive control has featured inhibition prominently. Posner and 

Snyder (1975) proposed that individuals had a conscious and limited-capacity 
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mechanism involved in cognitive control and suggested that this mechanism served an 

important inhibitory function. The authors argued that while the activation of automatic 

pathways or processes cannot be stopped, this mechanism could restrict their access to 

other pathways when an individual focused their attention. Neill (1977) argued that 

facilitation alone cannot account for how humans process information and proposed 

that there must be an active inhibitory mechanism to deal with irrelevant or distracting 

information. Related to the role of executive functions in supporting goal-directed 

behaviours, Logan (1985) argued that the function of inhibition was to stop no-longer 

relevant strategies in response to changes in goals or in the environment and also when 

errors are made.   

Over the last two decades, many more definitions of executive functions have 

emerged from the literature (see Goldstein, Naglieri, Princiotta, & Otero, 2014). Some 

of these definitions have suggested a view of executive functions that is more firmly 

rooted in daily functioning. For instance, Gioia, Isquith, Guy, and Kenworthy (2000), 

authors of the Behaviour Rating Inventory of Executive Function, defined executive 

functions as ―a collection of processes that are responsible for guiding, directing and 

managing cognitive, emotional, and behavioural functions, particularly during active, 

novel problem solving‖ (p. 1).  Similarly Lezak, Howieson, Bigler, and Tranel (2012), 

authors of Neuropsychological Assessment, referred to executive functions as ―a 

collection of interrelated cognitive and behavioural skills that are responsible for 

purposeful goal-direct activity, and include the highest level of human functioning, 

such as intellect, thought, self-control, and social interaction‖ (p. 42). Other definitions 

have attempted to define more specifically what these executive functions were. For 

instance, Banich (2009) considered ―inhibiting familiar or stereotyped behaviours‖ and 
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―creating and maintaining an idea of what task or information is most relevant for 

current purposes‖ as examples of executive functions (p. 89).    

The nature of executive functions is an on-going area of research. Findings have 

so far aligned with earlier conceptualizations of cognitive control or executive 

functions and some of their recent definitions that include inhibitory processes. For 

instance, Miyake et al. (2000) found a three-factor latent model of executive functions 

that comprised of inhibition, switching and updating in adults; the authors highlighted 

that findings aligned with non-unitary accounts of EF that have been proposed earlier 

such as the central executive in Baddeley’s working memory model. Interestingly, 

Friedman et al. (2008) subsequently found a common latent factor to reliably explain 

variance in the three executive functions. This common latent factor explained 99% of 

the variance in inhibition, prompting Friedman et al. (2008) to suggest that inhibition 

might be a fundamental EF. They have however also suggested this latent EF might be 

reflecting goal-maintenance processes.  

Miyake et al.’s (2000) findings have been replicated in the younger population. 

Lee, Bull, and Ho (2013), for instance,  found a three-factor structure of executive 

functioning similar to Miyake et al. (2000) amongst 15-year-olds. However a two-

factor structure where inhibition and switching were collapsed to form one factor, best 

explained the data for the younger 5- to 13-year-olds. Citing several other studies that 

pointed towards similar age differences in the organization of EF (e.g., Huizinga, 

Dolan, & van der Molen, 2006; Van der Ven, Kroesbergen, Boom, & Leseman, 2012), 

the authors argued that certain aspects of executive functions may be less differentiated 

at a younger age because of development (see also the recently published meta-analysis 

by Karr et al., 2018). Finally, there are also some studies supporting Miyake and 
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colleagues’ findings at the neurological level (e.g., Collette et al., 2005; Smolker, 

Friedman, Hewitt, & Banich, 2018).  

 

Current Conceptualization of Inhibition 

 Similar to executive functioning, inhibition is viewed as a multidimensional 

construct that consists of different but related processes. F. N. Dempster and Corkill 

(1999) have discussed the concept of inhibition in the context of resistance to 

interference and, have defined resistance to interference as ―the ability to ignore or 

inhibit irrelevant information while executing a plan‖ (p. 17). The authors drew a 

distinction among interference that occurs in the motor, perceptual and linguistic 

domains and demonstrated that the developmental trajectories in children’s sensitivity 

to interference differed in the three domains (see also F. N. Dempster, 1993).  It is 

important at this point to note that interference control and inhibition, although often 

used interchangeably, are not synonymous. Some researchers (e.g., F. N. Dempster & 

Corkill, 1999; Neill, Valdes, & Terry, 1995) have drawn a distinction between the two 

and have used the term ―interference‖ to specifically refer to the performance 

decrements (e.g., reduced accuracy or slower response times) observed on 

inhibitory/interference-sensitive tasks. On the other hand, inhibition is considered one 

of the cognitive mechanisms or abilities that help individuals deal with the interference. 

This is an important distinction because there are non-inhibitory accounts of how 

interference can be resolved in inhibitory tasks. For instance, Munakata et al. (2011) 

have proposed that the prefrontal cortex, the brain region commonly associated with 

inhibitory function, is primarily involved in goal-maintenance. Specifically they have 

argued that the neurons in the prefrontal cortex excite goal-related processing areas 

which, as a result, cause a decrease in activation in competing or unrelated areas. They 
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thus proposed that inhibition could be an artefact of goal maintenance rather than a 

specialized role that the prefrontal cortex plays.  

 Harnishfeger (1995) have proposed that inhibitory processes influencing 

behaviours can be distinguished from those that influence cognition. The author argued 

that behavioural inhibition ―involves the control of  overt behaviours, such as resisting 

temptation, delaying gratification, motor inhibition, and impulse control‖; on the other 

hand, cognitive inhibition ―involves the control of cognitive content and processes‖ (p. 

184).  Furthermore, the author suggested that different types of inhibition can influence 

each other. Mischel, Shoda, and Rodriguez (1989), for example, found that children 

who engaged in thought suppression activities (by thinking about other things or 

talking to themselves) were better able to inhibit their behavioural response than their 

peers who did not engage in such activities.  Harnishfeger (1995) viewed this finding as 

an instance of how cognitive inhibition can influence behavioural inhibition.  

 This distinction between inhibition of behaviours versus inhibition of thought 

processes can also be found in Nigg’s (2000) taxonomy. Nigg (2000) classified both 

types of inhibition under executive inhibition and defined the latter as ―processes for 

intentional control or suppression of response in the service of higher order or longer 

term goals‖ (p. 238).  This description of executive inhibition matches Logan (1985)’s 

explanation of the role of inhibition in the executive system given earlier.   Nigg (2000) 

also identified two additional types of executive inhibition namely: (i) interference 

control which is involved in the suppression of interference due to resource or stimulus 

competition; and, (ii) oculomotor inhibition which is involved in the suppression of 

reflexive eye movements (e.g., when a stimulus appears in the peripheral field of view 

and eye movement towards the stimulus must be avoided). Finally, Lustig, Hasher, and 

Zacks (2007) have proposed that inhibition has three functions. These functions are 
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primarily involved in controlling the contents of working memory: access which 

prevents irrelevant information from entering working memory; deletion which 

suppresses or deletes irrelevant information in working memory; and, restraint which 

suppresses strong but inappropriate responses.  

This list of theories on inhibition is by no means exhaustive. Other 

conceptualizations exist and are generally similar to what have been covered so far 

(e.g., Aron, 2007; Diamond, 2013; MacLeod, 2007). Together with the various 

taxonomies, researchers have proposed and discussed a variety of tasks that are thought 

to require inhibition.  Some ways to classify these tasks have also been suggested. F. N. 

Dempster (1992; F. N. Dempster & Corkill, 1999), for example, considered measures 

of field dependence and conservation tasks as measures of inhibition in the perceptual 

domain; the Stroop as a measure of inhibition in the verbal/linguistic domain; and, the 

A-not-B object permanence and the delayed-response tasks as measures of inhibition in 

the motor domain. Harnishfeger (1995) referred to directed forgetting paradigms when 

discussing cognitive inhibition and, matching Demspter’s view, considered delayed-

response tasks as tapping into behavioural inhibition. Nigg’s (2000) taxonomy featured 

the Stroop and the flanker as measures of interference control and, ratings of intrusive 

thoughts as an additional measure of cognitive inhibition. Finally, Lustig et al. (2007)  

viewed tasks such as the letter comparison task, the directed-forgetting task, and the 

go/no-go task as tapping into the access, deletion and restraint functions of inhibition 

respectively.  

 

Empirical Evidence for Conceptualizations of Inhibition 

 How do the various conceptualizations of inhibition fare under empirical 

scrutiny? Are the categorizations of inhibitory tasks proposed valid? Addressing these 
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questions, Friedman and Miyake (2004) first proposed a new set of labels based on 

some of the types of inhibition discussed in previous taxonomies. They then examined 

the relationship among the tasks commonly associated with these types of inhibition in 

the adult population. Prepotent Response Inhibition (PRI) was conceptualized as a 

combination of Nigg (2000)’s behavioural and oculomotor inhibition and was defined 

as ―the ability to deliberately suppress dominant, automatic and prepotent responses (p. 

104)‖. Resistance to Distractor Interference (RDI) and Resistance to Proactive 

Interference (RPI) matched Nigg’s interference control and cognitive inhibition 

respectively. RDI was referred to as the ―ability to resist or resolve interference from 

information in the external environment that is irrelevant to the task at hand‖; RPI was 

defined as the ability to resist memory intrusions from information that was previously 

relevant to the task but has since become irrelevant‖ (pp. 104-105).  

 Friedman and Miyake (2004) found that a three-factor latent-variable model 

matching the three hypothesized inhibitory functions provided a good fit for the data. 

This finding suggested that PRI, RDI and RPI were separable. The authors also found 

PRI and RDI to be correlated and, that RPI did not correlate with either PRI or RDI. 

Finally, when they collapsed the two latent factors for PRI and RDI into one single 

factor, the resultant two-factor model did not fare significantly poorer than the three-

factor model. The two latter findings suggested that PRI and RDI may have more in 

common with each other than with RPI. Friedman and Miyake (2004) posited that the 

ability to maintain task goals in the presence of interference especially due to external 

stimuli, may be common to both PRI and RDI. As to why RPI was unrelated to the 

other two inhibitory functions, the author posited that RPI did not involve external 

distractors that compete with task goals for attention. Instead, the effect of proactive 

interference was thought to arise from information within memory.  
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Findings from a small number of subsequent studies have generally aligned 

with Friedman and Miyake’s (2004) findings. Pettigrew and Martin (2014) who 

examined age-related declines in inhibitory abilities, also found that PRI and RDI could 

be collapsed into one latent factor (authors labelled it as response-distractor inhibition) 

that was distinguishable from a latent factor representing RPI. Similarly, Stahl et al. 

(2014) identified RPI as a distinct inhibitory factor in their examination of the 

relationship between behavioural measures of inhibition and self-report measures of 

impulsivity. However, in contrast to Pettigrew and Martin’s (2014) and Friedman and 

Miyake’s (2004) findings, they found PRI (authors used the label response-

interference) to be distinct from RDI. Closer examination of their PRI tasks however 

revealed that they consisted of two task-switching tasks and a priming task with a 

switching component. Previous work on EF suggests that switching is an EF that is 

distinguishable from inhibition in the adult population (Miyake et al., 2000). This could 

explain why they did not find PRI to be associated with RDI. Finally, Rey-Mermet, 

Gade, and Oberauer (2018) who also examined age-related declines in inhibitory 

abilities, found that a model with correlated but separate PRI and RDI latent factors 

provided the best-fitting model for their data. This model performed better than a 

competing model with uncorrelated but separate PRI and RDI latent factors and another 

competing model with PRI and RDI collapsed into one single factor. Studies reviewed 

were conducted with adults and I could only find one study that examined both children 

and adults. Howard, Johnson, and Pascual-Leone (2014) conceptualized inhibition 

somewhat differently from the cited research and proposed a distinction between 

effortful and automatic inhibition. Their description of effortful inhibition matched the 

description of PRI. Automatic inhibition was understood as the reduction of 

interference from distractors as a result of focusing one’s attention on task-relevant 
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information. CFA results supported this distinction in adults but not in children. There 

has not been any follow-up on Howard et al.’s study (2014) but most importantly, I 

note that there is a dearth of studies examining the factor structure of inhibition in 

children.  

One issue in the studies reviewed so far is that the correlation between the 

inhibitory tasks (even between tasks that purportedly measure the same type of 

inhibition) tended to be low. For instance, the correlation between the three indicators 

of PRI in Friedman and Miyake (2004) ranged from .15 to .23. This is a common 

finding in the literature (e.g., J. Fan, Flombaum, McCandliss, Thomas, & Posner, 2003; 

Khng & Lee, 2014; Lee et al., 2013; Lehto, 1995; Miyake et al., 2000; Morooka et al., 

2012; Shilling, Chetwynd, & Rabbitt, 2002). Researchers have proposed a number of 

explanations this observation. The low correlation might be due to the poor reliability 

of the inhibitory measures especially when subtraction scores are used to index 

inhibitory abilities. To illustrate, it is common for researchers to subtract the RT on the 

baseline condition (the neutral or congruent condition) of a task from the RT on the 

incongruent condition. The reliability of resulting difference scores however tend to be 

worse than the reliability of the RTs of the individual conditions (Cronbach & Furby, 

1970; as cited in Khng & Lee, 2014). To address this issue, researchers have examined 

other ways of deriving an inhibitory measure from a task such as using delta-plots or 

inverse efficiency scores (Khng & Lee, 2014). The low correlation may also be due to 

idiosyncratic differences between tasks and measurement error (Friedman & Miyake, 

2004; Rey-Mermet et al., 2018). The use of more than one measure for each type of 

inhibition and using structural equation modelling have been used in the literature to 

address these two issues. These solutions however come with challenges. Structural 

equation modelling for instance typically requires a large sample and might not be 
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viable if resources are limited. The tasks or measures used can also influence the factor 

structure as we saw in the previous paragraph.  

 In spite of the low correlation among inhibitory measures, findings from other 

behavioural studies also point towards a dissociation in inhibitory functions similar to 

Friedman and Miyake (2004). Of interest, researchers such as Bissett, Nee, and Jonides 

(2009) and Verbruggen, Liefooghe, and Vandierendonck (2004) designed tasks that 

combined multiple forms of inhibition. By subsequently examining how different forms 

of inhibition interfered with each other, they were able to identify which ones tapped 

into similar processes and which ones were separable. Other studies have reported 

selective inhibitory deficits in various clinical populations. For instance, Noël et al. 

(2013) found that individuals recovering from alcohol dependence performed more 

poorly on measures of PRI than a control group of healthy individuals. Performance on 

measures of RPI was however comparable across the two groups. Borella et al. (2017) 

found measures of RPI but not measures of PRI nor measures of RDI distinguished 

individuals with mild cognitive impairment from those without any intellectual deficits. 

There is also some research showing that children with autism spectrum disorder 

perform worse on measures of RDI but not on measures of PRI or RPI when compared 

to children without autism spectrum disorder (Adams & Jarrold, 2012; Christ, Kester, 

Bodner, & Miles, 2011).  

 

 Inhibition and Human Behavioural Outcomes 

Notwithstanding some of the issues with its conceptualization and 

measurement, inhibition has been associated with a variety of human behavioural 

outcomes in both the clinical and healthy populations. In the clinical population, it has 

been implicated in mental illnesses such as attention-deficit hyperactivity disorder 
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(Barkley, 1997; Boonstra, Oosterlaan, Sergeant, & Buitelaar, 2005; Sergeant, Geurts, & 

Oosterlaan, 2002), obsessive compulsive disorder (Chamberlain, Blackwell, Fineberg, 

Robbins, & Sahakian, 2005), and substance abuse (Houben & Wiers, 2009; Kamarajan 

et al., 2005). In the healthy population, age-related changes in cognitive abilities across 

the lifespan has been attributed to changes in inhibitory abilities (e.g., Bjorklund & 

Harnishfeger, 1990; F. N. Dempster, 1992; Hasher & Zacks, 1988; Houdé, 2000; 

Lustig et al., 2007). In terms of educational outcomes, inhibition has been associated 

with learning-related behaviours (McClelland et al., 2007; Sasser, Bierman, & 

Heinrichs, 2015) but also directly with academic outcomes such as mathematics (Bull 

& Scerif, 2001; Gilmore et al., 2013; Khng & Lee, 2009; Passolunghi et al., 1999) and 

reading (Borella et al., 2010; Cain, 2006; De Beni & Palladino, 2000).  For 

mathematics, some work has specifically implicated inhibition in problem solving but 

the findings have been mixed. To provide a better theoretical foundation about the role 

of inhibition in math problem solving, I will first discuss in the next section some of the 

work conducted in the area of math problem solving. I will then discuss the theories of 

math problem solving and how inhibition might come into play during problem 

solving.  

 

MATH PROBLEM SOLVING 

Definition 

Problem solving skills are often taught using word problems (also commonly 

referred to as story problems). Researchers have described word problems as 

mathematical problems presented in a textual format (e.g., Boonen, de Koning, Jolles, 

& van der Schoot, 2016; Fuchs et al., 2008; Verschaffel, Greer, & De Corte, 2000).  

For instance, Verschaffel et al. (2000) referred to word problems as ―verbal 
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descriptions of problem situations‖ that require one to apply ―mathematical operations‖ 

to the numbers to arrive at a solution (p. ix). In a similar vein, Fuchs et al. (2008) 

argued that one of the features of word problems that distinguished them from simple 

computation problems is the additional of linguistic or verbal information. For instance, 

compare these two mathematically equivalent problems: ―1 + 3 = ?‖ and ―John has one 

apple. He received three apples from his mother. How many apples does John have 

now?‖ In the first problem, only numbers and mathematical symbols are presented 

whereas in the latter problem, much of the information is presented in words. Word 

problems can also be understood from a larger pedagogical point of view. Researchers 

have discussed word problems as means to teach students to apply mathematical 

knowledge to problems found in the real-world (e.g., Briars & Larkin, 1984; Chapman, 

2006; Cummins, 1991; De Corte, Verschaffel, & Greer, 2000; Englert, Culatta, & 

Horn, 1987; Reusser & Stebler, 1997; Verschaffel, 2002; Wyndhamn & Säljö, 1997). 

Word problems can be effective tools for teaching problem solving because students 

get to work on problems that resemble those found in the real-world. As Cummins 

(1991) have argued, real-world problems ―do not come to us as equations ready to be 

solved but rather as verbal or pictorial representations that must be interpreted 

symbolically, manipulated, and solved‖ (p. 262).  Another reason why word problems 

can be effective tools is because they are readily available to teachers. There are many 

mathematics textbooks available that contain word problem exercises. On the other 

hand, bringing a whole class of pupils to a supermarket can be both a costly affair and 

difficult logistically. As Verschaffel (2002) puts it, word problems accomplish the goal 

of engaging students with applied problem solving ―without the practical 

(organizational, financial…) inconveniences of direct contact with the real-word 

situation evoked by the problem statement‖ (p. 3).  
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Types of Word Problems 

Early research in math problem solving have focused on four types of 

arithmetic word problems: change, combine, compare and equalize problems (e.g., 

Carpenter, Hiebert, & Moser, 1981; Carpenter, Hiebert, & Moser, 1983; Morales, 

Shute, & Pellegrino, 1985; Nesher, Greeno, & Riley, 1982; Riley, Greeno, & Heller, 

1983; Stigler, Fuson, Ham, & Sook Kim, 1986). A description and an example of each 

type of these four types of word problem are shown in Table 1-1 on the next page. 

Some authors have used different terms in their research (see Nesher et al., 1982). For 

instance, Carpenter et al. (1981) have used the term part-part-whole problems to refer 

to combine problems to emphasize the relationship among the quantities in these types 

of problems rather than their solution. Researchers however have generally agreed that 

the primary distinction among the problem types is how the various quantities 

presented in the problem situation relate to each other. 

Compare problems. Investigations of problem-solving performance across the 

four problem types have indicated that compare problems tend to be more difficult than 

the other problem types in the lower-primary grades (Cummins, 1991; De Corte & 

Verschaffel, 1987; Riley et al., 1983) and to a lesser extent, the upper-primary grades 

(Morales et al., 1985). The main culprits are compare problems that specifically require 

students to find either the value of the first quantity or, the value of the second quantity. 

Subsequent investigations of these problems have suggested that the interpretation or 

rather the misinterpretation of the relational terms more than and less than is the source 

of students’ difficulties. Students across different age groups including adults have 

been found to struggle when the relational term in these problems do not match the 

operation required to solve them (Hegarty, Mayer, & Green, 1992; Hegarty, Mayer, & 

Monk, 1995; Lewis & Mayer, 1987; Pape, 2003; Stern, 1993; Verschaffel, 1994; 
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Verschaffel, De Corte, & Pauwels, 1992). That is, if the word problem for example 

contained the relational term more than and the correct operation was to subtract, 

students tended to incorrectly use addition as in the following example: 

John has 3 apples. John has 2 apples more than Mary. How many apples does 

Mary have? 

 

Table 1-1. Types of Word Problems Examined in Early Literature 

Type Description Example 

Change  Students are presented with an initial 

quantity that changes. They have to 

find out the result of the change. 

John has 3 marbles. Mary gives 

to John 2 more marbles. How 

many marbles does John have 

now? 

 

Compare  Students are presented with a first 

quantity that do not change and a 

statement about a second quantity 

that also does not change. They have 

to find the out the value of the 

second quantity. 

 

John has 3 marbles. Mary has 2 

marbles more than John. How 

many marbles does Mary have? 

Combine Students are presented with two 

quantities that do not change. They 

have to combine the two quantities 

and find out the resulting value. 

 

John has 3 marbles. Mary has 2 

marbles. How many marbles do 

they have altogether? 

Equalize Students are presented with two 

quantities. They have to find out how 

to make both quantities equal or in 

other words, compute the change 

required in one of the quantities such 

that both quantities can become 

equal. 

John has 5 marbles. Mary has 3 

marbles. How many marbles 

must John give away to have as 

many as Mary? 

Notes. Adapted from Kintsch and Greeno (1985). Equalize problems are described in 

Carpenter and Moser (1983). 

 

 

These errors have been referred to as reversal errors. To account for these 

errors, Lewis and Mayer (1987) posited that students prefer information in word 

problems to be presented in a certain order. Specifically, students were thought to 
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prefer the object of the relational sentence (sentence containing the relational term) to 

be the subject of the first sentence. Problems where the format of the relational 

sentence was consistent with the students’ preferred format were referred to as 

consistent language (CL) problems, with the opposite being inconsistent language (IL) 

problems. Lewis and Mayer (1987) further argued that when presented with IL 

problems, students mentally re-arrange the information to match their preferred format. 

The arithmetic operation also needed to be changed in the process and this was where 

students were thought to make mistakes. There is some support for Lewis and Mayer 

(1987)’s consistency hypothesis. Studies have found that students recall IL problems as 

CL problems and, incorrect retellings of IL problems subsequently led to errors on 

these problems (Pape, 2003; Verschaffel, 1994).   

Two other hypotheses more closely related to students’ skills have been 

proposed to explain reversal errors. The first hypothesis considered students’ 

understanding of symmetry of language to be important for re-arranging the relational 

information in IL problems. Symmetry of language refers to the understanding that ―In 

Set X there are n more objects than in set y‖ is equivalent to ―In Set Y, there are n 

fewer objects than in Set X‖ (Stern, 1993; p. 7).  To test the relationship between 

symmetry of language and performance on IL problems, Stern (1993) presented a story 

about two siblings visiting a farm along with a picture of depicting 6 cows and 4 pigs to 

young students. The students were then asked to validate pairs of statements made by 

the siblings about the number of animals in the farm. On some occasions, the statement 

pairs were equivalent for e.g., ―there are 2 more cows than pigs‖ and ―there are 2 fewer 

pigs than cows‖. On other occasions, the statement pairs were not equivalent for e.g., 

―there are 2 fewer cows than pigs‖ and ―there are 2 fewer pigs than cows‖ (in this 
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example, the first statement was incorrect). The author found that performance on IL 

problems was correlated with the students’ ability to identify equivalent statements.  

The other hypothesis has attributed reversal errors to strategy use and is central 

to Mayer and Hegarty’s (1996) theory of math problem solving. Mayer and Hegarty 

(1996) proposed four phases in math problem solving: translating, integrating, planning 

and executing. The authors considered translating and integrating as the main processes 

involved in the construction of a mental representation of a word problem. Translating 

referred to an incremental process that involved converting each of the statements in 

the word problems to an internal proposition. This formed what the researchers referred 

to as the text base. Integration operates on this text base. Specifically, information is 

extracted from it to form a mental representation that can then be used to solve the 

problem. The construction of the mental representation was also thought to be an 

iterative process. That is, the authors posited that students cycled between the 

translation and integration process, updating their mental representation whenever new 

statements were converted. The planning phase involved devising a plan for how to 

solve the problem and finally, in the execution phase, students performed the actual 

computation.  

Citing their previous findings that students’ errors on inconsistent language 

problems tend to be reversal rather than computational errors (Lewis & Mayer, 1987), 

Mayer and Hegarty (1996) excluded difficulties in the execution phase as an 

explanation for students’ errors. The authors instead argued that it was at the 

integration and planning phases that good and poor problem solvers diverged. The 

authors believed that poor problem solvers used the direct translation approach where 

the focus was only on certain aspects of the word problems. Specifically, poor 

problems only integrated propositions that contain numbers or keywords in their mental 
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representation. All other information was deleted. In an earlier publication (Hegarty et 

al., 1995), the authors identified other similar approaches described by other 

researchers such as ―compute first and think later‖ (Stigler et al., 1986, p. 15), the 

keyword method (Briars & Larkin, 1984) and number-grabbing (Littlefield & Rieser, 

1993). On the other hand, good problem solvers were thought to use the problem model 

strategy where information about the variables and how they relate to each other in 

their mental representation was preserved. In the subsequent planning phase, the 

authors argued that poor problem solvers would do a simple selection of the required 

operation based on the keywords in their mental representation. If the keyword was 

―more‖, they chose addition. Similarly if the keyword was ―less‖, they chose 

subtraction. On the other hand, good problem solvers made a more meaningful choice 

based on their richer mental representation of the problem. Supporting their hypothesis, 

the authors found that the eye-fixation patterns of high- and low-accuracy 

undergraduate students differed significantly when solving CL and IL problems (first 

reported in Hegarty et al., 1995). Low-accuracy students spent significantly more of 

their regressions (looking back or re-reading an earlier part of the word problem) on 

numbers or relational terms than on the variable names in the word problems. On the 

other hand, high-accuracy students split their attention equally between looking at 

numbers or relational terms and looking at variable names.  

To the best of my knowledge, there is no consensus on which is the correct 

explanation for reversal errors. However in the recent literature, interventions based on 

some of the hypotheses have been effective in improving students’ skills with CL and 

IL problems. For instance, Múñez, Orrantia, and Rosales (2013) found that students’ 

speed and accuracy on CL and IL problems were significantly better when a graphical 

representation (bar graphs) of the problem accompanied the word problem text than 
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when only the text was presented. The authors argued that external representations can 

help students build a mental model of the problems and improve their problem solving 

performance. There is some evidence also suggesting that getting students to draw a 

representation of the problem using number lines also improves their proficiency with 

CL and IL problems (Mevarech, Terkieltaub, Vinberger, & Nevet, 2010) Finally, De 

Koning, Boonen, and Van der Schoot (2017) found that students’ performance on IL 

problems could be improved by teaching them that relationships in compare problems 

can be expressed in different ways. In their experiment, the authors also taught their 

students that relational terms in compare problems provide an indication on what 

operation to use but can be misleading. However, contrary to expectations, the authors 

reported that students’ performance on CL problems decreased. They attributed this 

decrease to students being overly cautious and not applying what they have learnt 

correctly when solving CL problems. De Koning et al. (2017) also reported no transfer 

effects of the intervention to problems with other relational terms/adjectives such as 

higher/lower than and longer/shorter than.    

P-problems. Students’ failure to use more meaningful strategies in problem 

solving has been observed in other types of word problems especially in non-routine 

problems. As opposed to routine problems, non-routine problems are those that require 

more than routine computations or the straightforward application of a known set of 

procedures to solve (English, 1996; L. Fan & Zhu, 2000; Kloosterman, 1992; 

Wheatley, 1992). A type of non-routine problem examined extensively in the literature 

are P-problems (or P-items; ―P‖ stands for problematic). These problems require 

students to take into account realistic considerations as in the following example: 
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 ―Steve has bought 4 planks of 2.5m each. How many planks of 1 m can he saw 

out of these planks?‖  

(Verschaffel & De Corte, 1997, p. 572)  

Evidence suggest that students often fail to activate real-world knowledge when 

solving P-problems (e.g., Reusser & Stebler, 1997; Verschaffel, De Corte, & Lasure, 

1994; Yoshida, Verschaffel, & De Corte, 1997). For the problem above, students often 

provide ―10‖ as an answer. These findings are of concern given that mathematical 

curricula around the world including Singapore includes the ability to solve non-routine 

problems as an important outcome of mathematics education (e.g., Australia, 

Australian Curriculum Assessment and Reporting Authority, 2014; Singapore 

Curriculum Planning and Development Division, 2012; United Kingdom, Department 

for Education, 2013; Hong Kong, The Curriculum Development Council, 2017). There 

is an obvious practical reason why students need to be able to solve these types of 

problems. Consider the following problem:  

―450 soldiers must be bused to their training site. Each army bus can hold 36 

soldiers. How many buses are needed?‖ 

(Reusser & Stebler, 1997, p. 312) 

This is a mathematical problem that a logistics officer in the army might 

encounter in real-life. Imagine if he were to suggest 12.5 buses to his superior! 

Students’ failure on non-routine problems has been attributed to how problem 

solving is taught. Specifically, word problems used in classrooms and textbooks have 

been criticized for not challenging students to use their real-world knowledge (Reusser 

& Stebler, 1997; Verschaffel, 2002). Supporting this premise, analyses of textbook 

content in several countries have revealed that there are very few non-routine problems 
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in mathematics textbooks (L. Fan & Zhu, 2007; Kolovou, Van Den Heuvel-Panhuizen, 

& Bakker, 2009; Orrantia, González, & Vicente, 2005; Schoenfeld, 1991).  

Problems with Irrelevant Information. Word problems containing irrelevant 

information are another type of non-routine problems that students struggle with (e.g., 

Bachor, 1989; Blankenship & Lovitt, 1976; Englert et al., 1987; Marzocchi, Lucangeli, 

De Meo, Fini, & Cornoldi, 2002; Muth, 1984; Parmar, Cawley, & Frazita, 1996; 

Passolunghi et al., 1999; Sowder, 1989). There is also some evidence suggesting that 

they are more difficult than other non-routine problems such as problems with multiple 

solutions, unsolvable problems and problems with the solution given  (Jiménez & 

Verschaffel, 2014). Word problems containing irrelevant information can generally be 

understood as problems with additional pieces of information that are not relevant for 

their solution. In the following problem, for example, students are not supposed to 

include the number of green apples in their computation:  

John has 3 red apples. He receives another 5 red apples from his mother. The 

next day John buys 10 green apples. How many red apples does he have now? 

 The example shows how numerical irrelevant information can be incorporated 

in word problems; literal irrelevant information can also be incorporated in word 

problems in the form of a quantifier. For instance, using the given example, ―some 

green apples‖ could be added to word problems instead of ―10 green apples‖. Although 

not studied extensively, there are some mixed findings regarding the type of irrelevant 

information that is more challenging to students. On the one hand, Englert et al. (1987) 

found numerical irrelevant information to affect problem-solving accuracy more than 

literal irrelevant information. This was the case for both students with learning 

disabilities and students without any learning disabilities. On the other hand, Marzocchi 

et al. (2002) reported that inattentive children had more difficulties with literal 
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irrelevant information than numerical irrelevant information. However, as highlighted 

by the authors, their problems with literal irrelevant information were longer than the 

problems with numerical irrelevant information. Thus, findings in their study might 

have been affected by students’ reading comprehension abilities. Another smaller 

methodological issue was the absence of a baseline condition without any irrelevant 

information. This made it difficult to ascertain the difficulty of the two types of 

irrelevant information relative to when there is no irrelevant information at all. The 

authors only had a baseline condition in an initial phase of their study where they 

compared the effects of numerical irrelevant versus no irrelevant information. I address 

these methodological issues in this thesis. As to why numerical but not literal irrelevant 

information might be more challenging, Englert et al. (1987) suggested that students 

likely believed that they had to use all the numbers provided. This is line with Mayer 

and Hegarty’s (1996) description of the strategy used by poor problem-solvers. I posit 

also that irrelevant numerical information may be more problematic because irrelevant 

numbers but not irrelevant words can be incorporated in students’ computations. Along 

the same line, Passolunghi, Marzocchi, and Fiorillo (2005) argued that numerical 

irrelevant information could mislead students into performing redundant arithmetic 

calculation. Finally Cook and Rieser (2005) argued that numerical irrelevant 

information might be more detrimental to problem-solving because they are more 

similar to the relevant information than literal irrelevant information.  

One outstanding issue is why students without any learning difficulties were 

also affected by the presence of numerical information in Englert et al.’s (1987) study 

(and in some of the studies cited at the beginning of this section). I suspect that the lack 

of exposure to non-routine problems might be contributing to the underdevelopment of 

certain problem solving skills even in students without any significant learning 
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disabilities. For problems with irrelevant information specifically, one skill that might 

be important is the ability to identify irrelevant information (referred to as relevancy 

identification from here onwards). Low and Over (1989) found that this ability as well 

as the ability to detect missing information in word problems to account for around 

90% of the variance in the accuracy on problems that contained irrelevant information. 

Subsequently, Low, Over, Doolan, and Michell (1994) found that training students on 

these skills significantly improved their problem-solving performance.  

The lack of exposure to non-routine problems can also explain why some 

students internalize less meaningful problem-solving strategies such as the direct 

translation strategy. This premise is based on Siegler and associates’ work examining 

children’s selection of strategies when doing simple arithmetic/computation problems 

(Lemaire & Siegler, 1995; Siegler, 1988; Siegler & Shrager, 1984). Siegler and 

associates found that students tend to choose strategies that led to the correct answer 

most of the time. For instance, Lemaire and Siegler (1995) examined the frequency of 

various strategies used by 8 year-old students to solve multiplication problems in three 

sessions spread over the school year. At the beginning, students were found to use three 

main strategies with relatively equal frequency. By the third session, the authors 

reported that the students were using the fastest and most accurate strategy—retrieval 

(recall the solution from memory) — more than 90% of the time. To explain the 

mechanism underlying these strategic changes, Siegler and Shipley (1995) have 

proposed the adaptative model of strategy choice.  The model assumes that strategies, 

problems and answers are interconnected. When a strategy is used on a problem, an 

answer but also information about the answer such as its speed and accuracy is 

generated. This information feeds back into students’ knowledge about strategies and 

can strengthen that strategy especially if it led to a correct and fast answer. This would 
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then bias its subsequent activation when faced with a similar problem. Relating this 

idea back to the present work, the direct translation strategy is effective in solving 

problems that do not contain irrelevant information and if students are exposed to only 

these types of problems, it can be expected that this strategy will become their default 

approach to word problem solving.  

Cook and Rieser’s (2005) eye-tracking study has provided additional insights 

into successful and unsuccessful problem-solvers behaviour with irrelevant information 

in word problems. Similar to Mayer and Hegarty’s (1996) study, Cook and Rieser 

(2005) monitored the eye-movement patterns of students while they solved word 

problems. Different from Mayer and Hegarty’s (1996) study, the authors administered 

word problems that contained either numerical or literal irrelevant information (as 

opposed to problems with relational terms) and examined fifth graders (as opposed to 

undergraduates). They found that the time taken to solve both types of word problems 

were equivalent. The authors argued that students could not be engaging in number 

grabbing. If they were, they would have been faster on problems with literal irrelevant 

information given there were fewer numbers to look at in these problems. Furthermore, 

they found that high- and low- math achievers had different eye-movement patterns. 

High achievers were more likely to look at the last sentence (where the question was 

located) in the word problem first compared to their peers. They also cycled between 

looking at the last sentence together with the relevant or irrelevant information more 

often and started that process earlier than low achievers. Given this finding, the authors 

argued that both high- and low- achievers were attempting to discriminate between 

irrelevant and relevant information; and, that the difference lay in the strategy used. 

High achievers were more likely to engage in what the authors referred to as the 
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―question-guided approach‖ while low-achievers were more likely to engage in a 

―simple comparison‖ strategy.  

There are some limitations to Cook and Rieser’s (2005) study however. The 

sample size was small (n = 28) and, as a result, the difference between the number of 

students using the question-guided approach versus simple comparison was small (and 

smaller when ability level is considered). Furthermore, it is possible to interpret low 

achievers’ eye-movement patterns more generally as ―not knowing what to do‖ (i.e. 

guessing) rather than attempting to discriminate between relevant and irrelevant 

information. To the best of my knowledge, there have not been any direct follow-up 

studies that could shed some light on these issues.  

 Notwithstanding the limitations of their study, Cook and Rieser (2005) 

suggested three reasons for their findings. First they suggested that low achievers did 

not know about the question-guided approach and thus could not use it. However, they 

ruled this out because a minority of low achievers did use that approach. Second, they 

argued that high achievers were more proficient in using the question-guided approach. 

Finally, they suspected that unsuccessful problem-solvers failed to ―muster sufficient 

cognitive resources‖ (p. 232) to use the question-guided approach especially on the 

more difficult problems (on two-step problems as opposed to one-step problems). 

Complementing this idea, Mayer and Hegarty (1996) have argued briefly that the direct 

translation strategy does not require much working memory resources and subsequently 

proposed that may be the reason why poor problem solvers favour them. Taken 

together, Cook and Rieser’s (2005) third explanation for their findings and Mayer and 

Hegarty’s (1996) argument touches on the possibility that aspects of working memory 

may be contributing to differences in problem-solving accuracy. Specifically, it may be 
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that some students are choosing less effective problem-solving strategies because of 

their limited working memory skills.  

 

Working Memory and Math Problem Solving 

 There is a literature implicating working memory in math problem solving. For 

instance, Swanson, Cooney, and Brock (1993) reported unique contributions of 

working memory skills to problem-solving accuracy in a sample of third- and fourth-

graders. When reading comprehension was entered first in the analyses however, the 

contributions of working memory disappeared. The authors suggested that their 

working memory measure might have primarily tapped into reading comprehension 

skills. I suspect the reverse however might also be true: the reading comprehension 

measure might have already captured some of the variance due to working memory and 

therefore, that is why adding another measure of working memory afterwards did not 

significantly explain any additional variance in problem-solving accuracy. 

Subsequently, Swanson and Sachse-Lee (2001) reported that students with learning 

disabilities aged 11.5 years, exhibited both problem solving difficulties and poor 

working memory when compared to students without any learning disabilities. The 

authors also reported that effect of working memory on problem-solving accuracy in 

the whole sample was mediated by the knowledge of algorithms (choosing the 

appropriate equation to solve the problem). This provides some support for Cook and 

Rieser’s (2005) third explanation for their findings and Mayer and Hegarty’s (1996) 

suggestions that working memory could influence strategy use. In later studies, 

Swanson and associates reported that students, who were specifically at risk for 

mathematical difficulties in grades 1-3, exhibited difficulties in working memory and 

various problem-solving tasks (Swanson & Beebe-Frankenberger, 2004; Swanson, 
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Jerman, & Zheng, 2008). They however did not replicate the mediating relationship 

involving working memory, knowledge of algorithm and problem solving accuracy; 

they attributed the differences in findings to the difference in age between the studies. 

However, Zheng, Swanson, and Marcoulides (2011) subsequently found that both 

reading and computational skills mediated the relationship between WM and problem 

solving. They also found that the strength of the association between WM and problem 

solving decreased with age. With these findings, they argued that improvements in 

reading and math skills could compensate for differences in WM. Finally, taking a 

longitudinal perspective, Swanson and associates found growth in working memory 

skills was significantly associated with growth in problem-solving accuracy in grades 

1-3 (Swanson, 2011; Swanson et al., 2008).  

I note that in Swanson and associates’ later studies (2004 onwards), problem-

solving accuracy was assessed through verbally-administered word problems. This 

might have increased the need for working memory skills. Acknowledging this issue, 

Swanson (2011)  suggested that at times in the classroom, students might not have the 

benefit of paper and pencil, and thus they might need to think ―on their feet‖ (p. 833). 

Despite this issue, other researchers have also reported an association between working 

memory and paper/pencil measures of problem solving. For instance, Fuchs et al. 

(2005) found that working memory skills accounted for unique variance in problem-

solving accuracy over and above other factors such as phonological processing, 

processing speed and attention in a sample of first-graders.  Subsequently, Fuchs et al. 

(2006) reported that working memory predicted problem-solving accuracy in a sample 

of third-graders but only when reading skills such as phonological decoding and sight 

word efficiency were excluded from their path analyses. This latter finding is similar to 

Swanson et al. (1993)’s study that was reviewed at the beginning of this section. 
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Interestingly, this complex relationship between working memory, language skills and 

problem-solving has also been replicated in Lee, Ng, Ng, and Lim (2004). However, 

Lee et al. (2004) found that both the direct and indirect paths (with literacy as mediator) 

from working memory to problem-solving accuracy were significant. This finding 

suggests that aspects of math problem solving unrelated to language could also require 

working memory resources.  

Lee et al. (2009) subsequently reported that building a mental representation of 

the word problem and forming a solution were two problem solving processes or skills 

that were particularly reliant on working memory in 11-year-old students. These two 

skills were measured by asking students to draw a pictorial representation of the word 

problem and, to write down the step-by-step procedures for solving the problem 

respectively. Corroborating Lee et al. (2009)’s findings, Mori and Okamoto (2016) 

found that students with higher working memory capacity were faster at building 

mental representations of word problems than students with lower working memory 

capacity. They also reported that students with higher working memory built a mental 

representation that incorporated only relevant information whereas students with lower 

working built a mental representation that incorporated both relevant and irrelevant 

information. However, their study involved college students. Most importantly, some 

aspects of their methodology are open to debate. The authors assumed that problem-

solving steps or processes occur in a sequential fashion and, considered the time taken 

to read the question statement as the time spent to build a mental representation of the 

problem. Mayer and Hegarty (1996) instead argued that the phases of problem solving 

occurred in an iterative fashion and students build/update their mental representation 

after reading each statement in a problem rather than after reading the question 

statement only.  The second issue is how the authors inferred the type of mental 
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representation students built. They used performance on a lexical decision task (decide 

whether a stimulus is a word) presented just after the question statement of the word 

problem. The authors posited that if students had a mental representation that 

incorporated irrelevant information, they would subsequently be faster on the lexical 

decision task than if the task used the same irrelevant information as stimulus. 

Although an interesting proposition, whether and how well memory for irrelevant 

information reflects the type of mental representation students have built is debatable. 

Nevertheless, findings from Lee et al. (2009) and Mori and Okamoto (2016) hint 

towards the possibility that students might be choosing less effective ways of 

representing word problems because of inadequate working memory skills.  

 

INHIBITION AND MATH PROBLEM SOLVING 

Theoretical Basis 

There are two ways inhibition might come into play in math problem solving. 

The first way implicates prepotent response inhibition (PRI) and assumes students 

possess several strategies to problem solving. At times, they might need to inhibit 

certain strategies that are automatic but not appropriate for a specific problem in order 

to allow more appropriate ones to operate. As previously argued, students rarely engage 

with non-routine problems or engage primarily in routine problems in the classrooms. 

The direct translation strategy might thus have become students’ default approach to 

problem solving. I argue here that to succeed especially when there is a problem with 

irrelevant information, they have to suppress the default direct translation strategy in 

order to allow the more appropriate problem model strategy to take place.  

The above premise is based on Siegler’s overlapping waves theory (Chen & 

Siegler, 2000; first described in Siegler, 1996) and recent studies examining PRI skills 
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in mathematics. Siegler observed from various literatures that regardless of age, 

children tend to use multiple strategies across a variety of tasks. For instance, in the 

author’s own work, findings have shown that the same children used both overt (e.g., 

finger counting) and covert strategies (retrieval) when doing addition (Siegler & 

Shrager, 1984). These findings led Siegler to postulate that ―at any one time, children 

think in a variety of ways about most phenomena‖ (Chen & Siegler, 2000, p. 7). The 

author also postulated that these ways of thinking compete with each other and argued 

that the use of newer and more advanced strategies could be dependent on the abilities 

to suppress older strategies. Recent findings have supported Siegler’s arguments. For 

instance, Lemaire and Lecacheur (2011) found inhibitory skills explained age-related 

differences in strategy selection in a computational estimation task. Better inhibitory 

skills were associated with the age-related increase in the ability to choose the best 

strategy (round up or down) depending on the problem as opposed to using 

predominantly one strategy for all problems. Brookman-Byrne, Mareschal, Tolmie, and 

Dumontheil (2018) found that students with better inhibitory control were better able to 

suppress intuitive reasoning and determine accurately whether the perimeter of two 

shapes was similar or different. Students were presented with two shapes with different 

area and had to suppress the intuitive reasoning that area is equivalent to perimeter to 

be accurate on the task. Finally, of close relevance to the present thesis, Khng and Lee 

(2009) examined the relationship between inhibition and problem solving but in the 

context of algebraic word problems. The authors asked 15 year-olds to use letter-

symbolic algebra to solve a series of algebraic word problems.  They found that 

students with better inhibitory skills were less likely to use arithmetic strategies (e.g., 

guess-and-check) than students with poorer inhibitory skills and that these students also 

had higher problem solving accuracy than their peers.  
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The second way in which inhibition might be involved in problem solving 

implicates resistance to proactive interference (RPI) and has been suggested by 

Passolunghi and associates (authors’ studies reviewed in the next section). Passolunghi 

and Siegel (2001) for instance argued that ―problem solving ability is related to the 

ability of reducing the memory accessibility of nontarget and irrelevant information‖ 

(p. 54). This argument assumes that inhibitory processes act directly on the interference 

caused by irrelevant information in the word problems. It is different from the earlier 

explanation that assumes that inhibitory processes are involved in the activation of 

appropriate problem solving strategies. As to how irrelevant information could generate 

interference, one can assume that when students first read a word problem, all 

information appears relevant in the beginning and students would incorporate all the 

presented information in their mental representation.  It is only after reading the whole 

problem that students would typically find out that certain pieces of information are 

irrelevant. This premise is in line with Mayer and Hegarty’s (1996) argument that 

students do not wait until the end to build their mental representation but, does so 

gradually and in an iterative fashion. That means that towards the end of the integration 

phase, both relevant and irrelevant information would be active and competing for 

working memory resources which are generally assumed to be limited (e.g., Baddeley, 

2000; Shah & Miyake, 1996). Passolunghi et al. (1999) argued that to prevent the 

irrelevant information from interfering with the processing of the relevant information 

and from overloading working memory, students have to reduce access to the irrelevant 

information.  
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Empirical Evidence 

Similar to other researchers, Passolunghi and associates reported that working 

memory skills distinguished poor problem solvers from good problem solvers (e.g., 

Passolunghi et al., 1999; Passolunghi & Pazzaglia, 2005; Passolunghi & Siegel, 2001). 

In addition, Passolunghi and associates also examined the intrusion errors committed 

by problem solvers on working memory tasks and argued for the role of inhibition in 

problem solving. For instance, Passolunghi et al. (1999) examined intrusion errors 

committed on the listening recall task (Daneman & Carpenter, 1980), a standard 

working memory paradigm that requires students to validate statements (e.g., ―lions 

have four legs‖) and recall the last word of the statement (―legs‖ in the given example). 

The authors considered the recall of non-last words and last words from other trials as 

intrusions. They found that poor problem solvers, besides having lower recall accuracy, 

also had higher intrusion rates compared to good problem solvers in a sample of fourth 

graders. Tests of short-term memory did not differentiate the two groups of problem 

solvers. The authors also reported that the poor problem solvers exhibited poor recall of 

relevant information and greater recall of irrelevant information in word problems. 

Finally, the authors also found that the differences in performance on the listening 

recall task remained when the students were tested two years later. Subsequently, 

Passolunghi and Siegel (2001) extended their findings to other working memory tasks  

such as the animal dual task and the digit span (backward) tasks, and ruled out 

language as a confound since these were nonverbal working memory tasks. They also 

ruled out articulatory skills since the poor problem solvers did not differ significantly 

from the good problem solvers on measures of counting speed and speech rate. Finally, 

Passolunghi et al. (2005) have extended their findings implicating working memory in 
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problem solving to students with disabilities — more specifically, students with ADHD 

(see also, Re, Lovero, Cornoldi, & Passolunghi, 2016).  

 In contrast to Passolunghi and associates’ findings
1
, other researchers have not 

found a relationship between inhibition and problem solving. Lee et al. (2009) failed to 

find a relationship between inhibition and problem solving in a sample of 11 year-olds. 

Only working memory, as described previously, was found to be related to problem 

solving. The authors also reported that switching was not significantly associated with 

problem solving. Similarly, Viterbori et al. (2015) did not find their measures of 

inhibition to be associated with problem-solving when they examined students in 

grades one to three. Finally, Swanson and Beebe-Frankenberger (2004) reported mixed 

results. On the one hand, they reported small but significant differences in inhibitory 

abilities between students at risk versus not at risk of serious math difficulties. On the 

other hand, when the authors considered the whole sample and ran a series of 

regression analyses predicting problem-solving performance, inhibition did not 

significantly account for unique variance.  

 Four explanations for the mixed findings motivate the studies in this thesis. 

First, Lee et al. (2009) noted that they did not use irrelevant information in their word 

problems. They did not do so because in Singapore, where their study was conducted, 

students do not typically solve problems irrelevant information. The authors briefly 

argued that the use of such information in Passolunghi and associates’ investigations 

might have increased the need for inhibitory skills (in Italy, where Passolunghi and 

associates’ investigations were conducted, students typically solve problems that 

                                                 
1
 In this thesis, I discuss a small subset of Professor Maria Chiara Passolunghi’s work that has focused on 

inhibition and math problem solving. For simplicity, I will use the phrases ―Passolunghi and associates‖ 

or ―Passolunghi and associates’ studies/findings‖ to refer to the authors themselves or their work/findings 

respectively. Where specific studies are being discussed, I will cite them accordingly.  
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contain both relevant and irrelevant information). In the previous section, I have 

discussed more specifically how problems with irrelevant information could require 

inhibition. Supporting Lee et al. (2009)’s premise, the two other cited studies that did 

not report a significant association (or reported mixed results) between inhibition and 

math problem solving also did not use irrelevant information in the word problems 

given to their students. 

 A second potential source for the differences in findings might be that different 

inhibitory measures were used in the various studies. Passolunghi and associates argued 

that their measures tapped into cognitive inhibition. Alternatively, using Friedman and 

Miyake (2004)’s classification, Passolunghi and associates’ measure can be considered 

as tapping into RPI. On the other hand, Lee et al. (2009) used the Stroop and the stop-

signal tasks—generally used as measures of prepotent response inhibition (PRI) in the 

literature. Viterbori et al. (2015), who also found a null relation, used students’ 

performance on the Circle Drawing task and the Tower of London, a complex EF task. 

The Circle Drawing task has typically been used as a measure of PRI in the literature 

(e.g., Boonstra, Kooij, Oosterlaan, Sergeant, & Buitelaar, 2010; Verbeken, Braet, 

Claus, Nederkoorn, & Oosterlaan, 2009). Although there is some uncertainty about the 

specific type of inhibition or EF skills underlying the Tower of London, there is some 

evidence suggesting that aspects of the Tower of London may be related to the Stroop 

(Zook, Davalos, DeLosh, & Davis, 2004).  Finally, Swanson and Beebe-Frankenberger 

(2004) used the random number generation as their measure of inhibition; studies 

suggest that the random number generation also taps into PRI (e.g., Khng & Lee, 2009; 

Miyake et al., 2000; Peters, Giesbrecht, Jelicic, & Merckelbach, 2007). As discussed 

earlier in the general introduction (pp. 12–16), findings from behavioural studies 

suggest that RPI and PRI are distinguishable inhibitory functions. Although I discussed 
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the case for both RPI and PRI in problem solving in the previous section, it is possible 

that only RPI may be involved in problem solving thus explaining why only 

Passolunghi and associates and not the other researchers might have found a significant 

relationship between inhibition and problem solving. 

A third explanation suggested by Lee et al. (2009) concerns the age of the 

participants. Passolunghi and associates examined 8–10 year-old students. On the other 

hand, Lee et al. (2009)’s participants were 11-year-old students. There are some 

challenges to this explanation given that both Viterbori et al. (2015)’s and Swanson and 

Beebe-Frankenberger (2004)’s study involved six to eight year-old students. However, 

given that the studies cited have differed in other respects (e.g., presence/absence of 

irrelevant information; verbal versus paper-and-pen word problems), age remains a 

potential explanation for the mixed findings. There are several reasons why age/grade 

level might moderate the relationship between inhibition and problem solving. I 

previously described Zheng et al.’s (2011) study whose findings showed an age-related 

decrease in the strength of the association between WM and problem solving. Similar 

findings have been reported in Lee and Bull’s (2016) study but between WM and 

general math performance. Recall that Zheng et al. (2011) also found that 

computational and reading skills mediated the relationship between WM and problem 

solving. The authors thus suggested that computational and reading skills could 

compensate for differences in WM. As students advance through the grades, it is 

reasonable to expect that their computational and reading skills will improve, thus 

providing a way for these skills to have a compensatory effect. In terms of 

compensatory strategies, at least in Singapore, all students learn to visually represent 

word problems in the primary grades using what is popular known as the model method 

(see Ng & Lee, 2009). The model method takes the form of concrete objects (e.g., 
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drawing of three cows) and becomes more abstract as students eventually learn to use 

rectangles to represent unknown quantities and relationships between quantities. This 

gives primary-school students in Singapore access to word problems of an algebraic 

nature, which are typically taught in higher grades in other countries. Ng and Lee 

(2009) argued that the model method made the structure of the word problem more 

visible or ―overt‖. Students can see the structure of the word problem on paper as they 

draw it as opposed to having to mentally visualize and manipulate representations. 

Combined with the possibility that students can become better at using the model 

method as they advance through the grades, the need for EF skills in problem-solving 

could be reduced in the higher grades. Finally, there is evidence suggesting that 

executive functioning develops during the childhood and adolescent years, reaching a 

peak only in early adulthood (e.g., Davidson, Amso, Anderson, & Diamond, 2006; 

Huizinga et al., 2006; Lorsbach & Reimer, 1997). It is possible that because of the on-

going development, one may find greater variability in EF skills in younger age groups 

as compared to older age groups. This greater variability in younger students might 

result in larger and more observable differences in math problem solving. Although this 

is a logically sound argument, I note that the current findings from the small number of 

studies that have compared the variability of EF skills across age groups are mixed 

(Hackman et al., 2014; Lee & Bull, 2016; Van der Ven et al., 2012).  

 The fourth and final explanation concerns the methodological approach used in 

various studies. Passolunghi and associates’ and part of Swanson and Beebe-

Frankenberger’s (2004) study examined students with poor and good problem solving 

abilities and found significant differences in inhibitory abilities distinguished the two 

groups. On the other hand, Lee et al.’ s (2009), Viterbori et al.’s (2015) and the second 

part of Swanson and Beebe-Frankenberger’s (2004) study examined individual 
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differences in inhibitory and problem solving abilities and did not find any association 

between the two. I posit that inhibition might only be able to distinguish groups of 

students with large differences in problem solving abilities. However, when individual 

differences across students with a wider spread of abilities are considered, differences 

in inhibitory abilities might not be as consequential.  

 At present, it is not possible to distinguish which explanation is correct or to 

rule out some of the explanations. One cannot for instance say that it is the use of 

irrelevant information (explanation one) in some studies and not the differences in the 

type of inhibition assessed between the studies (explanation two). This is because both 

factors differentiated studies that have reported a relationship between inhibition and 

problem solving from those that have not. Furthermore, the studies reviewed have been 

conducted in different countries; pedagogical or curriculum factors might be at play. 

This thesis addresses these issues by testing whether a relationship between inhibition 

and problem solving can be found when irrelevant information are added to word 

problems and by using different measures of inhibition in a series of experiments. With 

all the experiments conducted in the same country, potential pedagogical factors were 

also mitigated.  

 

Control Variables 

 Besides inhibition, problem solving can be influenced by a number of other 

factors.  In the present thesis, I examined three factors, namely working memory, 

computational skills and relevancy identification. They were primarily used in the 

analyses as control variables to see if inhibition contributed to problem solving when 

these factors were controlled for. These factors were also the focus of some of the 

analyses. For instance, I examined the unique contributions of relevancy identification 
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to problem solving while controlling for all other factors in Study 1 and Study 2. 

Computational skills were used as a proxy for problem solving skills to form the ability 

groups in Study 3.  I have discussed WM previously (pp. 30–33). I discuss 

computational and relevancy identification skills in this section.  

 An integral part of solving word problems is doing computations. One might 

thus expect research findings indicating a strong relation between problem-solving 

success and computational skills. However, recent findings from the literature suggest 

that age moderates this relationship. For instance, Lee and associates found 

computational skills to be associated with problem solving in Primary 4 students (nine 

year-olds; Lee, Ng, Bull, Pe, & Ho, 2011)  but not in Primary 5 students (11 year-olds; 

Lee et al., 2009). Lee et al. (2009) argued that by the time students reach Primary 5, 

they have become sufficiently proficient in computation that it would not affect their 

problem-solving significantly. Lee et al. (2011) also reported that found working 

memory was an important part of the relationship between computational and problem 

solving skills. Specifically, working memory predicted computational proficiency 

which in turn predicted problem-solving accuracy. Similarly, other studies have shown 

a significant association between working memory and other EFs, and computational 

skills (e.g., Geary, Hoard, Byrd-Craven, & DeSoto, 2004; Meyer, Salimpoor, Wu, 

Geary, & Menon, 2010; Seethaler, Fuchs, Star, & Bryant, 2011). These findings 

motivated the inclusion of computation skills as a control variable in this thesis. 

Additional support for age as a moderator can be inferred from Swanson and Beebe-

Frankenberger (2004) and Fuchs et al. (2006) who examined students in Grades 1–3 

(US: six to eight year-olds) and Grade 3 (US) respectively: both studies found a 

significant relationship between computational skills and problem solving.  
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Language abilities are another factor that has been associated with math 

problem-solving. Several studies have suggested that reading comprehension is 

important for word problem solving in the primary school grades (e.g., Fuchs et al., 

2006; Grimm, 2008; Lee et al., 2004; Muth, 1984; Vilenius-Tuohimaa, Aunola, & 

Nurmi, 2008). The close relationship between the two tasks may be because both 

require similar skills such as logical reasoning (Vilenius-Tuohimaa et al., 2008). 

Reading math problems can however be a highly specialized skill. Unlike narrative text 

or stories, Fuentes (1998) argued that the language of mathematics can be very specific 

and mathematical relationships or concepts in word problems are often not evident. The 

author illustrated this point with the ―+‖ sign and argued that the sign can mean several 

things, from indicating simply that a number is positive to signalling an operation such 

as add. In the present thesis, I assessed students’ ability to identify irrelevant 

information in word problems or relevancy identification. I chose this measure due to 

its past association with problem solving (e.g., Low & Over, 1989) and because I 

thought it would provide a better measure of reading and understanding math texts than 

other measures of general reading abilities. 

 

OVERVIEW OF STUDIES 

 

This thesis examined the contribution of inhibitory abilities to word problem 

solving performance. It tested four potential sources of inconsistent findings in the 

literature: the use of irrelevant information (all three studies), the use of different 

measures of inhibition (all three studies), age (Study 2) and differences in 

methodological approach (Study 3). Study 1 involved a group of Primary 5 students 

without any diagnosed learning or behavioural disabilities. The students completed a 
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number of word problems in which the type (numerical versus literal) and amount 

(none versus one versus three) of irrelevant information were manipulated. Besides the 

problem solving task, students were assessed on their computational, inhibitory, 

relevancy identification and working memory skills. Inhibitory tasks assessed three 

distinguishable types of inhibition in the literature: resistance to proactive interference, 

pre-potent response inhibition and resistance to distractor interference. Resistance to 

proactive interference was assessed using the California Verbal Learning Test-

Children's Version (CVLT-C; Delis, Kramer, Kaplan, & Ober, 1994), a standardized 

neuropsychological test. For comparability with Passolunghi and associates’ studies, 

the listening recall (Alloway, 2007) was also administered with correct recall and 

intrusion errors on the task serving as measures of working memory and resistance to 

proactive interference respectively. Prepotent response inhibition was assessed using a 

computerized adaptation of the Stroop (Stroop, 1935).  Resistance to distractor 

interference was not hypothesized to be linked to problem solving. However, given the 

findings suggesting a relationship between resistance to distractor interference and 

prepotent response inhibition (e.g., Friedman & Miyake, 2004), it was assessed to help 

distinguish the type of inhibition that might be involved in problem solving. The 

flanker task (Eriksen & Eriksen, 1974) was used for that purpose.  

Study 2 was essentially a replication of Study 1 with a younger age group 

together with a few methodological improvements over the first study. For instance, the 

CVTL-C was replaced with another task that generated intrusion errors more reliably. 

Students’ performance on inconsistent language problems was also tested in Study 2. 

This was to explore the possibility that other types of word problems may be related to 

inhibition. With the other tasks being the same ones used in Study 1, inferences about 
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whether age might be moderating the relationship between inhibition and problem 

solving could be made.  

Study 3 examined whether differences in methodological approach could 

explain the differences in findings between studies that have found a relationship 

between inhibition and problem solving and those that did not. Attempts were made in 

Study 1 and Study 2 to test this by segregating students’ based on their problem solving 

performance. But a planned investigation was conducted in Study 3 by screening 

students beforehand and forming a group of poor problem solvers and a group of 

average problem solvers. The ability groups were created based on the students’ 

performance on a computational fluency test. This screening test was chosen given that 

it was fast to administer and that computational fluency has been found to be 

significantly associated with problem solving abilities in previous studies (and in Study 

2).  

 

Context 

The studies reported in this thesis were conducted in Singapore, an island city-

state located in Southeast Asia. In Singapore, primary education is free and compulsory 

for all citizens who are above 6 years old and are residing in the country (Ministry of 

Education, 2018a).  All citizens attend one of the national primary schools that are 

divided into government and government-aided schools (also referred to as independent 

schools). In contrast to government primary schools that are fully funded by the 

Singapore government, government-aided primary schools are partially funded by 

private sources (e.g., donations) but still receive a significant portion of their funding 

from their government. These schools include for example, parochial schools and 

schools affiliated with not-for-profit organizations. Although government-aided schools 
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have some flexibility in how they operate, they follow the curriculum set by the 

Ministry of Education. Their students sit together with students from the government 

schools for the Primary School Leaving Examination, a national examination 

administered by the Ministry at the end of Primary school. This national examination 

consists of four subjects: English, Mathematics, Science and Mother Tongue (Mandarin 

Chinese, Malay or Tamil). As of the writing of this thesis, there were 185 national 

primary schools in Singapore with about 30% of them being government-aided 

(Ministry of Education, 2018b). Students involved in the studies reported in this thesis 

were from schools that were fully funded by the government.  

The Singaporean math curriculum has a mathematics framework with 

mathematical problem-solving at its center (Curriculum Planning and Development 

Division, 2012). Students are introduced to word problems in Primary 1 with one-step 

word problems and covering all four operations. As students go up the grades, multi-

step word problems are introduced and the word problems increasingly involve other 

areas of mathematics such as ratio, percentages and fractions. There are some 

expectations that students should be given opportunities to solve non-routine problems. 

Non-routine problems are however generally absent from the national examinations but 

two recent examinations have each included a problem resembling non-routine 

problems. 

Singapore has ranked 1
st
 in math on the three most recent cycles of the 

Programme for International Assessment (OECD, 2010, 2014, 2016) suggesting that 

Singaporean students are doing well in terms of mathematics achievement. However 

Singapore is not without its fair share of students who struggle with mathematics. 

Wang, Teng, and Tan (2014) highlighted that 8% of the students on the international 

benchmark qualified as low achievers in mathematics. Furthermore, Kaur, Koay, 
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Foong, Chang, and Ghani (2012) highlighted that on the Trends in International 

Mathematics and Science 2014 benchmarks, local Primary 4 students in the lowest 

percentiles had lower mean scores in mathematics than Primary 4 students in the lowest 

percentiles from other top-scoring countries. This suggests that Singapore might have a 

more pronounced achievement gap compared to its similar-performing peers. Study 3 

in this thesis compared the cognitive abilities of students with poor and average 

problem solving skills. Findings from Study 3 might be able to provide insights into the 

cognitive factors contributing to this pronounced achievement gap in Singapore.     
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CHAPTER 2 

IRRELEVANT INFORMATION IN MATH PROBLEMS NEED NOT BE 

INHIBITED: THEY ONLY NEED TO BE SPOTTED (STUDY 1) 

 

INTRODUCTION 

 

The present study examined the argument that irrelevant information in word 

problems could increase the need for inhibitory skills. The extant findings on this issue 

are mixed. Passolunghi and associates reported a relationship between inhibition and 

problem solving and used word problems that included irrelevant information (given 

that in Italy, where the authors’ studies were conducted, students solve problems that 

have both relevant and irrelevant information). Studies that did not report a relationship 

between inhibition and problem solving typically did not include any irrelevant 

information (e.g., Lee et al., 2009).  

Two types of irrelevant information are used in the literature, namely numerical 

and literal irrelevant information and there is some uncertainty about how they impact 

problem solving (Englert et al., 1987; Marzocchi et al., 2002). The extant finding is 

complicated by differences in question length used for the two types of information. 

For instance, Marzocchi et al.’s (2002) problems with literal irrelevant information 

were longer than their problems with numerical irrelevant information.  In the present 

study, I manipulated both the type (numerical versus literal) and the amount (none 

versus one versus three) of irrelevant information in word problems given to the 

students. By having a baseline condition without any irrelevant information and equal-

length problems for the numerical and literal conditions, I was able to ascertain the 

differential effects of numerical versus literal irrelevant information on problem solving 
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performance. Furthermore, varying the amount of irrelevant information in the word 

problems allowed me to examine whether increasing amounts of irrelevant information 

would lead to additional decreases in problem solving performance. Finally, addressing 

the issue of question length, the irrelevant number in the problems numerical irrelevant 

information was simply replaced with a quantifier for the problems with literal 

irrelevant information (for e.g., the phrase ―29 of the bears sold‖ was changed to ―many 

of the bears sold‖). 

In this study, I also examined the argument that differences in findings are 

caused by different types of inhibition being measured in different studies. Passolunghi 

and associates used intrusion measures from the listening recall task, which is best 

classified as a measure of resistance to proactive interference (RPI). RPI can be 

understood as ―the ability to resist memory intrusions from information that was 

previously relevant to the task but has since become irrelevant‖ (Friedman & Miyake, 

2004, p. 105). On the other hand, studies reporting contrasting findings have either used 

measures of prepotent response inhibition (PRI) such as the Stroop (Lee et al., 2009) or 

measures closely associated with prepotent response inhibition such as the Tower of 

London (Viterbori et al., 2015) or the random number generation task (Swanson & 

Beebe-Frankenberger, 2004). PRI can be understood as the ―ability to deliberately 

suppress dominant, automatic, or prepotent responses‖ (Friedman & Miyake, 2004, p. 

104).  

Addressing this issue, I measured both types of inhibition in the present study. 

For RPI, I used the California Verbal-Learning Test-Children’s Version (Delis, Kaplan, 

& Kramer, 2001), a standardized neuropsychological test. For comparability with 

Passolunghi and associates’ studies, I also used the listening recall task with intrusion 

errors and correct recall on the task used as measures of RPI and working memory 
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respectively. For RPI, I used a computerized adaptation of the Stroop (Stroop, 1935). I 

also include a resistance for distractor interference task (RDI). RDI has shown some 

association with RPI (Friedman & Miyake, 2004) and I wanted to better discern which 

type of inhibition was involved in problem solving. A computerized adaptation of the 

flanker task was used for that purpose (Eriksen & Eriksen, 1974). 

 

Research Questions and Hypotheses 

There were two research questions in this study. The first research question was 

which type and what amount of irrelevant information affected problem-solving 

performance (RQ1). It was hypothesized that numerical irrelevant information would 

affect problem-solving performance more than literal irrelevant information. Several 

reasons were discussed in the general introduction (p. 27) such as the similarity 

between numerical irrelevant information and relevant information (Cook & Rieser, 

2005) and the possibility that irrelevant numbers but not irrelevant words can be 

incorporated in students’ computations. I thus expected to see a significant difference in 

problem-solving accuracy between the numerical and no-irrelevant conditions but not 

between the literal and no-irrelevant conditions. I also hypothesized that larger amounts 

of irrelevant information should have a greater detrimental effect on problem-solving 

performance. 

The second research question was whether inhibition contributed to problem-

solving performance over and above other factors such as working memory or 

computational skills (RQ2). The case for inhibition in problem solving has been 

discussed in the general introduction (pp. 34–36). I expected to see the inhibitory 

measures account for significant unique variance in problem solving when the other 

predictors were controlled for.  
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METHOD 

Participants and Design 

The final sample consisted of 134 Primary 5 students (65 boys, Mage = 11.33, 

SD = 0.42; 69 girls, Mage = 11.36, SD = 0.52) from four primary schools in Singapore. 

The final sample excluded two students: one student had colour-blindness (identified 

during the testing) and the other student was absent on most of the testing days. The 

remaining students had no reported diagnosed learning or behavioural disabilities.  

RQ1 was examined using an experimental design. Participants were randomly 

assigned to groups based on a 2 (type: numerical versus literal) x 3 (amount: none 

versus one versus three) split-plot design. Type was manipulated on a between-subjects 

basis and students were randomly assigned to either the numerical (N = 68) or literal 

group (N = 66). Each group had an equal number of boys and girls (differed by only 1 

student given the number of boys and girls recruited were both odd numbers). Amount 

was manipulated on a within-subjects basis. RQ2 was examined using a correlational 

design and all students received tasks assessing their inhibitory, working memory, 

computational, and relevancy identification skills.  

Power analyses were conducted using G*Power 3 (Faul, Erdfelder, Lang, & 

Buchner, 2007) with alpha level at .05 and power at 80%.  For RQ1, power analyses 

indicated that the sample was large enough to detect small interaction effects (f = 0.11) 

in a split-plot ANOVA. For RQ2, I took into account that only the numerical group was 

examined (see results section for the rationale for only examining this group) and thus 

entered N = 68 as the sample size in the power analysis software. I examined the size of 

the effect detected when 1 predictor is added to a model that has 7 existing predictors 

(see Model E in the results section; this model had the most number of predictors) in a 
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regression analysis.  Power analyses indicated that the sample was large enough to 

detect small-to-medium effects (f
2
 = 0.10). 

 

Materials 

Word Problems. A total of 24 word problems were administered to each student 

(Appendix A). The word problems were simple addition and subtraction problems that 

could be solved in two steps. The word problems contained either one clause of 

irrelevant information, or three clauses of irrelevant information or no irrelevant 

information at all. There were eight word problems for each level of amount (four 

addition and four subtraction problems). To minimize carryover and fatigue effects, 

two equivalent sets of 12 problems were created and administered on two different 

days. In each set, the word problems were randomized to prevent students from 

identifying the manipulations based on the order of the word problems given to them.   

The irrelevant information was related to the central protagonists or objects in 

the word problems. In the following example from the irrelevant numerical condition, 

the number of red marbles that were new was irrelevant: ―Paul has 6234 red marbles. 

2461 of the red marbles were new. Paul’s friend Kelly gives to Paul 2285 red marbles. 

Paul then wins another 5490 red marbles in a game. How many red marbles does Paul 

have all together now?‖ 

In the irrelevant literal condition, I replaced the number in the irrelevant clause 

with a quantifier (e.g., some of the red marbles are new). The length of the irrelevant 

clauses across numerical and literal conditions was controlled for with this 

manipulation. In the baseline condition, the irrelevant clause was omitted altogether.  

Word problems were administered in paper-and-pencil format and students 

were asked to show their workings as they solved them. Calculators were not allowed. 
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For each correct answer, one point was awarded. The KR-20 values for the problems 

received by the numerical and literal groups were .67 and .52 respectively, indicating 

moderate reliability for the task.  

Listening Recall Task. Students were first asked whether certain statements 

were true or false (e.g., ―lions have four legs‖). They were then asked to recall the last 

word of each statement. The number of statements in each trial increased as the task 

progressed. I used Alloway (2007)’s version which included a move-on rule that 

allowed students to move on to the next span or level of difficulty if they scored on at 

least four out of the six possible trials in a span. Alloway (2007)’s version also included 

a discontinue rule that requires the task to be stopped if the students failed on three 

trials in a span.  

A point was awarded for a trial if the last words were recalled correctly. Order 

of recall was not taken into account in the scoring. Students were also awarded points 

for trials skipped due to the move-on rule. The total number of last words recalled 

correctly i.e. correct recall was used as the measure of working memory. Reported test-

retest reliability for the listening recall task is .81 (Alloway, 2007). 

Intrusion errors on the listening recall task were used as the resistance to 

proactive interference. I counted words that were recalled by the participants and which 

originated from any of the previous trials as intrusions. A proportion score was then 

calculated by dividing the total number of intrusions by the number of trials attempted. 

Finally, the proportion score was reversed (multiplied by -1) so that larger or more 

positive values represented better resistance to proactive interference. Internal 

consistency reliability was not computed because students completed different number 

of trials.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



55 

 

 

Stroop and flanker tasks. Computerized adaptations of the Stroop (Stroop, 

1935) and flanker tasks (Eriksen & Eriksen, 1974) were used in this study as measures 

of PRI (Figure 2-1 on p. 57). The tasks were written in E-Prime 2.0 (Schneider, 

Eschman, & Zuccolotto, 2002). In the Stroop task, students pressed the key that 

corresponded to the ink colour of a colour word presented on screen. In the congruent 

condition, the ink colour matched the colour word (e.g., ―RED‖ printed in red ink); in 

the incongruent condition, the ink colour did not match the colour word (e.g., ―RED‖ 

printed in blue ink). There was also a neutral condition where students were presented 

with five coloured asterisks (e.g., ―*****‖ printed in red ink; students were told that 

they were stars) instead of a colour word. Students responded by pressing the D, C, N 

and J keys on the keyboard corresponding to the colours red, blue, yellow and green 

respectively. Stickers corresponding to the four colours were placed on the keys. There 

were a total of 27 trials for each condition and these were administered in three mixed 

blocks containing trials from all three conditions in a pre-randomized order. Between 

each block, students were given a 1-minute break. Prior to the experimental blocks, 

there was a key-mapping/practice block where students were presented with coloured 

rectangles.   

I used reaction time for the analyses instead of accuracy because accuracy was 

high for both conditions. A reaction-time difference was computed by subtracting the 

mean reaction time on the incongruent trials from the congruent trials (mean RT on the 

neutral trials was not used since it was not significantly different from the mean RT on 

the congruent trials). Larger or more positive values were interpreted as better 

inhibitory abilities and used as the dependent measure. Only data from trials with 

correct responses were used.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



56    

 

In the flanker task, students were presented with five arrows arranged 

horizontally in the middle of the screen. The arrows faced left or right. Students were 

asked to press the key that matches the direction of the middle arrow and to ignore the 

other arrows. In the congruent condition, the middle arrow faced the same direction as 

the other arrows. In the incongruent condition, the middle arrow faced a different 

direction from the other arrows. In the neutral condition, arrows surrounding the middle 

arrow were replaced by dashes. Students responded by pressing the F and J keys on the 

keyboard corresponding to left and right respectively. Stickers corresponding to the two 

directions were placed on the keys. Similar to the Stroop task, there were 27 trials in 

each condition and trials were administered in three mixed blocks containing trials 

from all three conditions in a pre-randomized order. A one-minute break in-between 

blocks was also given to the students in the flanker task and prior to the experimental 

blocks, there was a key-mapping block where students were presented with only the 

middle arrow (i.e. no flankers) that faced left or right. Finally, I also used reaction time 

for the analyses and a reaction-time difference was computed in the same way as the 

Stroop task.  

Reliability values indicated good reliability for the Stroop and flanker tasks. 

Reliability (Cronbach’s Alpha) for the Stroop task was .93 for both conditions. For the 

flanker task, reliabilities for the congruent and incongruent conditions were .93 and .94 

respectively. 
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Figure 2-1. Timeline of the Stroop and Flanker tasks. Congruent trials are shown. Note 

that for the Stroop, ―RED‖ was printed in red ink for the congruent trials (not shown 

here because printing is in black and white). 

 

California Verbal Learning Test – Children’s Version. In the California Verbal 

Learning Test - Children’s Version (CVLT-C; Delis et al., 1994), students were 

presented verbally with a list of words (list A) to learn and recall. This was repeated 5 

times followed by the learning and recall of a second word list (list B). The scaled 
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recall score on list A trial 1 was subtracted from the scaled recall score on list B. This 

subtraction score was used in the analyses. Raw-to-scaled scores conversion was done 

using the tables in the CVLT-C manual.  Higher scores were interpreted as higher 

resistance to proactive interference.  Test authors did not report reliability indices for 

the measure of resistance to proactive interference. Note that the CVLT-C test also 

includes, for instance, assessment of long-term recall. I did not administer these tests 

because they were not of interest.  I only administered the short term recall subtests. 

Relevancy Identification Task. Students’ ability to identify irrelevant 

information was assessed using an underlining task. This underlining task was always 

administered after the problem solving task and on a different day. The rationale was if 

students completed the relevancy identification task before the problem solving task, 

this would have made them look out for irrelevant information when they eventually 

did the word problems. One might however argue that solving the problems first could 

also have an impact on students’ performance on the relevancy identification task. 

Given that capturing students’ true problem solving abilities without giving them any 

hints was of higher importance, I decided on administering the problem solving task 

first and the relevancy identification task after.  

Students were presented with the same word problems that they had solved 

previously (in a new and empty worksheet) and were asked to underline the 

information that they thought were not relevant to the question. This was to make sure 

that the difficulty of the problems in the underlining task was the same as the problems 

in the problem solving task.  

Students were also told not to write anything else on the worksheet. Only 

problems that contained irrelevant information were presented. This was because I was 

interested in whether students could identify parts of a word problem that were 
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irrelevant rather than attempt to see if the word problem contained any irrelevant 

information in the first place.  

One point was awarded if students underlined the irrelevant clause in its entirety 

or if they underlined the quantity (or the quantifier in the case of literal irrelevant) and 

the object in the clause. No points were awarded for a question if a student underlined 

both relevant and irrelevant information in the question. KR-20 for the problems 

received by the numerical and literal group were .87 and .57 respectively.  

Computational Fluency Task. An adaptation of the computational fluency task 

from the Wechsler Individual Achievement Test - 3
rd

 Edition (WIAT-3, Wechsler, 

2009) was used. In the adapted version, only double-digit numbers were used to 

mitigate potential ceiling effects. Students were given one minute to complete as many 

computations as possible. I administered two sets of problems: addition and 

subtraction. The total number of correct computations for each set was used in the 

analysis. Test-retest reliability for the original WIAT-3 addition and subtraction fluency 

tests are .87 and .91 respectively (Breaux, 2009).  

 

Procedure 

The study was reviewed by the university’s institutional review board and 

participants were treated in accordance with the guidelines set by the board (see 

Appendix D). To ensure that the sample consisted of students without any diagnosed 

learning or behavioural disabilities, parents were informed of the exclusion criteria 

through the consent form. Parents were asked to simply indicate that they do not wish 

to have their child participate in the study if their child met the exclusion criteria; and, 

that they did not have to indicate the reason for declining participation or reveal any 

information regarding the clinical diagnosis.  
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Students were tested over three sessions, with each session lasting about 1.5 

hours. The set of tasks administered within each session were the same for all students. 

In the first session, the first set of word problems and the listening recall task was 

administered. In the second session, the second set of word problems, the Stroop task, 

and the two computational fluency tasks were administered. In the last session, the 

relevancy identification task, the flanker task, and the CVLT-C were administered. 

While the task set for each session was the same, administration of the tasks in each set 

was counterbalanced between participants.  

 

RESULTS 

Data Cleaning and Preliminary Analyses 

I used a multi-step data cleaning procedure similar to Lee et al. (2012). For the 

RT tasks, data from the congruent and incongruent conditions were cleaned separately. 

The multi-step cleaning procedure involved cleaning the data first at the individual 

level (deleting invalid trials before calculating an individual mean RT) and then at the 

group level (adjusting the individual mean RT based on the group mean RT if it 

deviated by more than 3 SD from the group mean RT).  

Anticipatory trials (RT < 200 ms) and incorrect trials were classified as invalid 

trials and deleted. Anticipatory trials were deleted because students were not expected 

to be able to identify and respond to the target below a certain threshold. An individual 

mean RT was then calculated from the remaining trials. Trials on which RT deviated by 

more than 3 SD from the individual mean RT were then deleted. These extreme values 

were considered to reflect students being not on task (e.g., looked away from the screen 

or removed their fingers from their keyboard). A new individual mean RT was 

calculated from the remaining valid trials but only if the student had at least 20 valid 
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trials (maximum possible was 27). This accuracy cut-off was to ensure that only data 

from students who were doing the task correctly (understood instructions and were on 

task) was included in the analyses. Three participants for the Stroop task and two 

participants for the flanker task did not meet that criterion in the incongruent condition. 

I coded their data as missing. 

 In the next cleaning step, a group mean RT was calculated. Individual mean RT 

that deviated by more than 3 SD from this group mean was replaced by value at 3 SD. 

This group-level cleaning affected less than 2% of the participants for the Stroop task 

and the flanker task in both conditions. The RT difference was then calculated for each 

participant by subtracting the RT on the incongruent trials from the RT on the 

congruent trials. The final cleaning step involved inspecting the RT difference for 

values that deviated by more than 3 SD from the group mean RT difference. These 

values were replaced by values at 3 SD. Three participants for the flanker and one 

participant for the Stroop task were affected at this final cleaning stage.  

I replaced outliers in the RT tasks and the other tasks over deletion to mitigate 

loss of data. Replacing outliers with the mean is one of the ways that has been 

suggested by some researchers to prevent loss of data points (e.g., Cohen, Cohen, West, 

& Aiken, 2003; Tabachnick & Fidell, 2007) but, mean replacement has been criticized 

for changing the distribution of the data (Cousineau & Chartier, 2010). In order to 

mitigate this issue, outliers were instead replaced with value at 3 SD. This way, the 

student’s data would be still be an ―outlier‖ but would not affect the distribution of the 

sample as much as it would have if the original extreme value was kept or replaced by 

the mean. For all the other tasks, scores that deviated by more than 3 SD from the 

group mean was replaced by the value at 3 SD. 
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Because the word problems and the relevancy identification task were different 

for the numerical and literal group, data for these two tasks were cleaned separately for 

each group. For the rest of the tasks, data was cleaned using the whole sample. The 

percentage of data points affected by the cleaning process was less than 2% and the 

percentages of missing data were low (relevancy identification = 3%; and, listening 

recall < 3%).  

For all tasks including the RT tasks, I imputed the missing data points using the 

Expectation-Maximization algorithm in SPSS (Dempster, Laird, & Rubin, 1977). The 

algorithm converged when the maximum number of iterations was set to 25. Little’s 

MCAR test was significant, χ2= 85.85, df = 56, p < .05. This indicated that there might 

be bias in the dataset due to the missing data. Inspection of the data revealed that for 

three participants, there were missing data on both of the listening recall measures 

(correct recall and proportion of intrusion). The data for these participants were coded 

as missing because of errors in administration i.e. the move-on and discontinue rules 

were not applied. Because there were no other indications of a biased data set and 

because the percentage of missing data was low, I proceeded with analyzing the 

imputed dataset. Descriptives for the imputed dataset can be found in Table 2-1.  

Prior to conducting the main analyses, I also checked whether the students in 

the numerical group and students in the literal group had equivalent inhibitory, working 

memory and computational skills. This analysis served as a check for the random 

assignment. A one-way MANOVA showed that there were no significant differences 

between the two groups, F (7, 126) = 0.59, p = .77, p
2
 = .03 on any of the variables.  
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Table 2-1. Descriptives for Study 1 

  Mean SD Min Max 
95% C.I. 

 (Lower, Upper) 

Numerical Group (N = 68) 

1. Word-Problems (Accuracy) 
     

Amount = None 7.38 0.89 4.53 8.00 7.17, 7.60 

Amount = One 5.51 1.53 2.00 8.00 5.14, 5.89 

Amount = Three 5.54 1.75 2.00 8.00 5.12, 5.97 

Accuracy Drop -1.85 1.54 -5.50 1.50 -2.23, -1.48 

2. Relevancy Identification 
     

Number of Pieces of Irrelevant 

Information Identified 
29.63 2.17 21.09 32.00 29.11, 30.15 

3. Computational Fluency 
     

Addition Score 17.13 4.46 7.00 30.00 16.05, 18.21 

Subtraction Score 12.37 3.79 7.00 25.12 11.45, 13.29 

4. Listening Recall 
     

Correct Recall Score 15.71 3.29 6.00 21.00 14.91, 16.50 

Proportion of Intrusion -.07 .08 -.30 .00 -0.09, -0.05 

5. CVLT-C 
     

Resistance to Proactive Interference 

Measure 
-0.50 1.39 -4.00 2.00 -0.84, -0.16 

6. Stroop 
     

Reaction Time Difference -211.89 106.81 -473.15 25.69 -237.74, -186.03 

7. Flanker 
     

Reaction Time Difference -99.69 47.01 -255.59 47.88 -111.06, -88.31 

Literal Group (N = 66) 

1. Word-Problems (Accuracy) 
     

Amount = None 6.92 1.07 4.00 8.00 6.66, 7.19 

Amount = One 6.97 1.04 4.00 8.00 6.71, 7.22 

Amount = Three 6.84 1.09 3.48 8.00 6.57, 7.11 

2. Relevancy Identification 
     

Number of Pieces of Irrelevant 

Information Identified 
30.95 1.42 25.03 34.00 30.6, 31.30 

3. Computational Fluency 
     

Addition Score 18.18 4.38 8.00 31.02 17.11, 19.26 

Subtraction Score 13.23 3.96 7.00 24.00 12.25, 14.20 

4. Listening Recall 
     

Correct Recall Score 15.59 3.51 8.00 26.09 14.73, 16.46 

Proportion of Intrusion -.08 .08 -.32 .00 -0.10, -0.06 

5. CVLT-C 
     

Resistance to Proactive Interference 

Measure 
-0.42 1.53 -4.00 3.00 -0.80, -0.05 

6. Stroop 
     

Reaction Time Difference -225.26 135.87 -597.89 6.34 -258.66, -191.86 

7. Flanker 
  

  
 

Reaction Time Difference -108.33 51.40 -255.59 45.14 -120.97, -95.70 

            

Note. The following scores were reversed with higher or more positive values representing better performance:  

Accuracy Drop for the numerical group; Intrusion measure for the Listening Recall; Reaction Time difference for the 

flanker and Stroop tasks. 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



64    

 

RQ1. Which Type and What Amount of Irrelevant Information Affects Problem 

Solving? 

The first set of analyses examined the effects of different types and amounts of 

irrelevant information on problem solving. A 2 (type: numerical versus literal) x 3 

(amount: none versus one versus three) split-plot ANOVA was conducted with 

problem-solving accuracy as the dependent variable. Unless otherwise specified, all p-

values were evaluated at alpha = .05. I also report here the statistics for unadjusted dfs 

in cases where assumptions of homogeneity of variances/co-variances or sphericity 

were violated (results did not change when I examined the statistics for the adjusted 

dfs). Analysis revealed a main effect of type, F(1, 132) = 23.25, p
2
 = .15; and a main 

effect of amount, F(2, 264) = 34.06, p
2
 = .21. The main effects were qualified by a 

type × amount interaction, F(2, 264) = 32.80, p
2
 = .20 (Figure 2-2). I repeated the 

ANOVA with the two computational fluency measures (addition and subtraction) and 

school as covariates. None of the covariates interacted significantly with the variables 

of interest and the pattern of results remained the same. I thus excluded the covariates 

in subsequent tests.  

To identify the locus of the interaction, I conducted tests of simple effects and 

evaluated them at α = .006 (Bonferroni correction for 9 follow-up tests). Independent 

samples t-tests were first conducted to examine the effect of information type at each 

level of amount (none, one versus three). When no irrelevant information was 

presented, accuracy of the numerical group was only marginally higher than that of the 

literal group, t(132) = 2.70, d = 0.47, p = .008. However, there were significant 

differences on the other conditions: accuracy for the numerical group was lower than 

the literal group when there was one piece of irrelevant information, t(132) = -6.42, d = 
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-1.11 and also when there were three pieces irrelevant information, t(132) = -5.13, d = -

0.89. Absolute mean differences were 1.45 and 1.30 respectively.  

 

 
Figure 2-2. Effects of Type and Amount of Irrelevant Information on Problem-Solving 

Accuracy in Study 1. Error bars represent -/+ 1 SEM. 

 

Within each type of irrelevant information, paired samples t-tests showed that 

problem-solving accuracy decreased significantly for the numerical group but not for 

the literal group when the amount of irrelevant information changed. Specifically, for 

the numerical group, accuracy in the no-irrelevant information condition was 

significantly higher than accuracy on problems that contained one and three pieces of 

irrelevant information, t(67) = 9.22, d = 1.50, and t(67) = 8.32, d = 1.33, respectively. 
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Accuracy between problems that contained one and three pieces of irrelevant 

information conditions did not differ significantly, t(67) = -0.15, d = -0.02.  

In summary, the results showed that numerical irrelevant but not literal 

irrelevant information is detrimental to problem solving. Furthermore, increasing the 

amount of numerical irrelevant information beyond one piece did not lead to a 

significant additional drop in problem-solving accuracy.   

 

RQ2. Does Inhibition Uniquely Contribute to Problem Solving? 

In the next set of analyses, I investigated students’ inhibitory skills as an 

explanatory variable for students’ susceptibility to irrelevant information. I focused on 

word problems that contained numerical irrelevant information because literal 

irrelevant information had no significant deleterious effects on students’ problem- 

solving performance. Using the following formula, I computed a new measure to index 

the decrease or drop in problem solving accuracy when numerical irrelevant 

information is present (larger values represented smaller decreases in performance): 

AccuracyDrop = –AccuracyNone + [AccuracyOne + AccuracyThree]/2 

Initial correlational analyses (Table 2-2) indicated that accuracy drop was not 

associated with the inhibitory, working memory, or the computational fluency 

measures. Only relevancy identification was significantly correlated with accuracy 

drop. 

To increase predictive power, measures of inhibition were entered together in 

the same block as ―inhibition‖ in subsequent hierarchical regression analyses.  
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Table 2-2. Correlational Analysis in Study 1 

Variables 1 2 3 4 5 6 7 8 9 

1. AccuracyDrop - .28* .06 .09 .10 -.06 .06 .09 .11 

2. Relevancy Identification Task 

 

- .04 -.10 .15 .10 -.08 -.20 .11 

3. Computational Fluency: Addition 

  

- .59** .15 -.15 .03 .07 -.06 

4. Computational Fluency: Subtraction 

   

- .07 .10 .23 .23 -.03 

5. Listening Recall: Correct Recall Score 

    

- .05 -.07 -.08 .27* 

6. Listening Recall: Proportion of Intrusion 

     

- .04 .00 .08 

7. CVLT-C 

      

- .26* .02 

8. Flanker task 

       

- -.15 

9. Stroop task                 - 

   *p < .05. **p < .01. 

 

 

Hierarchical regression analyses (Table 2-3) showed that neither inhibition nor 

working memory accounted for significant variance in the drop in accuracy (models A1 

and A2). This was the case even when the math measures were entered (models B1 to 

D2). Relevancy identification explained 8% of the variance in the drop in accuracy 

when entered first in the regression equations (step 1 of models B1 and B2); when all 

other variables were controlled for, relevancy identification uniquely accounted for 

10% of the variance in the drop in accuracy (model E). In model E, the final model was 

not significant even though the r-squared change was significant when relevancy 

identification was added. This is likely due to the reduction in statistical power 

resulting from the presence of numerous variables that are not contributing significant 

variance to accuracy drop.   

Note that I also attempted to use the accuracy on problems with no irrelevant 

information as a predicted variable in a separate set of hierarchical analyses. I then 

compared the results of these analyses with the results presented here. This provided 

another way to see if the relationship between inhibition and problem solving depends 

on whether one examines problems with no irrelevant information and problems with 
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numerical irrelevant information. There were no significant associations between 

problem solving and inhibition in the separate set of analyses. I thus omitted the 

statistics for these analyses from this section.  

 

Table 2-3. Hierarchical Regression Analysis in Study 1 

Model Order of Entry Into Regression Equation R
2
 ΔR

2
 F for ΔR

2
 Model F 

A1 1. Working Memory .01 - - 0.68 

 2. Inhibition .04 .03 0.44 0.48 

A2 1. Inhibition .03 - - 0.49 

 1. Working Memory .04 .01 0.47 0.48 

B1 1. Relevancy Identification .08 - - 5.69* 

 1. Working Memory .08 <.01 0.26 2.94 

 3. Inhibition .13 .05 0.76 1.47 

B2 1. Relevancy Identification .08 - - 5.69* 

 2. Inhibition .12 .04 0.83 1.75 

 3. Working Memory .13 <.01 0.22 1.47 

C1 1. Computational Fluency .01 - - 0.29 

 2. Working Memory .02 .01 0.59 0.39 

 3. Inhibition .04 .02 0.38 0.38 

C2 1. Computational Fluency .01 - - 0.29 

 2. Inhibition .04 .03 0.43 0.38 

 3. Working Memory .04 <.01 0.38 0.38 

D1 1. Computational Fluency and Relevancy 

Identification 

.10 - - 2.25 

 2. Working Memory .10 <.01 0.20 1.72 

 3. Inhibition .14 .04 0.67 1.17 

D2 1. Computational Fluency and Relevancy 

Identification 

.10 - - 2.25 

 2. Inhibition .14 .04 0.69 0.13 

 3. Working Memory .14 <.01 0.15 1.17 

E 1. Computational Fluency, Working Memory and 

Inhibition 

.04 - - 0.38 

 2. Relevancy Identification .14 0.10* 6.50* 1.18 

Note. Working memory = Listening recall: Correct recall score;  Inhibition = Listening Recall: 

Proportion of intrusions, CVLT-C, Stroop and Flanker; and, Computational Fluency = Computational 

fluency addition and subtraction. 

   * p <.05. 
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In the last set of analyses, although the study was not designed as such, I 

attempted to replicate Passolunghi et al. (1999) findings using their analytical approach. 

I divided the numerical group into good (N = 18) and poor problem solvers (N = 14) 

using a percentile split similar to their study (poor = 20
th

 percentile and below; good = 

between 50
th

 and 80
th

 percentile) using accuracy on problems containing irrelevant 

information only (AccuracyIrrelevant Only). I then compared the two groups on the various 

inhibitory measures. A one-way MANOVA indicated no significant differences, F (4, 

27) = 0.28, p = .89, p
2
 = .04. 

 

DISCUSSION 

  

To summarize, I found that students struggled with numerical irrelevant but not 

literal irrelevant information in word problems as hypothesized. Contrary to 

expectations however, having a larger amount of numerical irrelevant information 

(three pieces versus one piece) did not cause any additional decrease in problem 

solving accuracy. Susceptibility to the effect of numerical irrelevant information was 

only associated with the ability to identify irrelevant information in word problems. 

Contrary to expectations however, none of the inhibitory measures (neither did the 

measures of working memory or computational fluency) were significantly associated 

with the susceptibility to the effect of numerical irrelevant information.  

 

RQ1. Which Type and What Amount of Irrelevant Information Affects Problem 

Solving? 

 Methodological concerns in previous studies have made it difficult to ascertain 

whether numerical or literal irrelevant information affected problem solving more. The 
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present findings show that when question length and amount of irrelevant information 

were controlled, only numerical irrelevant information poses a problem for students. 

Extending on previous work, the findings additionally suggest that students remain 

unaffected by literal irrelevant information even if quantifiers are present. This type of 

literal irrelevant information differs from what has been used in previous research 

because it makes references to certain quantities as opposed to only adding to the 

―story‖. To illustrate, this was a problem used by Marzocchi et al. (2002): 

A school has organized a school trip; the students will visit a nature park where 

they will see plants and animals. All the students will go on this outing. In the 

school there are 12 classes of 23 students each. In addition, 27 teachers will go 

with them. The students are very excited because they will be able to see some 

wild animals. How many people will go on this trip? (p. 738) 

One explanation discussed previously and that may account for the differential effects 

of numerical and literal information is that the nature of numerical irrelevant 

information makes it possible for it to interfere with problem-solving. Specifically, 

irrelevant numbers can be incorporated into computations but not irrelevant words. 

Combined with the possibility that some students may be prone to using heuristics that 

involve focusing on numbers (e.g., number-grabbing), numerical irrelevant information 

thus puts students at a greater risk of making mistakes than literal irrelevant 

information.  

 One intriguing finding is that increasing the amount of numerical irrelevant 

information from one piece to three pieces did not cause further decrease in problem-

solving accuracy. One would expect that having more of the type of irrelevant 

information that students struggle with would make the word problems even harder. 

However, if students are using a number-grabbing strategy, they would then simply use 
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any numerical information provided to them. Questions containing one piece of 

irrelevant information would then look no different from those containing three pieces 

of irrelevant information. In an examination setting however, students could lose 

precious time performing unnecessary computations if there are a lot of irrelevant 

numbers.      

 

RQ2. Does Inhibition Uniquely Contribute to Problem Solving? 

 Two explanations for the previous mixed findings were of interest in this study: 

whether the use of irrelevant information in some studies increased the need for 

inhibitory skills and, differences in inhibitory measures used between studies. Results 

from the regression analyses do not support these two explanations. Specifically, an 

index of the decrease in problem solving accuracy due to irrelevant information was not 

associated with any of the inhibitory measures. This suggests that the two explanations 

might not be correct. I discuss this in detail last i.e. just before the next chapter since 

they motivate the subsequent study in this thesis. In the next few paragraphs, I first 

discuss the findings about the other measures.  

Interestingly, working memory was also not associated with accuracy drop 

neither in the bivariate analyses nor in the regression analyses. This finding stands in 

contrast to studies that implicate working memory in problem solving (e.g., Lee et al., 

2009; Swanson & Beebe-Frankenberger, 2004). One possibility maybe because the 

predicted variable used in the analyses was the drop in accuracy rather than the raw 

scores in the individual conditions. However, when I examined the correlations 

between the raw problem-solving scores and working memory, there were no 

significant correlations (not showed in Table 2-2 because it focused on the drop in 

accuracy). Another possibility for the difference in findings may be way the word 
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problems were presented. For instance, Swanson and Beebe-Frankenberger (2004) 

presented the word problems to their students verbally. In contrast, students in the 

present study completed the word-problems as a paper-and-pencil task and the 

problems were always visible. Being able to work out the problems on paper and not 

having to remember the question might have reduced the load on working memory. 

Another possibility is that the type of problems investigated was different in the 

studies. Specifically, Lee et al. (2009) used algebra word problems that are typically 

considered more difficult that arithmetic word problems, the problems used in this 

thesis. Supporting this premise, Fuchs et al. (2006) who also did not find report a 

significant relationship between WM and problem solving. They also used arithmetic 

word problems. Finally, it is possible that the questions may not have been sufficiently 

challenging in general for the grade level of the participants. Indeed, the word problems 

presented to the Primary 5 students in the present study were only simple addition and 

subtraction problems and they did not involve many steps. However, there was a 

significant drop in problem solving accuracy when numerical irrelevant information 

was present. Whether challenging or not, this finding suggests that the problems with 

numerical irrelevant information are more difficult than those without irrelevant 

information.  

Computational fluency skills were also not associated with the measures of 

problem solving in both the correlational and regression analyses (as in the case for 

WM, I also examined separately the correlations involving the raw problem solving 

scores). In line with the ideas presented in the general introduction, I suspect this is 

likely due to the participant’s age. Lee et al. (2009), who reported similar findings, 

suggested that by Primary 5, students would have had much practice with computation. 

As a result, individual differences in computational skills would likely be too small to 
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have a significant impact on problem solving performance. Consistent with this 

premise are studies that have examined younger students, many of which have reported 

a relationship between computational skills and problem solving performance (e.g., 

Fuchs et al., 2006; Lee et al., 2011; Swanson & Beebe-Frankenberger, 2004).  

Only relevancy identification was found to be significantly associated with the 

decrease in problem solving accuracy attributable to irrelevant information. This 

findings extended on previous work that found this ability to be important in 

secondary-school students (e.g., Low & Over, 1989; Low et al., 1994).  

 

Directions to Study 2 

Study 1’s findings presented some challenges for explanations one and two for 

the mixed findings in previous work. However, as argued in the general introduction, 

previous studies have not only differed on whether they used irrelevant information or 

in terms of their inhibitory measures. The age of their participants was different 

between studies (explanation three). Recall that Passolunghi and associates examined 

8-10 year-old students. On the other hand, Lee et al. (2009) who did not find an 

association between inhibition and problem solving, had 11-year-olds in their study. 

However I suggested that there were some challenges to this explanation given that 

other studies that have examined much younger participants also did not find a 

relationship between inhibition and problems (Swanson & Beebe-Frankenberger, 2004; 

Viterbori et al., 2015). These studies did not use irrelevant information in their word 

problems. Moreover, all the cited studies have been conducted in different countries 

making interpretations difficult due to curriculum differences between the countries.   

Study 2 addressed these issues with a partial replication of Study 1 with 

younger students (Primary 3; nine year-old students). At present, there are no studies 
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involving students in the lower grades that have used problems with irrelevant 

information and different measures of inhibition. Given that Study 2 was similar to 

Study 1, inferences about whether age moderate the relationship between inhibition and 

problem solving could be made. Furthermore, given that Study 2 was conducted in the 

same country as Study 1, potential curriculum differences were mitigated. There were a 

few limitations or issues in Study 1 and I addressed these in Study 2 by introducing a 

few methodological changes. I discuss these issues along with the methodological 

changes when I describe Study 2 in the next chapter.  
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CHAPTER 3 

THE RELATIONSHIP BETWEEN INHIBITION AND MATH PROBLEM 

SOLVING IN LOWER PRIMARY STUDENTS (STUDY 2) 

 

INTRODUCTION 

 

In Study 1, I tested whether the addition of irrelevant information in word 

problems increased the need for inhibitory skills. This was done by manipulating both 

the amount and type of irrelevant information in the word problems presented to the 

students in the study. I also tested whether differences in inhibitory measures used in 

various studies could have produced the mixed findings in the literature. In line with 

previous research, numerical but not literal irrelevant information resulted in a 

significant decrease in problem solving accuracy when compared to the no-irrelevant 

condition. Quantity of irrelevant information was not associated with problem-solving 

accuracy.  None of the inhibitory measures accounted for this drop in problem-solving 

performance. Only relevancy identification, but not computational fluency nor working 

memory skills was associated with the drop.  

The present study was a partial replication of Study 1 with Primary 3 students. I 

examined the possibility that the relationship between inhibitory abilities and problem 

solving might be moderated by age. I discussed several reasons why that might be the 

case in the general introduction. First, younger students are more likely to be less 

proficient in the type of math problems used in this study.  Second, variability in EF 

skills should be larger in younger children because EF skills develop through childhood 

and adolescence and only peak in adulthood (e.g., Davidson et al., 2006).  
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Methodological Improvements 

In addition to age, several methodological changes were introduced in response 

to issues that arose in Study 1. The first issue was that, students generally made few 

intrusion errors on the listening recall task. I suspect that because of the discontinue 

rule, the task was terminated for many students before they had been exposed to 

enough trials for interference to build-up. It is also possible that the amount of 

information-to-be-suppressed did not go sufficiently beyond the students’ abilities for 

intrusions to occur.  In the present study, the discontinue rule was dropped in favor of 

administering all trials (from spans 1 to 4) to all students. This was done with the 

expectation that students would experience greater interference from prior statements at 

higher spans. There is some evidence supporting this premise. For instance, Robert, 

Borella, Fagot, Lecerf, and De Ribaupierre (2009) found that larger spans generated 

significantly more intrusions in both children and adults in a reading span task. May, 

Hasher, and Kane (1999) also found that when the largest span was presented last, this 

allowed for a buildup of proactive interference (see also Lustig, May, & Hasher, 2001). 

Based on these findings, I administered the four spans in the listening recall task in 

increasing order. Administering all spans to the whole sample also increased 

comparability with Passolunghi and associates’ studies where the discontinue rule was 

also absent.   

I also replaced the CVLT-C which was one of the inhibitory measures in Study 

1. The CVLT-C was poorly correlated with the intrusion errors on the listening recall 

task even though it was supposed to tap into similar inhibitory processes. Furthermore, 

students did not commit many intrusions during the List B recall of the CVTL-C (most 

did not commit any) and I was unable to use it in the analyses. An adaptation of Deese-

Roediger-McDermott (DRM; Deese, 1959) was used in replacement. I describe the task 
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in detail in the method section but the key advantage of the DRM over the CVTL-C is 

that findings have suggested that the DRM induces intrusions in children as well as 

adults reliably (e.g., Metzger et al., 2008).  

In contrast to Study 1, I manipulated the various conditions of irrelevant 

information on a fully within-subjects basis. That is, all students received all conditions 

of irrelevant information (none versus numerical versus literal). This was done to 

increase statistical power especially in subsequent analyses that focuses on the 

contribution of inhibitory skills and the other predictors to problem-solving. Note 

however that I only included one clause of irrelevant information for the irrelevant 

conditions. This is because findings from Study 1 showed that larger amounts of 

numerical irrelevant information did not cause any additional decrease in problem 

solving accuracy. This also reduced the total amount of questions each student has to 

do. A baseline condition (no irrelevant information) was however still administered to 

all the students.  

I administered a parallel version of the relevancy identification task to a small 

subset of the sample in the present study. This was to address the possibility that 

students’ performance on the relevancy identification task in Study 1 might have been 

affected by having solved these exact questions previously. Participants who received 

the parallel version also completed the original version of the task. The questions in the 

parallel version were similar to those in the original version in terms of structure but 

had different nouns and the numbers.    

Finally, the computational fluency task was computerized in the present study. 

The change in task format was due to its data also being used in the development of a 

new inhibitory task in a different study (not reported in this thesis). In the new task, 

students verified math sentences (also commonly referred to as number sentences) on a 
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computer screen (e.g., 8 – 2 = 4?). To be able to verify, students have to compute an 

answer first therefore the task was similar to Study 1 in that respect. Also similar to 

Study 1, there was a time-limit and students had to complete as many problems as they 

could. There were no changes to the Stroop or the flanker tasks. 

 

Additional Measure 

In the present study, I also examined the contribution of inhibitory skills to 

another type of word problems: problems where the relational term does not match the 

operation required to solve them (e.g., ―subtraction‖ required in a problem that used the 

term ―more than‖). In the general introduction, I discussed how these inconsistent-

language problems were found to be challenging to students (e.g., Verschaffel et al., 

1992). The reason for including this second outcome variable was to examine whether 

other types of word problems impose greater inhibitory demands. I chose inconsistent 

language problems based on Lubin, Vidal, Lanoë, Houdé, and Borst (2013) whose 

findings suggested that inhibition might be implicated in solving these problems. Like 

other researchers, the authors hypothesized that students tend to automatically associate 

the relational terms ―more than‖ and ―less than‖ with ―addition‖ and ―subtraction‖ 

respectively. They proposed that this association need to be suppressed when solving 

inconsistent language problems; they also argued that there would be a cost if this 

association needs to be activated again for a subsequent problem when it is appropriate. 

To test this, they examined the time taken for students to solve a consistent-language 

problem when it was preceded by either an inconsistent-language problem or a neutral 

problem.  Supporting their hypothesis,  Lubin et al. (2013) found that students took 

more time to solve the consistent-language problem when it was preceded by an 

inconsistent-language problem than when it was preceded by a neutral problem. The 
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authors used what is known as a negative priming paradigm in the literature to infer 

inhibitory processes. Briefly, the mechanism thought to underlie negative priming is 

that when a distractor is ignored or inhibited, this inhibition would be reflected in a 

subsequent trial (in terms of slower RT) if the distractor is presented again as a target  

(Houghton & Tipper, 1996). The present study attempts to provide additional insights 

into how inhibition might be important for solving inconsistent-language problems. 

This was done by examining whether students’ inhibitory skills is related to accuracy 

on inconsistent-language problems. To my knowledge, no other studies have examined 

the relationship between inhibition and inconsistent-language problems in this fashion.  

 

Research Questions and Hypotheses 

 Research questions and hypotheses in Study 2 were similar to Study 1. First, I 

examined which type of irrelevant information was more detrimental to problem 

solving performance (RQ1). Given the findings from Study 1, it was hypothesized that 

numerical but not literal irrelevant information would be more detrimental to problem 

solving performance. New to Study 2, I examined whether language consistency 

affected problem solving performance (RQ2). Based on previous work, it was 

hypothesized that inconsistent language problems would be more difficult than 

consistent language problems (e.g., Verschaffel, 1994; Verschaffel et al., 1992). Then, 

similar to Study 1, I examined whether inhibition contributed to problem solving 

performance over and above the other measures. Different from Study 1, I examined 

more specifically which type of inhibition (PRI or RPI) would contribute to problem 

solving performance over and above the other measures (RQ3). For problems where 

language consistency was manipulated, I expected PRI would be associated with 

problem solving performance given Lubin et al’s (2013) findings suggesting that 
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inhibition might be required to suppress the automatic ―if more than, add‖ (or  ―if less 

than, subtract‖) strategy when solving inconsistent language problems (RQ4). I 

however also examined the possibility that RPI might be involved in solving 

inconsistent language problems as well.   

 

METHOD 

Participants and Design 

A total of 118 Primary 3 students (66 boys, Mage = 9.22, SD = 0.37; 52 girls, 

Mage = 9.19, SD = 0.26) from three primary schools in Singapore participated in the 

study. Participants had no reported diagnosed learning or behavioral disabilities.  

RQ1 and RQ2 were examined using a fully-within subjects experimental 

design.  Participants received all three conditions of irrelevant information (type: no 

irrelevant versus numerical versus literal) in one set of word problems. They also 

received both conditions of language consistency (language consistency: consistent 

versus inconsistent language) in another set of word problems. RQ3 and RQ4 were 

examined using a correlational design and all students received tasks assessing their 

inhibitory, working memory, computational, and relevancy identification skills.  

Power analyses were conducted using G*Power 3 (Faul et al., 2007)  with alpha  

level at .05 and power at 80%. For RQ1 and RQ2, power analyses indicated that the 

sample was large enough to detect small interaction effects (f = 0.11 and f = 0.13 for 

RQ1 and RQ2 respectively) in a repeated-measures ANOVA. For RQ3 and RQ4, I 

examined the size of the effect detected when a predictor is added to a model that has 8 

existing predictors (see Model E in the results section; this model had the most number 

of predictors) in a regression analysis.  Power analyses indicated that the sample was 

large enough to detect small effects (f
2
 = 0.07). 
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Materials 

Tasks identical to Study 1 or that have been modified are described briefly. 

These are tagged with ―same‖ or ―modified‖ respectively and include for instance, the 

listening recall task where the discontinue rule was no longer applied. New tasks, 

tagged with ―new‖, are described in detail and include for instance, the Deese-

Roedinger-McDermott.  

 Problems with Irrelevant Information (modified). Each participant received a 

total of 18 word problems. The word problems were equally divided between those that 

contained numerical irrelevant information, literal irrelevant information, or no 

irrelevant information. Only one clause of irrelevant information was added for the 

irrelevant conditions. Because students were from Primary 3, two grades lower than 

students in Study 1, the size of the numbers used as operands was smaller.   

Problems were simple two-step problems that involved addition or subtraction. 

The irrelevant information added to the word problems were related to the central 

protagonist or object in the problem. In the following example, the number of red 

marbles that were new was irrelevant:  

―Paul has 66 red marbles. 26 of the red marbles were new. Paul’s friend Kelly 

gave to Paul another 18 red marbles. Paul then wins another 41 red marbles in a game. 

How many red marbles does Paul have all together now?‖ 

In the irrelevant literal condition, the number in the irrelevant clause was 

replaced with a quantifier (e.g., some of the red marbles are new). In the baseline 

condition, the irrelevant clause was omitted altogether.  

To minimize fatigue and carry-over effects, the word problems were divided 

into two equivalent sets (each containing all three conditions in random order) and 

administered on two different days. The word problems were presented on paper and 
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students were asked to show their workings as they solved the problems. They were not 

allowed to use calculators and there was no time limit.  

Reliabilities for the no-irrelevant and the literal-irrelevant word problems were 

relatively low— KR-20 was .22 and .23 respectively.  Reliability for the numerical-

irrelevant word problems was good— KR-20 was .71.   

Problems with Inconsistent Language (new). Students completed a set of eight 

word problems where language consistency was manipulated. That is, the relational 

terms in these problems either matched (or primed) the operation required to solve the 

problems or did not match the operation required to solve the problems (Hegarty et al., 

1995; van der Schoot, Bakker Arkema, Horsley, & van Lieshout, 2009; Verschaffel, 

1994). Half of the problems were inconsistent language problems: ―more than‖ and 

―less than‖ in these problems corresponded to having to use subtraction and addition 

respectively to solve the problems.  The following is an example involving ―more 

than‖: ―Alfred walked 27 metres. He walked 12 metres more than Raj. How many 

metres did Raj walk?‖ 

The remaining half were consistent language problems: ―more than‖ and ―less 

than‖ in these problems corresponded to having to use addition and subtraction 

respectively to solve the problems. The following is an example of a consistent 

language problem with the term ―more than‖: ―A toy car costs $24. A toy train costs 

$13 more than a toy car. How much does a toy train cost?‖ 

Consistent language problems were randomly mixed with the inconsistent 

language problems to prevent the use of rote strategies. Accuracy on consistent 

language problems also served as a control measure in the analyses.  

Reliabilities (KR-20) for the consistent language and inconsistent language 

problems were .56 and .71 respectively.  
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Listening Recall (modified). An adaptation of the listening recall task (Alloway, 

2007) was administered. Students were first asked whether certain statements were true 

or false (e.g., ―lions have four legs‖). They were then asked to recall the last word of 

each statement. The number of statements in each trial increased as the task progressed. 

Students completed spans 1 to 4 with four trials per span. There were no move-on or 

discontinue rules and Alloway’s stimuli list was also modified to reduce the repetition 

of last words. A point was awarded for each last word that was correctly recalled.  

Intrusion errors on the listening span task were used as a measure of 

susceptibility to proactive interference. Words considered as intrusions were: (a) last 

words from any of the previous trials, (b) non-last words from previous trials or the 

current trial, or (c) words that were not part of the stimulus list. The total number of 

intrusions was used in the analyses. The scores were reversed (by multiplying by each 

participant’s score by minus one) so that larger or more positive values indicated fewer 

intrusions. Reliabilities for the correct recall (KR-20) and intrusion measures 

(Cronbach’s Alpha) were .74 and .36.  

Stroop and flanker tasks (same). Computerized adaptations of the Stroop 

(Stroop, 1935) and flanker tasks (Eriksen & Eriksen, 1974) were used to assess 

prepotent response inhibition and resistance to distractor interference respectively. 

Similar to the Study 1, a reaction-time difference computed by subtracting the mean 

reaction time on the incongruent trials from the congruent trials was used as the 

dependent measure. Only data from trials with correct responses were used. Larger or 

more positive values were interpreted as better inhibitory abilities. 

Reliabilities (Cronbach’s Alpha) for the Stroop task were .91 and .92 for 

congruent and incongruent conditions respectively. For the flanker task, reliabilities for 

the congruent and incongruent conditions were .94 and .96 respectively. 
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Deese-Roediger-McDermott (new). An adaptation of the Deese–Roediger–

McDermott (DRM; Roediger & McDermott, 1995) paradigm was used as a measure of 

resistance to proactive interference. The task involved a free-recall phase followed by a 

recognition phase. I used intrusions in the recognition phase to index resistance to 

proactive interference.  

In the free-recall phase, researchers read aloud to the students a list of words 

that were composed of semantic associates of a non-presented critical target (e.g., for 

the target word chair, associates were: table, seat, stool, desk, couch, sit, and sofa). 

Words were read at a rate of one word each 1.5 seconds. The students then said the list 

back to the researchers, recalling as many words as possible. When the students could 

not recall any more words, the researchers read another list. Before reading the new list, 

researchers told the students to memorize words from the new list only and not to recall 

words from the previous list(s). There were a total of eight lists containing seven words 

each.  

The recognition phase occurred immediately after the students finished recalling 

words from the last list in the free-recall phase. Researchers read aloud a list of 48 

words, one by one. After each word, students were told to indicate whether they 

remembered hearing it previously during the recall phase by answering ―yes‖ or ―no‖. 

Accuracy for the critical targets (e.g., chair) was used as the measure of resistance to 

proactive interference with higher scores (greater number of correct rejections) 

representing better performance. Reliability (KR-20) for this measure was .62.  

I drew from several different articles for the content of the recall lists (see 

Appendix B for final stimuli used for the recall and recognition phases).  Seven-word 

lists were used based on Sugrue and Hayne (2006) who found that longer 14-word lists 

did not elicit more false alarms/intrusions than this smaller-sized list for 9-10 year-olds. 
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The critical targets or lures around which the lists were built were based on Stadler, 

Roediger, and McDermott (1999). Stadler et al. (1999) found that the following targets 

were more likely to be false recalled after the presentation of their associates: chair, 

doctor, rough, sleep, smell, smoke, sweet and window. The proportion of subjects 

falsely remembering these targets were however still a little low. For instance, window 

was falsely recalled by only 65% of the participants even though it was the most falsely 

remembered target. This might have been because Stadler et al. (1999) used word 

associates from Russel and Jenkins (1954)’s old norming study. There is some evidence 

suggesting that word associates change over time (Jenkins & Palermo, 1965; Koff, 

1965) and this has been attributed to cultural changes. In an attempt to increase the 

probability of false remembering, the more recent word associates from Nelson, 

McEvoy, and Schreiber (2004) were used. Associates in each list were arranged in 

decreasing order of associative strength i.e. the strongest associate was presented first 

followed by the second strongest and so on. I have not found any justification in the 

literature for presenting the associates in that order. I suspect that this was done so that 

the targets are activated and reinforced in memory first.  

The structure of the 48-item recognition list was based on Brainerd, Reyna, and 

Forrest (2002) and Sugrue and Hayne (2006). It contained 24 studied items, which were 

taken from serial positions one, three and seven from each of the recall list. Next, there 

were eight non-presented critical targets. Finally, there were 16 distractors (filler items) 

divided equally between non-presented and semantically-related items; and, non-

presented and semantically-unrelated items. Non-presented and semantically-related 

items were associates of the critical targets that had the smallest associative strength 

with the critical targets. They were not presented to the students during the recall phase. 

Similar to the cited works, these were taken from Stadler et al. (1999) and they were 
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the 15
th

 associate of the critical targets (e.g., bench for the critical target chair). The 

recent Nelson et al.’ (2004) norms could not be used for these distractors because they 

did not have a 15
th

 associate for some of the critical targets. The non-presented and 

semantically-unrelated distractors were also taken from Stadler et al. (1999). Four of 

the non-presented and semantically-unrelated distractors were critical targets in other 

non-presented lists (car, flag, pen, and shirt) and the remaining four were associates, 

also in other non-presented lists (milk, kick, pin, and steal). The order of the studied 

items, critical targets and distractors were randomized in the recognition test and all 

students received the same randomly ordered list.  

Relevancy Identification (same). The ability to identify irrelevant information in 

word problems was assessed using an underlining task. This underlining task was 

always administered after the problem solving task and on a different day.  Students 

were presented with the same word problems that they had solved previously and were 

asked to underline the information that they thought were not helpful for answering the 

question. Points were awarded if students underlined the irrelevant clause in its entirety 

or, if they underlined the critical elements: the quantity (or the quantifier in the case of 

literal irrelevant) and the object in the clause. Reliability (KR-20) was .93. 

Relevancy Identification: Parallel Version (new). There was a concern in Study 

1 that students’ performance on the underlining task might have been affected by 

having solved the questions previously. To address this, I also administered a parallel 

version of the underlining task to a subset of the sample (N = 39). In the parallel task, 

only the nouns and the numbers were changed. This kept the structure and difficulty of 

the parallel task as close to the original possible. The parallel task was always 

administered after the original task and on a different day. Reliability (KR-20) was .91.  
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Computational Ability (new). The computational fluency task required students 

to verify math sentences presented on a computer screen (Figure 3-1). They did so 

through a key press (―v‖ for ―correct‖ and ―m‖ for ―incorrect‖; green and red stickers 

were placed on the keys) and were given two minutes to verify as many sentences as 

possible. All the math sentences were subtraction sentences and involved a single-digit 

number subtracted from a double-digit number. None of the math sentences involved 

renaming (or regrouping/borrowing). The number of correctly verified sentences was 

used in the analyses. Because students completed different number of trials, reliability 

for the computational fluency task was not calculated.  

 

Procedure 

The study was reviewed by the university’s institutional review board and 

participants were treated in accordance with the guidelines set by the board (see 

Appendix D). The procedure for screening participants for disabilities was the same as 

Study 1 (done through the consent form).   

Students were tested over three sessions each lasting about 1 hour on separate 

days. The set of tasks administered between sessions were the same for all students. A 

group of trained part-time researchers and I administered the tasks. In the first session, 

the first set of word problems and the computational fluency task were administered. In 

the second session, students completed the second set of word problems, the relational 

task, the DRM and the flanker task. In the third session, the relevancy identification 

task, the listening recall and the Stroop tasks were administered. Students from one 

school attended a fourth session to complete the relevancy identification-parallel task. 

Counterbalancing of tasks was done within each of the first three sessions.  
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Figure 3-1. Timeline of the Computational Fluency task. A ―correct‖ trial followed by 

an ―incorrect‖ trial is shown.  

RESULTS 

Data Cleaning and Preliminary Analyses 

Data cleaning procedures were identical to Study 1. For the RT tasks, the first 

step involved removing invalid trials (incorrect, anticipatory or no-response trials) and 

calculating an individual mean RT if students had at least 20 valid trials. Six students 

for the Stroop task (5%) and five students for the flanker task (4%) did not meet the 

criteria in the incongruent condition. An additional one student for the Stroop task 

(<1%) did not meet the criteria in the congruent condition. I coded their data as 

missing. In the next cleaning step, a group mean RT was calculated. Individual mean 

RT that deviated by more than 3 SD from this group mean was replaced by value at 3 

SD. This group-level cleaning affected less than 1% of the participants for the Stroop 

task in both conditions and less than 3% of the participants for the flanker task in both 

conditions. The final cleaning step involved inspecting the RT difference for values that 
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deviated by more than 3 SD from the group mean RT difference. These values were 

replaced by values at 3 SD. Two of the participants for the flanker and none of the 

participants for the Stroop task were affected at this final cleaning stage.  

For the non-RT tasks, scores that deviated by more than 3 SD from the group 

mean was replaced by the value at 3 SD. The percentage of data points affected by the 

cleaning process was low for most tasks (<2%) and slightly higher for the relevancy 

identification task (<5%).  

The percentage of missing data was low: for the RT tasks, it was <6% and for 

the relevancy identification task, it was <3%. Only the relevancy identification-parallel 

task had a high percentage (67%) because it was administered to only part of the 

sample as part of the study design. Little’s MCAR test was conducted to test whether 

any missing data was related to the observed data or to each other. The relevancy 

identification-parallel task was excluded from the MCAR test given that missingness 

on the task was planned. The test was not significant, indicating that the missing data 

was a random subset of the data, χ
2
 = 44.12, df = 47, p = .60.  

For all tasks including the RT tasks, I imputed the missing data points using the 

Expectation-Maximization algorithm in SPSS before conducting the main analyses 

(Dempster, Laird, & Rubin, 1977). SPSS offers the option of separating predicted and 

predictor variables when running EM. I entered all tasks in both fields except for 

relevancy identification-parallel which, was only selected as a predicted variable (note 

that SPSS does not allow classificatory variables to be selected for the procedure). With 

this approach, all the missing data was imputed including the missing data in the 

relevancy identification-parallel task; and, the missing data in the relevancy 

identification-parallel task would not affect the imputation of the missing data in the 

other tasks. Descriptives for all tasks can be found in Table 3-1. 
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Table 3-1. Descriptives for Study 2 

  Mean SD Min Max 
95% C.I. 

 (Lower, Upper) 

1. Problem-Solving (Irrelevant 

Information)      

AccuracyNone 5.26 0.86 2.62 6.00 5.10, 5.42 

AccuracyLiteral 5.20 0.91 2.44 6.00 5.03, 5.36 

AccuracyNumerical 2.82 1.81 .00 6.00 2.49, 3.15 

2. Problem-Solving (Language 

Consistency)     

 AccuracyConsistent 3.85 0.40 2.25 4.00 3.78, 3.93 

AccuracyInconsistent 3.16 1.18 0.00 4.00 2.95, 3.38 

3. Relevancy Identification 

(Original)     

 Number of Pieces of 

Irrelevant Information 

Underlined 

10.80 2.45 2.67 12.15 10.35, 11.24 

4. Relevancy Identification 

(Parallel) 

     Number of Pieces of 

Irrelevant Information 

Underlined 

10.95 1.95 4.98 14.57 10.60, 11.31 

5. Computational Fluency 
    

 Total Correct 29.69 8.28 13.00 54.00 28.18, 31.20 

6. Listening Recall 
    

 Correct Recall 30.22 5.12 19.00 40.00 29.29, 31.15 

Intrusions -1.20 1.37 -5.71 .00 -1.45, -0.95 

7. DRM 
    

 Intrusions 4.07 2.01 0.00 8.00 3.70, 4.43 

8. Stroop 
    

 Reaction Time Difference -180.79 126.93 -603.53 12.94 -203.93, -157.65 

9. Flanker 

     Reaction Time Difference -227.02 142.44 -651.33 32.97 -252.99, -201.05 

Note. The following scores were reversed with higher or more positive values representing better 

performance: Intrusion measure for the Listening Recall and Reaction Time difference for the flanker 

and Stroop tasks. Intrusion measure for the DRM was not reversed because higher values represented 

better performance (correct rejection).  

 

Before conducting the main analyses, I checked for gender and school 

differences (school A versus school B versus school C) on all of the measures with a 

two-way MANOVA. The multivariate test was not significant indicating no gender, 

F(13, 100) = 1.47, p = .14, p
2
 = .16, or school effects, F(26, 202) = 1.47, p = .07, p

2
 

= .16 or gender x school interaction effects, F(26, 202) = 0.95, p = .55, p
2
 = .11,  on 
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the measures. I thus proceeded with analysing the sample as a whole for the main 

analyses.  Unless otherwise stated, significance was evaluated at alpha = .05. 

 

RQ1. Which Type of Irrelevant Information is Detrimental to Problem Solving?  

A one-way repeated-measures ANOVA examining the effects of type of 

irrelevant information (none versus literal versus numerical) on problem-solving 

accuracy was significant, F(2, 234) = 170.89, p
2
 = .60. Follow-up paired-samples t-

test (evaluated at adjusted alpha = .17 for three comparisons) indicated that accuracy 

for the numerical condition was significantly lower than both accuracy for none and 

literal conditions, t(117) = -13.75, d = -1.71  and t(117) = -15.20, d = -1.57 respectively 

(Figure 3-2). Accuracy for none and literal conditions did not differ significantly, 

t(117) = 0.57, d = 0.07, p = .58.  

 
Figure 3-2. Effect of Type of Irrelevant Information on Problem-Solving Accuracy in 

Study 2. Error bars represent -/+ 1 SEM. 
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RQ2. Are Inconsistent Language Problems Harder than Consistent Language 

Problems?  

Paired samples t-test examining the effects of language consistency (consistent 

versus inconsistent) on problem-solving accuracy was significant, t(117) = 6.54, d = 

0.74. Accuracy for consistent language problems was higher than inconsistent language 

problems suggesting that students found inconsistent language problems to be more 

difficult than consistent language problems.   

 

RQ3 and RQ4. Does Inhibition Uniquely Contribute to Performance on Problems with 

Irrelevant Information and to Performance on Problems with Inconsistent Language?  

Given the above findings, I focused on problems with numerical irrelevant 

information as well as inconsistent language problems in the analyses examining the 

contributors of problem-solving. When evaluated at alpha = .05, initial bivariate 

correlations indicated that accuracy on problems with numerical irrelevant information 

was correlated with accuracy on problems with literal irrelevant information, relevancy 

identification (both versions), computational fluency and, correct recall and intrusions 

on the listening recall task (Table 3-2). When evaluated at alpha = .01 (to account for 

multiple comparisons), computational fluency and the intrusion measure were no 

longer significant correlates of accuracy on problems with irrelevant information.  

For accuracy on inconsistent language problems, significant correlates were 

problems with irrelevant information (numerical and literal), consistent language 

problems, and relevancy identification (parallel only). The correlations were significant 

at .01.  
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I subsequently used accuracy on problems with literal irrelevant information (or 

consistent language problems for the analyses focused on inconsistent language 

problems) to control for baseline problem solving skills in the regression analyses. This 

was done by adding these measures in the first step of the various regression models. 

This was different from Study 1 where the difference in accuracy between the no-

irrelevant condition and the numerical irrelevant condition was used to control for 

baseline problem solving skills. I used a different approach because the number of 

questions per condition was fewer compared to Study 1. This was especially the case 

for problems where language consistency was manipulated – there were only four 

questions per condition. The intention was to avoid using subtraction scores with 

limited variability due to individual component scores having a small range. Also 

different from Study 1 is the use of problems with literal irrelevant information as the 

baseline instead of problems with no irrelevant information. This was because 

problems with literal irrelevant information, as opposed to problems with no irrelevant 

information, were correlated with problems with numerical irrelevant information. 

Furthermore, the problems with literal irrelevant information were similar in length to 

problems with numerical irrelevant information. They were thus a better choice as the 

baseline than the problems with no irrelevant information since the latter was shorter.  

Accuracy on problems with numerical irrelevant information (Table 3-3). I 

entered as predictors, prepotent response inhibition and resistance to proactive 

interference in separate regression models. I controlled for working memory in one set 

of analyses (models A and B) and the math skills, that is computational fluency and 

relevancy identification, in another set (models C and D). The unique contributions of 

working memory and math skills when inhibition was controlled for were also assessed 

by reversing the variables’ order of entry (the second model under A to D). The final 
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set of analyses focused on the math skills only. I wanted to test the unique contributions 

of each of the math skills to problem-solving accuracy. I thus entered all other variables 

in the first step. I then entered in the second/final step, either relevancy identification 

(model E1) or computational fluency (model E2).  

 

Table 3-3. Hierarchical Regression Analysis in Study 2 (Accuracy on Problems with Numerical 

Irrelevant Information as Predicted Variable) 

Model Order of Entry Into Regression Equation R
2
 ΔR

2
 F for ΔR

2
 Model F 

A1 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Correct Recall .17 .04 5.57* 12.07** 

 3. Stroop .17 < .01 0.06 8.00** 

A2 1. AccuracyLiteral .13 - - 17.86** 

 2. Stroop .13 < .01 0.06 8.89** 

 3. LR: Correct Recall .17 .04 5.52* 8.00** 

B1 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Correct Recall .17 .04 5.57* 12.07** 

 3. LR: Intrusions + DRM Rcg: Intrusions .20 .03 1.70 6.96** 

B2 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Intrusions + DRM Rcg: Intrusions .18 .05 3.15 8.28** 

 3. LR: Correct Recall .20 .02 2.64 6.96** 

C1 1. AccuracyLiteral .13 - - 17.86** 

 2. Math Skills .27 .14 11.02** 14.33** 

 3. Stroop .27 < .01 < 0.01 10.66** 

C2 1. AccuracyLiteral .13 - - 17.86** 

 2. Stroop .13 < .01 0.06 8.89** 

 3. Math Skills .27 .14 10.89** 10.66** 

D1 1. AccuracyLiteral .13 - - 17.86** 

 2. Math Skills .27 .14 11.02** 14.33** 

 3. LR: Intrusions + DRM Rcg: Intrusions .30 .03 2.50 9.83** 

D2 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Intrusions + DRM Rcg: Intrusions .18 .04 3.15 8.28** 

 3. Math Skills .30 .12 10.15** 9.83** 

E1 1. All measures .21 - - 4.21** 

 2. Relevancy Identification .31 .10 15.39** 6.09** 

E2 1. All measures .30 - - 6.82** 

 2. Computational Fluency .31 .01 0.97 6.09** 

Note. Math skills = Relevancy Identification and Computational Fluency. 

* p <.05. ** p <.01. 
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Results revealed that neither prepotent response inhibition nor resistance to 

proactive interference explained significant unique variance in problem-solving 

accuracy (models A to D, sub-model 1). Results remained unchanged despite 

controlling for working memory or math skills. Focusing on working memory, model 

A2 suggest that when inhibition is additionally controlled for, working memory still 

explained about 4% of the variance in problem-solving accuracy. Model B2 appeared to 

contradict this finding but the reason why working memory might not have been 

significant in that model may be because both the working memory measure and one of 

the intrusion measures were from the same task that is, the listening recall task.  Some 

aspects of working memory might have already been captured by the intrusion measure 

in the first step of model B and thus, there might not have been much variance left to be 

explained by the addition of the ―second‖ measure of working memory. Focusing on 

the math skills, models C2 and D2 indicated that when inhibition was controlled for, 

math skills still accounted for 12–14% of the variance in problem solving accuracy. 

Finally, focusing on which math skills contribute the most unique variance in problem 

solving accuracy, model E1 indicated that relevancy identification accounted for an 

additional 10% of the unique variance in problem solving accuracy. On the other hand, 

Model E2 indicated that computational fluency did not account for significant unique 

variance in problem solving accuracy when all other variables were controlled for.  

Note that similar to Study 1, I also attempted to use the accuracy on problems 

with no irrelevant information as a predicted variable in a separate set of hierarchical 

analyses. I then compared the results of these analyses with the results presented here. 

Recall that this provided another way to see if the relationship between inhibition and 

problem solving depends on whether one examines problems with no irrelevant 

information and problems with numerical irrelevant information. Only the intrusion 
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errors on the DRM showed significant associations with problem-solving accuracy. 

Intrusion errors on the listening recall (which, similar to the DRM, was supposed to 

also tap into RPI) as well as the other inhibitory measures were not significantly 

associated with accuracy on problems with no irrelevant information. I thus omitted the 

statistics for these analyses from this section.  

In summary, results suggested that relevancy identification was the strongest 

predictor of accuracy on problems with numerical irrelevant information. Working 

memory and computational fluency also significantly accounted for problem-solving 

accuracy but to a lesser extent. The amount of unique variance associated with these 

two factors was either much lower than relevancy identification or was not significant 

at all in some models. Finally, inhibition did not account for any unique variance in 

problem-solving accuracy. This was the case even if inhibition was entered before the 

working memory or math skills measures in the models. When analyses were repeated 

with the parallel version of the relevancy identification task, there were no changes in 

the pattern of results (see Table C-1 in Appendix C). Instead, I noted that the unique 

variance accounted for by the relevancy identification-parallel task was much higher 

than when the original version was used (50% versus 10%). However given that the 

parallel version was administered to only part of the sample, it is possible that this 

percentage might have been inflated due to the imputation. Specifically, the imputation 

included all the predicted and predictor variables. Because of the high level of 

missingness on the parallel version, association with problem-solving accuracy might 

have been magnified with the imputation.   

Accuracy on inconsistent language problems (Table 3-4). The models used in 

the previous analyses were also used here. The only difference is that in Step 1 in all 

models, I used accuracy on consistent language problems as the baseline measure.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



98    

 

Table 3-4. Hierarchical Regression Analysis in Study 2 (Accuracy on Problems with 

Inconsistent Language as Predicted Variable) 

Model Order of Entry Into Regression Equation R
2
 ΔR

2
 F for ΔR

2
 Model F 

A1 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Correct Recall .07 .01 0.72 4.19* 

 3. Stroop .08 .01 2.10 3.52* 

A2 1. AccuracyConsistent .06 - - 7.68** 

 2. Stroop .08 .02 2.18 4.97** 

 3. LR: Correct Recall .08 < .01 0.66 3.52* 

B1 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Correct Recall .07 .01 0.72 4.19* 

 3. LR: Intrusions + DRM Rcg: Intrusions .07 < .01 0.02 2.07 

B2 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Intrusions + DRM Rcg: Intrusions .06 < .01 < 0.01 2.52 

 3. LR: Correct Recall .07 .01 0.75 2.07 

C1 1. AccuracyConsistent .06 - - 7.68** 

 2. Math Skills .11 .05 2.78 4.49** 

 3. Stroop .12 .01 1.30 3.70** 

C2 1. AccuracyConsistent .06 - - 7.68** 

 2. Stroop .08 .02 2.18 4.97** 

 3. Math Skills .12 .04 2.33 3.70** 

D1 1. AccuracyConsistent .06 - - 7.68** 

 2. Math Skills .11 .05 2.78 4.49** 

 3. LR: Intrusions + DRM Rcg: Intrusions .11 <.01 0.02 2.66* 

D2 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Intrusions + DRM Rcg: Intrusions .06 <.01 <0.01 2.52 

 3. Math Skills .11 .05 2.75 2.66* 

E1 1. All measures .12 - - 2.07 

 2. Relevancy Identification .13 .01 1.33 1.98 

E2 1. All measures .11 - - 1.95 

 2. Computational Fluency .13 .02 2.04 1.98 

Note. Math skills = Relevancy Identification and Computational Fluency. 

* p <.05. ** p <.01. 

 

Results suggested that none of the predictors accounted for significant unique 

variance to accuracy on inconsistent language problems. This included the measure of 

prepotent response inhibition, the type of inhibition hypothesized to be important for 

solving inconsistent language problems. Closer examination of the r-squared change 

indicated that values associated with math skills were the highest (5%) but as per the 

previous statement, these values did not attain significance. Replication of the analyses 
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with the parallel version of the relevancy identification task (see Table C-2 in Appendix 

C) did not change the overall pattern of results. What was different was that math skills 

contributed to unique variance to accuracy on inconsistent language problems (models 

C to D). Model E indicated that relevancy identification-parallel appear to be the 

primary reason for this; it account for 14% of the variance in problem-solving 

accuracy. However I note that this percentage might be inflated for the same reason 

suggested previously: the parallel version of the relevancy identification task was only 

administered to part of the sample. Nevertheless the replicated analysis hinted towards 

the possibility that relevancy identification might be important for solving problems 

with inconsistent language.  

Replication of Passolunghi and associates’ approach. Similar to Study 1, I 

attempted to replicate Passolunghi et al. (1999) findings using their analytical approach 

in the last set of analyses. I divided the sample into good (N = 28) and poor problem 

solvers (N = 20) using a percentile split similar to their study (poor = 20
th

 percentile 

and below; good = between 50
th

 and 80
th

 percentile) using accuracy on problems 

containing numerical irrelevant information only (AccuracyNumerical). I then compared 

the two groups on the various inhibitory measures. A one-way MANOVA indicated no 

significant differences, F (4, 42) = 0.76, p = .56, p
2
 = .04 between the two groups. 

 

DISCUSSION 

 

This study examined the contribution of inhibition to problem solving in nine 

year-old students. I attempted to improve upon Study 1 by introducing methodological 

changes such as removing the discontinue rule in the listening recall task to increase the 

rate of intrusions. As an additional exploration, I examined the contribution of 
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inhibitory skills to another type of word problem: inconsistent language problems. 

Findings were largely similar to Study 1. Students were less accurate on the word 

problems with numerical irrelevant information. Inhibition did not significantly account 

for unique variance on these problems. Instead, relevancy identification did. In contrast 

to Study 1 however, working memory and computational fluency (though to a lesser 

degree than relevancy identification) significantly explained variance in accuracy on 

problems with numerical irrelevant information. For inconsistent language problems, 

they were found to be significantly more challenging than consistent language 

problems. Findings also suggested that relevancy identification might also be important 

for solving inconsistent language problems. However note that this was the case only 

when the parallel version of the relevancy identification task was used in the analyses.  

 

RQ1 and RQ2. Which Type of Irrelevant Information is Detrimental to Problem 

Solving? Are Inconsistent Language Problems Harder than Consistent Language 

Problems? 

I explained in Study 1 why numerical but not literal irrelevant information 

affected problem solving performance. I argued that irrelevant numbers could be 

incorporated into problem-solving solutions. The effect of numerical irrelevant 

information can be amplified especially if some students use heuristics that encourage 

them to only look at numbers and ignore all other information in word problems (e.g., 

number-grabbing). The present findings suggest that problems with numerical 

irrelevant information are also challenging for younger students. Effect size in the 

present study (d = -1.71) was similar to what was reported for Study 1 (d = -1.50). 

Furthermore, younger students, similar to their older peers, also found problems with 
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literal numerical information to be no more difficult than problems without any 

irrelevant information.  

 Students are known to make errors on inconsistent language problems. Several 

hypotheses for such errors were discussed in the general introduction. For instance, one 

hypothesis was that students, especially those who might be weaker in mathematics, are 

thought to use a strategy that involves primarily looking at keywords to select the 

operation to perform (Hegarty et al., 1995). Findings from the present study are 

consistent with previous findings.  

 

RQ3 and RQ4. Does Inhibition Uniquely Contribute to Performance on Problems with 

Irrelevant Information and to Performance on Problems with Inconsistent Language?  

 Given there was not a significant association between inhibition and problem 

solving in both Study 1 and 2, the premise that age could moderate the relationship 

between the two is challenged.    

Similar to Study 1, the ability to identify irrelevant information in word 

problems was the main determinant of students’ performance on problems with 

irrelevant information.  Findings also hinted that an association between relevancy 

identification and inconsistent language problems might exist. I suspected that 

relevancy identification might thus be measuring more than just the ability to 

distinguish irrelevant information from relevant information. Low et al. (1994) have 

suggested that the ability to identify irrelevant information but also missing information 

in word problems assessed students’ ―schematic knowledge, or understanding of 

problem structure‖ (p. 425). In other words, students’ ability to identify irrelevant 

information might be reflecting a much deeper understanding of problem solving 
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especially how mathematical problems differ from each other. This is an interesting 

proposition but further research is needed to ascertain whether this is indeed the case.  

 In contrast to Study 1, both working memory and computational fluency 

accounted for variance in accuracy on problems with numerical irrelevant information. 

This suggests that there might be age-related differences in how these two skills relate 

to problem solving. I have discussed previously why this might be the case. For EF 

skills, age-related differences may be due to students acquiring compensatory strategies 

as they advance through the grades or because of age-related changes in the variation in 

EF skills. For computational skills, Lee et al. (2009) have suggested that students in the 

older grades might have had sufficient practice with the skill and that any individual 

differences might not impact problem solving performance significantly.   

For inconsistent language problems, findings initially appeared not consistent 

with Lubin et al. (2013)’s findings. They suggested that inhibition was required to 

suppress automatic associations (an example of such association is: if the relational 

term is ―more than‖, do ―addition‖) when solving inconsistent language problems. 

However, Lubin et al. (2013) did not examine individual differences in students’ 

inhibitory abilities. Instead, they compared students’ performance on consistent 

language problems when followed by either an inconsistent problem or a neutral 

problem. They inferred that students took longer to solve consistent language problems 

after having solved an inconsistent language problems because the automatic ―add if 

more, subtract if less‖ strategy was suppressed when solving the inconsistent language 

problems. Taking Lubin et al. (2013) and the present study’s findings together, it is 

possible that inhibition is indeed required for solving inconsistent language problems 

but  the requirements might be relatively low. Thus individual differences in inhibitory 

abilities would not affect performance on these problems considerably.  
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Alternatively, Lubin et al. (2013)’s inference may not be correct. Lubin et al. 

(2013) used what is referred to as a negative priming paradigm to make inferences 

about inhibitory processes. As highlighted by the authors, non-inhibitory accounts of 

negative priming exist in the literature. For instance, Neill et al. (1995; cited by Lubin 

et al., 2013)’s episodic retrieval hypothesis suggests that it is not the case that slower 

RTs in a trial are due to an inhibition process that has occurred in a previous trial. 

Instead, the slower RTs is best explained by a previously encoded response being 

retrieved and being in conflict with the required response. Neill et al. (1995) did not 

discuss how this conflict gets resolved, if at all. Tipper (2001) however proposed that 

the retrieval and inhibition accounts do not necessarily preclude each other and both 

may be at work in negative priming i.e. a previous response is retrieved and then, 

inhibition helps in the selection of the appropriate response.    

 

Directions to Study 3 

I acknowledge a few limitations in the present study. First, although age was 

proposed to be a factor moderating the relationship between inhibition and problem-

solving, this was only investigated indirectly through a partial replication of Study 1 

with a younger cohort. I did not include a younger and an older group (a longitudinal 

approach would have been appropriate as well). Although I could have replicated Study 

1’s methodology more closely, the methodological issues that may have affected 

findings in Study 1 would not have been resolved if a full replication was conducted.  

Another issue was that the order of administration for the parallel and the 

original version of the relevancy identification task was not counterbalanced. It was not 

counterbalanced because I did not want the students’ performance on the original 

version to be affected by having seen the parallel version. This would have introduced a 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



104    

 

bias when their data were analyzed with the whole sample. Related to this issue, I could 

have administered the parallel version to all students. This would have avoided the 

issue of having to impute a large amount of missing data. However, the decision to 

administer a parallel version was only made when most of the data collection was 

completed.  Nevertheless, the parallel version of the relevancy identification task 

appeared to show a stronger association with problem-solving performance than the 

original version in the correlational analyses and the replicated regression analyses.  

For this reason and to avoid the issue of using the same problems for the relevancy 

identification task and the problem-solving task, I only used the parallel version in 

Study 3.  

Findings from Study 1 and Study 2 challenge, but does not rule out the first 

three explanations for the mixed findings in the literature i.e. the use of irrelevant 

information in some studies, differences in the type of inhibition assessed and age 

differences among studies. Another key difference between previous studies was that 

some studies examined individual differences in students’ problem solving and 

inhibitory abilities while others compared poor and good problem solvers on their 

inhibitory abilities at the group level. It is possible that larger differences in problem -

solving abilities might have been captured in studies that have used the latter approach. 

Some attempts were made in to replicate this approach were made in both studies. 

However, neither study was designed for this purpose – specifically, students were not 

screened on their problem-solving abilities prior to being tested on their inhibitory 

skills. As a result, students in Study 1 and Study 2 might not have captured students on 

the very low end of the spectrum. This brings me to the third and final Study 3 where I 

first screened students on their problem-solving abilities and subsequently formed a 

group of poor problem solvers and a group of average problem solvers (the labels 
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―poor‖ and ―average‖ was used to reflect more accurately the abilities of the students; 

see p. 108 in the next chapter). I then compared the inhibitory skills of these two 

groups.   
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CHAPTER 4 

DO POOR AND AVERAGE PROBLEM SOLVERS HAVE SIGNIFICANTLY 

DIFFERENT INHIBITORY ABILITIES? (STUDY 3) 

 

INTRODUCTION 

  

The first two studies focused on the first three explanations for the mixed 

findings in the literature. Study 1 examined whether the addition of irrelevant 

information in word problems increased the need for inhibition. It also investigated 

whether differences in the inhibitory measures used across studies could explain the 

differences in findings. Study 2 examined age as a potential factor moderating the 

relationship between inhibition and math problem solving. This was done by partially 

replicating Study 1 with Primary 3 students. The relationship between inhibition and 

another type of word problem – inconsistent language problems- was also examined in 

Study 2.  

In line with previous work, findings from both studies showed a significant 

decrease in students’ problem-solving performance in the presence of numerical 

irrelevant but not literal irrelevant information. Study 1’s findings also suggested there 

was no difference between having a small (one clause) or a large amount (three clauses) 

of numerical irrelevant information. Consistent with previous work, Study 2’s findings 

suggested that inconsistent language problems were more difficult than consistent 

language problems. Findings from both Study 1 and Study 2 suggested that inhibition 

was not associated with the accuracy on problems with numerical irrelevant 

information or inconsistent language. For problems with numerical irrelevant 

information, relevancy identification accounted for a significant amount of variance in 
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their accuracy. Working memory and computational skills also explained some 

variance but to a lesser extent and only when younger students were examined. For 

inconsistent language problems, the findings suggested that relevancy identification 

skills might also be important.  

One outstanding explanation for the mixed findings in the literature is that the 

methodological approach used in studies that reported a relationship between inhibition 

and problem solving and those that did not were different. Specifically, Passolunghi 

and associates compared poor and good problem solvers on their inhibitory abilities. 

Lee et al. (2009), Viterbori et al. (2015) as well as the first two studies in this thesis  

examined individual differences in students’ inhibitory and problem-solving abilities. It 

is possible that Passolunghi and associates might have captured students with more 

diverse differences in problem-solving abilities than in studies that did not include 

extreme groups. Supporting this premise, Swanson and Beebe-Frankenberger (2004) 

used both analytical approaches in their study and found that only when poor and good 

problem solvers are compared did inhibitory abilities appear to be important. However, 

as noted previously, Swanson and Beebe-Frankenberger (2004) differed from all the 

other cited studies in this thesis in the way their word problems was administered. 

Therefore differences in methodological approach remain an explanation to be 

examined.  

 

The Present Study 

The present study was specifically designed to test whether poor and average 

problem solvers differed in inhibitory abilities. As opposed to Study 1 and Study 2, I 

specifically recruited a group of students with poor problem solving abilities as well as 

a group of students with average problem solving abilities. I then compared these two 
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groups on their inhibitory abilities. Similar to the Study 1 and Study 2, I also 

manipulated the type of irrelevant information and assessed different types of 

inhibition. Primary 3 students were chosen for Study 3 to match the age/grade level of 

participants in Study 2. Because the main difference between Study 3 and the previous 

two studies was whether individual differences or group differences in problem-solving 

abilities were examined, I could thus address whether differences in methodological 

approach used in previous studies could be the reason why findings were mixed 

(explanation four).  

I followed partially Passolunghi and associates’ methodology for the present 

study. Passolunghi and associates first administered a standardized test (Amoretti, 

Bazzini, Pesci, & Reggiani, 1994) to a large group of students. The test had eight word 

problems (some contained literal irrelevant information) and four questions testing the 

students’ ability to manipulate Arabic and verbal numerals. Using the students’ 

percentile rank on the test, they then created two smaller groups: a group of poor 

problem solvers and another group consisting of good problem solvers (the label 

problem solvers were used by the authors although the screening test also involved 

other math abilities). The two groups subsequently completed several working memory 

tasks with indicators or measures of working memory and inhibitory abilities derived 

from these tasks.  

In contrast to their studies but serving a similar goal, I first administered   

computational fluency tests to a large group of students. The tests covered both 

addition and subtraction competencies. There were two reasons for using screening 

tasks that were different from Passolunghi and associates’ studies. First, these fluency 

tests could be completed within a few minutes thus reducing screening time 

significantly. Second, studies have suggested a strong association between 
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computational abilities and math problem-solving skills in the early primary grades 

(e.g., Fuchs et al., 2006; Swanson & Beebe-Frankenberger, 2004). I thus expected that 

the ability groups resulting from the screening would have different problem-solving 

abilities. I still gave the students a pair of word problems as part of the screening 

however. Students had to score on at least 1 of the two problems if not they were 

excluded from the study. This was done to ensure that all the students tested were able 

to solve simple word problems, regardless of which ability group they belonged.   

There is no consensus in the literature on the best way to form ability groups 

(see for e.g., Geary, Hoard, & Hamson, 1999; McLean & Hitch, 1999). Passolunghi 

and associates used different cut-offs in different publications. For instance, 

Passolunghi et al. (1999) viewed performance at the 20
th

 percentile and below as poor 

and performance between the 50
th

 and 80
th

 percentile as good. Passolunghi and Siegel 

(2001) and Passolunghi and Siegel (2004) used the same range for good problem 

solvers, but considered performance at the 30
th

 percentile and below as poor. I followed 

the cut-offs used in the latter two articles. I used the phrases ―average problem solving 

ability‖ or ―average problem solvers‖ to refer to the other group as opposed to ―good  

problem solvers‖. This was done to better reflect the students’ standing in terms of 

problem-solving abilities. Good problem solvers in the 80
th

 percentile and above were 

not examined in either the present study or Passolunghi and associates’ studies.   

The two groups’ performance was then compared on a battery of tasks assessing 

their math problem solving, relevancy identification, working memory and inhibitory 

skills. The parallel version and not the original version of the relevancy identification 

task from Study 2 was used.  The parallel version was used to mitigate possible 

confounds from students having solved the problems previously. The parallel version 

was also used because it showed a stronger association with problem-solving 
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performance in Study 2. Performance on the math problem-solving task served as a 

manipulation check. That is, it provided confirmation that the two groups’ problem 

solving abilities were indeed different. Performance on the math problem-solving task 

also allowed me to examine the effects of irrelevant information and language 

consistency in students with different problem solving abilities. Study 2’s set of tasks 

were used in the present study.  

 

Research Questions and Hypotheses 

 There were three primary research questions in this study. First I examined how 

poor and average problem solvers differed in their ability to solve problems with 

different types of irrelevant information (RQ1). Based on findings from Englert et al.’s 

(1987) study and from Study 1 and Study 2 in this thesis suggesting that numerical 

irrelevant information in word problems was more challenging than problems with 

literal or no-irrelevant information, I hypothesized that the poor but not the average 

problem solvers would do worse on problems containing numerical irrelevant 

information but not on problems with literal irrelevant or no irrelevant information. 

Next, I examined whether poor and average problem solvers differed in their ability to 

solve consistent and inconsistent language problems (RQ2). Based on findings from 

previous studies (e.g., Verschaffel et al., 1992) and Study 2’s findings suggesting that 

inconsistent language problems are harder than consistent language problems, I 

hypothesized that the poor but not the average problem solvers would have 

significantly lower accuracy on inconsistent language problems than on consistent 

language problems. Finally, I examined whether poor and average problem solvers 

differed in inhibitory abilities (RQ3a). Based on Passolunghi and associates’ findings, I 

hypothesized the two groups will have significantly different inhibitory abilities. I 
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additionally examined whether the two ability groups differed in their relevancy 

identification and working memory skills (RQ3b). Both skills should be different 

between the two groups based on previous studies (and the findings from Study 1 and 

Study 2) implicating relevancy identification and working memory in problem solving 

(e.g., Low & Over, 1989; Passolunghi et al., 1999).  

 

METHOD 

Participants and Design 

 Screening. A total of 91 Primary 3 students were screened. They were recruited 

from three Primary schools and had no reported diagnosed learning or behavioral 

disabilities. Participants were administered a pair of word problems (both problems did 

not have irrelevant information) and two math fluency tasks (addition and subtraction). 

For each math fluency task, students were given one minute to complete as many 

problems as possible.   

Students had to successfully solve at least one out of the two word problems to 

be considered further for the study. This first criterion was used because the study 

involved problem-solving as one of the dependent measures. A score was awarded if 

the student had a correct set-up i.e. if the student chose the correct numbers and the 

appropriate operations to perform. Students were not penalized for computational 

mistakes if they had a correct set-up. Six students were dropped at this point. 

In the next step, I aggregated students’ performance on the two math fluency 

tasks into a composite score. This was done by converting the scores of each task to z-

scores and then summing them to form the composite score. The composite score was 

then used to classify students into the poor and average problem solvers. Students at the 

30
th

 percentile and below were considered poor problem solvers. The average problem 
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solvers group consisted of students between the 50
th

 and 80
th

 percentile. There were 36 

students who were dropped at this point: this included five students who continued 

doing the fluency tasks after the allotted time. This also included four students from 

one school whom the teacher-in-charge asked not to continue further testing. That 

school had students from three different classrooms for the screening and the four 

students were all from the same classroom. The teacher did not want to have too many 

classrooms involved in the study.  

 Final dataset.  The final dataset contained 22 poor problem solvers (13 boys, 

Mage = 9.00, SD = 0.33; 9 girls, Mage = 8.92, SD = 0.29) and 21 average problem 

solvers (7 boys, Mage = 9.06, SD = 0.32; 14 girls, Mage = 9.03, SD = 0.39).  

 Design. RQ1 and RQ2 used a mixed factorial experimental design. Problem -

solving ability (poor versus average) was the between-subjects variable for both RQs. 

For RQ1, type of irrelevant information (none versus literal versus numerical) was 

manipulated on a within-subjects basis. For RQ2, language consistency (consistent 

versus inconsistent) was also manipulated on a within-subjects basis but in a different 

set of word problems. RQ3a and RQ3b were examined using a multivariate 

experimental design with ability as the between-subjects IV. DVs were the inhibitory, 

working memory and relevancy identification measures.  

Power analyses were conducted using G*Power 3 (Faul, Erdfelder, Lang, & 

Buchner, 2007) with alpha level at .05 and power at 80%. For RQ1 and RQ2, power 

analyses indicated that the sample was large enough to detect small interaction effects 

(f = 0.20 and f = 0.22 respectively for RQ1 and RQ2) in a split-plot ANOVA. For 

RQ3a and RQ3b, power analyses indicated that the sample was large enough to detect 

large global effects (f
2
 = .37) and medium interaction effects (f = .17) in a MANOVA. 
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Materials 

Tasks from Study 2 were used in the present study. There were minor 

revisions/corrections made to the listening recall task and the problem-solving task 

involving inconsistent language. To avoid repetition, for the full description of each 

task, I refer readers to the Method section of Study 2 (Chapter 3, pp. 78 – 84).   I only 

listed the tasks, their reliabilities and the revisions in Table 4-1 in this chapter.  

 

Table 4-1. Tasks used in Study 3 

Task Reliability and Revisions (if any) 

Problems with 

Irrelevant Information 

Reliabilities (KR-20) for the problems with no irrelevant, 

literal irrelevant and numerical irrelevant information were 

.72, .83 and .86 respectively. 

 

Problems with 

Inconsistent Language 

Reliabilities (KR-20) for the consistent and inconsistent 

word problems were .32 and .60 respectively.  

 

In Study 2, the term ―less than‖ was incorrectly written as 

―lesser than‖ (colloquial phrase used in Singapore). 

Although it did not appear to have affected previous results, 

I rectified this in the present study.  

 

Listening Recall 

(WM and RPI) 

Reliabilities for the correct recall (KR-20) and intrusion 

measures (Cronbach’s Alpha) were .61 and .19 respectively.  

 

In Study 2, there was one trial where the last word to be 

recalled was repeated. The repetition did not appear to have 

affected previous results but I still replaced that trial in the 

present study. As a result, all the trials in the present task 

had unique last words.  

 

Stroop (PRI) Reliabilities (Cronbach’s Alpha) for the congruent and 

incongruent conditions were .92 and .89 respectively.  

 

Flanker (RDI) Reliabilities (Cronbach’s Alpha) for the congruent and 

incongruent conditions were .92 and .82 respectively.  

 

DRM (RPI) Reliability (KR-20) was .49. 

 

Relevancy Identification 

(Parallel Version) 

Reliability (KR-20) was .94. 
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Procedure 

 The study was reviewed by the university’s institutional review board and 

participants were treated in accordance with the guidelines set by the board (see 

Appendix D). The procedure for screening participants for disabilities was the same as 

Study 1 and Study 2 (done through the consent form). 

The screening lasted 30 minutes during which students were given the 

computational fluency task followed by the two word problems. Students selected for 

the study were tested over three sessions, each lasting one hour. In the first session, the 

first set of word problems that contained irrelevant information, the listening recall and 

the flanker were administered. In the second session, I administered the second set of 

word problems that contained irrelevant information, DRM and the Stroop task. In the 

third session, the relevancy identification task and problems with inconsistent language 

were administered. Order of administration of the tasks was counterbalanced but only 

within each session.  

 

RESULTS 

Data Cleaning and Preliminary Analyses  

Data cleaning followed procedures from Study 1 and Study 2. The only 

difference was that data for the poor problem solvers and average problem solvers was 

cleaned separately in the present study. I focus here on reporting the number of data 

points affected by the cleaning process and the missing data.  

For the RT data, data were coded as missing if students did not have at least 20 

valid trials. Trials considered invalid were anticipatory trials, incorrect trials, or trials 

with no responses. In the poor problem solvers group, for the flanker task, data for five 

participants in the incongruent condition was coded as missing. In the average problem 
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solvers group, flanker incongruent data for two participants and Stroop incongruent 

data from one participant were coded as missing. In the next step, individual mean RT 

was cleaned at the group level. None of the students’ data was affected. An RT 

difference score was then calculated for each student by subtracting the student’s mean 

RT on the incongruent condition from the congruent condition. This RT difference 

score was then cleaned at the group level. One participant for the flanker task in the 

average problem solver group was affected in this final process. The participant’s RT 

deviated by more than 3 SD from the group mean; I replaced this data point by the 

value at 3 SD.  

 The data for the non-RT tasks was inspected for outliers and values that 

deviated by more than 3 SD from the group mean. These were replaced by values at 3 

SD. Data for one participant in the poor problem solver group for the problems with 

numerical irrelevant information was affected; data for a second participant in the 

average problem solver group for the relevancy identification task was also affected. 

Data for one participant for the DRM intrusion measure was coded as missing. This 

was because the student answered ―yes‖ to all recognition probes. The student was 

from the poor problem solver group. In the literature, the term ―straightlining‖ have 

been used to describe situations where students give undifferentiated responses to 

survey questions (e.g., Cole, McCormick, & Gonyea, 2012; Schonlau & Toepoel, 2015; 

Zhang & Conrad, 2014). There are various reasons for straightlining (e.g., lack of 

motivation or disinterest) but it is generally agreed that such responses do not indicate 

the ability (or attitude in case of an attitude questionnaire) of the respondent. Besides 

this case, there were no other missing data on the non-RT tasks.  

Little’s MCAR test was non-significant for the poor problem solvers and the 

average problem solvers group, χ
2
 = 24.54, df = 22, p = .32 and, χ

2
 = 30.37, df = 22, p = 
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.11 respectively. The MCAR test included data from the RT tasks and suggested that 

the missing data was a random subset of the data.  I imputed the missing data points 

using the Expectation-Maximization algorithm in SPSS (A. P. Dempster, Laird, & 

Rubin, 1977). The imputation was conducted for the two groups separately (note that 

SPSS does not allow classificatory variables for imputations). Descriptives for all tasks 

can be found in Table 4-2.  

Prior to running the main analyses, I ran a three-way MANOVA examining the 

effects of school (school A versus B versus C) and gender (male versus female) on all 

the measures. I also included ability group (poor versus average) as one of the IVs. I 

was primarily interested in whether school or gender interacted with ability. 

Multivariate tests indicated significant main effects of school, F(22, 44) = 2.26, p < 

.05, p
2
 = .53 and ability, F(11, 21) = 3.67, p < .05, p

2
 = .66. No other effect attained 

significance. Given the absence of any significant interaction effects, I dropped school 

and gender from the subsequent analyses.  
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Table 4-2. Descriptives for Study 3 

  Mean SD Min Max 
95% C.I. 

 (Lower, Upper) 

POOR PROBLEM SOLVERS (N = 22) 

1. Problem-Solving (Irrelevant 

Information)      

AccuracyNone 3.18 1.84 0.00 6.00 2.79, 3.57 

AccuracyLiteral 3.18 2.22 0.00 6.00 2.71, 3.65 

AccuracyNumerical 0.57 1.27 0.00 4.59 0.30, 0.84 

2. Problem-Solving (Language 

Consistency)      

AccuracyConsistent 2.91 .92 2.00 4.00 2.71, 3.11 

AccuracyInconsistent 2.14 1.28 0.00 4.00 1.86, 2.41 

3. Relevancy Identification 
     

Number of Pieces of Irrelevant 

Information Underlined 
5.32 4.56 0.00 12.00 4.35, 6.29 

4. Listening Recall 
     

Correct Recall 25.45 4.28 13.00 34.00 24.54, 26.37 

Intrusions -2.09 1.51 -6.00 .00 -2.41, -1.77 

5. DRM 
     

Intrusions 5.00 1.57 2.00 8.00 4.66, 5.34 

6. Stroop 
     

Reaction Time Difference -238.39 249.57 -863.22 213.09 -291.59, -185.18 

7. Flanker 
     

Reaction Time Difference -247.07 207.35 -655.85 31.67 -291.28, -202.87 

AVERAGE PROBLEM SOLVERS (N = 21) 

1. Problem-Solving (Irrelevant 

Information)      

AccuracyNone 5.00 1.22 2.00 6.00 4.73, 5.27 

AccuracyLiteral 4.95 1.47 1.00 6.00 4.63, 5.27 

AccuracyNumerical 2.71 2.05 0.00 6.00 2.27, 3.16 

2. Problem-Solving (Language 

Consistency)      

AccuracyConsistent 3.53 .80 1.08 4.00 3.35, 3.70 

AccuracyInconsistent 3.19 1.08 0.00 4.00 2.96, 3.43 

3. Relevancy Identification 
     

Number of Pieces of Irrelevant  

Information Underlined 
11.23 1.72 4.90 12.00 10.86, 11.61 

4. Listening Recall 
     

Correct Recall 29.14 3.09 25.00 37.00 28.47, 29.82 

Intrusions -1.57 1.33 -5.00 .00 -1.86, -1.28 

5. DRM 
     

Intrusions 4.14 2.01 0.00 7.00 3.7, 4.58 

6. Stroop 
     

Reaction Time Difference -198.33 203.91 -793.40 52.07 -242.83, -153.83 

7. Flanker 
     

Reaction Time Difference -213.28 187.78 -668.90 310.51 -254.26, -172.3 

Note. The following scores were reversed with higher or more positive values representing better performance: 

Intrusion measure for the Listening Recall and Reaction Time difference for the flanker and Stroop tasks. Intrusion 

measure for the DRM was not reversed because higher values represented better performance (correct rejection).  
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RQ1 and RQ2. Do poor problem solvers have difficulties with problems with numerical 

irrelevant information as well as problems with inconsistent language? 

 Examining RQ1, I conducted a 2 x 3 split-plot ANOVA examining the effects 

of ability (between-subjects: poor versus average) and type of irrelevant information 

(within-subjects: no irrelevant versus literal irrelevant versus numerical irrelevant) on 

problem solving accuracy. Significance was evaluated at .05 and follow-up t tests were 

evaluated at .02 (Bonferroni corrected for three follow-up tests). There was a 

significant main effect of ability on problem-solving accuracy, F(1, 41) = 21.39, p
2
 = 

.34 (Figure 4-1). Accuracy for average problem solvers was significantly higher than 

accuracy for poor problem solvers.  There was also a significant main effect of type of 

irrelevant information on problem-solving accuracy, F(2, 82) = 49.72, p
2
 = .55. 

Follow-up paired-samples t tests revealed that accuracy in the no-irrelevant condition 

was not significantly different from accuracy in the literal irrelevant condition, t(42) = 

0.11, d = .01, p = .92. Accuracy in the numerical irrelevant condition was significantly 

lower than in both the no-irrelevant and the literal irrelevant conditions,  t(42) = 7.89, d 

= 1.28, and, t(42) = 8.08, d = 1.19 respectively. The ability x type of irrelevant 

information interaction was not significant, F(2, 82) = 0.26, p
2
 = .01, p = .77. 
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Figure 4-1. Effect of Type of Irrelevant Information on Problem-Solving Accuracy in 

Study 3. Error bars represent -/+ 1 SEM. 

 

 Examining RQ2, I next ran a 2 x 2 split-plot ANOVA examining ability 

(between-subjects: poor versus average) and language consistency (within-subjects: 

consistent versus inconsistent) on problem-solving accuracy. Significance was 

evaluated at .05. There was a significant main effect of ability on problem solving 

accuracy, F(1, 41) = 644.20, p
2
 = .94 (Figure 4-2). Accuracy for average problem 

solvers was significantly higher than accuracy for poor problem solvers.  There was 

also a significant main effect of language consistency on problem solving accuracy, 

F(1, 41) = 6.59, p
2
 = .14. Accuracy in the consistent language condition was 
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significantly higher than in the inconsistent language condition. The ability x type of 

language consistent interaction was not significant, F(1, 41) = 1.02, p
2
 = .02, p = .32. 

  

  
 

Figure 4-2. Effect of Language Consistency on Problem-Solving Accuracy in Study 3. 

Error bars represent -/+ 1 SEM. 

 

In summary, poor problem solvers showed lower problem-solving performance 

than the average problem solvers across all measures of problem solving. Furthermore, 

although the average problem solvers had better performance than the poor problem 

solvers across the board, they were no less susceptible to the presence of numerical 

irrelevant information or incongruent language. 
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RQ3a and RQ3b. Do poor and average problem solvers have different inhibitory 

abilities? Do the two ability groups differ in their working memory and relevancy 

identification skills?  

 Examining RQ3a and RQ3b simultaneously, I ran a one-way MANOVA to test 

whether poor and good problem solvers differed in their inhibitory, working memory, 

and relevancy identification skills. Significance was evaluated at .05.  

 Multivariate tests indicated a significant effect of ability on the dependent 

measures, F(6, 36) = 7.12, p
2
 = .54. Univariate tests (Table 4-3) indicated that poor 

problem solvers significantly differed from average problem solvers on the measures of 

working memory and relevancy identification. Inspection of the means (see previous 

Table 4-2) revealed that average problem solvers outperformed the poor problem 

solvers on both measures.  

 

Table 4-3. Univariate Tests Results from MANOVA in Study 3 

DV F p
2
 

Relevancy Identification 31.09*** .43 

Listening Recall: Correct Recall 10.40** .20 

Listening Recall: Intrusions 1.43 .03 

DRM Recognition: Intrusions 2.44 .06 

Flanker 0.33 .01 

Stroop 0.31 .01 

*  p <.05, ** p <.01, *** p <.001. 

Note. df1 = 1 and df2 = 41 

 

DISCUSSION 

 

I examined in the present study whether poor and average problem solvers 

differed in their inhibitory abilities. I was interested in whether differences in 

methodological approach could explain the mixed findings in the literature. I created 
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two problem-solving ability groups based on students’ performance on two 

computational fluency tests. I then tested whether poor problem solvers had 

significantly lower inhibitory skills than average problem solvers. Findings first 

indicated that poor problem solvers were significantly worse than good problem solvers 

on all the problem solving measures. This confirmed that the screening resulted into 

two groups of students with different problem-solving abilities. Contrary to 

expectations, problem solving difficulties with numerical irrelevant information and 

inconsistent language were observed in both groups. Also contrary to expectations, the 

two groups’ performance did not differ significantly on any of the inhibitory measures. 

Instead, the two groups significantly differed from each other in terms of working 

memory and relevancy identification skills with the average problem solvers 

outperforming the poor problem solvers on both skills.  

 

RQ1 and RQ2. Do poor problem solvers have difficulties with problems with numerical 

irrelevant information as well as problems with inconsistent language? 

 The detrimental effects of numerical irrelevant information and incongruent 

language on problem-solving accuracy is in line with Study 1 and Study 2’s findings 

and the literature (e.g., Englert et al., 1987; Pape, 2003; Passolunghi et al., 2005; 

Verschaffel et al., 1992). A new finding was that both ability groups were affected by 

the presence of irrelevant information and incongruent language in the word problems. 

One might have expected that average problem solvers would at least not be as 

significantly affected as poor problem solvers by the problem-solving manipulations. 

However I discussed previously that if poor instruction (lack of exposure to problems 

containing irrelevant information) is the source of students’ errors, then it is likely that 

students would be making the same mistakes regardless of ability.   
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RQ3a and RQ3b. Do poor and average problem solvers have different inhibitory 

abilities? Do the two ability groups differ in their working memory and relevancy 

identification skills?  

 The finding that poor and average problem solvers do not significantly differ in 

inhibitory abilities challenge explanation four for the mixed findings in the literature. 

That is, differences in methodological approach cannot be the reason why only some 

studies have reported a relationship between inhibition and problem solving. I have 

assessed both prepotent response inhibition and resistance to proactive interference in 

the present study with measures similar to the ones used in Study 1 and Study 2 in this 

thesis and, by other researchers. It thus does not appear that the type of inhibition 

assessed was an issue (explanation two). The null findings with regards to inhibition in 

the present study together with Study 1’s and Study 2’s null findings encourage one to 

consider other alternative explanations for the mixed findings in the literature. Since 

these explanations concerns the overall thesis findings, I discuss them later in the 

general discussion (Chapter 5, next and final chapter of the thesis). Instead, I discuss 

here the measures on which the poor and average problem solvers differed.  

There were significant and large differences in the relevancy identification task 

between the two ability groups. Although the average problem solvers’ mean score was 

near the maximum score, the poor problem solvers’ mean performance was at less than 

50%. This suggests a significant factor differentiating students who struggle with math 

problem solving is the ability to identify irrelevant information. To explain why the two 

groups’ performance was also different on the baseline problems and the problems 

where language congruency was manipulated, I turn to an earlier point made in Study 

2. It is possible that relevancy identification might be reflecting a  deeper knowledge of 

problem structures and their solutions (Low et al., 1994). The present findings extends 
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Low and Over (1989) as well as the findings from the first two studies in this thesis by 

showing that relevancy identification not only explains individual differences in 

problem solving performance but also, distinguishes poor and average problem solvers. 

Interestingly, Passolunghi et al. (1999) did not find relevancy identification to differ 

between these two ability groups. One possibility for the difference in findings may be 

the way the relevancy identification was assessed. Passolunghi et al. (1999) asked their 

students to underline relevant information. In contrast, I asked students in the present 

study to underline irrelevant information. Thus different skills might have been 

assessed between the studies. Another possibility may be that searching for relevant 

information may be a more intuitive process than searching for irrelevant information. 

That could explain why the poor and average problem solvers in Passolunghi and 

associates did not have significantly performance on their relevancy identification task. 

Despite both possibilities being plausible explanations for the differences in findings, 

they rest on the assumption that identifying irrelevant information and identifying 

irrelevant information in word problems are mutually exclusive processes.  

 Finally, significant differences in working memory were observed between the 

two ability groups in the present study. This was not a surprising finding and add to the 

general literature supporting an association between problem solving and working 

memory (e.g., Lee et al., 2009; Passolunghi et al., 1999).  
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CHAPTER 5 

GENERAL DISCUSSION 

 

 This thesis was motivated by the inconsistent findings regarding the role of 

inhibitory abilities in math problem solving. Specifically four explanations for the 

mixed findings were examined in three studies. Firstly, it was hypothesized that the use 

of irrelevant information in the problem-solving tasks in some studies (e.g., 

Passolunghi et al., 1999) might have increased the need for inhibitory skills and that is 

why these studies but not others might have found relationship between inhibition and 

math problem solving (explanation one). Another explanation was what the type of 

inhibition assessed were different between the studies (explanation two). Specifically, 

Passolunghi and associates used intrusion errors on the listening recall task, which is 

best categorized as a measure of resistance to proactive interference or the ability 

suppress interference from no-longer relevant information (Friedman & Miyake, 2004).  

On the other hand, studies that have not reported a relationship between inhibition and 

problem solving used tasks that assessed prepotent response inhibition or the ability to 

suppress automatic/dominant responses (Friedman & Miyake, 2004).  

The remaining two explanations concerned differences in age of the participants 

and in the methodological approach used among studies. Passolunghi and associates’ 

students were younger than those who participated in Lee et al. (2009)’s study. It was 

hypothesized that the relationship between inhibition and problem solving might be 

moderated by age (explanation three). Finally, studies differed on whether they 

compared the inhibitory abilities of poor problem solvers versus average problem 

solvers (Passolunghi and associates’ studies) or whether they examined individual 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



126    

 

differences in students’ inhibitory and problem-solving abilities (Lee et al., 2009; 

Viterbori et al., 2015; explanation four).  

Study 1 involved a group of Primary 5 students and addressed explanations one 

and two— the use of irrelevant information in some studies and the use of different 

measures of inhibition in previous studies respectively. Explanation one was addressed 

by manipulating the type (numerical versus literal) and amount (none versus one versus 

three) of irrelevant information in the words problems given to the students. 

Explanation two was addressed by assessing both types of inhibition used in previous 

studies: prepotent response inhibition and resistance to proactive interference. Study 2 

examined explanation three— whether age could moderate the relationship between 

inhibition and problem solving. The relationship between inhibition and another type of 

word problems— inconsistent language problems— was also examined. Study 3 

examined explanation four that is, whether inhibitory abilities distinguish poor and 

average problem solvers but not individual differences in students across a wider 

spread of abilities.  

 

KEY FINDINGS AND IMPLICATIONS 

 

Findings clarified the type of irrelevant information that students find 

challenging. Consistent across all studies, accuracy on problems with numerical 

irrelevant but not literal irrelevant information were significantly lower than accuracy 

on problems without any irrelevant information. These findings are consistent with 

Englert et al. (1987)’s findings but not with Marzocchi et al. (2002)’s findings that 

suggested that literal irrelevant information is more detrimental to problem solving 

performance than numerical irrelevant information. However, as highlighted by 
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Marzocchi et al., the word problems used for their literal irrelevant information 

condition were longer than those used for their numerical irrelevant condition. Thus, 

differences in students’ performance between the two conditions might have been 

affected by differences in the question length rather than differences in the type of 

irrelevant information presented. Findings from the studies in this thesis extended on 

previous work by showing that students are unaffected by literal irrelevant information 

even if they contain quantifiers (terms that allude to certain quantities such as ―some‖ 

or ―few‖). The differential effect of numerical versus literal irrelevant information on 

problem-solving performance has been discussed in the literature. Englert et al. (1987) 

suggested that students likely believed that they have to use all the numbers in the 

problems. I argued that irrelevant numbers but not irrelevant words can be incorporated 

in students’ computations. However, that does not mean that irrelevant words might not 

have any effect on students. Passolunghi et al. (2005) for instance suggested that 

problems with literal irrelevant information could prolong the problem-solving process. 

If that is indeed the case, I suspect that in examinations, these types of problems would 

thus cause students to lose precious time.  

 These findings beg the question of whether mathematical classrooms are 

adequately preparing students to tackle these kinds of non-routine problems. Both 

Primary 3 and Primary 5 students’ problem-solving accuracy suffered in the presence 

of numerical irrelevant information. Furthermore, Study 3’s findings suggest that both 

poor and average problem solvers are similarly affected by the presence of numerical 

irrelevant information in word problems. However, there were some variations to the 

degree to which students were affected by numerical irrelevant information as 

evidenced by (i) the individual differences in accuracy on problems that contained 

numerical irrelevant information in Study 1 and Study 2 and (ii) a significant difference 
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in the mean accuracy on problems that contained numerical irrelevant information 

between poor and average problems solvers in Study 3. I discuss next, the findings 

related to the sources of the variance in problem-solving performance, which is the 

central focus of this thesis.  

 

Inhibitory skills does not matter but there are other unaddressed differences between 

studies to consider 

 The thesis findings present a challenge to the four hypothesized explanations for 

the mixed findings in the literature. Explanation one was that the use of irrelevant 

information in some studies (e.g., Passolunghi et al., 1999) increased the need for 

inhibitory skills. Challenging this explanation, the addition of irrelevant information to 

word problems did lead to a drop in problem-solving performance in both Study 1 and 

Study 2 but this drop was not associated with inhibitory skills. In Study 3, poor 

problem solvers had significantly lower accuracy than average problem solvers on 

problems with numerical irrelevant information but the two groups were not found to 

have significantly different inhibitory skills. Thus, it does not appear that irrelevant 

information in word problems increase the need for inhibitory skills. Explanation two 

was that the type of inhibition assessed differed among studies. Challenging this second 

explanation, findings did not change regardless of whether prepotent response 

inhibition or resistance to proactive interference was examined in all the three studies. 

Explanation three concerned the age of the participants. Some studies tested older 

primary school students while others tested younger primary school students. 

Challenging the third explanation, findings also did not change whether 11 year-old 

(Study 1) or nine year-old students (Study 2 and Study 3) were examined. Finally 

explanation four was that the methodological approach used was different among 
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studies. Challenging this final explanation, findings did not change regardless of 

whether individual differences in inhibitory abilities in students across a wide range of 

problem-solving abilities (Study 1 and Study 2) or inhibitory abilities of poor and 

average problem solvers (Study 3) were examined. Given these findings, one is 

tempted to conclude that inhibition, as least as it was measured in this thesis, is 

unrelated to problem solving. That is one possible interpretation of the findings, in 

which case there must be reasons other than the four examined in this thesis that 

explain the differences in findings.  

 One possibility is curriculum differences. Passolunghi and associates conducted 

their study in Italy. On the other hand, studies in this thesis as well as Lee et al. 

(2009)’s study were conducted in Singapore; Swanson and Beebe-Frankenberger 

(2004) conducted their study in the U.S. Challenging this premise however, Viterbori et 

al. (2015)’s study was also in Italy but they also reported null findings. There is also 

some uncertainty as to the specific nature of these curriculum differences. It is possible 

that mathematical classrooms in some countries teach students strategies that are less 

demanding of EF skills. For instance, I previously mentioned that at least in Singapore, 

students learn the model method which is a strategy that helps students visualize 

relationships in word problems. There is some evidence, at least in the adult population 

that the model method is less demanding of EF skills when compared to symbolic 

algebra (Lee et al., 2007). 

A second explanation for the difference in findings requires an examination of 

the math measures used in the various studies. Studies have differed in terms of 

whether general math abilities or tests of specific math skills were used. Passolunghi 

and associates (e.g., Passolunghi et al., 1999; Passolunghi & Siegel, 2001) used a 

standard test of mathematical abilities to screen their students. Their test consisted of 
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word problems but also contained questions testing student’s ability to manipulate 

verbal and Arabic numerals. The authors thus examined differences in general math 

abilities including problem solving in their studies and their relationship with 

inhibition. On the other hand, bar differences in methodological approach, studies in 

this thesis as well as those of Lee et al. (2009) and Viterbori et al. (2015) examined 

only differences in problem-solving abilities and their relationship with inhibition 

(note: Viterbori et al. did administer general math test but entered scores from the 

problem-solving subtest separately in their analyses). As to why differences in math 

measures could explain differences in findings, I refer to a meta-analysis by Friso-van 

den Bos, van der Ven, Kroesbergen, and van Luit (2013) where general tests of 

mathematical abilities were found to be more strongly associated with executive 

functioning measures than tests of specific mathematical abilities. The authors offered 

several suggestions as to why that might be the case. First, they suggested that general 

measures could be tapping into a wider range of skills than tests that assess specific 

math skills only. Consequently, general measures could require more EF skills given 

the need to ―switch between various operations and mental models and the need to 

update sets of information‖ (p. 40). In other words, in general math tests, having to do 

many different math tasks could be particular demanding on EF skills. Pertinent to the 

present thesis, the demand for EF skills might not have been high given the 

mathematical task or test focused on only one skill—problem solving. This might also 

have been the case for the other cited studies that have examined only problem solving 

or entered the measure separately in their analyses. On the other hand, Passolunghi and 

associates’ task assessed a number of math skills in one task and this might have 

increased the need for EF skills. If this explanation is indeed true, then that would mean 
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that inhibition might be required for problem solving but only when multiple math 

skills are being examined at the same time.  

 Friso-van den Bos et al. (2013) also suggested that general tests of mathematical 

abilities tend to be ―validated measures with high reliability‖ (p. 40). They argued that 

as a result, the correlation between general tests of mathematical abilities and executive 

functioning measures may be more accurately estimated. This touches on the first 

limitation of the present thesis. The problem-solving tasks involving irrelevant 

information used in this study were new tasks specifically developed for this thesis. As 

a result, the reliability values of the problem solving measures were modest. However, 

there were still some consistent findings. For instance, relevancy identification skill 

was found to be associated with problem solving in all three studies. Furthermore, the 

modest reliability values might have been due to other factors. For instance, in Study 1, 

it could have been the way reliability was calculated. I separated the items only based 

on the levels of type but not amount of irrelevant information. This was done because 

the number of items in each crossed level was too small to have interpretable reliability 

scores. In Study 2, the number of items in the problem-solving task (for problems with 

irrelevant information) was lower than Study 1 and this might have contributed to the 

lower than expected reliability in some of the conditions. However, note that in Study 

3, the same number of items as Study 2 was used for the problems where type of 

irrelevant information was manipulated and reliability was acceptable to good in the 

various conditions (.72 to .86).  

 Pertaining to the reliability of the measures used in this thesis as well, the 

reliability of one of the inhibitory measures was relatively low. Specifically, the 

reliability of the intrusion measure from listening recall task was low. Recall the 

measure was chosen for comparability with Passolunghi and colleagues’ studies where 
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it was also used to assess students’ inhibitory abilities. The low reliability might have 

been due to the low amount of intrusions committed by the students (despite forgoing 

the discontinue rule in studies 2 and 3). Interestingly, students in Passolunghi and 

colleagues’ studies similarly did not commit many intrusions. It is not known whether 

the authors also had low reliability values since they did not report them. Nevertheless, 

the DRM task, thought to measure the same type of inhibition as the intrusion measure 

of the listening recall task—resistance to proactive interference—also was not 

significantly associated with problem solving in this thesis. I note that although the 

reliability values were modest for the DRM task, it was relatively better than reliability 

values for the intrusion measure of the listening recall task. To wrap up the point about 

reliability, I anticipate readers might raise questions about the validity of the findings 

given the variations in reliability values in both the math and inhibitory measures. In 

response, I highlight again that not all measures had modest reliability values (for 

instance, the Stroop and flanker tasks had excellent values in all studies) and most 

importantly, findings were consistent across the three studies.   

 The third and final explanation for the difference in findings is that the math 

abilities of the students in the various studies were different. It is possible that students 

in studies that did find a significant relationship between inhibition and problem 

solving had poorer math abilities than students in the present thesis as well as in the 

other studies that did not find a significant relationship between inhibition and problem 

solving. As originally posited, differences in inhibitory abilities might only be 

associated with larger differences in problem solving abilities. Thus if students sampled 

in some studies had on the overall very good math or math problem solving  skills, the 

analytical method (examining individual or group differences) would not matter. 

Supporting this premise, the studies in this thesis as well as Lee et al. (2009)’s study 
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were conducted in Singapore, a country whose students tend to do very well in math 

according to the PISA international benchmark (OECD, 2016). However, it should be 

noted that how well performance on an international benchmark reflects the ability of 

the students sampled in the various studies is debatable. Most importantly, there were 

large differences in the problem solving abilities of the poor and average problem 

solvers in Study 3. It was not the case that poor problem solvers in Study 3 were 

performing at 70% accuracy while the average performers were performing at 80% 

accuracy. That is, it was not the case that both groups were doing well in general and 

that the other group was doing slightly better. Instead, the poor problem solvers’ mean 

accuracy across all problem solving conditions were very low – only 50% in the 

baseline and literal conditions (versus 80% for the average problem solvers) and 10% 

in the numerical irrelevant information condition (versus 45% for the average problem 

solvers). In other words, the poor problem solvers sampled in Study 3 exhibited 

substantial problem solving difficulties.   

 It is of interest whether findings would have been different if for instance, a 

group of good (or excellent) problem solvers were selected to compare the poor 

problem solvers against. Specifically, it is possible that given even larger differences in 

problem abilities are being captured when comparing poor and good problem solvers 

(as opposed to comparing poor and average problem solvers as was the case in Study 

3), one might find inhibitory skills to be important. One might wonder why this was not 

done in the first place in Study 3. In response to this question, I reiterate that poor and 

average problem solvers were examined in Study 3 for comparability with other 

research in the literature. The rationale for using the same groups as other researchers 

was so that inconsistency in previous findings (in line with the overall purpose of the 

present thesis) could be addressed; more specifically, whether differences in 
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methodological approach could explain some of the differences in previous findings. 

The cut-offs used to create the ability groups were also based on previous work as well 

(e.g., Passolunghi & Siegel, 2001; Passolunghi & Siegel, 2004). If one were to use 

good instead of average problem solvers as the comparison group, one would have 

introduced a potential confound, limit comparability with other work and would not 

have been able to determine whether differences in methodological approach could be 

the reason for the differences in previous findings. Having said that, findings from 

Study 3 are not generalizable beyond the ability groups examined (and comparing good 

or excellent problem solvers versus poor problem solvers on their inhibitory abilities 

would be a great avenue for future research).      

Before closing this section, some discussions of the findings in relation to Khng 

and Lee’s (2009) findings is warranted. I referred to Khng and Lee’s (2009) study in 

the general introduction (pp. 34–35) to present the case for prepotent response 

inhibition in problem solving. Khng and Lee (2009) hypothesized that the suppression 

of prepotent arithmetic strategies could be important for solving algebraic word 

problems. Supporting their premise, they found students’ inhibitory abilities to be 

associated with arithmetic intrusions (the use of arithmetic strategies such as ―guess 

and check‖) when solving algebraic word problems.  I posited that the direct-

translational strategy could be a prepotent strategy that needs to be suppressed when 

solving arithmetic problems with irrelevant information. Findings from the studies in 

this thesis thus appear to be in contrast to Khng and Lee’s (2009) findings. However, 

different types of word problems were examined among studies and it is debatable 

whether there are actual prepotent strategies to suppress when doing arithmetic word 

problems. I discussed previously Cook and Rieser (2005)’s eye tracking study whose 

findings suggested that students do not engage in number-grabbing. Instead, all 
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students were found to make attempts to discriminate between relevant and irrelevant 

information in their study. On the other hand, Khng and Lee (2009) identified clearly in 

their study some of the prepotent strategies that students tend to use when they solve 

algebraic word problems.  

 I have described three explanations as to why the findings in this thesis as well 

as those reported in other studies might have been different from Passolunghi and 

associates’ findings. I have also described why findings in this thesis might have 

differed from Khng and Lee’s (2009) findings. The next question I address in the 

general discussion is, assuming that inhibition might not contribute significantly to 

problem solving (at least when arithmetic word problems and problems that contain 

irrelevant information are considered), what other skills might?  

 

Relevancy identification matters; for younger students, computational and working 

memory skills also matter 

Consistent across all studies, relevancy identification skills were significantly 

associated with problem-solving performance in primary school students. The findings 

extended on Low and associates findings who previously found a significant 

association between the two but in secondary school students (e.g., Low & Over, 1989; 

Low et al., 1994). This was not a surprising finding. Being able to identify that some 

information are extraneous is a key step in solving questions that contain them. To 

illustrate, students might be able to infer what operation to use in a word problem 

(through the keyword method for instance). However, if they are not able to pick out 

that some of the numbers provided are actually irrelevant, they would be performing 

the right operations on the wrong set of numbers and this would lead to an incorrect 

answer. A new set of findings was that relevancy identification skills were not 
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significantly correlated with the working memory or inhibitory measures in Study 1 

and Study 2. Furthermore and likely for this very reason, the subsequent hierarchical 

regression analyses showed relevancy identification still significantly accounted for 

variance in problem solving performance when working memory or inhibitory was 

controlled for. This new finding suggests that the ability to identify irrelevant 

information in word problems is not dependent on one’s working memory or inhibitory 

skills. 

Computational skills and working memory were two other factors that were 

significantly related to problem solving in this thesis. This relationship was moderated 

by age. Specifically, it was only when primary three students were examined in Study 2 

and Study 3 (and not when primary five students were examined in Study 1) that these 

factors were significantly associated with problem solving. These findings were in line 

with the literature (Fuchs et al., 2006; Lee et al., 2009; Lee et al., 2011; Swanson & 

Beebe-Frankenberger, 2004; Zheng et al., 2011). For computational skills, Lee and 

associates (Lee et al., 2009; Lee et al., 2011) have suggested that older students when 

compared to their younger peers, would on the overall be better at computation due to 

practice. As a result, their problem-solving performance would be less dependent on 

their computational skills. For working memory, there are several reasons why there 

might be age-related changes in its relationship with problem solving. These reasons 

were previously used to justify why the relationship between inhibition and problem 

solving could be moderated by age. For instance, it might be that students learn certain 

skills to compensate for differences in WM as they advance through the grades. Zheng 

et al. (2011)’s findings specifically suggest that improvements in computational and 

reading skills could account for the age-related changes in the relationship between 

WM and problem solving.  
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In summary, students were found to struggle with numerical irrelevant 

information. There was however no indication that differences in inhibitory ability 

distinguished those who struggled versus those who did not. Instead, findings 

consistently showed that students with better relevancy identification skills also did 

better on problems with numerical irrelevant information. Finally, findings suggested 

that for younger children, computational skills and WM were also important predictors 

of students’ problem-solving performance.  

 

Pedagogical and Theoretical Implications 

Findings from the three studies in this thesis highlight that students have 

difficulties tackling problems with irrelevant information. Studies examining the 

content of mathematics textbook around the world including Singapore, suggest that 

most of the problems in the textbooks tend to be routine problems that can be solved in 

a relatively straightforward fashion (e.g., L. Fan & Zhu, 2000; Orrantia et al., 2005; 

Schoenfeld, 1991). A lack of exposure to non-routine problems such as problems that 

contain extraneous information might thus be the issue. But simply adding these 

problems to the curriculum will be problematic if students are not taught strategies to 

approach these problems. Given the present findings, one such strategy or skill that 

teachers could focus on is relevancy identification. Low and associates’ work is 

especially useful in that regard. The authors have also found relevancy identification 

skills to be important for problem-solving in their previous work with older students 

(Low & Over, 1989, 1993). Based on these findings, the authors subsequently designed 

an intervention that targeted relevancy identification skills in students (Low et al., 

1994). The intervention involved teaching students to examine a variety of word 

problems and identify whether they had sufficient, missing or irrelevant information. 
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The intervention lasted for about an hour and a half. Low et al. (1994) found students 

who underwent such training had subsequently showed greater gains in problem 

solving performance than a control group who only practice their computational skills 

during the intervention. Interestingly, during some of my recruitment meetings with 

schools, teachers have highlighted that mnemonics are sometimes taught to students to 

help them remember the steps in word-problem solving. These mnemonics emphasize 

for instance, checking what the pieces of information are in the word problems. 

Teachers have also mentioned asking students to underline or highlight the important 

pieces of information when doing word problems. I noted some of these behaviours 

when marking the students’ protocol but these behaviours were not always successful 

in stopping students from making mistakes on problems with numerical irrelevant 

information. I suspect that this might be because the students learned these behaviours 

in the context of problems without any irrelevant information. Thus, they might not 

have known how to transfer these behaviours to problems with irrelevant information. 

To address this issue, it might be useful for Singaporean teachers to teach their students 

how to apply those behaviours to a variety of problems, especially non-routine 

problems.    

Given the thesis findings, younger students could also benefit from having more 

time allotted to the practice of computational skills in the classroom. The aim could be 

to get students to be fluent that is, students should be able to do computations both 

quickly and accurately. This would be especially useful in examination conditions 

where time is limited. There is also some belief that developing such fluency or 

automaticity can also help free up working memory resources but the evidence is 

relatively sparse (see Hecht, 2002; Tronsky, 2005). Finally, working memory training 

could be beneficial given the findings. The effectiveness of working memory training is 
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an active area of research in the literature. However, current approaches to working 

memory training have several hurdles to clear before they can be recommended. For 

instance, gains from these approaches tend not to transfer beyond the tasks used for the 

training (for a review see, Morrison & Chein, 2011; Shipstead, Redick, & Engle, 2012). 

Nevertheless, given findings from studies suggesting that integration/model 

construction during problem solving could be especially demanding on working 

memory resources (Lee et al., 2009; Mori & Okamoto, 2016), teachers might find it 

helpful to focus on these processes especially in students with poorer working memory.  

Non-Routine Problems in Mathematical Tests. Besides providing insights into 

the type of skills that students might need for problem solving, the thesis’ findings also 

bear upon the more fundamental question of whether problems with irrelevant 

information should in the first place be part of the mathematics classrooms. Granted, 

getting students to engage with non-routine problems could equip them with the skills 

to tackle mathematical problems in the real world. However, if such problems are also 

used in assessments or tests, would they put students who are already struggling with 

basic mathematical concepts at an even greater disadvantage? Findings from Study 3 

provide some specific insights into this question. Poor problem solvers did worse than 

average problem solvers in all problem solving conditions but their mean accuracy was 

nowhere near 0% in the no-irrelevant and literal-irrelevant conditions (53% in both). In 

comparison, their mean accuracy in the numerical irrelevant condition was really poor 

(10%) with some students actually scoring zero on this condition. The implication is 

that if mathematical tests focus primarily on testing students on difficult non-routine 

problems, the overall problem solving abilities of some students may be severely 

underestimated. However, this might not be an issue if students are adequately prepared 

to tackle such problems.   
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 Conceptualization of Inhibition. At the theoretical level, the correlations 

between the various inhibitory measures in this thesis raise some questions about how 

inhibition has been conceptualized in the literature. In all three studies, the correlation 

among the various inhibitory measures was low even between measures that were 

supposed to tap into similar inhibitory functions. This is a common finding in the 

literature and extends to the other executive functions (e.g., Lee et al., 2013; Miyake et 

al., 2000; Morooka et al., 2012). Researchers have discussed a number of reasons for 

the low correlation including the reliability of RT difference scores for RT tasks 

(Cronbach & Furby, 1970; Khng & Lee, 2014) or idiosyncratic differences between 

tasks and measurement error (Friedman & Miyake, 2004). It is possible that there are 

more fundamental theoretical issues that might be contributing to these low 

correlations. For instance, there might be some issues with the current 

conceptualizations of inhibition. I used in this thesis conceptualizations of inhibitory 

functions that have received some empirical support in the literature. Specifically the 

distinction between resistance to proactive interference (or cognitive inhibition) and 

pre-potent response inhibition was used to guide the selection of inhibitory tasks and 

the description of how inhibition might be involved in math problem solving. There are 

other conceptualizations of inhibition in the literature. For instance, Khng and Lee 

(2009) suggested a distinction between the inhibitory processes involved in suppressing 

recently-learnt associations versus the inhibition of well-entrenched processes. The 

authors found both predicted accuracy on algebraic word problems but through 

different pathways: the former through intelligence and the latter through arithmetic 

intrusions. Braver (2012) proposed distinguishing between cognitive control 

mechanisms that are responsible for preventing interference from happening in the first 

place —proactive control— from those that act after interference occurs —reactive 
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control. Challenging the concept of inhibition, Munakata et al. (2011) have proposed 

that inhibition might be reflecting processes underlying goal-directed behaviour rather 

than inhibition per se. They argued that the prefrontal cortex (the area of the brain 

commonly associated with executive functions) is primarily involved in ―actively 

representing and maintaining abstract information (such as goals, contexts and task 

sets) relevant for cognitive control over behaviour‖ (p. 453). Supporting their premise, 

they cite studies suggesting that the neurons in the prefrontal cortex excite ―goal-

relevant processing areas‖ which helps overcome competition from alternative 

processing pathways. The current challenge for the literature is that these revised 

conceptualizations tend to focus on existing measures of inhibition and provide a re-

interpretation of the mechanisms underlying these measures. I anticipate that 

researchers will next focus on the development of new paradigms that will help reshape 

the way we think about inhibition.  

 

LIMITATIONS AND FUTURE RESEARCH 

 

I discussed the limitations specific to each study in their respective chapters. I 

also highlighted some limitations in the research overview in this chapter such as the 

reliability of the problem solving measures. There are a few other general limitations.  

Firstly, there is possibility that some of the students with diagnosed learning or 

behavioural disabilities were tested in the three studies. The procedure for screening 

students for any diagnosed learning or behavioural disabilities involved informing 

parents of the exclusion criteria through the consent form. They were then asked to 

simply indicate that they do not wish to have their child participate in the study if their 

child met the exclusion criteria. It is possible that some parents might still have 
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consented to the study despite their children having diagnosed learning or behavioural 

difficulties. There are two ways that this issue could be mitigated in the future studies. 

One would be to ask parents for their medical records. However, this would require 

parents to share sensitive information about their children. The sharing of sensitive 

information was a key concern in the three studies and there were procedures in place 

to minimize the sharing of both personal and sensitive information. For instance, on the 

consent form, I asked parents to simply decline participation if their child had any 

diagnosed learning or behavioural disabilities and they were not asked to state any 

reason. Another way this issue could be mitigated in future studies is to administer 

clinical tests to all participants. There are however issues with this solution as well. For 

instance, there are a wide range of learning and behavioural disorders and it is not 

possible to cover all of them with a single test. Furthermore adding clinical tests to the 

studies would also mean increasing testing time significantly.   

Secondly, findings in this thesis are limited to the specific types of word 

problems investigated namely, problems with irrelevant information and inconsistent 

language problems. I thus do not discount the possibility that inhibition might be 

implicated in other types of word problems. For instance, there is some work 

implicating inhibition in algebraic word problem-solving (Khng & Lee, 2009). 

Inhibition might also be implicated in mathematical problems presented in other 

formats. For instance, there is some research suggested that some problem-solving 

formats are more difficult than others (Koedinger & MacLaren, 2002; Lee et al., 2007). 

Poor inhibitory could be the reason for these difficulties but to my knowledge, no 

studies have examined this issue yet. Related to the first limitation, the second 

limitation is that the findings are limited to the specific math skill examined in this 

thesis i.e. math problem solving. I thus do not also discount the possibility that 
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inhibition might be implicated other areas of mathematics such as the understanding of 

fractions (e.g., Gómez, Jiménez, Bobadilla, Reyes, & Dartnell, 2015; Siegler & Pyke, 

2013). I also do not discount the possibility that inhibition might be associated more 

broadly with general achievement in mathematics (e.g., Bull & Scerif, 2001). 

On a similar note, findings are limited to the types of inhibition and inhibitory 

tasks examined. It would be interesting to see whether other types of inhibition and 

other types of inhibitory tasks not examined in this thesis might be related to problem 

solving.  Looking at other tasks or other types of inhibition in future studies will be an 

interesting challenge given that the types of inhibition examined in this thesis covered 

those commonly studied in the literature in relation to problem solving. The specific 

tasks used to assess each type of inhibition were also common inhibitory tasks. 

 Finally, I focused only on students’ accuracy in various problem-solving tasks 

in this thesis. Some researchers have used eye-tracking measures to examine students’ 

problem-solving behaviours (e.g., Cook & Rieser, 2005; De Corte, Verschaffel, & 

Pauwels, 1990; Hegarty et al., 1992; van der Schoot et al., 2009). For instance, Cook 

and Rieser (2005) found that unsuccessful and successful problem solvers’ visual scan 

patterns differed when they solved problems with irrelevant information. Specifically, 

unsuccessful problem solvers tended to use a discrimination strategy that involved 

comparing numbers in the text against each other. In contrast, the authors found that 

successful problem solvers tended to use the question statement when attempting to 

distinguish between relevant and irrelevant information. However, as highlighted in the 

general introduction, unsuccessful problem solvers’ behaviour could have been 

interpreted as ―guessing‖ or not knowing what to do. Besides interpretational issues, 

the sample size of eye-tracking studies also tends to be small due to their technical 

requirements making it difficult to use statistical techniques that require large samples 
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(e.g., regression analyses). Nevertheless future studies could use such measures to 

capture more specific problem solving behaviours and examine whether inhibition are 

contributes to these behaviours.    

   

CONCLUSION 

  

In this thesis, I found evidence against the following four explanations for the 

mixed findings regarding the association between inhibition and problem solving: the 

use of irrelevant information in some studies; differences in the type of inhibition 

assessed; age as a potential moderating factor; finally, differences in methodological 

approach (individual versus group differences). Given the thesis findings, I considered 

the possibility that there might not be a relationship between inhibition and problem 

solving. However, I proposed the following three additional explanations as to why 

findings might have differed in this chapter: curriculum differences; differences in the 

math measures examined; finally, differences in the abilities of the students. These 

explanations could be the focus of future investigations. I also discussed the possibility 

that inhibition might be involved in other types of math problems. In summary, this 

thesis have helped clarified some unanswered questions regarding the role of inhibition 

in problem solving but have also provided some directions for future research.  

Teachers will be interested in the finding that students, regardless of ability, 

struggle with numerical irrelevant information in word problems. They will also be 

especially interested in what can be done to help their students. In line with previous 

research, findings from this thesis have suggested that relevancy identification, 

computational and working memory skills can help students tackle problems that do 

contain this type of irrelevant information. I have presented a few ways these skills can 
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be developed in students. However additional research regarding the best ways to 

develop these skills in students is needed before any pedagogical recommendations can 

be made.   
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APPENDICES 

APPENDIX A: WORD PROBLEMS USED IN STUDY 1 

No irrelevant information 

1. John baked 3124 cupcakes on Monday. On Tuesday, John baked another 2353 

cupcakes. The next day, he baked 5468 cupcakes. How many cupcakes did John 

bake all together? 

2. Mary has 2355 books. She gave 53 books to charity. She also donated 59 books to a 

library. How many books does Mary have left? 

3. Lily’s stationery shop has 4076 pencils. Lily sold 39 pencils to Mrs Lim. She sold 

another 28 pencils to Mr Tan. How many pencils are left in Lily’s shop? 

4. The Hearts charity collected 4356 old clothes on Monday. On Tuesday, the charity 

collected 5428 old clothes. On Wednesday, it collected another 6129 old clothes. 

How many old clothes did the Hearts charity collect all together? 

5. June has 5682 stamps. She gave away 42 stamps to Heng. June also lost 29 stamps. 

How many stamps does June have left? 

6. Ubi Zoo had 7437 visitors in January. In February, there were 2236 visitors. In 

March, there were 4149 visitors. How many visitors did Ubi Zoo have all together 

during these 3 months? 

7. John has 4374 beads. His mother gives him 4561 beads. John then collects another 

7541 beads from his grandmother. How many beads does John have all together 

now? 

8. Jimmy has 6690 fruit tarts. He sold 32 fruit tarts at a music concert. At a school 

carnival, he sold 38 fruit tarts. How many fruit tarts does Jimmy have left? 
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One piece of numerical or literal* irrelevant information  

1. Ronald’s toy shop has 6193 teddy bears. Ronald sold 47 teddy bears to Mr Lau. 

Ronald also sold another 27 teddy bears to Ms Koo. 29 [Many] of the bears sold 

were broken. How many teddy bears are left in Ronald’s toy shop? 

2. Paul has 6234 red marbles. 2461 [Some] of the red marbles were new. Paul’s friend 

Kelly gives to Paul 2285 red marbles. Paul then wins another 5490 red marbles in a 

game. How many red marbles does Paul have all together now? 

3. An electronics factory made 6678 computers in January.  In February, the factory 

made 2309 computers. 1570 [A few] of the computers made were sold. In March, 

7532 computers were made in the factory. How many computers did the factory 

make all together? 

4. Changi Prison has 7648 prisoners. The prison is big enough to hold 9741 prisoners. 

This year, the prison released 27 prisoners. 35 prisoners also escaped the prison. 

How many prisoners are left in Changi Prison? 

5. A community club collected 5143 cans of food on Wednesday. 2145 [Some] of the 

cans collected came from Sir John. On Thursday, the community club collected 

3429 cans of food. On Friday, the community club collected another 6338 cans of 

food. How many cans of food did the community club collect all together? 

6. On an island, there are 3196 trees. A big fire destroyed 34 trees in summer and a 

smaller fire destroyed 59 in spring. 29 [A few] of the trees destroyed were banana 

trees. How many trees are left on the island? 

7. Jurong East library has 4619 books. The library can keep 7646 [a lot of] books. 

This year, the library lost 42 books and another 12 books were thrown away.  How 

many books are left in the library? 
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8. A farmer raised 4653 cows during summer. 2451 [Many] of the cows raised were 

brown in colour. In autumn, the farmer raised another 7891 cows. In winter, he 

raised 4132 cows.  How many cows did the farmer raise all together? 

 

Three pieces of numerical or literal* irrelevant information  

1. A textile factory made 5450 shirts in October. 1547 [Many] of these shirts were 

sold to the local market. In November, the factory made another 3496 shirts. 2479 

[Some] of these shirts were sold in another country. The following month, 8372 

shirts were made. 1348 [A number] of these shirts have been sold at the mall. How 

many shirts did the factory make all together? 

2. A leaky reservoir has 2983 litres of water. The reservoir can store 6316 litres [a lot] 

of water. In the morning, the reservoir lost 46 and at night, the reservoir lost another 

18 litres of water. Of the water lost that day, 12 [a few] litres flowed into the river 

and 21 [many] litres flowed through a field. How many litres of water are left in the 

reservoir? 

3. Ah Meng’s drinks stall sold 4654 drinks in the morning. 1634 [Most] of the drinks 

sold in the morning were tea. During lunch, the stall sold 7132 drinks. 3457 [Many] 

of the drinks sold during lunch were coffee. During diner, Ah Meng sold 3321 

drinks. 2146 [Some] of the drinks sold during diner were sugarcane juice. How 

many drinks did Ah Meng sell all together? 

4. Uncle Ben has 4641 boxes of food to distribute. At his house he can store 5813 

[many] boxes of food and at his shop he can store 7894 [a large number of] boxes 

of food. Uncle Ben gives away 27 boxes of food to a community centre and another 

34 boxes of food to a school. Unfortunately, 19 [some] of the boxes of food given 

away were expired. How many boxes of food does Uncle Ben have left?  
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5. A cinema sold 4341 movie tickets on Friday night. 2413 [Some] of the tickets sold 

were for the Batman movie. On Saturday night, the cinema sold another 4526 

tickets. 2346 [A few] of the tickets sold were for Superman movie. On Sunday 

night, the cinema sold 7986 tickets. 4531 [many] of the tickets sold were for the 

Spiderman movie.  How many tickets did the cinema sell all together during these 

three nights? 

6. Sophie has 7513 sweets to sell. Sophie can keep 9875 [many] sweets in her bag and 

she can keep 7896 [fewer] sweets in her big box. She sold 45 sweets at a dance 

performance and another 29 sweets at an office party. Of the sweets sold, 15 [some] 

were fruit flavoured. How many sweets does Sophie have left? 

7. 8412 mobile phones were stolen in January. 2371 [Many] of the mobile phones 

stolen were new. In February 6513 were stolen. 4213 [Some] of the mobile phones 

stolen were new. In March, 5619 mobile phones were stolen. 2674 [A few] of the 

mobile phones stolen were new. How many mobile phones were stolen all together 

during these three months? 

8. A bookshop has 7641 books to sell. The bookshop can store 9874 [a lot of] books. 

On Monday, the bookshop sold 63 books and, on Tuesday, the bookshop sold 41 

books. 24 [a few] of the books sold were adventure books and 32 [some] of the 

books sold were science fiction books. How many books are left in the bookshop? 

*literal irrelevant version in square brackets 
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APPENDIX B. RECALL AND RECOGNITION LIST 

 

Name: Date:

ID: School:

List1 Response List2 Response List3 Response List4 Response

Table Nurse Sandpaper Bed

Seat Surgeon Smooth Snooze

Stool Patient Bumpy Tired

Desk Dentist Coarse Rest

Couch Medicine Rugged Dream

Sit Lawyer Sand Yawn

Sofa Health Ground Relax

List5 Response List 6 Response List 7 Response List 8 Response

Scent Cigarette Bitter Pane

Sniff Fire Sugar Sill

Perfume Cough Sour Curtain

Nose Match Candy Door

Breathe Lungs Chocolate Ledge

Aroma Ashes Nice Glass

Nostril Chimney Taste View

DRM TASK: Recall Protocol
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Name: Date:

ID: School:

Word # Word Y/N Word # Word Y/N

1 Scent 25 Window

2 Nostril 26 Cough

3 Sofa 27 Doctor

4 Bumpy 28 Chimney

5 Chair 29 Bitter

6 Pie 30 Gravel

7 Rough 31 Perfume

8 Nurse 32 Kick

9 View 33 Sour

10 Sweet 34 Pen

11 Health 35 Taste

12 Bed 36 Rose

13 Sleep 37 Flag

14 Sandpaper 38 Cure

15 Shirt 39 Cigarette

16 Table 40 Pane

17 Patient 41 Stain

18 Curtain 42 Shutter

19 Milk 43 Stool

20 Smell 44 Pin

21 Ground 45 Smoke

22 Tired 46 Relax

23 Car 47 Drowsy

24 Steal 48 Bench

DRM TASK: Recognition Protocol
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APPENDIX C. ADDITIONAL ANALYSES IN STUDY 2 

Table C-1. Hierarchical Regression Analysis in Study 2 (Accuracy on Problems with 

Numerical Irrelevant Information as Predicted Variable); Relevancy Identification-

Parallel used 

Model 
Order of Entry Into Regression Equation 

R
2
 ΔR

2
 F for ΔR

2
 Model F 

A1 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Correct Recall .17 .04 5.57* 12.07** 

 3. Stroop .17 < .01 0.06 8.00** 

A2 1. AccuracyLiteral .13 - - 17.86** 

 2. Stroop .13 < .01 0.06 8.89** 

 3. LR: Correct Recall .17 .04 5.52* 8.00** 

B1 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Correct Recall .17 .04 5.57* 12.07** 

 3. LR: Intrusions + DRM Rcg: Intrusions .20 .03 1.70 6.96** 

B2 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Intrusions + DRM Rcg: Intrusions .18 .05 3.15 8.28** 

 3. LR: Correct Recall .20 .02 2.64 6.96** 

C1 1. AccuracyLiteral .13 - - 17.86** 

 2. Math Skills .65 .52 83.09** 69.77** 

 3. Stroop .66 .01 3.38 54.27** 

C2 1. AccuracyLiteral .13 - - 17.86** 

 2. Stroop .13 < .01 0.06 8.89** 

 3. Math Skills .66 .53 86.44** 54.27** 

D1 1. AccuracyLiteral .13 - - 17.86** 

 2. Math Skills .65 .52 0.06 69.77** 

 3. LR: Intrusions + DRM Rcg: Intrusions .65 < .01 86.44** 41.85** 

D2 1. AccuracyLiteral .13 - - 17.86** 

 2. LR: Intrusions + DRM Rcg: Intrusions .18 .05 3.15 8.28** 

 3. Math Skills .65 .47 75.89** 41.85** 

E1 1. All measures .21 - - 8.28** 

 2. Relevancy Identification (Parallel) .70 .49 178.61** 41.85** 

E2 1. All measures .69 - - 34.81** 

 2. Computational Fluency .70 .01 4.43* 31.97** 

Note. Math skills = Relevancy Identification (Parallel) and Computational Fluency. 

* p <.05. ** p <.01. 
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Table C-2. Hierarchical Regression Analysis in Study 2 (Accuracy on Problems with 

Inconsistent Language as Predicted Variable); Relevancy Identification-Parallel used 

Model Order of Entry Into Regression Equation R
2
 ΔR

2
 F for ΔR

2
 Model F 

A1 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Correct Recall .07 .01 0.72 4.19* 

 3. Stroop .08 .01 2.10 3.52* 

A2 1. AccuracyConsistent .06 - - 7.68** 

 2. Stroop .08 .02 2.18 4.97** 

 3. LR: Correct Recall .08 < .01 0.66 3.52* 

B1 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Correct Recall .07 .01 0.72 4.19* 

 3. LR: Intrusions + DRM Rcg: Intrusions .07 < .01 0.02 2.07 

B2 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Intrusions + DRM Rcg: Intrusions .06 < .01 <0.01 2.52 

 3. LR: Correct Recall .07 .01 .75 2.07 

C1 1. AccuracyConsistent .06 - - 7.68** 

 2. Math Skills .22 .16 11.85** 10.94** 

 3. Stroop .24 .02 2.69 9.00** 

C2 1. AccuracyConsistent .06 - - 7.68** 

 2. Stroop .08 .02 2.18 4.97** 

 3. Math Skills .24 .16 12.08** 9.00** 

D1 1. AccuracyConsistent .06 - - 7.68** 

 2. Math Skills .22 .16 11.85** 10.94** 

 3. LR: Intrusions + DRM Rcg: Intrusions .24 .02 1.17 7.04** 

D2 1. AccuracyConsistent .06 - - 7.68** 

 2. LR: Intrusions + DRM Rcg: Intrusions .06 < .01 <0.01 2.52 

 3. Math Skills .24 .18 13.05** 7.05** 

E1 1. All measures .12 - - 2.07 

 2. Relevancy Identification .26 .14 1.64** 4.77** 

E2 1. All measures .25 - - 5.18** 

 2. Computational Fluency .26 .01 1.64 4.77** 

Note. Math skills = Relevancy Identification (Parallel) and Computational Fluency. 

* p <.05. ** p <.01. 
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APPENDIX D. NTU IRB APPROVAL LETTERS 
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