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Abstract 

The study investigated the effectiveness of using Self-Regulation Strategy Development (SRSD) 

in teaching fraction skills using an experimental research design, specifically a switching 

replications design. The participants consisted of 62 eighth-grade students, identified with 

average and low mathematics achievement, selected from a school in Al Batinah South 

Governorate, Oman. The participants were selected from a sample based on their mathematics 

achievement levels and then randomly assigned to two conditions (treatment and control group). 

To collect data, screening measures, a pre-post-test on fraction skills, and a social validity 

questionnaire were used. The results show significant differences between groups in fraction 

scores after receiving the intervention, indicating the effectiveness of using SRSD in teaching 

fraction skills. Further, the study found that SRSD is effective in helping students in the 

treatment group maintain fraction skills one month after intervention. The results from the self-

reported questionnaire showed that the students provided positive views about how beneficial the 

intervention was for them. The results were discussed in terms of the role of SRSD fractions in 

facilitating learning for students with different levels of academic achievement and how their 

differences in learning environments and pre-existing differences may affect knowledge fade.   

Keywords: Self-regulation, fraction skills, mathematics achievement, students’ 

perspectives 
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CHAPTER 1: INTRODUCTION 

Mastering mathematics skills at an early age is essential; students’ mathematics 

proficiency in Kindergarten predicted their mathematics proficiency in fifth grade (Ten Braak et 

al., 2022) and eighth grade (Claessens & Engel, 2013). Studies consistently find that elementary 

school students who struggle to acquire grade-level mathematics competencies encounter 

obstacles in mastering later mathematics competencies throughout their schooling years (Das & 

Janzen, 2004; Gibbs et al., 2018; Jordan et al., 2017). Additionally, these students may face 

challenges in accessing post-secondary educational opportunities and potential careers compared 

to their peers due to difficulties in mathematics (Das & Janzen, 2004). Hence, research has 

drawn educators’ attention to improving the mathematics skills of elementary school students 

such as numerical symbol knowledge (Merkley & Ansari, 2016), counting, processing 

magnitudes (Moore & Geary, 2016), and whole number knowledge (Codding et al., 2016). As 

students progress through elementary school, research indicates that robust knowledge of rational 

numbers (i.e., fractions, decimals, percents) can be a new obstacle for students to acquire (Bailey 

et al., 2012) and serves as a strong predictor of success in middle and high school (Siegler et al., 

2012). These outcomes imply that supporting students in acquiring mathematics skills at an early 

age could facilitate both their academic and practical lives in the future. 

However, recent research demonstrated that the coronavirus pandemic affected students’ 

mathematics learning. The coronavirus (COVID-19) has influenced individuals' lives worldwide 

in late December 2019 (El-Zoghby et al., 2020). Studies found that the restrictions related to 

reducing the virus outbreak impacted learning environments for students, forced schools to move 

to online or hybrid models of instruction, and these restrictions reduced the amount of in-person 

learning opportunities in regular classrooms (Doody & Keenan, 2021; Kim et al., 2021). Lewis 
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and Kuhfeld (2021) investigated nationwide student performance on the NWEA MAP 

assessment administered in 2021-2022; they identified 9 to 11 percentile points regression in 

mathematics, significantly greater than reading (i.e., 3 to 7 percentile points). Furthermore, this 

regression was not experienced equally, with students from lower socioeconomic backgrounds 

and specific ethnic identities experiencing more significant regressions. Similar findings were 

brought by the Institute of Educational Sciences, National Center for Education Statistics (2021; 

2023) after comparing students’ performance on the National Assessment of Educational 

Progress in the USA before and after the pandemic, finding a drop in average mathematics scores 

among students in grades four and eight. Schult et al. (2022) attributed the reduction in students' 

scores in mathematics to a lack of financial support because some schools faced challenges in 

providing appropriate instruction during the pandemic. Additionally, Schult et al. (2022) found 

that the lack of accumulated experience in mathematics hinders students with low mathematics 

achievement from learning mathematics as they grow in their schooling years. All of this data 

indicates that school systems and educators must pay attention to the learning loss that occurred 

following the pandemic and the critical impact this had on students’ mathematics knowledge 

which in turn would indicate a focus on high-quality instruction and intervention to support 

students’ mathematical development.  

Educators should be aware of several aspects that enrich the learning experience of 

elementary and middle students and support their success in mathematics in high school. Siegler 

et al. (2012) demonstrated that there is a relationship between students’ achievement of fractions 

skills during their elementary school years and later performance in algebra in high school. This 

implies that students must build proficiency in core fractions skills as a part of learning 

development because it will support their later achievement in algebra.  
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Algebra is considered an important branch of mathematics that students need to succeed 

in to increase their opportunity to pursue a profession in science, technology, engineering, and 

math (STEM) trajectory in the future (Yoon & Strobel, 2017). However, research demonstrates 

that obtaining fractions knowledge is a specific stumbling block for many students (Hacker et al., 

2019; Resnick et al., 2016; Torbeyns et al., 2015). Additionally, acquiring fraction skills is a 

challenge for many students in several schools worldwide (Torbeyns et al., 2015) because it 

demands many requirements. For instance, to acquire fractions knowledge students should be 

able to distinguish between whole numbers and the nature of fractions as part of a whole 

(Stafylidou & Vosniadou, 2004). A misapplication of whole number properties to fractions could 

hinder students from having appropriate fraction knowledge and impact their overall 

achievement in math as they grow in their schooling years (Jordan et al., 2017). This situation 

requires educators or investigators to provide students who struggle in math with effective 

interventions to improve their conceptual and procedural knowledge of fractions, supporting the 

students’ later achievement in algebra and increasing their opportunity to pursue a profession in 

STEM areas. 

Interventions Improve Fraction Skills 

Systematic reviews employ a systematic method to minimize bias when evaluating 

studies, comprehensively investigating scientific literature related to a particular phenomenon. 

Systematic reviews are well-suited to provide evidence for effective interventions that enhance 

educational outcomes when aligned with specific parameters. For example, Roesslein and 

Codding (2019) reviewed the effectiveness of mathematics interventions focused on enhancing 

fraction knowledge of elementary school students identified with mathematics learning 

difficulties. The investigators found the most effective interventions consisted of multiple 
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components, specifically, (a) the use of word problems for the application of skills, (b) the use of 

explicit instruction, and (c) the use of strategy instruction. Similar results were found in the 

reviews of both Siegler et al. (2010) and Fuchs et al. (2021) who recommended teachers use 

explicit instruction for teaching fractions.  In their review, Fuchs et al. (2021) recommended 

teachers use explicit instruction when teaching students who struggle with mathematics to build 

fraction knowledge using concrete, and semi-concrete representations to connect them to abstract 

representations of mathematics. Siegler et al. (2010) recommended teachers use explicit 

strategies to help students solve fraction problems such as ratio and proportion word problems.  

Explicit, systematic instruction guides students to problem-solving strategies step-by-

step, allowing them to correct their responses to mathematics tasks with a cumulative review 

(Shin & Bryant, 2015). Therefore, many researchers use it as an intervention to teach fractions to 

students who struggle with learning mathematics (Fuchs et al., 2017) or students with learning 

disabilities (Gersten et al., 2009). The effectiveness of this type of instruction comes from 

employing multiple cognitive processes and promoting self-regulation strategies (Ennis & 

Losinski, 2019; Shin & Bryant, 2015; Gersten et al., 2009). This implies that self-regulation is 

crucial when teaching fractions, and educators should activate it when implementing explicit 

instruction.  

Self-Regulation 

Self-regulation is a multifaceted construct, including various behaviors performed by 

individuals from basic physiological activities to complicated purposeful cognitive processes 

(Bandura, 2001). Studies show a strong relationship between self-regulation and the learning 

outcomes of students in schools (Doabler et al., 2015; Schunk & Zimmerman, 2012) because 

self-regulated learning in contrast, involves individuals' ability to regulate their thinking, 
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behavior, and emotions to achieve their learning goals (Johnson et al., 2021). For this reason, 

Lucangeli et al. (2019) recommended developing a training program based on self-regulation to 

improve the mathematics performance of students with dyscalculia. 

The research field has provided investigators with several theoretical frameworks for 

self-regulation to promote students’ learning over the last few years (Efklides, 2011; Pintrich 

2000; Zimmerman, 2000). Zimmerman (2000), for example, developed a model of self-

regulation consisting of three phases (a) the Forethought phase; (b) the Performance phase; and 

(c) Self-Reflection. Since then, the researchers used these three phases to outline a variety of 

components beneath each, such as task analysis (Zimmerman, 2013), self-motivation beliefs 

(Zimmerman et al., 1992; Oppong et al., 2019), self-control (Zimmerman, 2013), and self-

observation (Hacker et al., 2019), and each of these four comprises many subcomponents related 

to cognitive skills. Cognitive skills facilitate learning mathematics and help students gain 

effective learning experiences (Cirino et al., 2016). 

Harris and Graham (1999), also, developed another self-regulation model. The model of 

Harris and Graham (1999) is called Self-Regulation Strategy Development (SRSD), SRSD 

includes six phases that enable students to develop background knowledge, discuss the use of a 

specific strategy, model the strategy, memorize, and support the use of this strategy. The last 

phase of this model requires the student to practice the strategy independently. 

Graham et al. (2012) demonstrated that interventions in SRSD writing improved the 

ability of elementary school students to produce writing with quality. Similarly, Ennis and 

Jolivette (2014) provided evidence that using self-regulation strategies enhanced the writing 

skills of students with emotional and behavioral disorders. In their meta-analysis of intervention 

on SRSD writing, Losinski et al. (2014) found a positive effect of the interventions on the 
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outcomes of several writing skills (i.e., essay elements, quality, and word count) of students 

identified with emotional and behavioral disorders Additionally, using self-regulation enhanced 

the reading comprehension of students with learning disabilities (Sanders et al., 2019; Sanders & 

Garwood, 2022), disruptive behaviors (Sanders et al., 2022), and bilingual students with learning 

disabilities (Jozwik et al., 2019). Hence, these studies motivated Ennis and Losinski (2019) to 

use SRSD as a fundamental base for teaching fractions to students who struggle with 

mathematics. 

Self-regulation Strategy Development Improve Fractions 

Research provides evidence that using SRSD in teaching fractions skills improves the 

achievement of students identified with or at risk for mathematics disabilities (Haker et al., 2019; 

Losinski et al., 2019; 2021) because self-regulation enhances the motivational dynamics of 

learning (Trías et al., 2019). 

Research demonstrated that many interventions on self-regulation were implemented for 

students with learning disabilities or mathematics difficulties (Lucangeli et al., 2019) students 

with or at risk for mathematics disabilities (Losinski et al., 2019; Hacker et al., 2019), students 

with emotional or behavioral disorders (Losinski et al., 2021), or students with mathematics 

disabilities (Hacker et al., 2019). However, a few studies implemented self-regulation for 

students with low achievement (Trías et al., 2019). Not to mention that the using SRSD for 

fractions (FILMS; CUT and EDIT) has never been implemented by investigators in Omani 

schools. Therefore, in the current study, the investigator will replicate the intervention of 

Losinski et al. (2019) in a group design for middle school students in Oman.  
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Study Purpose 

This study aimed to partially replicate the intervention by Ennis and Losinski (2019), 

Losinski et al. (2019), and Losinski et al. (2021) but adapted to a group-based design to examine 

the effect of self-regulated strategy development (SRSD) on teaching fraction skills. The current 

study replicated the interventions on SRSD fractions (FILMS, CUT, EDIT). Still, it adapted 

them to a group design, focusing on eighth-grade students with average and low mathematics 

achievement (different cultural identities of the study participants), and using various 

measurement tools.  

The study was implemented in a school in Al Batinah South Governorate in Oman. Oman 

is an Arabian country with a strategic location since it shares the Strait of Hormuz with Iran, 

providing the entire world with a sea route for ships from the Persian Gulf and Gulf of Oman to 

the Indian Ocean and China (Jones, 2012). Oman is a non-aligned country and mostly has a 

neutral foreign policy towards world issues, still, it has a tolerant policy (Daga, 2023). It has 

developed a great strategic partnership with the United States of America and maintains a 

peaceful relationship with its neighbors (Jones, 2012). Oman’s population consists of people who 

originate from multiple ethnicities (Arab, Baluchis, Indian, or Zanzibari), explaining that some 

Omanis can speak several languages besides Arabic, such as Urdu, Baluchi, and Swahili (Al-

Issa, 2020; Al-Maamari, 2016). However, the population consists mostly of Arabs, and Arabic is 

the official language in Oman (Al-Maamari, 2016). English is also spoken since the educational 

systems in Oman consider English Language Skills as one of the main curricula in Omani 

schools, and students should learn English from grade one through 12 since 1998 (Al-Mahrooqi 

& Denman, 2018).  French and German are offered as choices to students after completing their 

tenth grade in school (Al-Issa, 2020). Making decisions related to individuals’ lives in Oman is 
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influenced by several factors, such as religion, the values of individuals and society, education, 

personal experiences (Katou et al., 2010), and the rules of tribes, sometimes (Al-Issa, 2020). 

The education system in Oman includes public and private schools. The public schools in 

Oman are categorized into two levels of basic education (Cycle One and Cycle Two), followed 

by post-basic education, and learning at public schools is free for Omani citizens (Al-Salti & 

Haydar, 2020). Cycle one of basic education includes the students (boys and girls) from first to 

fourth grades. In fifth grade, females and males attend separate schools by moving to Cycle Two 

of basic education (Al Balushi & Griffiths, 2013). Post Basic education includes two school 

grades, eleventh and twelfth (Issan & Gomaa, 2010). In the current study, the investigator 

implemented the intervention for eighth-grade students who attended a Cycle Two school. 

To conclude, replicating the previous studies but adapted to a group-based design with a 

different research setting could enrich the scientific field. According to Francis (2012) and 

Mackel et al. (2016), replicating studies provide the opportunity to extend previous studies and 

seek to confirm or validate their outcomes. 
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CHAPTER 2: REVIEW OF LITERATURE 

Mathematics Performance 

Ten Braak et al. (2022) found that early mastery of mathematics skills strongly predicts 

future success across multiple academic domains. Similarly, Claessens and Engel (2013) 

highlight the importance of early mathematics proficiency for primary school success, noting 

that mathematical achievement correlates with reading performance and socioemotional well-

being in school. This underscores the critical role of early mathematics skills in shaping students’ 

long-term academic achievement.  

The National Assessment of Educational Progress (NAEP) mathematics assessment 

reported a decline in average mathematics scores among fourth and eighth-grade students in 

2022 compared to 2019 (Institute of Educational Sciences, National Center for Education 

Statistics, 2023). Similarly, Lewis and Kuhfeld (2021) found that mathematics and reading 

achievement declined in students from grades 3 through 8, with a more significant drop in 

mathematics scores. They attributed this decline to the effect of the COVID-19 pandemic. In 

contrast, before the pandemic, the Trends in International Mathematics and Science Study 

(TIMSS) indicated that U.S. students’ average mathematics scores in grades 4 and 8 remained 

relatively stable from 2015 to 2019 (Institute of Educational Sciences, National Center for 

Education Statistics, 2021). These findings suggest that the pandemic negatively affected 

students’ mathematics achievement, reinforcing the need for effective mathematics instruction to 

support their academic progress  

What Predicts Mathematics Achievement? 

A review of the literature highlights several key factors associated with mathematics 

achievement. First, Morgan et al. (2009) found that children's mathematics knowledge at school 
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entry strongly predicts their performance throughout primary education. Furthermore, research 

indicates that early mathematics proficiency in kindergarten significantly influences later 

achievement across various curriculum areas (Claessens & Engel, 2013; Hassinger-Das et al., 

2014). Given this, young children should develop a solid mathematical foundation encompassing 

numerical symbol knowledge, including identification, cardinality, and ordinality (Merkley & 

Ansari, 2016). To support long-term academic success, Claessens and Engel (2013) recommend 

that educators emphasize early mathematics skills, pattern recognition, and measurement, as 

these foundational competencies contribute to students' ability to acquire more advanced 

concepts in later years. 

Second, primary school students’ early mathematics skills (i.e., counting, collecting 

items, and working with numerals) enhance their ability to process magnitudes, and such ability 

significantly predicts mathematical achievement (Moore & Geary, 2016). Furthermore, fraction 

knowledge has been identified as a crucial predictor of students' overall mathematics 

performance (Bailey et al., 2012). In their study, Bailey et al. (2012) examined the relationship 

between conceptual knowledge of fractions and mathematics achievement among sixth- and 

seventh-grade students using the Numerical Operations subtest from the Wechsler Individual 

Achievement Test, which includes tasks such as multi-digit arithmetic, rational number 

operations, and simple algebra problems. Their findings revealed that students’ conceptual 

knowledge of fractions predicted their overall mathematics achievement in sixth grade, even 

after controlling for factors such as working memory and intelligence. Additionally, follow-up 

assessments indicated that fluency with computational fractions significantly predicted seventh-

grade students' performance in whole number arithmetic, number fluency, and number line tasks. 
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Similar results were obtained by Siegler et al. (2012) when the investigators analyzed a 

large set of longitudinal data on fractions and mathematics achievement of elementary school 

students from both the United States and the United Kingdom. Their findings demonstrated that 

students’ understanding of fractions and whole-number division in elementary school predicted 

their algebra knowledge and overall mathematics achievement in high school. Studies emphasize 

that students' performance in fractions in elementary school predicts their future performance in 

algebra, and algebra is a prerequisite knowledge to success in mathematics in high school. This 

signifies that enhancing students' competence in fractions skills contributes to facilitating their 

future mathematics success (Bailey et al., 2012), which serves as a mediator that opens the door 

for students to pursue a career in science, technology, engineering, and mathematics (STEM) 

programs (Cribbs et al., 2021(.  

Fractions Proficiency 

Studies have found that acquiring fractions is a challenge for many students (Hacker et 

al., 2019) because it depends on their understanding of fraction concepts (Torbeyns et al., 2015; 

Resnick et al., 2016) and fraction magnitude (Resnick et al., 2016). According to Stafylidou and 

Vosniadou (2004), understanding fractions involves several components, such as: (a) 

distinguishing between the concept of fractions and that of natural numbers in their symbolic 

representation, and (b) understanding the relationship between the numerator and the 

denominator.  

Jordan et al. (2017) conducted a longitudinal study on fraction learning that included 

students from grades three through six, highlighting a relationship between fraction knowledge 

and overall mathematics performance. The study found that a lack of fraction knowledge, such as 

(a) difficulty in estimating the location of fractions on a number line, (b) calculation fluency, and 
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(c) nonsymbolic proportional reasoning, negatively impacts students' performance on broad 

mathematics evaluations by the end of sixth grade. 

Furthermore, several studies have found that learning fractions is particularly challenging 

because students often confuse fractions with whole number concepts (Yusof & Malone, 2003; 

Malone & Fuchs, 2017). Specifically, students with mathematical difficulties struggle to 

comprehend the characteristics of symbolic numerical magnitudes. These findings are supported 

by research showing that students at risk of underachieving in mathematics and those with 

learning disabilities face significant challenges in learning fractions (Al Shabibi & Alkharusi, 

2018; Heemsoth & Heinze, 2014; Jordan et al., 2017; Otto & Kistner, 2017). These challenges 

highlight the need to provide targeted support through effective instructional strategies to help 

these students acquire fraction knowledge and improve their ability to solve mathematical 

problems. 

Cognitive Research and Fractions 

Studies indicate that promoting students’ achievement in mathematics requires logical 

progression in cognitive processes and arithmetic skills (Cirino et al., 2016; Peng & Kievit, 

2020). According to Peng et al. (2019), the relationship between individuals' cognitive and 

academic skills becomes more measurable when students follow a systematic learning program 

in mathematics and language throughout their schooling. Cirino et al. (2016) found that cognitive 

abilities (i.e., working memory, language, and spatial skills), besides many mathematical skills, 

directly influence sixth-grade students' ability to acquire fraction skills and develop proportional 

reasoning. Similarly, Peng and Kievit (2020) found that cognitive skills (e.g., working memory, 

reasoning, and executive function) predict academic abilities, including reading and 

mathematics, and vice versa. 
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Executive functioning. Executive function includes several elements, such as working 

memory, flexible thinking, inhibition (Jefferson et al., 2006; Ten Braak et al., 2022), generation, 

planning, and sequencing (Jefferson et al., 2006). The variety of executive function components 

makes them play a substantial role in individual learning and academic achievement (Baggetta & 

Alexander, 2016). Hassinger-Das et al. (2014) found that the association between kindergarten 

and first-grade mathematical mastery is mediated partially by executive function and children's 

attention. Similar findings were reported by Ten Braak et al. (2022), who conducted a 

longitudinal study with 243 participants across three grade levels: kindergarten, first grade, and 

fifth grade. By the end of the study, the researchers suggested that executive function 

components (i.e., working memory, inhibition, and cognitive flexibility) serve as a key 

mechanism in strengthening the relationship between mathematics achievement and reading 

skills. This implies that the components of executive function are associated with students’ 

learning and achievement. 

Working memory. Working memory consists of a multi-component system that stores, 

manipulates, and manages data in short-term memory; hence, in mathematics tasks, working 

memory enables individuals to retain some information and use it to solve mathematics problems 

whenever needed (Cowan, 2008). Studies found that working memory is one of the executive 

function components that play a role in predicting mathematics achievement among children 

(Caviola et al., 2020; Miller-Cotto & Byrnes, 2020) and adolescent students (Caviola et al., 

2020; Passolunghi et al., 2016). Additionally, a meta-analysis study conducted by Peng et al. 

(2016) found significant relationships between fraction performance and working memory. 

These fraction tasks required matching to a visual representation, fraction computations, and 
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word problem-solving with fractions. This result demonstrates that working memory is crucial 

for mastering fraction skills. 

Despite that, Studies found that students with low mathematics achievement have a 

deficit in working memory (Gathercole & Pickering, 2000; Klesczewski et al., 2015), leading to 

poor performance in mathematics or fractions skills. Given this, the literature suggests using 

cognitive strategies to support the capacity of working memory (Ilkowska & Engle, 2010; 

Hofmann et al., 2011), and improving their fractions skills. 

Vocabulary/Language. Language is a structured system that individuals use to 

communicate using different methods involving speech and gestures (spoken language), signs, or 

written language (Evans & Levinson, 2009). In contrast, vocabulary knowledge is a complex 

construct requiring individuals to acquire several word knowledge components (Schmitt, 2014). 

Kramsch (2014); and Peng et al. (2020) found that oral and written language can facilitate 

people’s learning and thinking. Peng et al. (2020) reported that language acquisition facilitates 

solving mathematics problems through working memory; hence, improving mathematics 

performance. On the other hand, Purpura et al. (2017) found that the mathematical language  

skills of children mediate the relationship between mathematics performance and later literacy 

skills. Furthermore, research shows that children rely heavily on language skills (oral and 

written) (Storch & Whitehurst, 2002; Jordan et al., 2017) when learning mathematics skills, such 

as counting and comparison (Jordan et al., 2017). In this regard, Peng and Lin (2019) reported 

that the effect of mathematics vocabulary on mathematics performance depends on the types of 

mathematics branches; they revealed that mathematics vocabulary learning is more important in 

specific mathematics domains than in others. For instance, according to studies, solving word 

problems about measurement and geometry depends on mathematics vocabulary more than 
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numerical calculation after controlling for working memory and intelligence (Peng & Lin, 2019; 

Peng et al., 2020). These results indicate that if students have language learning problems 

(writing, reading, or both), they will face obstacles in solving verbal tasks in mathematics or 

fractions (Fuchs et al., 2017; Hacker et al., 2019). 

Mathematics vocabulary. Mathematics vocabulary facilitates understanding, 

interpreting, and solving complex verbal mathematical problems (Nelson et al., 2020; Vesel & 

Robillard, 2013). Hence, a lack of linguistic vocabulary could hinder students with disabilities or 

students with low mathematics achievement (Forsyth & Powell, 2017) from comprehending or 

solving mathematics problems (Fuchs et al., 2017; Hacker et al., 2019). Thus, research 

recommends educators provide students with precise and accurate mathematics vocabulary 

embedded within learning strategies to help them achieve meaningful learning (Hughes et al., 

2016; Riccomini et al., 2015).  

Effective Instructions to Teach Fractions Skills 

The Institute of Education Sciences (IES) is an arm of the Department of Education and 

focuses on the dissemination of recommendations to inform practice by evaluating educational 

research. Two systematic reviews conducted by IES focus on effective mathematics instruction 

to promote fraction skills (Siegler et al., 2010; Fuchs et al., 2021). Across both practice guides, 

we see actionable advice for teachers to use that will enhance fraction knowledge. 

First, it is recommended to provide students with systematic instruction. This systematic 

instruction would involve explicit instruction, which refers to an instruction model focused on 

directly teaching new skills, enhancing student engagement in the learning process, and orienting 

students to find success (Archer & Hughes, 2010). As part of explicit instruction, explanations 

should build on students’ prior knowledge. For fractions specifically, this instructional sequence 
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will initially pivot off of students’ informal understanding of sharing equal groups and creating 

equal proportions (i.e., through area models). Second, teachers should focus on using and 

promoting students' use of key mathematical language aligned with fractions. Developing strong 

vocabulary knowledge related to fractions will enhance students’ conceptual knowledge that (a) 

fractions are numbers and how they relate to our whole number system, (b) the computational 

procedures we can employ when working with fractions, and (c) the ability to represent 

mathematical situations embedded within word problems in the abstract. In addition, using 

representations, such as manipulatives and number lines, is extremely beneficial for building 

conceptual knowledge of the mathematical concept along with procedural knowledge. The 

manipulatives, or number lines, help students build conceptual knowledge of something abstract. 

The integration of representations and abstracts from the beginning of the learning cycle is 

integral, and this has been referred to as the concrete-representational-abstract framework (viz., 

concrete-representational-abstract integrated; Morano et al., 2020). Furthermore, the IES 

recommends that practitioners challenge students to begin applying mathematical knowledge to 

word problems. This pushes students to identify how “real-world” situations can be represented 

mathematically and is a critical area for generalization. Last, they recommend the need to build 

students’ fluency with declarative facts and procedures. When considering fraction knowledge, 

the two high-impact areas are fluency with (a) multiplication and division facts, which play an 

integral role in creating equivalent fractions and simplifying fractions to create equivalent 

fractions, and (b) fluency in creating equivalent fractions and comparing fractions to benchmark 

fractions (i.e., ¼, ½, ¾, 1). These recommendations should likely be embedded within an 

intervention program designed to enhance the fraction knowledge of students.   
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In another systematic review conducted by Shin and Bryant (2015), they have similar 

recommendations. Shin and Bryant (2015) synthesized the research findings of 17 studies to 

determine the most effective interventions on fraction skills for struggling learners in 

mathematics from grades 3 to 12. The authors found that interventions using (a) concrete and 

visual representations; (b) explicit, systematic instruction; (c) range and sequence of examples; 

(d) strategy instruction; and (e) use of word problems led to larger learning gains in fraction 

knowledge compared to studies that did not include these components. These findings were 

identical to a study conducted by Roesslein and Codding (2019), which reviewed 12 studies that 

investigated interventions to enhance fraction knowledge for elementary-aged students who were 

identified with mathematics difficulty. The outcomes of the study indicated that the most 

effective interventions included multiple intervention components, such as (a) explicit 

instruction, (b) concrete and visual representations, (c) range and sequence of examples, (d) 

strategy instruction, (e) student verbalization, and (f) word problems. Thus, these two systematic 

reviews and the IES practice guides all reached similar conclusions about the critical intervention 

components that should be included to enhance students’ fraction knowledge. 

In contrast, Misquitta (2011) obtained different results when examining the quality and 

effectiveness of studies published between 1990 and 18 years later; the investigator found that 

the concrete-representational-abstract framework, strategy instruction, and direct instruction are 

the most effective instruction in improving students' outcomes in fractions. In addition, Ennis 

and Losinski (2019) conducted a meta-analysis of 21 studies focused on teaching fractions to 

students with or at risk of disabilities using the 2014 Council for Exceptional Children Standards 

for Evidence-Based Practices in Special Education (CEC EBP) as a quality indicator; the 
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investigators found that explicit instruction met the standards of CEC EBP as an evidence-based 

practice that affects students’ outcomes (Long et al., 2021). 

Given the preponderance of evidence for the benefits of explicit instruction and its impact 

on fraction knowledge, some have begun to draw parallels to explain what the driving force 

behind its effectiveness is. According to the studies, they found that using explicit instruction, in 

essence, relies on applying different cognitive processes and self-regulation strategies (Ennis & 

Losinski, 2019; Montague, 2007; Shin & Bryant, 2015). De Bruin and van Gog (2012) revealed 

that studies on metacognition skills provide evidence that self-regulation improves students’ 

learning behavior. These results encourage Ennis and Losinski (2019) to recommend that 

researchers use self-regulation strategies when teaching fractions skills to students with or at risk 

of mathematics failure to improve their performance. 

Self-Regulation 

Self-regulation is an activation for using metacognitive knowledge (Chambres et al., 

2002) and plays an essential role in critical thinking and student performance (Kourtidis, 2019). 

According to Zimmerman (2013), self-regulation refers to an individual's focus on learning 

processes to master learning, which entails a personal effort to gain knowledge and skills. In 

their definition, Johnson et al. (2021) go beyond individuals' ability to regulate their learning 

behavior to regulate their emotional behavior to achieve their learning goals.  

The research field has various definitions for self-regulation, leading researchers to 

develop several models for self-regulation to support students’ learning (Efklides, 2011; Pintrich, 

2000; Zimmerman, 2000). For example, Zimmerman (2000) developed a framework for self-

regulation that includes several phases, encouraging researchers to add new components beneath 
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each one. Another practical model for self-regulation was introduced by Harris and Graham 

(1999) to help educators improve students' learning behavior. 

Self-Regulation Framework 

According to Zimmerman (2000), self-regulation consists of three phases with 

multilayers of subcomponents, some of which were added by researchers from time to another to 

strengthen the model. The three phases include (a) the Forethought phase, (b) the Performance 

phase, and (c) Self-Reflection. Figure 1 demonstrates the framework phases.  

Figure 1 

A Self-Regulation Framework Developed by Zimmerman (2000) 

 

 

First: Forethought Phase. This phase includes two components: Task analysis and Self-

motivation beliefs. Task analysis skill involves two subcomponents: (a) goal setting, and (b) time 

management. Goal setting requires the learner to set several goals and subgoals that need to be 

achieved (Zimmerman, 2013). In contrast, a time management strategy involves planning 

processes, planning implementations, and self-evaluation (Altun & Erden, 2013). In the second 

component in the Forethought phase, self-motivational beliefs, Zimmerman et al. (1992) 

Self-Regulation Framework
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Phase

Task Analysis
Self-Motivation 

Beliefs

Performance 
Phase

Self-Control
Self-
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revealed that the self-motivational beliefs of learners affect their oriented behaviors and explain 

their persistence when facing learning obstacles because it depends on two crucial elements: the 

personal goals of learners and their self-efficacy beliefs. Outcome expectations, task interest, and 

goal orientation are other subcomponents of self-motivational beliefs suggested later by Oppong 

et al. (2019). 

Second: Performance Phase. The Performance Phase includes two categories: self-

control and self-observation. In this phase, learners should implement strategies that affect their 

motivation and learning (Schunk & Zimmerman, 2012). Self-control refers to the individual’s 

ability to direct their learning by using specific techniques whenever needed, such as self-

instruction, attention focusing, task strategies, environmental structuring, help-seeking 

(Zimmerman, 2013), and imagery (Dunlosky et al., 2013). Not to mention that self-control of 

behavior requires individuals to self-observe and monitor their performance from one time to 

another (Hacker et al., 2009). In contrast, self-observation refers to metacognitive monitoring or 

recording specific aspects of an individual’s behaviors (Kitsantas & Zimmerman, 2006). 

Zimmerman (2000) suggested that self-observation comprises two main subcomponents: 

metacognitive monitoring and self-recording. According to studies, metacognitive monitoring 

and self-recording are used by individuals to track their learning performance or progress (Ader, 

2019; Hacker et al., 2009). However, metacognitive monitoring is an informal method for 

tracking the learning processes of individuals compared to self-recording, which includes formal 

records of learners created to achieve the same purpose (Hacker et al., 2009) 

Third phase: Self-Reflection. During the third phase, self-reflection, an individual 

evaluates the determinants of success and failure using predetermined criteria to judge the 

overall learning performance (Zimmerman 2000). In this phase of self-regulation, the learners 
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tend to evaluate themselves to improve their learning behavior and self-regulation (Schunk & 

Zimmerman, 2012). Self-reflection also involves individuals’ self-reaction on whether they are 

satisfied with their performance and what sort of adaptation they should make in a similar 

learning experience (Zimmerman 2000). 

Self-Regulation Strategy Development Framework 

Self-regulation strategy development is another framework that includes six stages. These 

six stages are used to provide students with self-regulation instructions to master specific 

learning skills by employing systematic procedures, and knowledge that lead them to an 

independent practice (Graham & Harris, 2018). First, the learners should develop background 

knowledge. Then, the learners discuss how to use the strategy, model it, memorize it, and support 

their use of the strategy. By the end of this model, learners should be able to employ the strategy 

in a learning situation independently (Harris & Graham, 1999).  

The studies discuss the instructional phases of implementing an intervention using SRSD. 

Ennis and Losinski (2019) demonstrate that during the first stage, the interventionist should 

develop background knowledge with learners by discussing the most relevant vocabulary and 

concepts for learning a specific skill. In the second phase, they should explain to learners the 

importance of the strategy, what materials they need to acquire it, and how to employ it in a 

learning situation, encouraging them to commit to learning by signing a learning contract 

(Losinski et al., 2019). During the third phase, the interventionist models the strategy to learners 

step by step, incorporating thinking aloud with several components of self-regulation such as 

goal setting, self-monitoring (using a self-check) to assess their performance, self-questioning, 

and finally self-praise after completing the task (Harris et al., 2008). In the fourth phase, learners 

should practice memorizing the strategy steps using multiple assessment methods, such as oral or 
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written quizzes, or they can use a self-check to assess their memory retention (Harris et al., 2008; 

Losinski et al., 2019). After that, the interventionist facilitates students practicing the strategy to 

support it (Mason et al., 2012). Finally, the learner should be able to employ the strategy of 

completing learning tasks without mnemonics or aid from the teacher or peers; at this point, the 

interventionist should approve their independence in the learning contract (Harris et al., 2008). 

Figure 2 demonstrates these steps. 

Figure 2 

A Framework for Self-Regulation Strategy Development 

 

 

The instructional intervention on self-regulation strategy development was developed to 

improve students' learning behavior (Harris & Graham, 2009). Harris (2024) revealed that SRSD 

is employed in multiple academic areas, such as writing and reading, and recently, it has been 

used in mathematics research.  
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Self-Regulation and Academic Achievement 

Research demonstrated a relationship between self-regulation components (i.e., goal 

setting, self-management, self-efficacy) and academic achievement (Zimmerman & Schunk, 

2001). Mägi et al. (2016) reported that the relationship between self-regulation skills and 

cognitive skills showed a variation among individuals, and these differences can be reflected in 

their performance in academic skills (i.e., math and reading) as the individuals grow through 

their schooling years. Research found a connection between self-regulation skills and self-

efficacy of individuals (Drake et al., 2014; Pintrich & De Groot, 1990); this relationship leads 

individuals with better self-regulation skills to experience a sense of efficacy when solving 

problems, increasing their ability to manage their emotions when they face challenges (Drake et 

al., 2014). In their study, Pintrich and De Groot (1990) found that self-efficacy and self-

regulation work as predictors for the academic performance of students and their learning 

engagement. In contrast, individuals who lower learning engagement tend to make less effort in 

solving difficult academic tasks, resulting in a struggle in learning (Hughes et al., 2008). The 

outcomes of these studies imply that self-regulation has a positive correlation with enhancing the 

academic achievement of individuals. 

Self-Regulation Improved Mathematics Achievement 

Studies indicated a strong association between self-regulation and students’ learning 

outcomes (Doabler et al., 2015; Schunk & Zimmerman, 2012). Lucangeli et al. (2019), for 

example, conducted an experimental study to investigate the effect of two mixed methods: (a) 

computer-assisted and pencil-and-paper intervention to improve mathematics skills; (b) self-

regulation among students with dyscalculia from second grade through fifth grade. Their study 

found that the training program enhanced students’ metacognition skills (i.e., self-regulation) and 
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improved their mathematics achievement. Furthermore, Perels et al. (2009) found that using self-

regulation interventions when teaching mathematics skills in regular classrooms to sixth-grade 

students influenced their mathematics achievement and increased self-regulation competencies. 

However, cognitive psychology research still provided researchers with little information on how 

to foster self-regulation in regular classrooms (de Bruin & van Gog, 2012). Accordingly, several 

studies recommended researchers and educators implement a self-regulated strategy 

development when teaching mathematics skills (i.e., the addition and subtraction of fractions 

with unlike denominators) for students at risk of mathematics disabilities to improve their 

performance in solving fractions tasks (Hacker et al., 2019; Losinski et al., 2019; 2021).  

Self-Regulated Strategy Development for Fractions  

Losinski et al. (2019; 2021) used the framework of SRSD (Harris & Graham, 1999) to 

develop instructional programs to teach fraction skills. Self-regulation strategy development 

includes six stages as a base to help students master fraction skills. Losinski et al. (2019; 2021) 

conducted a single-case research design in the two studies to evaluate the existence of a 

functional relation. The first study used multiple baselines across sites (Losinski et al., 2019), 

and the second used multiple baselines across students (Losinski et al., 2021). 

In the study by Losinski et al. (2019), the investigators developed three sets of lesson 

plans (FILMS, CUT, and EDIT), and those lessons were associated with mnemonic devices to 

enable students to succeed in fraction skills. The three sets of lessons are as follows: 

1. FILMS guides students in adding and subtracting fractions with unlike denominators 

(Losinski et al., 2019; 2021). 

2. CUT leads students to learn how to simplify fractions. 
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3. EDIT instructs students to convert improper fractions into mixed numbers (Losinski 

et al., 2019). 

Losinski et al. (2019) provided the intervention to students in small groups of four, seven, 

and nine students, respectively. In contrast, Losinski et al. (2021) provided the intervention 

sessions for each student individually (one-to-one). The outcomes of both studies show that 

using SRSD improves students' performance in acquiring and solving fractions skills (Losinski et 

al., 2019; 2021). 

Similarly, Hacker et al. (2019) used the self-regulated strategy development model 

(Harris & Graham, 2009) to develop a metacognitive instructional intervention to teach 

foundational fractions concepts to students at risk or with mathematics learning disabilities. The 

study intervention focused on teaching FACT + R2C2 following the SRSD instructional strategy. 

FACT+R2C2 encompasses several procedures (Haker et al., 2019), requiring students to develop 

questions to solve mathematics tasks (Mevarech & Kramarski, 1997). The procedures of 

FACT+R2C2 are as follows:  

1. FACT includes four components: Figure out a plan (F); Act on it (A); Compare your 

mathematical reasoning with a peer (C); and tie your responses together by writing 

arguments to support them (T).  

2. R2C2 stands for Restate (R); Reasons (R); Students develop Counterclaims (C); and a 

Conclusion (C) to their arguments (Haker et al., 2019).  

In the study of Haker et al. (2019), the interventionist team consisted of six general 

education teachers and four special education teachers, and all were trained to be qualified to 

introduce the intervention to the participants. The interventionist implemented FACT+R2C2 and 

encouraged students to ask several questions to promote their mathematics knowledge and solve 
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fraction problems (Mevarech & Kramarski, 1997; Neuman & Schwarz, 1998). Meanwhile, 

students in the control group received daily instruction in their classroom (business as usual). By 

the end of the study, Hacker et al. (2019) found that students at risk or with mathematics learning 

disabilities in the intervention groups outgained the students in the control group, indicating the 

effect of using SRSD on improving the student’s performance in fraction knowledge, 

mathematical reasoning, the number of argumentative elements, and total words written. 

Overall, the three studies provided significant evidence that using SRSD in teaching 

fractions skills to students at risk or with mathematics disabilities improved their performance in 

solving fractions tasks (Losinski et al., 2019; 2021; Haker et al., 2019). Losinski et al. (2019) 

reported that using SRSD enhances students’ deficits and strengths through affective, behavioral, 

motivational, cognitive, or metacognitive strategies. Trías et al. (2021) found that self-regulation 

strategies increase the motivational dynamics of learning, and motivation contributes to 

improving students’ performance in mathematics (Shores & Shannon, 2007). This result 

concludes that using SRSD may lead students to success in learning fraction skills and solving 

related problems. 

Limitations of Self-Regulation 

Self-regulation involves the individual's responses to several situations or stimuli 

(Eisenberg et al., 2000), demanding the individual pay attention, manage their emotions and 

time, and exhibit behaviors that help them deal with these situations (Smith-Donald et al., 2007). 

Understanding and explaining learners’ self-regulation requires investigators to be aware of 

several topics related to cognitive, behavioral, and social-cognitive theories (Zimmerman, 1990). 

The most common approaches to measure self-regulation include direct assessments, self-

reports, or observational tools (Toering et al., 2012). These three common approaches provide 
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cognitive psychology with beneficial information on self-regulation skills; however, each has 

limitations.  

Direct assessment provides the research field with significant information on self-

regulation skills of individuals (Smith-Donald et al., 2007); Despite, a low performance in an 

individual’s performance on these assessments results in poor skills in self-regulation (Crozier 

and Perkins 2002), rather than attributing these poor skills to several reasons such as fatigue, 

anxiety, or any other reason (Duckworth & Yeager 2015). Similarly, self-report questionnaires in 

measuring self-regulation exhibit some weaknesses. The validity issue is a matter to discuss in 

this type of measurement since it is filled out by the learners themselves (Schellings Van Hout-

Wolters, 2011; Toering et al., 2012) or other adults (i.e., their teachers), or parents (Mägi et al., 

2016). In contrast, the validity of observational tools is stronger than self-report (Howard et al., 

2019), but it takes a long time compared to direct assessment and self-report, and a few studies 

used this approach in assessing self-regulation skills (McCoy, 2019). 

The outcomes of the studies on self-regulation rely on the measurements used, the 

understanding, and the explanation of the investigators of individuals' behaviors. Hence, 

replication of studies may serve to validate the findings of previous studies, and assess the 

generalizability of those findings to students with different identification, or to students who live 

in a different geographical area.  

Replication Research 

In this study, the investigator extended a single-case research design to a group design in 

the current study. Extending a single-case research design to a group design has several 

advantages, such as providing the investigators with a rigorous design that includes valuable 

pilot data before implementing the same intervention to a large group of individuals (Petry et al., 
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2011). On the other hand, single-case research design has several limitations, such as the external 

validity of the study outcomes (Horner et al., 2005). Hence, extending the single research to 

experimental group designs helps assess the generalizability of a single-case research design's 

outcomes for a large population (West et al., 2000). Additionally, internal validity is essential to 

show the causal inferences from the single research findings (Alnahdi, 2015), replicating a single 

design to a group design provides researchers with a better understanding of the effect size of an 

intervention since the group experimental design requires enough subjects and use two or more 

comparison groups to show the inference (Macgowan & Wong, 2014).  

The evidence-based approach employs rigorous quality assurance and evaluation to 

ensure the fidelity and effectiveness of research replication in new practices (National Institute of 

Corrections [NIC], 2023). Jasny et al. (2011) defined replication as the independent verification 

of results and conclusions from one study in another. Replication is generally categorized into 

three types: direct, conceptual, and mixed (Mackel & Plucker, 2016), based on the study’s 

purpose (Jones et al., 2010). Similarly, Jones et al. (2010) identify two additional types of 

replications beyond conceptual replication: exact and partial. Direct or exact replication seeks to 

confirm or validate the findings of the original researchers (Mackel & Plucker, 2014) by 

examining the same research construct using identical methods and measurements (Jones et al., 

2010). In contrast, conceptual replication explores the same intervention construct but employs 

different methods and measurements to examine broader models and theories (Jones et al., 2010; 

Mackel et al., 2016). Partial or mixed replication investigates the same research construct while 

incorporating a combination of identical and modified methods and measures (Jones et al., 

2010). 
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Replicating studies is crucial in the scientific field because it enables researchers to 

extend previous studies and validate their findings (Francis, 2012; Mackel et al., 2016). A lack of 

replication of the studies may increase bias in the research field, bringing questions about the 

validity of the outcomes (Cook, 2014). Not to mention that the bias in the studies' findings may 

be extended to narrowing the research literature (Begley & Ellis, 2012) and making critical 

decisions about some policies and educational practices based on them (Cook, 2014).  
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 CHAPTER 3: METHODOLOGY 

The current study employed a partial replication of Ennis and Losinski (2019); Losinski 

et al. (2019); and Losinski et al. (2021) by replicating the intervention of SRSD (FILMS, CUT, 

EDIT) in teaching fraction skills but adapting it to a group design, different measurement tools, 

the sample, and the cultural identity of the study participants. The current study aims to 

investigate the effect of self-regulated strategy development (SRSD) on teaching fraction skills 

to eighth-grade students in Oman with average and low mathematics achievement. Table 1 

outlines the similarities and differences between the three and current studies. 

Table 1 

Partial/Mixed Replication of Prior Experiments 

Characteristics Losinski et al.  

(2019) 

Ennis & Losinski 

(2019) 

Losinski et al. 

(2021) 

Current Study 

Setting Rural elementary 

schools in rural 

midwestern United 

States 

A suburban 

elementary school 

in 

the southeastern 

United States 

An elementary 

school in the 

Midwestern 

region of the 

United States 

A middle school in 

the Al Batinah South 

governorate of Oman 

Sample Fifth-grade students 

identified as at risk for 

mathematics difficulty 

(9 girls, 7 boys) 

Fifth-grade 

students identified 

as at risk for 

mathematics 

difficulties  

(3 girls, 5 boys) 

 

Fifth-grade 

students identified 

with or at risk for 

emotional or 

behavioral 

disorders 

(3 males) 

Eighth-grade students 

with average and low 

mathematics 

achievement  

(62 girls) 

Design Single-Case Research 

Design: A multiple-

baseline design across 

schools 

Single-Case 

Research Design:  

A multiple-

baseline across-

groups design 

 

Single-Case 

Research Design:  

A multiple-

baseline across 

students 

A Group Desing:  

Extensions Design 

(switching 

replications design) 

Intervention SRSD with Fractions 

(FILMS, CUT, and 

EDIT) 

The intervention was 

delivered in small 

groups of four, seven, 

and five students. 

SRSD with 

Fractions (FILMS, 

CUT, and EDIT) 

The intervention 

was delivered in 

small groups of 

three, three, and 

two students. 

 

SRSD with 

Fractions 

(FILMS) 

The intervention 

provided a one-

on-one 

SRSD with Fractions 

(FILMS, CUT, and 

EDIT). 

The intervention was 

delivered to the 

treatment group (30 

students), then after 

the first post-test, the 

intervention was 
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delivered to the 

control group (32 

students) 

 

Dosage 10 intervention 

sessions. 

Time per session in 

schools 1, and3: 

30min, and 45min in 

school 2) 

10 intervention 

sessions, 30min 

per session 

10 intervention 

sessions, 30min 

per session 

15 intervention 

sessions, 40min per 

sessions 

 

Measures Researcher Created 

Tool 

12 items reflecting: 

(a) addition and 

subtraction of 

fractions with unlike 

denominators, (b) 

simplifying 

fractions, and (d) 

converting improper 

fractions into mixed 

numbers.  

 

Scored as digits correct 

per 2 min 

Researcher 

Created Tool 

12 items 

reflecting: (a) 

addition and 

subtraction of 

fractions with 

unlike 

denominators, 

(b) simplifying 

fractions, and 

(d) converting 

improper 

fractions into 

mixed numbers.  

 

Scored as digits 

correct per 4 min 

Researcher 

Created Tool 

12 items 

reflecting: (a) 

addition and 

subtraction of 

fractions with 

unlike 

denominators. 

 

Scored as digits 

correct per 4 min 

 

 

Investigator 

developed a pre-post-

test in Fraction Skills 

10 items to assess a 

student’s ability to 

add and subtract 

fractions with 

unlike 

denominators, 5 

items to simplify 

fractions, and 5 

items to convert 

improper fractions 

into mixed numbers 

(40 minutes) 

 

Research Questions 

Four research questions guided this study:  

1. What are the effects of Self-Regulation Strategy Development (FILMS, EDIT, and 

CUT) on the fraction performance of eighth-grade students with average and low 

mathematics achievement in Oman? 

2. Does the control group's performance in solving fraction problems change after 

receiving Self-Regulation Strategy Development?   

3. Was Self-Regulation Strategy Development effective at maintaining fraction skills 1 

month after intervention? 
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4. What are the perspectives of eighth-grade students with low and average mathematics 

achievement on the learning setting, the learning material, and the strategies learned 

of SRSD after receiving the intervention? 

The Study Hypotheses 

The current research had three hypotheses:  

1. Using a Self-Regulation Strategy Development (FILMS, EDIT, and CUT) in teaching 

fractions increases the performance of eighth-grade students in solving fractions 

problems. 

2. Using the SRSD intervention (FILMS, EDIT, and CUT) to teach fractions effectively 

maintains the fraction skills one month after the intervention. 

3. The control group’s performance in solving fraction problems will change after 

receiving the Self-Regulation Strategy Development intervention. 

The research question focused on the social validity from student perspectives of Self-

Regulated Strategy Development was exploratory. I did not have a specific hypothesis for the 

results of these data but rather aimed to glean information that would inform the modification of 

the intervention to be more socially valid for practitioners in this context. 

Research Design 

The investigator selected an experimental research design, specifically a switching 

replications design. Switching replication design is useful because it enables the investigator to 

implement the intervention for all research groups (Hott et al., 2021). This design was 

appropriate because it requires participants to be randomized into groups, which allows for a 

causal test of the effectiveness of the intervention (Hott et al., 2021; Odom, 2021). Furthermore, 

I felt an ethical obligation to support all participants in acquiring pivotal fraction knowledge, and 
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the switching replications design resulted in the “control” condition receiving the intervention at 

the end of the experiment. Switching replication design starts with a pretest and requires the 

investigator to divide the participants into treatment and control groups. First, the investigator 

provides the treatment group with an intervention. After the treatment group completed all 

intervention sessions, both groups received a posttest. Then, the groups were reversed, and at this 

phase, the participants in the control group should start receiving the intervention. Finally, all 

research groups received a second post-test. The second post-test in the Switching replications 

design provides the investigator with information about the effectiveness of the intervention for 

both groups and the maintenance effects for the treatment group (Hott et al., 2021). Table 2 

illustrates the Timeline for the study design.  

Table 2  

Timeline for Conducting the Study Design 

Group 

1 

Screening 

Measure 

 

Comp 

with 

Whole 

Numbers 

 

Randomize 

to Condition 

N = 30 

Pre-Test 

 

Fraction 

Skills 

Test 

SRSD Post-Test 

 

Fraction 

Skills Test 

Business 

as Usual 

Maintenance 

 

Fraction 

Skills Test 

Group 

2 

Screening 

Measure 

 

Comp 

with 

Whole 

Numbers 

Randomize 

to Condition 

N = 32 

Pre-Test 

 

Fraction 

Skills 

Test 

Business 

as Usual 

Post-Test 

 

Fraction 

Skills Test 

SRSD Post-Test 

 

Fraction 

Skills Test 

Time October 

2024 

October 

2024 

October 

2024 

November 

2024  

November

2024 

December 

2024 

December 

2024 

 

Note. Group 1 = intervention group, Group 2 = wait-list control group, Comp = computation, SRSD = self-regulated 

strategy development. 
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Setting 

This study was conducted in the fall semester of 2024 at a public school in the Al Batinah 

South governorate of Oman. Public schools in Oman are categorized into two levels of basic 

education (Cycle One and Cycle Two), followed by post-basic education. Arabic is the official 

language of instruction in these schools. This research focused on a Cycle Two school, which 

includes students from grades five through ten, as the study targeted eighth-grade students. 

The study population consisted of 140 eighth-grade students, with an average age of 

12.76 (SD = .58). All possible participants were female, with 99% being Omani and 1% non-

Arab. In terms of mathematics achievement, using students’ mathematics scores from one year 

prior, 55% of the students were classified as average achievers (i.e., 89% to 65% in course math 

grade). In contrast, 24% were low achievers (below 65% in course math grade). Similarly, based 

on students’ scores on Arabic Language Skills in seventh grade, 47% were average achievers 

(i.e., 89% to 65% in Arabic Language Skills course), and 10% were classified as low achievers 

(i.e., below 65% in Arabic Language Skills course). These percentages suggest that the majority 

of students in the study population did not face significant challenges with language skills such 

as reading and writing. 

The intervention on fractions was administered to participants following a pretest. 

Initially, the treatment group received the intervention, while the control group continued their 

regular fraction lessons as outlined in the curriculum (business as usual). After completing the 

first phase, a post-test was conducted. Subsequently, the control group received the same 

intervention, while the treatment group resumed their standard lessons. All learning sessions 

were conducted in person, five days a week. A total of 15 intervention sessions were provided. 



 
 

35 
 

Each fraction lesson for the treatment group lasted no more than 40 minutes, in alignment with 

the standard class duration in Omani schools. The entire study was implemented over 12 weeks. 

Sample 

The study sample was drawn from a pool of eighth-grade students with average and low 

mathematics achievement who attend a school in Al-Batinah South governorate in the Sultanate 

of Oman. The school included four groups of students, distributed equally based on their 

different achievement levels to four classrooms.  

The selection of possible participants relied on several criteria. First, the investigator used 

seventh-grade mathematics scores to determine students with average (C=79-65) and low 

achievement (below C= Below average),  respectively. Second, the possible participants 

underwent several screening measures to evaluate their eligibility to participate in the study, such 

as Computation Problems with Whole Numbers, and their scores on Arabic Language Skills. 

Third, the investigator excluded all the students who passed the pretest (see below). Additionally, 

the investigator eliminated students who were diagnosed with mathematical learning disabilities, 

severe sensory problems, behavioral problems, or were receiving psychiatric treatment (Trías et 

al., 2021). Also, the study excluded students who struggle with reading or language to reduce the 

differences among the groups. The total number of possible participants who obtained (79-65) 

and below 65 was 74. The study excluded 2 students who moved to another school, 7 other 

students who did not give consent to participate in the study, and three students who were absent 

during the pre-test day. 

Finally, the investigator assigned the four classrooms randomly into two conditions (i.e., 

4 classes randomized to 2 conditions), putting seventh-grade mathematics scores of the two 

groups into the SPSS program. The results show no difference between the two conditions based 
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on mathematics scores (p = .399). According to Hott et al. (2021), random assignment reduces 

the differences between groups, thereby increasing the likelihood of attributing study outcomes 

to the intervention. Table 3 outlines sample characteristics for each group 

Table 3  

The Study Sample Characteristics for the Treatment and Control Group 

Groups N Gender 

Mean (SD) 

Age Math Grade Addition Subtraction  Fractiona 

1 30 Females 

12.70 

(.56) 

64.83 

(9.61) 

89.00 

(28.82) 

33.57 

(13.59) 

2.03 

(1.69) 

2 32 Females 

12.75 

(51) 

66.91 

(9.60) 

98.50 

(26.09) 

39.59 

(16.70) 

4.38 

(3.21) 

Total 62 Females 

12.73 

(.58) 

65.90 

(9.59) 

93.90 

(27.63) 

36.68 

(15.45) 

3.24 

(2.83) 

 

Note. N = Sample Size; Group 1 = Treatment; Group 2 = Control. 

aPre-test scores. 

Measures  

Before implementing research measures, the investigator used the seventh-grade 

mathematics scores to determine low and average achievers. The current study uses instruments, 

mostly focusing on evaluating the conceptual and procedural knowledge of the study’s 

participants. The research measures in the current study include screening measures and a 

pretest/post-test (same assessment) to measure the fraction skills performance. The dimensions 

of the Fraction Skills Test (pre/post-test). 

The research gives investigators insight into different types of knowledge, including 

conceptual and procedural knowledge (Schneider & Stern, 2010; Schneider et al., 2011). 
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Conceptual knowledge provides individuals with fundamental knowledge about specific topics, 

connects the related information, and shows their relationships, while procedural knowledge 

demands that individuals follow several steps in sequence (Hiebert & Lefevre, 2013). The lack of 

conceptual knowledge and procedural fluency in mathematics can lead to academic struggles as 

students keep growing through different levels of schooling (Gibbs et al., 2018; Jordan et al., 

2017). According to Hiebert and Lefevre (2013), conceptual knowledge is essential for 

understanding problems and then using the provided knowledge or strategies to solve them. In 

these terms, procedures could also be a part of that knowledge since the individuals activate them 

to develop steps to follow in sequence to help them solve problems (Sáenz, 2009). Additionally, 

procedural knowledge could lead investigators to gain more understanding about academic skills 

and provide the field of cognitive development with more information to be used later in solving 

problems and vice versa (Canobi & Bethune, 2008).  This implies that procedural and conceptual 

knowledge are important and are both necessary to solve problems. 

However, the use of procedural or conceptual knowledge in developing research 

measurements depends on the type of research, the topic to be assessed, and the subjects' age 

group (Schneider & Stern, 2010). Researchers have highlighted that it is difficult to disaggregate 

procedural knowledge versus conceptual knowledge when building mathematics measures to be 

used to evaluate intervention effectiveness (Rittle-Johnson & Star, 2007). Previous research on 

SRSD in mathematics has been conducted through single case research designs (SCRDs), which 

require the use of measures that are sensitive to change in short time frames (Barton et al., 2016). 

Thus, the previous SRSD fraction studies (Ennis & Losinski, 2019; Losinski et al., 2019; 

Losinski et al., 2021) targeted procedural knowledge, evaluating digits correct per minute on 
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fraction tasks because these measures are easier to build and are expected to be sensitive in 

measuring learning in short time spans.  

In the current study, the investigator focused on conceptual and procedural fraction 

knowledge to develop a research instrument (the pre-post-test) for assessing the effect of 

intervention on improving students’ fraction skills performance. Evaluating the effectiveness of 

an instructional program concerning conceptual and procedural fraction knowledge requires 

testing the validity of the assessment in measuring the differences (Lenz et al. 2020) in fraction 

skills performance between the two groups of the study. However, the research field did not 

determine specific standards that can be used to evaluate the validity of those measures 

(Schneider & Stern, 2010). See below for more details about the study instruments. 

Screening Measures  

The investigator conducted two tests related to Computations with Whole Numbers to 

evaluate the basic calculation facts of possible participants.  

Computation Problems with Whole Numbers. The assessment consists of two tests on 

two skills: addition to 18 and subtraction from 18 (M.I.N.D.: Resources for Early Numeracy & 

Computation Skills, 2017). The two tests require students to solve as many problems as possible 

within 1 minute to assess their fluency in the whole numbers of mathematics facts. Problems will 

be scored based on the number of correct digits, for example, 3+3=6 is scored as one correct 

digit, and 3+8=11 is scored as two correct digits. To pass the addition and subtraction tests, 

students should answer 31 digits correctly per minute (Burns, VanDerHeyden & Jiban, 2006) 

with 95% accuracy.  Internal consistency reliability coefficients were .97 and .94 for the Addition 

and Subtraction Tests as measured by Cronbach's alpha. 
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Pretest/ Post-test in Fraction Skills 

The investigator followed the Ministry of Education in Oman’s established procedures to 

develop the Fraction Skills Test (pre/post-test) in alignment with national policies for assessing 

mathematics skills. In August 2023, the Ministry updated its official guidelines for evaluating 

mathematics skill mastery among students in grades seven through nine in Oman’s public 

schools. These guidelines instruct educators to consider various cognitive domains and difficulty 

levels when designing test items. Accordingly, the test items must align with three cognitive 

domains of Bloom's taxonomy: knowledge, application, and reasoning; each is assigned specific 

percentage distributions to determine overall difficulty levels.  

Bloom's Taxonomy of the Cognitive Domain consists of six levels, ranging from basic 

recall of information to complex critical reasoning skills (DeWaelsche, 2015). Knowledge 

represents the lowest level of learning outcomes in this framework (Żywno, 2003), requiring 

students to recall facts or previously learned material (Das et al., 2022). In contrast, applied 

questions involve mathematical problems derived from real-world contexts outside pure 

mathematics, incorporating mathematical concepts, methods, and problem-solving strategies 

(Blum & Niss, 1991). Reasoning questions, on the other hand, require students to solve non-

routine mathematical problems that demand analysis, generalization, integration, justification, or 

explanation of their answers (Rizta et al., 2013). Table 4 presents the distribution of test items 

according to cognitive domains, their respective percentages, and the scoring points for each 

item, as outlined in the Ministry of Education in Oman guidelines. 
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Table 4 

The Components of the Fraction Skills Assessment for Students in Eighth Grade 

Fractions Skills Cognition Domains Total 

items Knowledge 

Questions 

(40%) 

Application 

Questions 

(40%) 

Reasoning 

Questions 

(20%) 

Addition with Fractions 2 2 1 5 

Subtraction with Fractions 2 2 1 5 

Simplifying fractions  2 2 1 5 

Converting improper 

fractions into mixed 

numbers 

2 2 1 

 

5 

Total Items 8 8 4 20 

 

The investigator used one assessment to evaluate both pretest and post-test, consisting of 

four fraction skills: Fraction computation (addition and subtraction with fractions), simplifying 

fractions, and converting improper fractions into mixed numbers. Knowledge questions require 

conceptual knowledge, application requires procedural knowledge, and reasoning questions 

require both to solve fraction problems.  

Inclusion and Exclusion Criteria  

Table 4 shows that the Fraction Skills Test consists of 20 items in this study, divided into 

10 items for fraction computation and 5 for each simplifying fraction and converting improper 

fractions into mixed numbers. In other words, the test was divided into two subsets with 10 

points for each subtest to minimize testing fatigue.  The range of possible scores is from 0 to 20. 

The students should fail the Pretest on Fraction Skills to be eligible to participate in the study.  

If the students master a skill, they should obtain at least a score of 4 or 5 correct 

responses to each skill. Accordingly, if the students master 3 or 4 out of 4 skills they will be 

excluded.  
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Before giving the Fraction Skills Test to the study participants, after refining the test’s 

items, the investigator conducted a pilot study to assess the validity and reliability of the fraction. 

The students who participated in the pilot study attended a different school in Al Baitnah South 

Governorate, not the same school where the study was conducted. The total number of students 

who took the test was 34.  

Validity and Reliability of the Test. To ensure the validity of the test, a panel of experts 

from educational measurement and mathematics education reviewed the test items regarding 

clarity, relevance to the measured construct, appropriateness for the target participants, and 

alignment with the Omani mathematics curriculum. Their feedback was used to refine the test 

items. Additionally, the investigator assessed the correlation coefficient among the test 

dimensions. Table 5 summarizes the result.  

Table 5 

The Correlation among the Fraction Test dimensions. 

   95% Confidence Interval 

for Difference 

Scale 

Dimensions 

Pearson 

Correlation 

Sig.  

(2-tailed) 

Lower 

Bound 

Upper 

Bound 

D1-D2 .680 <.001 .444 .828 

D1-D3 .600 <.001 .328 .780 

D1-D4 .811 <.001 .652 .902 

D1-DT .905 <.001 .817 .952 

D2-D3 .691 <.001 .460 .834 

D2-D4 .628 <.001 .368 .797 

D-2-DT .852 <.001 .722 .924 

D3-D4 .556 <.001 .269 .753 

D3-DT .818 <.001 .663 .905 

D4-DT .878 <.001 .767 .938 

 

Note. N = 34; D1= Addition with Fractions; D2= Subtraction with Fractions; D3= Simplifying fractions; D4= 

Converting improper fractions into mixed numbers; DT= Total score. 
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Table 5 shows a significant association between scale dimensions for the four dimensions 

of the scale (p <.001). The highest correlation coefficient of the scale dimensions is between the 

first dimension (addition with fractions) and the fourth (converting improper fractions into mixed 

numbers) (r = .81), indicating a positive and strong relationship, with 95% CI [.65, .90]. In 

contrast, the lowest coefficient correlation is between the third dimension (simplifying fractions) 

and the fourth (converting improper fractions into mixed numbers) (r = .56), indicating a 

moderate relationship with 95% CI [.27, .75]. Pearson product-moment correlation coefficients 

of the four dimensions with the total score ranged between .82 and.91 (p <.001), indicating a 

high degree of construct validity. 

The internal consistency reliability coefficient for the pilot was .90, measured by 

Cronbach's alpha.  The reliability of students included in this experiment on the pre-test, the first 

post-test, and the second post-test are .70, .90, and .84, respectively). Appendix B shows the test 

details.  

Social Validity Questionnaire 

For social validity, the study used a questionnaire comprising 15 items rated on a 5-point 

Likert-type scale (5 = always to 1 = never) and one open-ended question. The questionnaire’s 

items fall into three distinct dimensions: the learning setting, the learning materials, and the 

strategies learned) as shown in Appendix C. This questionnaire was given to the study 

participants to evaluate the intervention and provide their opinions after completing all the 

learning sessions. 

Validity and Reliability of the Questionnaire. A panel of experts from the Educational 

Department reviewed the test items regarding clarity, relevance to the measured construct, 

appropriateness for the target participants, and alignment with the intervention content. Their 
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feedback was used to refine the test items. Additionally, the investigator assessed the correlation 

coefficient among the test dimensions. Table 6 outlines the result.  

Table 6 

The Correlation among the Dimensions of the Social Validity Questionnaire. 

   95% Confidence Interval 

for Difference 

Scale 

Dimensions 

Pearson Correlation Sig.  

(2-tailed) 

Lower 

Bound 

Upper 

Bound 

D1-D2 .538 <.001 .333 .694 

D1-D3 .592 <.001 .402 .734 

D1-DT .848 <.001 .759 .906 

D2-D3 .454 <.001 .231 .632 

D-2-DT .763 <.001 .634 .851 

D3-DT .865 <.001 .785 .917 

 

Note. N = 62; D1 = The learning setting; D2 = The learning materials; D3 = The strategies learned; DT = Total 

score. 

 

Table 6 shows a significant association between questionnaire dimensions for the three 

dimensions of the scale (p <.001). The highest correlation coefficient of the scale dimensions is 

between the first (the learning setting) and the third dimension (the strategies learned) (r = .59), 

indicating a positive and moderate relationship with 95% CI [.76, .91]. In contrast, the lowest 

correlation coefficient is between the second (the learning materials) and the third dimension (the 

strategies learned) (r = .45), indicating, also, a moderate relationship with 95% CI [.23, .63]. 

Pearson product-moment correlation coefficients of the three dimensions with the total score 

ranged between .76 and.86 (p < .001), indicating a high degree of construct validity. 

 The internal consistency reliability coefficient was .77, measured using Cronbach's 

alpha.  
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Procedural Fidelity Checklist 

For the Fidelity of Treatment, the investigator used a checklist. The checklist consisted of 

14-17 items distributed into three dimensions. The items in the second dimension differ from one 

checklist to another to assess the teaching procedures using SRSD fractions. The checklist has 

only two possible responses: Yes (1) or No (0). Appendix D shows the checklist dimensions and 

the related items.  

Intervention 

To address the research questions, the investigator conducted an experimental research 

design using the Extended Design, specifically the switching replications design. This approach 

involved implementing self-regulated strategy development to enhance students' performance in 

solving fraction problems. 

Self-Regulated Strategy Development Intervention for Fraction 

Self-regulation strategy development is a framework that includes six stages that require 

developing background knowledge, discussing the use of a specific strategy, modeling, 

memorizing, supporting the use of this strategy, and then the independent practice of this strategy 

(Harris & Graham, 1999). The figure below demonstrates these steps. 
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Figure 3 

A Framework for Self-Regulation Strategy Development 

 

 

For the study intervention, the investigator adapted SRSD for fractions (FILMS, CUT, 

EDIT) (Losinski et al., 2021). Losinski et al. (2019) developed three sets of lesson plans 

(FILMS, CUT, and EDIT), and connected them with mnemonic devices to help students succeed 

in skills such as: (a) adding and subtraction fractions with unlike denominators; (b) simplifying 

fractions, and (c) convert improper fractions into mixed numbers.   

FILMS. The first set of lessons focuses on fraction calculation, specifically, adding and 

subtracting fractions with unlike denominators; hence, the strategy consists of five steps to guide 

students in adding and subtracting fractions with unlike denominators. In the first step F, in step, 

the students will be required to find the denominator. The second step is I, asking the students to 

identify the multiples. The third step is L, requiring the students to locate the least common 

multiple. Then, M stands for multiply, asking the students to multiply the fractions by the least 

common multiple to make new fractions. The final step is S, which demands the students solve 
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the problem by adding the numerators and carrying the new denominator across (Losinski et al., 

2021; 2019) 

CUT. Reducing fractions is the focus of the second set of lessons. Hence, the CUT sets 

help students learn how to simplify fractions. In addition, the mnemonic CUT was developed by 

Losinski et al. (2019) to help students master the skill. CUT consists of three actions. First, the 

letter C stands for Calculating the factors, U stands for Underline the greatest common factor 

(GCF), and the final letter T indicates the time to divide the numerator and denominator by the 

GCF. 

EDIT. The final sets teach the students how to convert improper fractions into mixed 

numbers. EDIT comprises four steps: (a) the student examines if the numerator is greater than 

the denominator; (b) divides the numerator by the denominator; (c) Inserts the quotient as a 

whole number; and finally (d), the student Turns the remainder into the new numerator. 

The lesson plans (FILMS, CUT, and EDIT) were associated with several activities to 

support students’ learning of the three basic skills and help the students succeed in fraction skills. 

Procedures 

The procedure used in the current study was as follows: 

1.  The investigator obtained the IRB approval to conduct the study 

2. The investigator obtained approval to conduct the study at a Cycle Two school in AL 

Batinah South Governorate in Oman,  

3. The investigator used the seventh-grade mathematics scores to determine low and 

average school achievers. The school placed students into four classrooms to ensure 

they were equally distributed based on their seventh-grade scores across academic 

domains (e.g., mathematics, Arabic, English skills).  



 
 

47 
 

4. The investigator administered the screening measures to all students identified as 

average or low achievement in mathematics (i.e., <80 math score in seventh grade) in 

the four classrooms to identify eligible participants. 

5. The investigator randomly assigned the four classrooms to two conditions (treatment 

and control group). 

6. The investigator administered the pretest to all eligible participants. 

7. The investigator obtained the required consent from possible participants. 

8. The treatment group received three types of intervention: FILMS, CUT, and EDIT to 

master fraction calculations, simplify fractions, and convert improper fractions into 

mixed numbers, respectively. In contrast, the control group received the lessons on 

fractions as planned in their regular curriculum (business as usual). Table 7 

demonstrates the timeline for implementation of the intervention sessions.  

9. After completing all the intervention sessions for the treatment group, the investigator 

administered a post-test for all research participants.  

10. The groups were reversed, and at this phase, the participants in the control group 

should start receiving the intervention.  

11. All research groups received a second post-test.  
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Table 7 

Lessons Introduced by Week 

Weeks Sessions Intervention Lessons 

1  FILMS (Fractions Calculation) 

 1 Introduce FILMS 

 2 Model FILMS 

 3 Collaborative Practice 

 4 Peer Practice 

 5 Fading Supports to Independence 

   

2  CUT (Simplify Fractions) 

 6 Introduce CUT 

 7 Model CUT 

 8 Collaborative Practice 

 9 Peer Practice 

 10 Fading Supports to Independence 

   

3  EDIT (Convert Improper Fractions into Mixed Numbers) 

 11 Introduce EDIT 

 12 Model EDIT 

 13 Collaborative Practice 

 14 Peer Practice 

 15 Fading Supports to Independence 

 

Procedural Fidelity 

The study's intervention consisted of 15 learning sessions. First, the investigator filled out 

the checklist to assess the fidelity of the intervention, while an independent mathematics teacher 

evaluated 30% of the learning sessions. Then, the investigator calculated the percentage of 

agreement (see below). First, the independent mathematics teachers examined five learning 

sessions of intervention sessions presented for the treatment group (5 out of 15 = 33% of the total 

sessions). After the groups were reversed, the independent mathematics teacher evaluated 

another five learning sessions of the control group that started receiving the intervention (i.e., 5 

out of 15 = 33% of sessions).  
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To collect procedural fidelity data, the total number of agreements was divided by the 

total number of agreements and disagreements, and then, it was multiplied by 100% to obtain the 

percentage agreement. The mean fidelity score was 100%, suggesting a high level of procedural 

fidelity. 

Data Analysis 

For analyzing data in this study, the investigator used the following:  

1- A two-by-two Repeated Measures Analysis of Variance (RM-ANOVA) was used to 

answer the first question to examine the effect of the intervention by evaluating the 

performance of two groups on the fraction tests across two points (pre-post-test). RM-

ANOVA is a statistical tool used when researchers assess the subjects using the same 

measures more than two times (Dien & Santuzzi, 2005). To analyze the effect of 

experimental conditions, the investigator established p < .05 as a significance level to 

interpret the comparisons among the groups and partial eta-squared as an indicator of 

the effect size of group differences (Maggin et al., 2021). 

2- RM-ANOVA was used to answer the second question, investigating the change in the 

control group's performance in fraction skills after receiving the intervention by 

comparing their performance across three points (a pre-post-test and a second post-

test).  

3- RM-ANOVA was used to answer the third question, examining the performance of 

the treatment group only in the fraction skills test across three points (a pre-post-test 

and a second post-test to measure maintenance of the fraction skills after one month 

of intervention).   
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4- Descriptive Statistics using SPSS was used to analyze students' responses to the 

social validity questionnaire. Additionally, the questionnaire included students' 

responses to an open-ended question. Open-ended responses enable researchers to 

explore subjects' experiences and perspectives on specific topics across various 

research fields (Feng & Behar-Horenstein, 2019). To analyze the open-ended 

question data, the investigator used the comments in a Word Document to code the 

data manually by grouping them logically into themes and patterns (Creswell & Poth, 

2016). The investigator followed these steps: 

a. First, the investigator used the 'comment' function to code the data in the 

Microsoft Word program to code the data.  

b. Second, the investigator carefully read participants' responses to the open-

ended question and coded the data based on their relation to the research 

question. 

c. Finally, the principal investigator analyzed the responses using "line-by-line 

coding" to identify the meaning units of the open-ended question and create 

labels for those meaning units (i.e., appreciation, expressing their overall 

experiences, views, opinions, or suggestions on the intervention, the strategies 

learned (FILMS/CUT/EDIT), and research setting). 
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CHAPTER 4: RESULTS 

The study investigated the effect of using self-regulated strategy development (SRSD) in 

teaching fractions skills to eighth-grade students with average and low mathematics achievement 

in Oman.  Accordingly, the study had four research questions. 

First Research Question 

What are the effects of Self-Regulation Strategy Development (FILMS, EDIT, and CUT) 

on the fraction performance of eighth-grade students with average and low mathematics 

achievement in Oman? 

To answer the first research question, the investigator used a two-by-two repeated 

measures analysis of variance (RM-ANOVA) to examine the effect of the intervention (within-

subject factor) on the fraction performance of eighth-grade students with average and low 

mathematics achievement at two points of the fraction assessment. Table 8 includes means, 

standard deviations, and sample sizes of student performance on the fraction test at pre-test and 

post-test, disaggregated by treatment condition. 

Table 8 

Means and Standard Deviations for each Group at Each Time Point of the Fraction Test 

Fractions Test N M SD 

Pretest    

Treatment Group 30 2.03 1.69 

Control Group 32 4.38 3.21 

Total 62 3.24 2.83 

Post-test1    

Treatment Group 30 13.47 4.31 

Control Group 32 5.84  3.14 

Total 62 9.53 5.35 

 

Note. N= 62, M= Mean, SD= Std. Deviation 
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The repeated-measures ANOVA, indicated the main effect of time on fraction 

performance was statistically significant,  F (1,60) = 161.542, p < .001. Using Cohen’s (1988) 

benchmarks, this indicates a large effect (partial 
2 = .729). This effect was qualified by a 

significant time × group interaction effect, F(1,60) = 96.357, p < .001, partial 
2 = .616, 

indicating a large effect size.  

Table 9 

The Differences in Students’ Performance on Fractions at Two Time Points 

     95% Confidence Interval 

Group 
(J) 

Times 

(J) 

Times 

Mean Difference 

(I-J) 

Std. 

Error 
Sig. 

Lower 

Bound 

Upper 

Bound 

Treatment 2 1 11.433* .729 <.001 9.975 12.892 

Control 2 1 1.469* .706 <.042 .056 2.881 
 

Note. Results of Pairwise Comparison Using the Bonferroni Test, (1= pretest, 2= post-test1), p  > .05 

 

The results show significant differences in students’ performance in solving fraction 

problems across two time points: the pretest and the post-test. Post-hoc comparisons using 

Bonferroni correction indicate that the students’ scores on the post-test tended on average to 

outperform their scores on the pre-tests on solving Fraction problems (M= 11.43, SE=.73), p 

<.001. Similarly, the table shows a significant difference in the control group's scores on the 

post-test after receiving instruction (business as usual) on fraction skills compared to their scores 

on the pre-test (M = 1.47, SE=.71), p = .04. The results indicate an increasing trend in the 

performance of students from the pre-test to the post-test.  The differences in students’ 

performance on fraction skills in terms of the interaction between groups and times are 

demonstrated in Figure 4.  
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Figure 4 

The differences in students’ performance in fractions scores between-subjects factors 

 

 

Figure 4 shows a statistically significant difference in Fraction scores concerning the 

interaction between the groups and times. In the pretest, students in the control group tended on 

average to outperform students in the treatment group in Fraction scores. After implementing the 

intervention for the treatment group, students’ performance in the treatment group tended, on 

average, to outperform students in the control group on the post-test.  

The next set of questions was designed to address (a) whether posttest fraction skills for 

students in the control condition would increase over 1 month if the intervention was provided to 

these students and (b) whether posttest fraction skills in the treatment condition would be 

maintained over a month once the intervention is ceased. The researcher was also interested in 

exploring whether mean changes from post-test to post-post-test differed between groups.  
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Second Research Question  

Does the control group's performance in solving fraction problems change after 

receiving Self-Regulation Strategy Development?   

To answer the second question, the investigator conducted RM-ANOVA (1 group 

[control], 3 time points). This analysis was used to compare the performance of the control group 

after receiving the intervention, when the groups were reversed. Table 10 shows all pairwise 

differences in students' performance in the control group on Fraction scores. 

Table 10 

The Differences in Students’ Performance in the Control Group on Fractions at Three Time 

Points 

     95% Confidence 

Interval for Difference 

Control 

Group 

Times 

(J) 

Times 

Mean 

Difference 

(I-J) 

Std. Error Sig. Lower 

Bound 

Upper 

Bound 

2 1 1.469 .585 .053 -.013 2.950 

3 1 10.625* .647 <.001 8.987 12.263 

 2 9.156* .599 <.001 7.640 10.673 

 

Note. Results of Pairwise Comparison Using the Bonferroni Test, (1= pretest, 2= post-test1, 3= post-test2), p > .05 

 

The students in the control group received the intervention after taking the first post-test. 

The findings indicated statistically significant differences in students’ performance in solving 

fraction problems after receiving the intervention, indicating that the intervention was effective. 

Figure 5 shows the differences in the control group's performance in solving fraction problems 

across three time points. 
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Figure 5 

Control Group Performance on Fraction Test Across Three Time Points 

 

 

Third Research Question 

Was Self-Regulation Strategy Development effective at maintaining fraction skills 1 

month after intervention? 

To answer the second question, the investigator used a two-way repeated measures 

analysis of variance (RM-ANOVA) to compare the performance of the treatment group in the 

second and first time points to the third, respectively. Table 11 summarizes Bonferroni-adjusted 

paired t-tests. The table shows all pairwise differences in students' performance in the treatment 

group on Fraction scores after testing them three times. 
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Table 11 

The Differences in Students’ Performance in the Treatment Group on Fractions at Three Time 

Points 

     95% Confidence 

Interval for Difference 

Treatment 

Group 

Times 

(J) Times Mean 

Difference  

(I-J) 

Std. 

Error 

Sig. Lower 

Bound 

Upper 

Bound 

2 1 11.433* .729 <.001 9.637 13.230 

3 1 10.200* .763 <.001 8.320 12.080 

 2 1.233 .617 .151 -2.753 .287 

 

Note. Results of Pairwise Comparison Using the Bonferroni Test, (1= pretest, 2= post-test1, 3= post-test2), p > .05 

 

The results show no statistically significant differences in students’ performance between 

the post-test and the second post-test. Despite that, the mean differences indicate a slight regression 

in students’ performance one month after receiving the intervention. Additionally, the results show 

statistically significant differences in students’ performance in solving fraction problems after 

receiving the intervention, comparing the pretest and the second post-test. Post-hoc comparisons 

using Bonferroni indicate that the students’ scores on the second post-test tended on average to 

outperform their performance on the pre-test on solving Fraction problems, indicating maintaining 

the fraction skills. Figure 6 demonstrates the performance og the treatment group on the fraction 

test across three time points. 
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Figure 6 

Treatment Group Performance on Fraction Test Across Three Time Points 

 

 

Fourth Research Question 

What are the perspectives of eighth-grade students after receiving intervention on 

learning fractions using a self-regulation strategy with (FILMS, EDIT, and CUT) strategies? 

To answer the research questions, the investigator provided descriptive statistics using 

SPSS to analyze students' responses to the social validity questionnaire. The results are 

summarized in Table 12. 
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Table 12 

Descriptive Statistics for Students' Perspective of Using SRSD in Learning Fractions Skills 

Dimension of Social Validity 

Scale 

M 

(SD) 

5 4 3 2 1 Missing 

The Learning Setting        

Clarity of instruction for 

location and timing of 

learning sessions 

4.95 

(.22) 

59 

(95.2%) 

3 

(4.8%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

Appropriateness of the 

learning environment  

4.73 

(.66) 

49 

(79%) 

11 

(17.7%) 

1 

(1.6%) 

0 

(0%) 

1 

(1.6%) 

0 

(0%) 

The conflict between 

learning sessions and 

academic classes 

5 

(.00) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

62 

(100%

) 

0 

(0%) 

Convenience of time 

duration for presenting the 

instructional sessions 

4.58 

(.69) 

43 

(69.4%) 

12 

(19.4%) 

7 

(11.3%) 

0 

(0%) 

0(0%) 0 

(0%) 

Convenience of the 

timeline for completing 

tasks 

4.47 

(.74) 

37 

(59.7%) 

18 

(29%) 

6 

(9.7%) 

1 

(1.6%) 

0(0%) 0 

(0%) 

The Learning Materials        

Clarity of the purpose of 

learning each strategy 

4.89 

(.41) 

57 

(91.9%) 

3 

(4.8%) 

2 

(3.2%) 

0 

(0%) 

0(0%) 0 

(0%) 

Clarity of the learning 

content  

4.79 

(.45) 

50 

(80.6%) 

11 

(17.7%) 

1 

(1.6%) 

0 

(0%) 

0(0%) 0 

(0%) 

Receiving the required 

learning materials to 

practice the strategy 

4.76 

(.53) 

49 

(79%) 

12 

(19.4%) 

1 

(1.6%) 

0 

(0%) 

0(0%) 0 

(0%) 

Clarity of instructions on 

learning materials 

4.81 

(.74) 

52 

(83.9%) 

8 

(12.9%) 

2 

(3.2%) 

0 

(0%) 

0(0%) 0 

(0%) 

The activities and tasks 

presented were practical 

4.89 

(.41) 

57 

(91.9) 

3 

(4.8%) 

2 

(3.2%) 

0 

(0%) 

0(0%) 0 

(0%) 

The Strategies Learned        

FILMS and SRSD 

improved my skills in 

adding fractions  

4.77 

(.64) 

52 

(83.9%) 

8 

(12.9%) 

1 

(1.6%) 

0 

(0%) 

1 

(1.6%) 

0 

(0%) 

FILMS and SRSD 

improved my skills in 

subtracting fractions  

4.77 

(.57) 

51 

(82.3%) 

9 

(14.5%) 

1 

(1.6%) 

1 

(1.6%) 

0 

(0%) 

0 

(0%) 

CUT and SRSD improved 

my skill in simplifying 

fractions.  

4.63 

(.68) 

46 

(74.2%) 

9 

(14.5%) 

7 

(11.3%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

EDIT and SRSD 

improved my skill in 

converting improper 

fractions into mixed 

numbers 

4.77 

(.53) 

51 

(82.3%) 

8 

(12.9%) 

3 

(4.8%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 
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The intervention 

improved my 

performance in 

mathematics in the 

classroom.  

4.94 

(.31) 

59 

(95.2%) 

2 

(3.2%) 

1 

(1.6%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

 

Note. M = means, SD = standard deviation, (Always=5, Often=4, Sometimes=3, Rarely=2, Never=1) 

 

The overall mean participants’ rating of the learning setting is 4.75 out of 5 which 

indicates that the student had an adequate learning setting regarding the learning environment, 

time setting, and the duration of learning sessions. In the study of the learning materials 

concerning the clarity of the learning purpose, the content presented, instructions, the learning 

materials, and the activities provided in each learning session, the overall mean rating was 4.83 

out of 5.00. In the final dimension, the strategies learned in the intervention, the participant 

responses show that self-regulation strategies used in teaching fractions skills improved their 

performance in solving fractions problems with 4.78 as an overall mean rating out of 5. 

On the open-ended question of the social validity questionnaire, almost one-third of 

participants expressed their appreciation by giving their thanks for receiving the intervention 

program. Twenty-three percent of the participants said they learned new learning techniques that 

helped them solve fraction problems. Almost half of the participants had positive views about 

how beneficial the intervention was for them; the percentage was 48% of all participants. Others 

saw the learning program as a wonderful experience that enriches their knowledge in 

mathematics, and they have fun at the same time.   

Concerning the students’ use of self-regulation strategies in learning fraction skills, 11% 

of participants revealed that the FILMS strategy in learning fraction computation was the easiest. 

Laila and Mary said that this strategy improved their performance in learning addition and 
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subtraction with fractions. In contrast, 10% of participants found that the CUT strategy was the 

easiest and more fun compared to others. Rema and Jode found that they had difficulty learning 

the EDIT strategy.  

However, some did not like the title of the research. In addition, the participants' 

responses show debate over time setting. Sara stated that “the time setting for learning sessions 

was convenient while Muna said that “they had to extend the class time to more than 40 

minutes”. Lein and Julia revealed that “the school should provide regular learning sessions 

during the daytime to complete smoothly implementing the program” 
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CHAPTER 5: DISCUSSION 

The study explored the effect of teaching self-regulated strategy development (SRSD) for 

fractions (FILMS; CUT and EDIT) for eighth-grade students with average and low mathematics 

achievement in Oman.  

First, the study investigated the effects of SRSD fraction (FILMS, EDIT, and CUT) on 

the fraction performance of eighth-grade students with average and low mathematics 

achievement in Oman. The results show significant differences in students’ performance in 

solving fraction problems across two time points: the pretest and the post-test. Students in the 

control group tended on average to outperform students in the treatment group in fraction scores. 

However, after implementing the intervention for the treatment group, students’ performance in 

the treatment group tended, on average, to outperform students in the control group on the post-

test. The study suggested that using SRSD fractions was responsible for these differences. The 

previous studies provided evidence that using SRSD in teaching fractions skills to students at 

risk or with mathematics disabilities enhanced their performance in solving fractions tasks 

(Losinski et al., 2019; 2021; Haker et al., 2019). According to Losinski et al. (2019), using SRSD 

fractions improves students’ deficits and strengths through affective, behavioral, motivational, 

cognitive, or metacognitive strategies. Not to mention that using self-regulation strategies 

increases the motivational dynamics of learning (Trías et al., 2021), and motivation contributes 

to improving students’ performance in mathematics (Shores & Shannon, 2007). 

Second, the study explored whether there was a change in the control group's 

performance in solving fraction problems after receiving a Self-Regulation Strategy 

Development. The findings indicated significant differences in students’ performance in solving 

fraction problems after receiving the intervention. The intervention contributed to the growth and 
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improvement of the control group's performance in solving fraction problems, indicating the 

SRSD function is effective, and supporting the previous result.  

Furthermore, the current study found a significant difference in fraction scores 

concerning the interaction between the groups and times. In the first post-test, after 

implementing the intervention for the treatment group, students in the treatment group 

outperformed students in the control group. In contrast, when groups were reversed, the students 

in the control group exhibited higher scores on the fraction test than the students in the treatment 

group on the second post-test. The studies attributed the fadeout of mathematics information 

among the students after stopping receiving the intervention to various reasons, such as 

differences in learning environments and pre-existing differences. The mechanisms of fadeout 

rely on learning environment differences (i.e., school, home) among students, and how these 

differences may influence maintaining the materials learned after completing the intervention by 

promoting them. In contrast, the pre-existing differences in cognitive abilities or considering the 

level of achievement before receiving the intervention play a substantial role in students' abilities 

to retain the learning content (Bailey et al., 2016; Bailey et al., 2020). In their study, Bailey et al. 

(2020) expanded on explaining the fadeout of intervention content by going beyond the 

differences in cognitive skills/ level of achievement to non-cognitive skills (i.e., motivation, self-

regulation, and executive function), suggesting that these non-cognitive skills impact on the 

students’ memory retention of a content learned. Cirino et al. (2016) found that cognitive 

abilities (i.e., working memory, language, and spatial skills) besides many mathematical skills 

directly influence students' ability to acquire fraction skills and develop proportional reasoning. 

Similarly, Peng and Kievit (2020) outlined that cognitive skills (e.g., working memory, 

reasoning thinking, and executive function) predict academic abilities, including reading and 
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mathematics, and vice versa. Accordingly, the current study suggested that students in the 

treatment group exhibited lower scores than students in the control group due to the fadeout of 

fraction skills learned. This fadeout is attributed to differences in learning environments, pre-

existing differences in cognitive abilities, and the level of achievement.  

Third, the study investigated whether SRSD is effective in helping students in the 

treatment group maintain fraction skills one month after intervention. The study findings 

demonstrated no significant differences in students’ performance between the post-test and the 

second post-test, one month after receiving the intervention. Although, the mean differences 

indicate a slight regression in students’ performance one month after receiving the intervention. 

The slight regression in students' scores supports the previous result of the fadeout of 

knowledge/skills over time and after stopping receiving the intervention or maintaining the 

activation of the fraction skills in learning situations.  

Fourth, the current study investigated the perspectives of eighth-grade students with low 

and average mathematics achievement on the learning setting, the learning material, and the 

strategies learned after receiving the intervention on SRSD. The findings from the self-reported 

questionnaire show that the students were satisfied with the learning setting, learning material, 

and strategies learned. These results aligned with the previous studies that assessed the social 

validity of SRSD fractions with students who struggle in learning fraction skills; those studies 

found that students were satisfied with the intervention procedures (Losinski et al., 22019; Ennis 

& Losinski, 2019; Schwab et al., 2019). 

The figures demonstrated that students had an appropriate learning setting concerning 

several issues, such as the learning environment and the duration of learning sessions. However, 

the students’ perspectives on the SRSD fractions in the current study show a debate about the 
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time setting. Sara stated that “the time setting for learning sessions was convenient,” while Muna 

said, “the time for some learning sessions should be extended to be more than 40 minutes”, 

indicating differences in the time required to learn or complete specific tasks. Additionally, some 

students suggested that the school has to provide a regular time and a classroom to present the 

intervention sessions smoothly during school hours. This statement is because the participants 

received the intervention sessions whenever they had activities classes on weekdays (i.e., Art, 

Music, Physical Education) or a free lesson (when some of their teachers were absent). 

Regarding the learning materials, the data indicates that the learning materials were 

adequate and aligned with the learning purposes; the purpose of each strategy presented, the 

instructions, and the content were crystal clear. The study suggested that explicit instruction 

plays a role in providing the students with clear and specific information to acquire. According to 

the studies, presenting SRSD intervention relies on using explicit language which facilitates 

providing students with clear and concise instruction, enabling them to focus on crucial steps 

when learning academic skills such as writing (Harris et al., 2008; Limpo & Alves, 2013; Salas 

et al., 2023), reading (Mason et al., 2012), or fraction skills (Losinski et al., 22019; Ennis & 

Losinski, 2019).  

Considering strategies learned, the outcomes outlined that students were satisfied with 

using self-regulation strategies in teaching fractions. Many students stated that “using SRSD 

improved their performance in solving fraction problems”.  These findings were consistent with 

the study result of Losinski et al. (2019), where the students provided positive feedback on the 

SRSD Fractions intervention; one student revealed that calculation with fractions became much 

easier after using the strategies of SRSD. Another student from the study by Ennis and Losinski 

(2019) who was struggling to solve fraction problems, said, after completing the intervention on 
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SRSD, “Wow, this is easy, now”.  Despite that, the results show a controversy in students' 

perspectives about which strategy was the easiest; some students agreed with the FILMS 

strategy, while others agreed with the CUT. Most students agreed that learning the EDIT strategy 

was challenging.  

Generally, the students provided positive views on how beneficial the intervention was 

for them. Some students expressed appreciation for having the intervention and learning new 

learning techniques that helped them solve fraction problems. Other students described their 

experiences of receiving the SRSD intervention when learning fractions as having “enriched”, 

“fun”, and fantastic” experiences. This result is aligned with previous research using SRSD 

fractions, where students reported that the components of SRSD fractions (FILMS, CUT, EDIT) 

and related materials supported their memory and facilitated learning and solving fraction 

problems (Losinski et al., 2019; Ennis & Losinski, 2019). The current study suggests that using 

explicit instruction when presenting SRSD fractions regulates students' thinking and facilitates 

remembering the steps needed to solve fraction problems.  

Limitations 

The study has several limitations related to geographical location, culture, study 

implementation, assessments, and setting. The study has limitations due to geographical location 

and culture; the current study was conducted at a public school in the Al Batinah South 

governorate of Oman. Ethical guidelines differ from one country to another. Some aspects of the 

ethical guidelines presented by the IRB’s consent format are considered self-evident in Omani 

society. Hence, even when the children provided assents to participate in the study, some parents 

did not provide their consent because the format of parental consent approved by the IRB 

worried them. This situation causes a delay in collecting consent or having the required number 
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of participants. The investigator makes more effort to reach out to parents to explain the IRB’s 

guidelines.  

The second limitation was related to study implementation. This study was conducted in 

the fall semester of 2024 at a public school in the Al Batinah South governorate of Oman. The 

Ministry of Education in Oman and the IRB provided approval to conduct the study during the 

fall semester. The fall semester is over by the end of January. However, some students drop out 

of school before finals to get ready. Not to mention that the students used to have several 

examinations (formative assessment, midterm, quizzes) during the semester, and all their 

limitations of time made us eliminate some of the screening measures such as (a) Computation 

Problems with Whole Numbers (i.e., multiplication + division) tests; (b) Fraction Knowledge 

Assessment; (c) and Fraction Test Assessment. 

The current study also has limitations on math assessments. The investigator developed 

the pre-post-test Fraction Skills Test; however, there is no strong evidence of criterion validity 

for the researcher-created math assessment compared to a standardized measure of mathematics 

achievement. Additionally, there is a risk of “over-alignment” of mathematics measures for 

intervention content. The investigator did not evaluate the generalization of math skills learned 

via standardized measures of mathematics achievement. 

The final limitation was related to the study settings. This limitation encourages some 

students to ask about the possibility of providing regular learning sessions during the school day 

to complete the smooth implementation of the program. 
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Implications for Practice 

The outcomes show that using SRSD fractions in teaching facilitates mastery of fraction 

skills. However, several key points should be highlighted based on the current study results for 

future research and practice.  

The total number of intervention sessions on teaching SRSD fractions to students in 

previous studies was 10 (Ennis & Losinski, 2019; Losinski et al., 2019) compared to the current 

study, which provided 15 intervention sessions. For future research, there is a need to conduct 

more studies using SRSD fractions by conducting a study that tests the dosage or number of 

sessions required per strategy to support student mastery (FILMS, EDIT, CUT).  

In the current study, introducing the first lesson on using the FILM strategy required 

more than one learning session. Not to mention that some instructions related to the first strategy 

were overwhelming for students, confusing, and did not align with the limited time of the regular 

classroom setting. This crucial element from the current study may draw the researchers’ 

attention to explore whether modifying the instructions and number of activities yields similar 

performance while reducing the number of instructional minutes. Additionally, there is a need 

for further research to investigate the effectiveness of providing students with homework rather 

than solving all fraction problems in the classroom, specifically after the third or fourth lessons, 

by activating a self-monitoring checklist. For future research, researchers need to measure 

changes in self-regulation pre- and post, and assess if the changes in self-regulation transfer to 

other subjects. Besides the intervention on SRSD fractions, future researchers may need to use 

several questionnaires to assess self-efficacy and motivation, considering how students' 

motivation may change over time. Finally, there is a need for further research to evaluate what 

pre-skills are most predictive of students’ responses to SRSD.  
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For practice, teachers and administrators should consider several issues related to 

implementing the SRSD fraction based on the study outcomes. First, implementing SRSD 

fractions for students in regular classrooms requires teachers or administrators to be highly 

regulated and flexible in presenting the content of the learning sessions and managing class 

timing to complete the learning materials of each strategy within 40 minutes. Additionally, the 

teachers should be aware that the worksheet on the FILMS strategy includes 10 problems, 

requiring students to focus on solving fraction problems more than on fluency in multiplication. 

Hence, the study recommends that teachers provide students with extra material such as 

multiplication tables. Second, the study recommends that teachers activate homework after the 

third or fourth lesson (collaborative or peer practice) to increase students’ engagement and 

manage the limitation of classroom timing. Third, the results from social validity indicate that 

students reported that the CUT strategy was easy to acquire compared to other learning 

strategies. Not to mention that the investigator did not spend more than 20 minutes 

accomplishing the last three learning sessions of the strategy. Accordingly, the current study 

recommends that teachers focus on teaching the FILMS strategy, increasing the dosage of 

learning sessions until mastery, and embedding the other two strategies (CUT and EDIT) with 

FILMS. The teachers need to distribute practice of math skills across time to limit the likelihood 

of forgetting or information fading. Finally, the study recommends that administrators provide 

future researchers with regular settings to facilitate the implementation of the SRSD fractions 

during the school day.   
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Appendix A: The Pretest/ Post-test of Fractions Skills (Arabic Version) 

(1)  

 اختبار لقياس كفاءة أداء الطلبة في اكتساب مهارات الكسور 

 )المقياس القبلي/ البعدي( 

 

 المجال الأول: جمع وطرح الكسور

 أولا: جمع الكسور

رقم  

 المفردة 

 الدرجة  المفردة

1 
لحساب ناتج 

1 

2
    +

2 

3
 نقوم بالآتي:   

 (أ
 (1+2) 

(2+3) 
ب(              

 (1×2) 

(2+3) 
ج(           

 (1+2) 

(2×3) 
د(           

 (1×3)  +(2×2)  

(2×3) 
  

[1] 

 أوجد ناتج الآتي:  2

2  +
1 

3
   = 

[1] 

3 
أخذت لين   

1 

3
مذاكرة مادة العلوم،  ساعة ل  

2 

4
 الرياضيات.ساعة لمذاكرة مادة  

 أوجد الكسر الذي يمثل الوقت المستغرق لمذاكرة مادتيّ العلوم والرياضيات. 

 

[1] 

4 
قامت ليلى بإعداد كعكتين لهما نفس الحجم، إذا أكل الضيوف من الكعكة الأولى 

3 

4
، ومن  

 الكعكة الثانية نصفها، ما مجموع قطع الكعك التي أكلها الضيوف؟ 

 

[1] 

5  

 

 

 

 هل إجابة عليّ صحيحة أم خاطئة. فسر إجابتك

 

[1] 

   يتبع

 العمر:      سنة                       الصف:        الاسم:                                                               

 

 قال عليّ: 

إن ناتج عملية جمع   
2 

3
   +

1 

3
   =

3 

6
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(2)  

 

 المجال الأول: جمع وطرح الكسور

 ثانيا: طرح الكسور 

رقم  

 المفردة 

 الدرجة  المفردة

 حوط الإجابة الصحيحة   1

9 

 12
 -  

5 

 12
     = 

أ(  
4 

 12
ب(                         

4 

صفر
ج(                 

14  

 12
د(                   

14  

 24
                   

[1] 

 أوجد ناتج الآتي:   2

2 –  
3 

5
   = 

 

[1] 

3 
حبل طوله   

3 

4
متر، تم قطع    

2 

3
 متر منه.   

 أكتب الكسر الذي يمثل الجزء المتبقي من الحبل.

 

 

[1] 

 أوجد الكسر الذي يمثل ما تبقى من الفطيرة؟ قامت ليلى بإعداد فطيرة تفاح، أكل أخوها ربعها.  4

 

 

 

[1] 

5 
احضر عمر كعكتين لهما نفس الحجم في حفلة الفصل، إذا أكل الطلبة من الكعكة الأولى 

3 

4
  ،

 ومن الكعكة الثانية نصفها، كم عدد قطع الكعك المتبقية؟ 

 

 

 

[1] 

 يتبع 
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(3 )  

 اختبار لقياس كفاءة أداء الطلبة في اكتساب مهارات الكسور 

 )الاختبار القبلي/البعدي( 

 

 المجال الثاني: تبسيط الكسور 

رقم  

 المفردة 

 الدرجة  المفردة

 حوط الإجابة الصحيحة   1

 أبسط صورة ما عدا:جميع الكسور الآتية في 

أ( 
3 

4
ب(                     

8 

 12
ج(                     

 1 

2 
د(                         

2 

7
  

[1] 

2 
 جدار الكسور المعروض أمامك، أبسط صورة للكسرمن خلال  

 2 

 6 
   =

  ....

  ....
  

 

[1] 

 إذا كان   3

 
 35  

100  
   +

 15  

100  
     =

س  

2
  

 فما قيمة س؟ 

[1] 

 أجزاء منه.  4أقسام، ثم ظلل  10ارسم شريط مكون من  4

 أكتب الكسر الذي يمثل الجزء المظلل في أبسط صورة. 

 

[1] 

5 
قالت ماريا إن أبسط صورة للشكل أدناه هي 

 9 

 12  
 ؛ لأن العامل المشترك لأكبر لتبسيط الكسر   

 .3هو 

 

 هل تتفق مع ماريا؟  

 نعم    لا. فسر إجابتك. 

[1] 

 يتبع 

 العمر:      سنة                       الصف:        الاسم:                                                               
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(4)  

 المجال الثالث: تحويل الكسور غير الاعتيادية إلى أعداد كسرية 

رقم  

 المفردة 

 الدرجة  المفردة

 حوط الإجابة الصحيحة  1

عند تحويل الكسر غير الاعتيادي ) 
 6 

 5 
 ( إلى عدد كسري فإن الكسر يصبح:  

أ( 
1 

5
ب(                   1 

1 

5
ج(                     6 

1 

6
د(                          5 

6 

5
 1 

[1] 

 استخدم الشكل الذي أمامك لكتابة العدد الكسري.  2

  

 26  

 9 
     =

 8 

  ....
  ..... 

[1] 

 استخدم الشكل المعروض أمامك لتحويل الكسر غير الاعتيادي إلى عدد كسري  3

 

 11  

 ....
     =

 2 

  ....
  ..... 

[1] 

4 
أكتب الكسر  
 17  

 6 
 في صورة عدد كسري    

 

[1] 

5  

أجزاء. أكل الأطفال معظم أجزاء  6كعكات لحفلة للأطفال، ثم قطعت كل منها إلى  4أعدت سارة 

 الكعك، ولم يتبقى سوء خمس قطع. 

 أكتب عدد القطع التي أكلها الأطفال في صورة كسر غير اعتيادي. 

 

[1] 

 

الأسئلة انتهت   
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Appendix B: The Pretest/ Post-test of Fractions Skills (English Version) 

(1) 

 

 

First Skill. Fractions Computation (Addition with fractions) 

Item 

Number 

Item The 

Score 

1 To evaluate  
1

2
+

2

3
 , we do the following: 

a. 
(1+2)

(2+3)
            b. 

(1×2)

(2+3)
                 c. 

(1+2)

(2×3)
             d. 

(1×3)+(2×2)

(2×3)
     

]1 [ 

2 Evaluate the following: 

 2 + 
1

3
 =  

]1 [ 

3 Lynn took  
1

3
  hours to study science and 

2

4
  hours to study math.  

Find in fraction form the time taken to study science and math. 

 

]1 [ 

4 At the party, Lila brought two cakes of a similar size. The guests ate  
3

4
   of 

the first cake and half of the second one. How many pieces of cake were 

eaten? 

]1 [ 

5  

 

 

Is Ali’s statement true or false? Explain.  

 

]1 [ 

 

  

Name: ……………………………………………         Grade:  /                         Date:   /    / 2024         Age: (    ) 

Ali said 

“ The product of   
2

3
+ 

1

3
=

3

6
   

” 
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(2) 

First Skill. Fractions Computation 

Subtraction with fractions 

Item 

Number 

Item The 

Score 

1 Select the correct answer.  

9

12
−

5

12
 = 

a. 
4

12
                 b. 

4

0
                 c.  a. 

14

12
            d. 

14

24
     

]1 [ 

2 Evaluate the following: 

 2 −  
3

5
=  

 

]1 [ 

3 A rope is  
3

4
  meters long, if we cut  

2

3
  meters of it.  

Find the fraction that represents the remaining part of the rope. 

 

]1 [ 

4 Laila made an apple pie. Her brother ate a quarter of it.  

Find the fraction that represents the remainder of the pie. 

 

]1 [ 

5 At a party, Omar brought two cakes of a similar size.  

The guests ate  
3

4
  of the first cake, and a half of the second.  

How many pieces are left? 

 

 

]1 [ 
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(3) 

The Pretest/ Post-test of Fractions Skills 

 

Second Skill. Simplifying Fractions  

Item 

Number 

Item The 

Score 

1 All the following fractions are in simplest form except: 

a) 
3

4
            b) 

8

12
                   c) 

1

2
                      d) 

2

7
 

]1 [ 

2 Use a Fraction Wall to simplify the following fraction:  

 

 
2

 6 
 = 

……

……
 

]1 [ 

3 35

100
+

15

100
=

𝑥

2
 .  

The value of x is …...  

]1 [ 

4 Draw a bar with 10 sections, then shade 4 of them.  

Write the fraction that represents the shaded part in simplest form. 

 

]1 [ 

5 Maria said that the simplest form of the figure below is  
9

 12 
  because the 

greatest common factor to simplify the fraction is 3. 

 

Do you agree with Maria? Yes or No? Explain 

 

 

]1 [ 

 

  

Name: ……………………………………………         Grade:  /                         Date:   /    / 2024         Age: (    ) 
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(4) 

Third Skill. Converting Improper Fractions into Mixed Numbers 

Item 

Number 

Item The 

Score 

1 Select the correct answer 

When converting the improper fractions ( 
6

5
 )   into a mixed number, the 

answer will be:  

a. 1 
1

5
                  b. 6 

1

5
                   c. 5 

1

6
                  d. 1 

6

5
        

]1 [ 

2 Use the following figure to write the mixed number.  

 

 
26

9
= ⋯ 

8

……..
 

]1 [ 

3 Use the following figure to fill in the blank:  

 

    
11

…
= ⋯

2

…
  

]1 [ 

4 Convert   ( 
17

6
 ) into a mixed number 

 

 

]1 [ 

5 Sarah prepared 4 cakes for a children's party and cut them into 6 parts. The 

children ate some of them, leaving five pieces after the party.  

Write the pieces that children ate as an improper fraction. 

 

 

 

]1 [ 

 

The end 
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Appendix C: Social Validity Scale 

The social validity scale of the study consisted of 15 items distributed into three 

dimensions on a 5-point Likert-type scale (5 = Always to 1 = Never) with one open-ended 

question. The questions were on three dimensions: (a) The Learning Setting (i.e., the timing of 

the fraction class was adequate); (b) The learning materials (i.e., the instructor's teaching of the 

lessons was clear); (c) The strategy Learned (i.e., Strategies used to teach fractions skills). The 

table below shows the scale. 

n The Social Validity Scale 5 4 3 2 1 

First dimension: The Learning Setting 

1 
Instructions about the location and timing of learning sessions were 

clear 
     

2 
The learning environment was appropriate for receiving learning 

sessions 
     

3 
The learning session did not conflict with my academic classes in 

school 
     

4 
The time duration for presenting the instructional sessions was 

convenient 
     

5 
The learning session timing was convenient for me to complete 

learning tasks 
     

Second dimension: Learning Materials 

1 
The purpose of learning each strategy used in the learning session 

was clear 
     

2 The teacher's presentation of the learning content clear      

3 
I had provided me with the required learning materials to practice the 

strategy 
     

4 
The instructions about the learning materials in each session were 

clear  
     

5 
The activities and tasks presented in the instructional sessions were 

practical 
     

Third dimension: The Strategies Learned 

1 
FILMS set lessons and self-regulation strategy improved my skill in 

adding fractions with unlike denominators.  
     

2 
FILMS set lessons and self-regulation strategy improved my skill in 

subtracting fractions with unlike denominators.  
     

3 
CUT set lessons and self-regulation strategy improved my skill in 

simplifying fractions.  
     

4 
EDIT set lessons and self-regulation strategy improved my skill in 

converting improper fractions into mixed numbers 
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5 
My performance in mathematics in the regular classroom improved 

after learning the three strategies for learning fraction 
     

 

Note. 1= always, 5= often=4, sometime=3, rarely=2, never=1. 

 

Feel Free to write any other observations or personal thoughts: 

............................................................................................................................................................ 

............................................................................................................................................................ 

............................................................................................................................................................ 
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Appendix D: Fidelity of Treatment 

For the Fidelity of Treatment, the investigator used a checklist. The checklist consisted of 

14-17 items distributed into three dimensions. The items in the second dimension differ from one 

checklist to another to assess the teaching procedures using SRSD fractions. The checklist has 

only two possible responses: Yes (1) or No (0). The table below outlines the checklist 

dimensions and the related items.  

n Fidelity of Treatment Yes No 

First dimension: Learning Setting   

1 Did the teacher provide the learning session for students in the treatment 

group in person in the school building? 

  

2 Did the teacher use an appropriate learning environment for teaching students 

in the treatment group in the school? 

  

3 Did the students in the treatment group miss their regular academic classes 

during the school day to attend the study's learning session? 

  

4 Did the fraction learning session duration for teaching students exceed 40 

minutes? 

  

5 Did the fraction learning session duration for teaching students require less 

than 30 minutes? 

  

Second dimension: Teaching Procedures Using SRSD (Select one lesson only) Yes No 

1 Lesson 

(1) 

Did the teacher review background knowledge?   

2 Did the teacher set a context for student learning?   

3 Did the teacher develop strategy and self-regulation during the 

lesson? 

  

4 Did the teacher discuss the (FILMS/CUT/EDIT) Steps?   

5 Did the teacher provide the Learning Contract to obtain their 

commitment to learn the strategy? 

  

6 Did the teacher activate memorization practice with the students 

during the lesson? 

  

7 Did the teacher wrap up (end the session with a positive praise 

statement)? 

  

1 Lesson 

(2) 

Did the teacher establish the context for students' learning during 

the lesson? 

  

2 Did the teacher develop strategy and self-regulation during the 

lesson? 

  

3 Did the teacher model the (FILMS/CUT/EDIT) Steps?   

4 Did the teacher reinforce the student's performance?   

5 Did the teacher develop Self- Instructions?   

6 Did the teacher activate memorization practice with the students 

during the lesson? 
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7 Did the teacher wrap up (end the session with a positive praise 

statement)? 

  

1 Lesson 

(3) 

Or, 

(4) 

Did the teacher establish the context for students' learning during 

the lesson? 

  

2 Did the teacher support strategy and self-regulation during the 

lesson? 

  

3 Did the teacher reinforce the student's performance?   

4 Did the teacher develop Self- Instructions?   

5 Did the teacher activate memorization practice with the students 

during the lesson? 

  

6 Did the teacher wrap up (end the session with a positive praise 

statement)? 

  

1 Lesson 

(5) 

Establish the Context for Student Learning   

2 Support the Strategy and Self-Regulation   

3 Did the teacher reinforce the student's performance?   

4 Did the teacher wrap up (end the session with a positive praise 

statement)? 

  

Third dimension: The Class Materials Yes No 

1 Was the teacher's presentation of the learning content clear?   

2 Did the teacher provide the students with the required learning materials to 

practice the strategy? 

  

3 Did the teacher provide the students with clear instructions about the class 

learning materials? 

  

4 Were the activities and tasks presented in the instructional sessions practical?   

5 Was the class time convenient for students to complete their work on class 

activities? 

  

 

Feel Free to write any other observations or personal thoughts: 

............................................................................................................................................................ 

........................................................................................................................................................... 

............................................................................................................................................................ 

. 

 

 

 


