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ABSTRACT 
 
 

LINDA A. BYRD 
THE EFFECTS OF IMMEDIATE ELABORATIVE FEEDBACK USING STUDENT 
RESPONSE SYSTEMS ON THE MATHEMATICS ACHIEVEMENT OF FIFTH-
GRADE STUDENTS 
Under the direction of JEFFREY S. HALL, Ed.D. 
 
 

Mathematics is one of the core subjects for students.  In 2017, the National Center 

for Education Statistics shared results of the most recent tests in mathematics.  Although 

students have increased in their proficiency since 2000, the 2017 results indicated that the 

scores of students in the United States continue to be lower in mathematics than the 

scores of students in other countries, especially students in grades fourth and eighth.  

Thus, educators need to work on implementing strategies to assist students in increasing 

their math skills.   

This quasi-experimental study with pretest and posttest with control group design 

investigated the effects of elaborative feedback and self-regulation strategy instruction on 

the mathematics achievement of fifth-grade students.  The study’s theoretical framework 

consisted of distributed cognition and self-regulation.   The participants were 26 fifth-

grade students from a private Christian school in the southeastern United States.  The 

researcher collected data for 12 weeks.  The researcher analyzed data using ANCOVA 

and independent samples t-tests.  The results of the tests showed no significant difference 

between the experimental and control group on the STAR Math test and the Self-
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Regulation Questionnaire.  The control group scored slightly higher on the posttest than 

the experimental group scored.  Although the results did not yield a statistically 

significant difference, educators can recognize the importance of utilizing various   

strategies to assist students in constructing knowledge in mathematics.  Additionally, 

when educators teach students self-regulation skills and how to collaborate using 

distributed cognition, they can help students understand the significance of their voices in 

the learning process.  Thus, future research should involve the connection of self-

regulation and distributed cognition in the early grades. 
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

“Study to show yourself approved to God, a workman who has nothing to be ashamed of, 
handling the word of truth with precision.” 

~II Timothy 2:15 
 

With the increase of technology and digital content, students’ use of digital 

devices has increased.  According to Ng (2012), there has been a debate about the 

differences in students’ knowledge and use of technology in secular and educational 

environments.  As a result of this debate, researchers conducted studies to investigate 

students’ use of technology (Dietrich & Balli, 2014; Ng, 2012; Yong & Graves, 2014).   

Yong and Graves (2014) noted that students who use technology spend a large 

amount of their time searching the internet, communicating with others through texting, 

messaging, or calling, and playing digital games.  The results of their study showed that 

students have unlimited access to technology.  Students use this unlimited access more 

for entertainment than for education.  Thompson (2013) emphasized that students who 

use technology may need teachers to provide scaffolding to move beyond instant 

communication.  

In Dietrich and Balli’s 2014 study, students indicated that when they receive 

choice and control in using technology in education, they feel more engaged and rely less 

on the teacher for information and assistance.  Some of the students acknowledged that 

they were frustrated when teachers failed to incorporate technology into the lessons.
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Other students shared confusion when the teacher was not knowledgeable or proficient in 

the use of technology (Dietrich & Balli, 2014). 

In a 2018 Gallup Poll regarding digital devices in education, 41% of teachers 

indicated that students benefitted from the use of digital devices in education (Busteed & 

Dugan, 2018).  However, 28% of the teachers saw digital devices as having harmful 

effects on students’ education, and 30% of teachers indicated that the devices were 

neither harmful nor helpful.  Researchers noted that there is still a division in opinion on 

whether digital devices are effective learning tools for students.  On the other hand, 48% 

of teachers in grades K-8 viewed technology devices as beneficial to students’ education.   

Statement of the Problem 

Technology has become an integral part of human lives.  Technology continues to 

develop and grow at a rapid pace (Veira, Leacock, & Warrican, 2014).  School districts 

have spent millions of dollars purchasing technology devices for student access at school, 

and, for some students, at home (Busteed & Dugan, 2018).  Through technology devices, 

education is at the fingertips of learners empowering them to connect and collaborate 

globally (Prensky, 2016).  As a result of so much information inundating students, there 

is often a disconnect between using technology at school and home (Wang, Hsu, 

Campbell, Coster, & Longhurst, 2014).  Therefore, it is imperative that educators connect 

with learners to assist them in utilizing technology appropriately in their educational 

environment.   

According to the March 2018 Gallup Poll conducted with teachers and parents, 

87% of parents thought that their children benefitted from the use of digital devices 
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(Busteed & Dugan, 2018).  Additionally, parents felt that digital devices provided mental 

and physical benefits for their children, unlike some teachers who felt digital devices 

were harmful to students’ physical and psychological health.    

Data from the Nation’s Report Card showed that in 2015 students in fourth grade 

rarely used computers to extend their learning in mathematics compared to eighth-grade 

students who used computers daily in mathematics activities (U.S. Department of 

Education, 2015).  On the other hand, the data showed an increase from 2013 to 2015 of 

teachers who indicated that their fourth-grade students used computers during a week to 

enhance their learning in mathematics (NAEP, 2015).  Although some teachers are still 

reluctant to use technology in education, school districts are continuing to integrate 

technology into the learning environment.  Thus, researchers need to conduct studies to 

assist teachers in understanding the benefits that technology can play in helping students 

accomplish learning goals.  

The Purpose of the Study and Research Questions 

The purpose of this quasi-experimental pretest and posttest design study was to 

determine whether there is a statistically significant difference in the math achievement 

of fifth-grade students who receive immediate elaborative feedback using the Classflow 

response system as compared to students who receive immediate feedback when using 

student response systems at an urban private Christian school in the southeastern United 

States.  The student response systems provided an opportunity for students in the 

experimental group to provide answers and receive immediate elaborative feedback.  

Before and after the immediate elaborative feedback, students reflected and dialogued 
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about the mathematics concepts.  The students in the control group provided answers 

using a student response system and received immediate corrective feedback with 

reflection and dialogue. 

The research questions for this study were:  

1. Will there be a statistically significant difference in the math achievement of 

fifth-grade students who receive immediate elaborative feedback and self-

regulation strategy instruction as compared to students who receive immediate 

corrective feedback without self-regulation strategy instruction? 

2. Will there be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction?  

The hypotheses for this study were based on the research questions: 

H1a: There will be a statistically significant difference in the math achievement of 

fifth-grade students who receive immediate elaborative feedback and self-

regulation strategy instruction as compared to students who receive 

immediate corrective feedback without self-regulation strategy instruction. 

H2a: There will be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 
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students who receive immediate corrective feedback without self-regulation 

strategy instruction. 

The null hypotheses for this study were based upon the research questions and 

hypotheses:  

H10: There will not be a statistically significant difference in the math 

achievement of fifth-grade students who receive immediate elaborative 

feedback and self-regulation strategy instruction as compared to students 

who receive immediate corrective feedback without self-regulation strategy 

instruction. 

H20: There will not be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction. 

Theoretical Framework 

The theoretical framework for this study is twofold.  Distributed cognition and 

self-regulated learning are two theories I selected for this study.  Both distributed 

cognition and self-regulated learning support immediate feedback and the use of Student 

Response Systems (Angeli, 2008; Brookhart, 2017; Zimmerman, 1990).   

Distributed Cognition 

For students to learn, teachers must connect the learning to the students’ 

environment (Bruner, 1966).  When it comes to the topic of students and the learning 
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environment connecting, the theory of distributed cognition encompasses all parts of the 

learning environment (Angeli, 2008).  A distributed system is developed when 

technology joins with the teachers and students.  The technology “is exploited when used 

in conjunction with the student’s intellectual resources, social resources, symbolic 

resources, and other physical resources as they function together within a social, 

constructivist, learning environment” (Steketee, 2006, p. 129).  These tools all work 

together to assist students in moving through their zone of proximal development, the 

range between what students can do without help and what they can do with support 

(Vygotsky, 1934/1978).   

Distributed cognition supports immediate feedback through the use of student 

response systems.  The elaborative feedback and reflective thinking that occurs as a result 

of the connection with the technology and social environment support the learner during 

the learning process.  According to the results of a study Fies and Marshall (2006) 

conducted, students reported that the discourse, or elaborative feedback, was of most 

importance when using the student response systems.     

Self-Regulation 

Through self-regulation, learners focus on self-monitoring, self-evaluation, and 

self-correction (Nilson, 2017).  While going through the self-regulation process, the 

students manage their mental ability, which assists in transforming their academic skills 

(Zimmerman, 1990).  The mental ability, according to Zimmerman, does not represent 

the student’s intelligence.  However, students use cognitive, metacognitive, behavioral, 

and motivational strategies to assist them in rehearsal, elaboration, planning, setting 
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goals, monitoring, time and environmental management, and self-control (Ocak & 

Yamac, 2013).  In addition to students self-regulating, the teacher plays a role in this 

process by providing feedback relating to the learner’s academic accomplishment.  

Feedback is especially crucial for the passive learner.  Students who view their learning 

as unattractive often are not motivated to self-regulate (Zimmerman, 1990).  To assist 

students in self-regulating, teachers need to be cognizant of the students’ passivity and 

provide the necessary scaffolding that helps engage students.  Zimmerman (1990) 

explained, “At a time when students appear to lack both will and skill to achieve 

academically, educators need instructional approaches that can offer direction and insight 

into the process of self-regulated learning” (p. 14).  Thus, student response systems serve 

as an instructional approach to assist students in developing skills to help them master 

their learning.   

Through the use of the technology in conjunction with self-regulated learning 

skills, students can self-evaluate their understanding of concepts and self-correct or 

continue toward their goal.  In addition to utilizing the technology, students interact with 

their environment collaborating through elaborative feedback and reflection.  

Limitations 

Some limitations existed in this study.  Since this study occurred with fifth-grade 

math students in a private-school setting, the results of the study may not be generalizable 

to other grade levels or school settings.  Additionally, the researcher assigned participants 

in this quasi-experimental study to two different groups based on their enrollment in their 

math classes.  Therefore, the researcher did not randomly assign participants to groups.  



8 

 

The researcher administered a pretest to both groups before the beginning of the study to 

determine whether a significant difference existed between the groups.  Since the 

researcher was the teacher of the two math classes involved in the study, another 

limitation included the researcher as a participant in the study.  The researcher’s goal was 

to present the information gathered without interjecting personal biases.  

Assumptions 

This research study included several assumptions.  

• All students had the same opportunities for learning in their respective 

mathematics class.   

• The participants were knowledgeable in the use of the technology since they 

had access to the equipment in fourth grade.   

• The researcher gathered and reported the data accurately, excluding personal 

bias and maintaining validity and reliability of the study. 

Significance of the Study 

Several authors reported that research is limited regarding “how students learn 

and how teachers teach in distributed technology-enhanced classrooms” (Angeli, 2008, p. 

272).  Additionally, researchers noted the need for more research on elementary students 

using distributed cognition in a technology-enhanced classroom (Angeli, 2008; Carr, 

Johnson, & Bush, 2016).  Furthermore, feedback is another area in which researchers 

suggested for future research studies.  Butler, Godbole, and Marsh (2013) recommended 

that researchers study immediate corrective feedback and assist students in explaining 

why their responses are right or wrong.  The findings in this quasi-experimental study to 
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determine the effects of immediate elaborative feedback on math achievement are 

important to all of the stakeholders, including students, teachers, administrators, and 

parents, in elementary grades K-5.  The schools have invested in the technology utilized 

in the classroom; thus, the findings will provide the data to show how the use of the 

technology and immediate elaborative feedback affect the math achievement of the 

learners.  

Definition of Key Terms 

The following are key terms referenced in this study: 

Distributed cognition is the self-management process of using technology along 

with a learner’s “intellectual resources, social resources, symbolic resources, and other 

physical resources as they function together within a social, constructivist learning 

environment” (Steketee, 2006, p. 129). 

Elaborative feedback is an explanation about the learner’s response that will help 

the learner’s conceptual understanding of the content (Butler et al., 2013; Finn, Thomas, 

& Rawson, 2018; Van der Kleij, Feskens, & Eggen, 2015). 

Feedback is information that assists in understanding how a learner performs and 

comprehends content (Hattie & Timperley, 2007). 

Formative evaluation is the collection of information about a student’s 

understanding to assist in making decisions about the instruction to meet the student’s 

needs (Hattie, Fisher, & Frey, 2017). 

Immediate feedback is the “just-in-time” information provided to help learners 

understand their progress toward the learning goal (Brookhart, 2017). 
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Mathematical discourse, according to Hattie et al. (2017), is the opportunity for 

students to represent, think, talk, agree, and disagree with mathematical concepts.   

Self-regulation is the ability of a student to select and use strategies to reach their 

achievement goals with the support of feedback on the learning (Zimmerman, 1990). 

Student response systems, in this study, are electronic technology devices students 

use to share answers to formative evaluations.   

Summative evaluation is the use of “broader assessments with the purpose of 

determining what students know and are able to do at a given point in time” (Hattie et al., 

2017, p. 208).   

Summary 

In summary, the first chapter provides background information on the debates and 

studies about using technology in education.  With learners increasing their use of 

technology, there is a need to integrate technology into the educational setting.  Also, the 

statement of the problem includes information that indicates that some teachers still 

believe that technology in the classroom does not benefit the students.  Thus, these beliefs 

create some challenges to integrating technology into education, especially in 

mathematics.  These challenges help support the purpose and significance of the study.   

In the theoretical framework section, the researcher provides a brief description of 

distributed cognition and self-regulated learning.  Through these theories, the researcher 

will further the research to assist teachers in integrating tools that provide immediate 

elaborative feedback and promote distributed cognition and self-regulated learning 
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strategies in students.  Finally, included are limitations and assumptions of the study 

along with the identification of key terms. 

Chapter 2 presents the literature review for the research study.  The literature 

review includes research on student response systems in education, the theoretical 

frameworks of distributed cognition and self-regulated learning, and immediate feedback.  

Chapter 3 describes the quasi-experimental research design and methodology.  Chapter 4 

presents the findings of the study, and Chapter 5 presents the conclusions, implications, 

and recommendations for future research.
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

“For everything that was written in the past was written to teach us.” 
~Romans 15:4 

 
Chapter 2 begins with the researcher’s explanation of the steps undertaken to 

identify relevant literature connected to the study.  The investigation of various databases 

yielded a comprehensive search of literature on digital natives, immediate feedback, and 

student response systems, which is documented in this chapter.  Additionally, the chapter 

includes research on the theoretical framework of the study as well as student response 

systems.  Finally, the chapter includes a summary of the literature review.  

Identifying Relevant Literature 

The organization of the literature is crucial to a research study (Creswell, 2013).  

The search of the databases included a review of literature that related specifically to the 

use of immediate feedback, digital natives, student response systems, distributed 

cognition, self-regulated learning, and types of assessments in the classroom.  The 

process commenced with a search of digital natives.  The initial search terms began with 

digital natives.  After reading articles and books on digital natives, another search 

involved the terms digital natives and digital immigrants, digital immigrants, engaging 

digital natives, and digital learners.  The resources obtained from this search provided 

information that supports the purpose of this study. 
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Secondly, the next step was to search the term student response systems.  The 

search terms for student response systems initially included student response systems and 

student devices.  However, after completing research with the university librarian, the 

search terms for student response systems increased to audience response systems, 

clickers, classroom response systems, handheld devices, and classroom communication 

systems.  In selecting literature for the student response systems, the researcher reviewed 

the abstracts of peer-reviewed readings to decide if the outcomes related to the research 

questions.  Additionally, the researcher mined the references included in the readings to 

obtain additional literature related to student response systems.  If the reference title 

related to student response systems, utilization of the database to research the article’s 

abstract helped determine the literature’s connection and relevance to the study.  

After reviewing articles about student response systems, the researcher also 

investigated additional literature to research using the terms which included feedback, 

immediate feedback, immediate feedback in math, immediate feedback in elementary 

math, descriptive feedback, elaborative feedback, formative feedback, formative 

assessment, formative evaluation, summative assessment, and summative evaluation.  

The review of the abstracts provided a lens of the focus of the literature.   

A further review of the literature included a search of sources related to the 

study’s theoretical frameworks.  First, the search terms for distributed cognition included 

distributed cognition, distributed cognition and mathematics, distributed cognition and 

technology. Secondly, the self-regulated learning search terms were self-regulation, self-

regulated learning, self-regulated learning strategies, Zimmerman’s self-regulated 
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learning theory, self-regulated learning in elementary school, and self-regulated learning 

in mathematics. 

To secure resources related to the topic, the researcher utilized databases through 

Mercer University’s library system.  The databases in the search included ProQuest, 

EBSCO, and ERIC full text and peer reviewed.  Additionally, the researcher used Google 

Scholar to search for peer-reviewed articles related to the topic investigated.  After 

reading the abstracts and selecting the articles that related to the topic, the researcher 

labeled the article with the title and the author’s name and sorted the articles into folders 

based on the area of the study to which it related; thus, helping to ensure that there were 

no duplications.  A review of the references included in the articles provided additional 

literature for inclusion in the study review.  The researcher also added pertinent articles to 

the appropriate folder after labeling the article.  Furthermore, included are dissertations 

that related to the topic in the literature review.  In addition, Mercer faculty members and 

cohort members shared additional articles that related to the topic.  To organize the 

information obtained from the articles, the researcher utilized Google Forms to input the 

information.  The researcher generated an Excel spreadsheet from the information 

documented on the Google Forms to create the literature matrix for the study.  Table 1 

includes a sample of the relevant studies that populated the search results. 
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Table 1 

Search Strategy 

Key Term Authors 
Feedback Brookfield, 2017 

Fyfe & Rittle-Johnson, 2017 
Hattie, Fisher, & Frey, 2017 
Hattie & Timperley, 2007 
Rodgers, 2018 

Immediate Feedback Nguyen, Xiong, & Litman, 2017 
Scheeler, Maclukie, & Albright, 2010 
Shute, 2008 

Elaborative Feedback Butler, Godbole, & Marsh, 2013 
Finn, Thomas, & Rawson, 2018 
Shute, 2008 
Van der Kleij, Feskens, & Eggen, 2015 

Self-Regulation Arsal, 2009 
Leidinger & Perels, 2012 
Nilson, 2017 
Ocak & Yamac, 2013 
Vandevelde, van-Keer, Schellings & van Hout-Wolters, 2015 
Zimmerman, 1990 

Distributed Cognition Carr, Johnson, & Bush, 2016 
Gomez, Schieble, Curwood, & Hassett, 2010 
Hutchins, 1995 
Steketee, 2006 

Student Response Systems Blasco-Arcas, Buil, Hernandez-Ortega, & Sese, 2013 
Heaslip, Donovan, & Cullen, 2014 
Hunsu, Adesope, & Bayly, 2016 
Randolph, 2007 

 
 

Criteria for Inclusion 

The search for this literature review yielded many resources that were irrelevant 

to this research.  The following inclusion and exclusion criteria helped conduct a 

systematic search of the topic.  Each article included topics relevant to the study 

including student response system (SRS), classroom response systems, feedback, theories 
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of distributed cognition and self-regulated learning, gender, socioeconomic status, and 

content related to the study. 

• The language of the articles was English.   

• The articles included only peer-reviewed journals, books, or reports published 

by reputable educational and professional organizations. 

• The only articles included are those whose population includes students in 

elementary, middle, high school, and college. 

• The article included both quantitative and qualitative studies, thus providing a 

richer review of the literature.  

• Grade level was not excluded from the search review. 

Mathematics Education 

Mathematics is one of the fundamental subjects for students in kindergarten 

through twelfth grades.  In 2000, results from the National Center for Education Statistics 

showed that the mathematical skills of students in the United States were lower than the 

skills of students in other countries (Langman & Fies, 2010).  In 2017, the National 

Center for Education Statistics shared results of the most recent tests in mathematics.  

Although students have increased in their proficiency since 2000, the 2017 results 

indicated that the scores of students in the United States continue to be lower in 

mathematics than other countries, especially students in grades fourth and eighth (U.S. 

Department of Education [USDOE], 2018).  

Every two years, the United States Department of Education shares the results of 

the National Assessment of Educational Progress (NAEP).  The results of the 2017 data 
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released in March of 2018 indicated a proficiency rate of 33% of eighth graders in 

mathematics.  The 2017 proficiency rate is the same as 2015; however, the rate is a 

decrease from the proficiency rate in 2013.  The proficiency rate in mathematics for the 

year 2013 was 36 percent (USDOE, 2018).   

Based on the NAEP statistics, researchers noted that the instructional method for 

teaching mathematics has not changed (Penuel, Boscardin, Masyn, & Crawford, 2007).  

As Freire (2000) asserted, a large number of teachers still conduct mathematics 

instruction through whole groups in which students are expected to accept passively the 

information teachers share.  Further, several study results have shown that math anxiety 

affects the cognitive load of students when there is no interactivity (Allen & Vallee-

Tourangeau, 2016).  However, researchers indicated that instructional strategies are still 

mostly traditional because of the need to meet national standards and address 

accountability through standardized tests (Blasco-Arcas, Buil, Hernandez-Ortega, & 

Sese, 2013; Penuel et al., 2007).  

Feedback 

During an evaluation, teachers or more knowledgeable others must provide 

effective feedback related to the learning context (Hattie & Timperley, 2007).  Through 

formative evaluation and summative evaluation, teachers can provide appropriate 

feedback to assist students in their understanding of concepts.  Hattie, Fisher, and Frey 

(2017) defined formative evaluation as “the process of gathering evidence to inform 

instruction” (p. 200).  On the other hand, summative evaluation is the “process of using 

broader assessments to determine what students know and are able to do at any given 
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time” (Hattie et al., p. 208).  Feedback has a significant role in the “regulation of learning 

and the formative learning cycle” (Brookhart, 2017, p. 9).  Feedback must be a part of the 

instructional process after students respond in order to be effective (Hattie & Timperley, 

2007).  An advantage of effective immediate feedback is that it provides an opportunity 

for the learner to work at the time the learner practices the skills, rather than the learner 

repeating the error before receiving corrective feedback (Brookhart, 2017; Scheeler, 

Maclukie, & Albright, 2010).  When teachers return students’ work with errors noted, 

students should be given a chance to correct the errors.  Conversely, teachers should 

provide feedback on the students’ work after it is corrected (Brookhart, 2017).  When 

students learn from feedback, the learning is a bridge between the information in the 

long-term memory and the new information from the feedback (Fyfe & Rittle-Johnson, 

2017), which supports Brookhart’s assertion that feedback “should feed students forward 

to the learning that comes next” (2017, p. 10). 

Feedback includes both positive and negative effects on student learning (Fyfe & 

Rittle-Johnson, 2017; Hattie & Timperley, 2007).  Thorndike (1913) asserted that 

positive feedback spurs continual performance, whereas negative feedback withholds 

performance.  Since both positive and negative feedback affect learning, feedback was 

considered effective (Brookhart, 2017).  However, some studies have shown that 

feedback, although meant to be helpful, was actually critical of or harmful to the learner 

(Brookhart, 2017).  
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Descriptive Feedback 

Rodgers (2018) maintained that descriptive feedback involves the opportunity for 

students to have a voice in their learning.  Its goal, according to Rodgers (2018), is to 

provide an atmosphere of trust, community, and interaction among those in the learning 

environment.  The descriptive feedback process is not an evaluative process of grades 

(Rodgers, 2018).   

Referencing the 1986 study of Butler and Nisan, Brookhart (2017) noted that 

students who received descriptive feedback about a specific task were more successful 

and motivated in their work effort than those who received evaluative grades or no 

feedback.  Brookhart further noted that when teachers posted a grade and comment on a 

student’s paper, the student referred to the grade rather than the comment.  Additionally, 

the student viewed the comment as an explanation of the score rather than about the 

content of the work.  Butler and Nisan (1986) indicated that although students preferred 

grades over no feedback, ultimately, students also preferred written comments specific to 

their performance on an assignment.  Therefore, researchers recommended that teachers 

only include descriptive comments rather than a grade and comments on students’ work 

(Brookhart, 2017; Roschelle et al., 2010).    

Rodgers (2018) conducted a study on descriptive feedback with participants of 50 

students and 50 teachers in kindergarten through fifth grades, 35 teaching assistants, and 

academic leaders from a public charter school.  The goal was to assist in helping students 

and teachers develop ways to establish a community in which descriptive feedback could 

occur.  Additionally, Rodgers (2018) designed the study to create descriptive feedback 
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questions that were appropriate for students in kindergarten through fifth grade.  During 

this study, the students provided descriptive feedback to the teacher based on the teacher 

questioning what they had learned and how they knew they had learned what they 

described.  Descriptive feedback should include detailed information to assist the 

recipient in self-reflecting and modifying areas to reach their goals (Devi, Mandal, 

Kodidela, & Pallath, 2012).  

The results of the study indicated that some students answered the descriptive 

feedback questions based on what they thought they were expected to answer (Rodgers, 

2018).  Moreover, when students shared how they knew they had learned, the responses 

included the assumption that they should have learned because the teacher taught them 

the information.  On the other hand, some students were able to discover their 

weaknesses, as well as how they had strengthened their weaknesses (Rodgers, 2018).  

Rodgers reported that teachers had a challenging time not speaking for students who had 

difficulty sharing their voices.  However, the community of trust developed during the 

process helped other students assist the reluctant students in sharing their voices 

(Rodgers, 2018).  

Formative Feedback 

Brookhart (2017) noted that teachers usually provide formative feedback as part 

of the grading process.  Perera, Lee, Win, Perera, and Wijesuriya (2008) recommended 

that formative feedback should be a part of the daily learning environment.  Formative 

feedback is defined as information that a learner receives and uses during the learning 

process to improve on specific skills (Brookhart, 2017; Perera et al., 2008; Shute, 2008). 
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Through formative feedback, students can receive verification and elaboration 

feedback about their learning (Shute, 2008).  Verification feedback is the 

acknowledgment that a student’s answer is correct or incorrect (Marsh, Lozlto, Umanath, 

Bjork, & Bjork, 2012).  Verification feedback is usually provided with multiple choice 

assessments (Marsh et al., 2012).  If only verification feedback is given, students will not 

have a basis for determining the correct answer without further guidance.  The student 

will have to select answers until the feedback indicates that the answer is correct (Marsh 

et al., 2012).  In contrasting verification feedback, answer feedback, and no feedback, 

Marsh et al. (2012) confirmed that providing both verification feedback and answer 

feedback were more effective than providing no feedback.  Marsh et al. (2012) defined 

answer feedback as informing the learner of the correct answer after the learner submits 

an answer.  

Conversely, elaboration feedback provides more information than verification or 

answer feedback (Butler, Godbole, & Marsh, 2013).  Through elaborative feedback, 

students can receive an explanation about why their answer is right or wrong.  

Additionally, the person giving the feedback can provide the feedback receiver with 

information to help guide the receiver in determining the reason an answer is accurate or 

inaccurate (Shute, 2008; Van der Kleij, Feskens, & Eggen, 2015).  Elaborative feedback 

should assist the learner in developing a better understanding about a concept and how 

the understanding can transfer to future learning (Butler et al., 2013; Harks, Rakoczy, 

Hattie, Besser, & Klieme, 2014).  In comparing explanation or elaborative feedback and 

correct answer feedback, the results of the study Butler et al. (2013) conducted indicated 
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that elaborative feedback assisted in students performing better than they would with just 

correct answer feedback, especially when the information is needed to transfer to new 

learning.  The feedback must also provide the student with information that will assist the 

student in developing confidence in their understanding (Van der Kleij et al., 2015). 

Immediate Feedback through Technology 

The method in which the formative feedback is presented is important as well 

(Van der Kleij et al., 2015).  Learners can receive formative feedback from a peer, a 

teacher, or technology (Nguyen, Xiong, & Litman, 2017; Shute, 2008).  Researchers 

noted that formative feedback must be provided in a timely manner (Finn, Thomas, & 

Rawson, 2018; Van der Kleij et al., 2015).  Providing immediate feedback during the 

time the learner is responding is beneficial to the learner (Van der Kleij et al., 2015).    

Recently, researchers have conducted studies on how immediate feedback 

utilizing wireless technology can affect student performance (Scheeler et al., 2010).  The 

use of the wireless technology along with various teaching strategies provides options for 

more engaging student interaction (Penuel et al., 2007).  However, researchers noted that 

some teachers used the wireless technology to assess the effectiveness of their teaching 

rather than engage their students in discussions (Penuel et al., 2007).  On the other hand, 

some teachers use the computer-assisted diagnostic to determine student achievement 

(Maier, Wolf, & Randler, 2016).  Ultimately, when combined with feedback and 

effective student discourse or elaboration, the wireless technology can assist in enhancing 

students’ learning experiences and providing opportunities for collaborative interactivity 

(Penuel et al., 2007; Van der Kleij et al., 2015).  
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Theoretical Framework 

The foundation of a study is grounded in the theoretical framework.  The 

foundation for this study is based on two theories—distributed cognition and self-

regulated learning.  Both of these theories support the role that immediate feedback has 

on student learning.  The theory of distributed cognition connects with immediate 

feedback through the use of the technology tool. 

Distributed Cognition 

Hutchins (1995) described distributed cognition as a cognitive task divided among 

individuals and tools to accomplish a goal or construct knowledge.  Hutchins (1995) 

explained distributed cognition in reference to various positions that people hold on a 

ship or aircraft and how they use those positions collaboratively to ensure that the ship or 

aircraft functions properly.  Sometimes the people work together simultaneously, and 

other times the people conduct their parts and then relinquish the next phase to the next 

person.  Therefore, all positions work together cognitively to accomplish the task.  

However, Hutchins (1995) reported that social distribution is important for task 

completion.  Knowledge necessary to complete the task is not just in one person.  Rather, 

Hutchins (1995) asserted that individuals share the knowledge among themselves, and no 

one person utilizes cognitive energy needed to complete the task.  Thus, the cognition is 

distributed among all involved in completing the task.   

As distributed cognition is transferred to the classroom setting, teachers have an 

important role in helping students develop the skills to share the cognitive load along 

with the technology rather than one person completing the task (Carr, Johnson, & Bush, 
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2016).  Teachers must understand that the tool itself is not the only support needed to 

help students construct knowledge (Belland, 2011).  Gomez, Schieble, Curwood, and 

Hassett (2010) stated, “A skillful teacher or knowledgeable other is required to mediate 

the multiple tools, social context, and cultural schemas interspersed across any literacy 

event” (p. 26).  Additionally, through the use of technology tools, teachers can assist 

students of various socioeconomic backgrounds, ethnicities, and abilities in critical 

thinking and dialogue.  Gomez et al. (21) explained: 

Consequently, it is less about the tool per se, and more about the social practices 

of tool use, and the mechanisms that teachers can use to maximize the inextricable 

connections of a students’ mind with the world of social activity, interpretation 

and meaning making.  (p. 22)  

Not only does the teacher assist the students, but other students and technological tools 

within the learning environment also assist in scaffolding knowledge or providing 

guidance to help the learner construct new knowledge (Bruner, 1966; Gomez et al., 2010; 

Vygotsky, 1934/1978).  

The results of a qualitative study conducted on the use of distributed cognition in 

middle and secondary schools showed that teachers had no knowledge of distributed 

cognition (Carr et al., 2016).  Therefore, teachers did not know how to use distributed 

cognition to assist in helping students’ performance in the classroom (Carr et al., 2016).  

Carr and colleagues (2016) noted that one of the reasons teachers did not know about 

distributed cognition in education was mainly because research studies related to 

distributed cognition in education are limited.  Therefore, the researchers suggested the 
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need for further studies on utilizing distributed cognition in education especially on the 

elementary level (Carr et al., 2016). 

Self-Regulated Learning 

With the rigorous curriculum in content areas such as math, science, and reading, 

students are faced daily with making decisions in the educational settings.  In the 

decision-making process, students rely on their cognitive abilities to help them problem 

solve (Stoeger & Ziegler, 2008).  However, Nilson (2017) noted that schools placed their 

focus on self-esteem rather than self-regulation strategies to support the decision-making 

process.  Recent studies have shown that K-12 teachers are receiving professional 

development training in teaching self-regulated learning strategies, and students are 

receiving instruction in self-regulated learning strategies (Ocak & Yamac, 2013; Peeters, 

De Backer, Kindekens, Triquet, & Lombaerts, 2016; Stoeger & Ziegler, 2008).  

Researchers have defined self-regulated learning in different ways.  Zimmerman 

“defines self-regulation as a cyclical process that refers to self-generated thoughts, 

feelings, and actions that are planned and cyclically adapted to the attainment of personal 

goals” (Leidinger & Perels, 2012, p. 1).  Additionally, self-regulated learning is the 

process of students controlling their behavior, thoughts, and efforts to work toward 

attaining goals (Andrzejewski, Davis, Bruening, & Poirier, 2016).  Furthermore, Arsal 

(2009) noted that self-regulated learning was “a covert process in cognitive issues of self-

regulated learning and as overt responses in behaviorist view of self-regulated learning” 

(p. 3).  Each definition of self-regulated learning focuses on the use of strategies that will 

assist students in their thought processes and actions in reaching particular goals.  
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Models of self-regulated learning.  Just as there are various definitions of self-

regulated learning, different models of self-regulated learning exist.  The self-regulation 

model Zimmerman represents includes three stages (Andrzejewski et al., 2016; Stoeger & 

Zeigler, 2008).  Before students begin working, the first stage is to set goals and plan 

steps to work toward meeting the goals.  After setting goals and planning, students begin 

implementing their plans along with monitoring progress of the implementation.  During 

the implementation and monitoring stage, students use the strategies that they planned in 

stage one to help them move toward attaining their goals.  Self-reflection is the final stage 

of self-regulation.  As students reflect upon their goals and evaluate their plans, they can 

make changes or adjust their actions to assist in meeting the goals (Stoeger & Zeigler, 

2008).  

Another model that researchers noted is Pintrich’s model of self-regulated 

learning (Arsal, 2009).  Included in the Pintrich model are three different processes.  The 

processes include “(1) cognitive learning strategies of rehearsal, elaboration, and 

organization strategies, (2) self-regulated learning strategies to control through planning, 

monitoring, and regulating strategies, and (3) resource management strategies which 

involves managing and controlling time, effort, and the environment” (Arsal, 2009, p. 2).  

Additionally, Pintrich’s model for self-regulated learning (SRL) was adjusted to 

accommodate primary students (Vandevelde, van Keer, Schellings, & van Hout-Wolters, 

2015).  Researchers modified Pintrich’s SRL framework to include nine components 

(Vandevelde et al., 2015).  The nine components include “task orientation, planning, 

motivation, self-efficacy for SRL, monitoring, learning strategies, persistence, 
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motivational strategies, and self-evaluation” (Vandevelde et al., 2015, p. 12).  Although 

the models are different, ultimately, the focus of each is on empowering students with 

strategies that will help them self-regulate.  

Students and self-regulated learning.  Self-regulated learning assists students in 

being active evaluators and decision makers in their learning process.  Self-regulated 

learners work through a process of setting goals for their learning, planning the steps to 

assist them in meeting those goals, and activating those plans.  Through activation of the 

plans, self-regulated learners utilize their cognitive skills to help them monitor their 

progress and make changes, if necessary, as they work toward their goals (Vandevelde et 

al., 2015).  Additionally, the self-regulated learner reflects on the plans and evaluates to 

determine the next steps in the learning process.  

Researchers have conducted studies on self-regulated learning strategies with 

adults, and students in high school, middle school, and primary school.  In one study, the 

authors noted that when students transition to secondary education, teachers expect that 

in earlier grades students have learned self-regulated learning skills such as organizing 

materials, completing tasks, and monitoring their progress (Andrzejewski et al., 2016).  

Students who have experience with self-regulated learning skills motivate themselves to 

select strategies that will assist them in succeeding in their goals or meeting the 

expectations of the content areas.  Secondary students who do not have experience self-

regulating often are at-risk to not meet their goals or the expectations of the subject area 

courses (Andrzejewski et al., 2016).  As students continue to progress through school, 

they face more demands related to curriculum, organization, executive functioning, and 
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management skills.  Developing skills for self-regulation takes time (Vandevelde et al., 

2015).  Thus, recent studies have shown that students need to learn self-regulation 

strategies in the primary grades to provide time for students to learn and use the self-

regulated learning strategies successfully (Vandevelde et al., 2015).   

Additionally, in the study Arsal (2009) conducted, the results indicated that a 

correlation exists between teaching elementary students’ self-regulated learning strategies 

and academic achievement.  Stoeger and Ziegler (2008) noted that academic achievement 

might increase only gradually.  The effects of the self-regulated learning strategies on 

academic achievement may not immediately be evident.  However, Arsal (2009) asserted 

that young children are optimistic about their academic achievement.  Also, Arsal (2009) 

argued that when students have more control of their learning through self-regulation, 

they are motivated and maintain positive attitudes about their academic achievement. 

Therefore, it is important to capitalize on that optimism and assist students in developing 

SRL strategies at an early age.   

Implementation of self-regulated learning strategies.  Teachers play a vital role in 

promoting SRL strategies.  According to Hattie and Timperley (2007), “Teachers and 

parents often assume that students share a commitment to academic goals” (p. 89).  

However, students need to develop a shared commitment in meeting academic goals 

through the guidance and assistance of teachers and parents.  

Teachers’ beliefs, knowledge, and experience with SRL affect students’ 

development of SRL (Peeters et al., 2016).  Based on research that Arsal (2009) 

conducted, teacher feedback provides the support that students need to evaluate and 
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monitor their own learning.  Teacher feedback assists students in developing SRL skills.  

On the other hand, Andrzejewski et al. (2016) noted that a teacher’s attitude and 

assumptions about a student could hinder the student from engaging in SRL activities.  In 

one study, some of the teachers decided that it was impossible for some students to learn 

to self-regulate before making any attempts to support their students’ SRL development 

(Peeters et al., 2016).  Other teachers felt that students who were high-achievers 

academically did not need SRL support.  These negative attitudes can affect students’ 

intrinsic motivation (Martinek, Hoffman, & Kipman, 2016).  Thus, there is a need for 

more professional development in SRL for teachers (Peeters et al., 2016; Steinbech & 

Stoeger, 2016).   

According to Martinek et al. (2016), teachers need to be aware of their students’ 

self-regulation needs.  Also, teachers should be cognizant of their own attitudes towards 

self-regulation and how to use and model the strategies for their students (Steinbach & 

Stoeger, 2016).  Professional development will provide opportunities for teachers to gain 

knowledge about implementing and using SRL strategies in the daily instruction 

(Kramarski & Revach, 2009).    

Researchers noted that teachers should not teach SRL strategies in isolation 

(Leidinger & Perels, 2012).  Teachers need to teach the strategies in connection with the 

content area in which the students will utilize them.  Additionally, teachers should train 

students on which strategies apply to certain situations.  Furthermore, researchers 

suggested that teachers and researchers partner in training students in self-regulation 
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skills.  The researchers would coach teachers in the implementation of the SRL skills 

(Vandevelde et al., 2015).  

Self-regulation learning strategies help empower our students with skills that will 

assist them in planning, monitoring, evaluating, and reflecting on their academic goals.  

Research studies have shown that students who have SRL skills are motivated and active 

in their learning process (Arsal, 2009).  Therefore, students need a toolkit of strategies 

that they can use to self-regulate.  With professional development training in SRL, 

teachers can equip themselves with the knowledge to implement and model SRL 

strategies with their students in the learning environment.  These strategies will help 

students navigate the constructivist and personalized learning environments of the 

twenty-first century and beyond (Arsal, 2009). 

Connections 

With the connections of elaborative feedback, self-regulation, and distributed 

cognition, students can construct new knowledge or adjust their thinking.  Often students 

view feedback, learning, and reflection as the responsibility of the teacher (Nichol & 

Macfarlane-Dick, 2006).  However, as students begin to learn self-regulation skills, 

learners develop the understanding that they have an active role in the feedback and 

knowledge construction process (Nichol & Macfarlane-Dick, 2006).  According to Butler 

and Winne (1995), feedback assists students in the self-regulation process.  Students use 

feedback to monitor and adjust their knowledge or thinking, which is part of the self-

regulation process (Butler & Winne, 1995; Nicol & Macfarlane-Dick, 2006).  Feedback 
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often derives through collaborative support from peers and technology (Carr et al., 2006; 

Schwartz, 2008).   

 As learners monitor their thinking, they use their internal cognition to construct 

knowledge (Schwartz, 2008).  Through the internal cognition, the learner “generates 

internal feedback” (Butler & Winne, 1995, p. 248) and uses it to adjust their 

understanding and apply it to new learning or construct questions that require additional 

feedback.  When the internal feedback is unclear, the learner needs additional support or 

scaffolding to assist in progressing toward clarity or understanding.  At this point, 

collaboration through a teacher, peers, and technology can assist with the learner’s 

cognitive demands.  With collaborative support, the cognitive demands are “distributed 

among individuals and tools” (Belland, 2011, p. 583).  This distribution alleviates the 

cognitive demands from just being on one person (Belland, 2011; Schwartz, 2008).  

According to Hutchins (1995), this distribution of cognition assists the collaborators in 

developing a community of knowledge that will assist in task completion or 

understanding.  Carr and colleagues (2016) asserted that “educational settings are perfect 

examples of complex social organizations” (p. 155) through which distributed cognition 

of learners, teachers, and tools is beneficial.  Distributed cognition provides an 

opportunity for those in the social organization to share information that can generate 

elaborative feedback.  This socialization, in turn, helps the learner self-reflect to adjust or 

clarify their thinking or knowledge (see Figure 1).  Schwartz (2008) noted that “learning 

is cognitive and social” (p. 391).  Hence, elaborative feedback, self-regulation, and 
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distributed cognition work together to help the learners collaboratively construct 

knowledge.  

 

 

Figure 1. Construction of knowledge through elaborative feedback, self-regulation, and 
distributed cognition.  
 
 

Self-Regulated Learning Questionnaire 

 Gaumer Erickson, Soukup, Noonan, and McGum (2015) developed the Self-

Regulated Learning Questionnaire to measure students’ level of proficiency in using self-

regulation strategies in the subscale areas of planning, monitoring, controlling, and 

reflecting.  The researchers created the questionnaire to determine how students plan 

goals for academic achievement, whether they monitor progress towards meeting the 

goals, what strategies they use to control problems that may arise as they work towards 
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achieving their goals, and how they reflect on what has been done and what can be done 

in the future to assist them in achieving their goals (Gaumer Erickson et al., 2015).  The 

researchers administered the questionnaire to students during the 2016-2017 school year 

and again during the 2017-2018 school year.  According to Gaumer Erickson et al. 

(2018), the survey was updated in 2017 to include demographics of gender and grade 

level.  In the fall of 2017, the researchers administered the questionnaire to over 4,700 

students in grades sixth through twelfth to determine the reliability of the questionnaire 

(Gaumer Erickson et al., 2018).  

Student Response Systems 

One way to assist students in navigating their learning environments is through 

the use of student response systems (SRS).  Researchers have conducted studies on the 

implementation, pedagogical beliefs, engagement, and goals for using student response 

systems (Heaslip, Donovan, & Cullen, 2014; Penuel et al., 2007; Randolph, 2007).  

Researchers have conducted many studies on student response systems at the secondary 

and higher education levels.  However, recently, researchers have made efforts to conduct 

research studies at the elementary level.   

Prior to the use of electronic student response systems, teachers utilized response 

cards to obtain student answers.  In 2007, Randolph conducted a meta-analysis on the 

effects of student response cards on achievement and behavior in the classroom on the 

kindergarten through university level compared to students raising their hands.  The 

researcher noted that the response cards were “low-tech tools for increasing active 

student response” (Randolph, 2007, p. 114).  Each student had an opportunity to share an 
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answer to a problem by writing the answer on a card or laminated board to show to the 

teacher (Randolph, 2007).  This display of answers provided the teacher an opportunity to 

determine each student’s understanding and to provide feedback and modification of 

instruction based on the students’ needs (Randolph, 2007).  The results of the study 

showed that students using the response cards scored higher on assessments than those 

who raised their hands.  All students had an opportunity to share their answer and receive 

feedback as opposed to only receiving answers from students who raised their hands 

(Randolph, 2007).   

As a result of schools integrating more advanced technologies into the classroom, 

schools are utilizing electronic student response systems to actively engage their learners 

(Blasco-Arcas et al., 2013).  Thus, researchers are conducting studies on the effects of 

electronic student response systems in the classroom.  The use of electronic devices 

lessens the use of textbooks, which, as researchers noted, have been the dominant form of 

providing information to students (Gomez et al., 2010).  However, with the advances in 

digital technologies, the SRS provide an opportunity for students to be active learners 

(Dietrich & Balli, 2014).  Mathematics lends itself to the use of SRS.   

First introduced in the 1960s, student response systems are more prevalent today 

because access to technology devices has increased (Hunsu, Adesope, & Bayly, 2016).  

School systems are investing money into technology devices for student use at school and 

at home (Busteed & Dugan, 2018).  Additionally, parents are purchasing devices for their 

children to use for personal and educational purposes (Busteed & Dugan, 2018), thus 

making access to student response systems more readily available (Hunsu et al., 2016).   
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Student response systems are electronic devices through which respondents 

answer formative evaluation questions and receive immediate feedback (Blasco-Arcas et 

al., 2013).  Student response systems are also known as classroom response systems, 

clickers, immediate response systems, personal response systems, and audience response 

systems (Blasco-Arcas et al., 2013; Han, 2014; Hunsu et al., 2016; Shapiro, 2009).  

Through the use of student response systems, immediate feedback and discourse assist in 

enhancing students’ learning experiences, therefore allowing students to be active 

learners rather than passive learners in their learning environment (Hunsu et al., 2016).  

When students actively participate in a lesson, they have opportunities for reflection on 

the learning (Heaslip et al., 2014).  Active learning or engagement in the lesson is critical 

to students’ learning experiences (Blasco-Arcas et al., 2013). 

Several early studies on the use of student response systems focused on the 

reasons educators utilize the systems in the educational setting (Hunsu et al., 2016).  

However, fewer studies have focused on the effects of the use SRS have in the classroom 

(Heaslip et al., 2014; Hunsu et al., 2016).  As a result, Heaslip et al. (2014) conducted a 

study on the higher education level to determine “the effects of classroom response 

systems on interactivity in the classroom” (p. 15).  The researchers used a pretest, mid-

test, and posttest design (Heaslip et al., 2014).  Additionally, the researchers used 

interviews and questionnaires to determine the students’ perceptions of the use of SRS.  

The results of the study showed a statistically significant difference in the interactivity for 

students individually and collectively (Heaslip et al., 2014).  Students also noted that the 
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immediate feedback provided them an opportunity to clarify their understanding of the 

concepts during class, rather than at a later date (Heaslip et al., 2014). 

Since researchers have conducted a limited number of SRS research studies at the 

K-12 level, several researchers conducted a study to determine how teachers used SRS in 

elementary and secondary classrooms (Penuel et al., 2007).  In their study, Penuel et al. 

(2007) conducted the study with 584 elementary, middle, and high school teachers.  

Teachers of different content areas prepared multiple choice questions to use with the 

SRS.  When using the SRS, students input their answers into the system.  The data 

received from the students are displayed for the teacher and classmates to view.  Most 

teachers indicated that students’ answers submitted via the SRS provided teachers with 

feedback on the students’ understanding of the concepts.  According to Penuel et al. 

(2007), few teachers used this feedback to differentiate instruction.  Additionally, some 

teachers noted that the use of SRS provided a sense of community in the classroom 

environment (Penuel et al., 2007). 

Using SRS, students develop classroom community in which they can interact and 

discuss the data results.  In the study Blasco-Arcas et al. (2013) conducted, the results 

indicated “interactivity with peers positively and significantly influences both 

collaborative learning and engagement” (p. 107).  Another important result is that the 

interactivity with the teacher positively affected the students’ engagement and 

collaboration (Blasco-Arcas et al., 2013).  An SRS that will assist in engagement and 

collaboration of students is Classflow (Promethean World, 2018).   
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Classflow 

Classflow is an online, cloud-based system that allows facilitators to deliver 

interactive lessons to their audience.  Promethean World (2018), the developers of the 

Classflow system, created the software to assist teachers in delivering interactive lessons 

to students’ devices.  Promethean World (2018) is a company that develops various 

technologies to integrate into learning environments.  Similar to the SRS in the study 

Penuel (2007) conducted, Classflow allows students to interact with the information 

delivered to their devices.  Through the Classflow system, teachers can send interactive 

quizzes, instant polls, and activities to students’ devices (Promethean World, 2018).  The 

types of questions disseminated through Classflow can be multiple choice, true/false, 

Likert scale, number, creative response, open-ended, or as the teacher designs 

(Promethean World, 2018).  Although students answer the questions individually, the 

answers of all of the students are displayed anonymously on the projected screen.   

MobyMax 

In addition to the mathematics curriculum, MobyMax is another resource that 

students can use to build their math skills.  MobyMax is an online platform with skills for 

grades kindergarten through eighth that support the Common Core State Standards in the 

areas of language arts, social studies, science, and mathematics (MobyMax, 2019).  

Developed in 2010, the founders designed the MobyMax platform to assess and 

strengthen students’ skills in various subject areas (MobyMax, 2019).  Students complete 

a placement test that helps in identifying their strengths and weaknesses in a particular 

subject area.  The mathematics portion of MobyMax is designed to assess the students’ 
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math skills and provide practice in areas of weakness or advance to math skills on 

another grade level (MobyMax, 2019).  The MobyMax platform provides an opportunity 

for differentiation.  Students work on skills at their own pace and receive immediate 

feedback as they complete the problems.  Teachers can monitor their students’ progress 

and reassign skills on which students need more work or assign work for enrichment.  

The MobyMax platform includes a video option that provides guidance or scaffolding for 

students who need assistance. 

Other Factors that Could Affect Student Achievement 

In addition to the SRS, researchers noted that the interaction between students 

during the use of the systems might affect the students’ learning achievement (Blasco-

Arcas et al., 2013; Han, 2014).  Additionally, students may have positive perceptions of 

their interaction with the SRS (Blasco-Arcas et al., 2013).  On the other hand, Han (2014) 

noted that the effects of the SRS on student achievement might not be as clear without the 

quantitative data to support the qualitative data. 

Renaissance STAR Math 

Quantitative data for math can be collected using Renaissance STAR Math.  

Renaissance is a company that provides educational software in the areas of reading and 

mathematics in grades kindergarten through twelfth (Renaissance, 2018).  The STAR 

Math assessment is a computer-based assessment that adjusts to the learners’ 

mathematical ability.  The STAR Math assessment measures a student’s mathematical 

ability in relation to the state and national math standards (Renaissance, 2018).  The 

STAR Math assessment consists of 34 multiple-choice questions based on the four 
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domains of the state and national math standards (Renaissance, 2018).  The four domains 

of the assessment include “Numeration and Operations, Algebra, Geometry and 

Measurement, and Data Analysis, Statistics and Probability” (Renaissance, 2018, p. 51).  

The STAR math assessment results show a students’ instructional level in math as well as 

how the students scored in relation to their peers nationally (Renaissance, 2018).  The 

assessment results also provide data on students’ growth over an extended period 

(Renaissance, 2018).  

McGraw-Hill My Math Curriculum 

The designers of the McGraw-Hill My Math Curriculum compiled a math 

curriculum based on the Common Core State Standards (Carter et al., 2018).  In 

developing the math curriculum, designers developed the McGraw-Hill My Math 

Curriculum for grades kindergarten through fifth grades based on: 

Understanding by Design—a research-proven approach to learning that identifies 

the desired outcomes first and tailors learning to meet the objective along with 

rigorous standards that provide conceptual understanding, key areas of focus, and 

connection to prior concepts and skills.  (McGraw-Hill Education, 2018, p. 3)  

The designers of McGraw-Hill My Math asserted that the curriculum is 

challenging and engaging (McGraw-Hill Education, 2018).  Students have an opportunity 

to investigate the math through real-world problems to assist in their conceptual 

understanding (Carter et al., 2018).  Additionally, students are encouraged to think 

critically through complex, multistep problems (McGraw-Hill Education, 2018). 
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The content standards are divided into four major components: Operations and 

Algebraic Thinking, Number and Operations in Base Ten and Fractions, Measurement 

and Data, and Geometry (Carter et al., 2018).  Integrated into the content standards are 

Mathematical Practices, “which are skills students use to approach math” (Carter et al., 

2018, p. T6).  The eight Mathematical Practices correlated to the content standards are: 

1. Make sense of problems and persevere in solving them. 

2. Reason abstractly and quantitatively. 

3. Construct viable arguments and critique the reasoning of others. 

4. Model with mathematics. 

5. Use appropriate tools strategically. 

6. Attend to precision. 

7. Look for and make use of structure. 

8. Look for and express regularity in repeated reasoning.  (Carter et al., 2018, p. 

T6) 

The Mathematical Practices help in building fluency and conceptual understanding 

(Carter et al., 2018, p. T6).  Through the integration of the Common Core State Standards 

and Mathematical Practices, students can develop skills that will assist them in 

“communicating mathematically and functioning in a global economy” (Carter et al., 

2018, p. T16). 

Summary 

This chapter presented the relevant research for the quasi-experimental study.  

The literature review aimed to demonstrate the significance of immediate corrective 
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feedback utilizing technology to assist students in building on current knowledge and 

constructing new knowledge.  Additionally, students need self-regulation strategies to 

assist them as they construct new knowledge (Brookhart, 2017; Peeters et al., 2016; 

Vygotsky, 1934/1978).  Providing students with immediate corrective feedback utilizing 

the theories of distributed cognition and self-regulated learning will help develop the 

collaborative cognition and self-monitoring skills toward student achievement (Arsal, 

2009; Hutchins, 1995).  Consequently, since a limited number of studies exist on 

immediate elaborative feedback, distributed cognition and self-regulated learning 

utilizing technology on the elementary level, further research is needed on the elementary 

level to determine how immediate elaborative feedback through distributed cognition and 

self-regulated learning affect student achievement (Han, 2014; Penuel et al., 2007).  
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CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY 

“I, too, have carefully investigated everything from the beginning and have 
decided to write an orderly account for you.” 

~Luke 1:3 
 

The review of the literature in Chapter 2 provides a bridge for the research in this 

study.  Chapter 3 addresses the research design and methodology for answering the 

research questions of this study.  This chapter begins with an overview of the purpose of 

the study and the guiding research questions.  A discussion of the research design and 

rationale; sample; data collection, selected instrument, and analysis procedures; 

researcher bias; and ethical considerations follow.  

Purpose Overview 

The purpose of this quasi-experimental pretest and posttest design study was to 

determine whether there was a statistically significant difference in the math achievement 

of fifth-grade students who received immediate corrective feedback using the student 

response system (SRS) and self-regulation training and students who did not receive self-

regulated learning training and immediate elaborative feedback when using student 

response systems at a private school in the southeastern United States.  The immediate 

elaborative feedback through the use of student response systems provided an 

opportunity for students in the experimental group to give answers and receive immediate 

elaborative feedback.  Before and after the immediate feedback, students reflected and 
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elaborated about the mathematics concepts.  Additionally, the students in the 

experimental group received self-regulated learning instruction to assist them in planning, 

monitoring, controlling, and reflecting on their math goals.  

Reiteration of Research Questions  

The research questions for this study were:  

1. Will there be a statistically significant difference in the math achievement of 

fifth-grade students who receive immediate elaborative feedback and self-

regulation strategy instruction as compared to students who receive immediate 

corrective feedback without self-regulation strategy instruction? 

2. Will there be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction?  

Research Hypotheses and Criteria of Rejection or Acceptance 

The research hypotheses statements assisted in establishing a relevant conclusion 

for the study.  The null and alternative hypotheses statements were based on the research 

questions for this study. 

The null hypothesis for research question one was: 

H10: There will not be a statistically significant difference in the math 

achievement of fifth-grade students who receive immediate elaborative 

feedback and self-regulation strategy instruction as compared to students 
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who receive immediate corrective feedback without self-regulation strategy 

instruction. 

To reject the null hypothesis, the alpha level value for the intervention parameter 

is .05.  Additionally, the alternative hypothesis for question one is that there will be a 

statistically significant difference in the math achievement of fifth-grade students who 

receive immediate elaborative feedback and self-regulation strategy instruction as 

compared to students who receive immediate corrective feedback without self-regulation 

strategy instruction.   

Further, the null hypothesis of the second question was: 

H20: There will not be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction. 

The alpha level for rejecting the null hypothesis is .05.  The alternative hypothesis 

is that there will be statistically significant difference in the self-regulation questionnaire 

scores of fifth-grade students who receive immediate elaborative feedback and self-

regulation strategy instruction as compared to students who receive immediate corrective 

feedback without self-regulation strategy instruction. 

Student Sample 

The sample consisted of 26 fifth-grade students in an urban private Christian 

school in the southeastern United States.  The student population for the private Christian 



45 

 

school was approximately 1600 students in grades pre-k through 12th.  The student 

population data indicated 50% of the students were females and 50% of the students were 

males from different ethnicities.  During the 2018-2019 school year, the total school 

demographics for ethnicities included 25% African American or Black, 11% Asian, 51% 

Caucasian, 5% Hispanic or Latino, 5% multiracial, and 3% other or unanswered.   

In fifth grade, teachers taught specific content areas.  There were five fifth-grade 

mathematics classes during the 2018-2019 school year.  Thus, students participated in 

one of five different math groups based on the students meeting the criteria for a specific 

math class.  Only two of the five math groups participated in this study.  The criteria for 

each group included specific cutoff scores on the mathematics total on the Iowa Test of 

Basic Skills (ITBS), the STAR Math test, and the McGraw-Hill fifth-grade placement 

test.  Additionally, fourth-grade math teachers provided a recommendation for each 

student’s group placement.  The teachers’ recommendations were based on their 

observations of students’ work ethic and overall mastery of the fourth-grade math skills 

on the formative and summative assessments.  Therefore, the researcher assigned the 

students to the control and experimental groups based on their enrollment in the two math 

classes.  Both the control group and the experimental groups consisted of 13 students 

each.  The students in both classes participated in similar educational activities using the 

McGraw-Hill My Math curriculum (Carter et al., 2018).  

Research Design 

Creswell (2013) asserted that a “quantitative study is necessary when there is a 

need for an explanation of the relationship between variables” (p. 26).  This quasi-
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experimental study determined the means between the variables immediate elaborative 

feedback and math achievement and self-regulation and math achievement.  The design 

of the study included pretests and posttests for both the control and experimental groups.  

The researcher used the pretests to measure the students’ math achievement and self-

regulation before the study.  The posttests measured the students’ math achievement and 

self-regulation following the interventions of immediate elaborative feedback and self-

regulation strategy instruction.  

Elaborative feedback and self-regulation strategy instruction were the independent 

variables of the study.  The dependent variable of the study was the STAR Math test.  

The experimental group received elaborative feedback with the student response system 

(SRS) and also self-regulation strategy instruction.  The control group only received 

immediate corrective feedback with the SRS.  The control group did not receive the self-

regulation strategy instruction.  

Instruments 

The STAR Math assessment, a data-driven and diagnostic product of Renaissance 

Learning, measured the math achievement of students before and after the intervention.  

Renaissance representatives provided permission for use of STAR Math in this study (see 

Appendix D).  The STAR Math assessment, a computer-based assessment, adjusts to the 

learner’s mathematical ability (Renaissance, 2018).  For this study, the researcher 

designed a custom STAR Math assessment to address the math skills covered during the 

study.  The custom designed STAR Math assessment consisted of 35 multiple-choice and 

constructed response questions related to the state math standards and the McGraw-Hill 
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My Math curriculum.  The STAR Math database houses a gallery of questions for use in 

customized assessments.   

Renaissance (2018) has conducted studies to test for validity and reliability of the 

STAR Math assessment.  The results of the validity and reliability tests are documented 

in the Star Assessments for Math Technical Manual (Renaissance, 2018).  The 2015-2016 

results of the reliability of the STAR Math test for grades 1 to 12 show that the “overall 

generic reliability of the scores was about 0.97” (Renaissance, 2018, p. 42).  The data 

derived from a sample of over 200,000 students in grades 1 through 12.  The Cronbach 

alpha coefficient for grade 5 was 0.93, which was derived from a sample of about 16,000 

(Renaissance, 2018).    

Additionally, Renaissance (2018) measures the validity of the STAR Math tests.  

The authors noted, “A test is valid to the extent that there are evidentiary data to support 

specific claims as to what the test measures; the interpretations of the score; and the uses 

for which it is recommended or applied” (Renaissance, 2018, p. 50).  The test validity 

included both content and construct validity (Renaissance, 2018).  Renaissance (2018) 

explained, “Content validity is the relevance of the test questions to the attributes or 

dimensions intended to be measured by the test” (p. 50).  Furthermore, “Construct 

validity investigates the extent to which a test measures the construct(s) that it claims to 

assess” (Renaissance, 2018, p. 50).  The four domains of the STAR Math test are 

“Numeration and Operations, Algebra, Geometry and Measurement, and Data Analysis, 

Statistics and Probability” (Renaissance, 2018, p. 51).  The concurrent validity statistics 

indicated an overall average coefficient of 0.73 and the number of coefficients as 241 
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with a sample of 370,000 in grades 1 through 6 (Renaissance, 2018).  The validity 

statistics for grade 5 indicated an average coefficient of 0.75 and the number of 

coefficients as 62 with a sample of about 94,000 (Renaissance, 2018).  According to the 

results, The National Center on Response to Intervention (RTI) rated STAR Math highly 

for progress monitoring (Renaissance, 2018).  

Additionally, the researcher used the Self-Regulation Questionnaire to inquire 

about the students’ proficiency in planning, monitoring, controlling, and reflecting on 

their math achievement (Gaumer Erickson, Soukup, Noonan, & McGum, 2015).  Gaumer 

Erickson et al., researchers at the Research Collaboration at Kansas State University, 

created the Self-Regulation Questionnaire in 2015.  The developers of the Self-

Regulation Questionnaire granted permission for the researcher to use the questionnaire 

in this study.  The developers further provided permission for modification of questions 

as needed for the study (see Appendix C). 

Using Cronbach’s coefficient alpha, the researchers tested the questionnaire for 

reliability with high school and middle school students during the 2015-2016 school year 

(Gaumer Erickson et al., 2015).  The reliability testing for the questionnaire yielded 

a = .89.   The testing further yielded scores for the different phases of self-regulation.  

The testing measured the four subscales of self-regulation which included planning, 

monitoring, controlling, and reflecting.  The alpha scores for the self-regulation phases 

included a = .63 for the planning subscale, a = .70 for the monitoring subscale, 

a = .74 for the controlling subscale, and a = .68 for the reflecting subscale (Gaumer 

Erickson et al., 2015).   
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Although written on a sixth-grade readability level, the questionnaire’s readability 

is valid for the fifth-grade students at the private school.  The researcher made this 

conclusion after sharing the document with fifth-grade language arts teachers at the study 

site.  The teachers indicated that the readability level of the questions was appropriate for 

students in fifth grade.  Further, the authors of the questionnaire indicated that users may 

make accommodations such as reading the questionnaire aloud to students or explaining 

the questions to students (Gaumer Erickson et al., 2015).  These accommodations assist 

students who need the extra support in completing the questionnaire.   

The Self-Regulation Questionnaire consists of 22 questions on a 5-point Likert 

scale with 1 not very like me to 5 very like me.  The developer designed the 22 items on 

the questionnaire to address four phases of self-regulation.  Five of the questions address 

the planning phase of self-regulation.  Six items address the control phase of self-

regulation.  Six items address the monitor phase of self-regulation.  Five items address 

the reflect phase of self-regulation (Gaumer Erickson et al., 2015).   

Data Collection Procedure 

Before collecting data, the researcher obtained permission from Mercer 

University’s Institutional Review Board (IRB).  Additionally, the researcher secured 

approval to conduct the study on the private school site.  After IRB approval (see 

Appendix A), the researcher requested parental consent and student assent for each 

student’s participation in the study.   

Data collection lasted for a 12-week period from February 2019 to May 2019 

(Epstein, Brosvic, Costner, Dihoff, & Lazarus, 2003; Manuel, 2015).  Data collection 
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consisted of a pretest, self-regulation questionnaire, interventions of elaborative feedback 

and self-regulation strategy instruction, and a posttest.  Before the intervention, all 

students in both the control and experimental groups completed the Renaissance STAR 

Math Assessment to obtain initial understandings of each participant’s math abilities.  

The majority of the students needed extra time to complete the pretest.  The students 

completed STAR Math pretest within two days.  Additionally, students in the control and 

experimental groups completed a self-regulation questionnaire to determine students’ 

self-regulation skills.   

After the pretests, students in the control group received regular fifth-grade math 

instruction using online student response system (SRS) such as Kahoot, MobyMax, and 

Quizizz with immediate feedback.  The students in the control group worked on 

MobyMax for the first 10 minutes of class.  The students in the experimental group 

received regular fifth-grade math instruction along with the elaborative feedback 

intervention using the Classflow SRS and self-regulated learning strategy instruction.  All 

students received regular math instruction for approximately 45 minutes per day over the 

course of five days per week.  However, students in the experimental group received 

regular math instruction as well as the intervention’s immediate elaborative feedback 

through the Classflow SRS and self-regulated learning strategy instruction three days per 

week for a total of 30 minutes, 10 minutes each day.  All the students completed 20 

minutes of MobyMax for homework each week except holidays.   

After 12 weeks of regular math instruction for the control group and regular 

instruction and the intervention for the experimental group, all participants completed the 
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Renaissance STAR Math Assessment posttest and the self-regulation questionnaire.  The 

posttests provided data to determine if there was a statistically significant difference in 

the math achievement of fifth-grade students who received immediate elaborative 

feedback and self-regulated learning instruction compared to students who did not 

receive immediate elaborative feedback and self-regulated learning instruction. 

Intervention Procedures 

The interventions for this study were immediate elaborative feedback and self-

regulation instruction.  The experimental group received the elaborative feedback 

intervention using the Classflow SRS.  Through the Classflow system, the teacher sent 

interactive quizzes, instant polls, and activities to the students’ devices (Promethean 

World, 2018).  The types of questions disseminated through Classflow can be multiple 

choice, true/false, Likert scale, number, creative response, open-ended, or as the teacher 

designs (Promethean World, 2018).   

The school where the intervention took place had an account with Classflow.  

During the fall of 2017, teachers received training on the Classflow system.  A Classflow 

representative conducted a four-hour training session for all teachers at the study site.  

The representative introduced the teachers to the Classflow platform.  Teachers received 

training on how students should log into the system, how to create a presentation with 

multiple choice, free response, creative response, and text response, and how to 

disseminate the presentation to the students to appear on the student devices.  Through 

the Classflow system, the teacher can assign specific presentations to a particular group 
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to access, review questions, and submit answers.  During this study, the teacher shared 

with the students open-ended and creative response questions to answer individually. 

Two essential factors to include in the intervention process are elaborative 

feedback and self-regulation instruction.  Through Classflow SRS, both immediate 

elaborative feedback and self-regulation occur.  Using their student devices, students 

logged in to the school’s Classflow account.  Each student had an account that the teacher 

monitored.  After accessing the account, the teacher shared the mathematical content to 

the students’ devices to allow students to answer a question.  Students reviewed the 

question and submitted their answers, which appeared anonymously on the ActivPanel in 

the classroom.  However, the teacher had the option of showing the students’ names if 

warranted.  When the answers appeared on the screen, students sorted the answers into 

different sections to begin the mathematical discourse.  The discourse included feedback 

regarding the answers that appeared on the screen.  Hattie, Fisher, and Frey (2017) noted 

that the discourse provides opportunities for students to share the correct answer as well 

as voice agreement or disagreement with the answers.  Along with voicing agreement or 

disagreement, students justified their answers and the reason for disagreement or 

agreement during the mathematical discourse.  Additionally, students asked questions 

regarding the work to identify or clarify strategies to assist in problem solving accurately 

(Hattie et al., 2017).   

The second intervention the researcher administered during the study was 

teaching students self-regulation strategies.  The researcher taught the students self-

regulation strategies that focus on goal setting and planning, monitoring the progress, and 



53 

 

self-reflecting (Nilson, 2017).  After the students completed the self-regulation 

questionnaire, the researcher analyzed the data obtained from the questionnaire to 

determine which areas of self-regulation the experimental participants needed.  Once the 

researcher identified the areas of need, the researcher instructed the students on self-

regulation strategies using some of the techniques from Nilson (2017) and Noonan and 

Gaumer Erickson (2018).  The researcher used simulations and group discourse to teach 

lessons on self-regulated learning.   

During the first week of the study, the researcher introduced students to the goal 

setting and planning stage of the self-regulation strategies.  The researcher instructed 

students on how to set mathematical goals and how to plan strategies to help in meeting 

the goals.  Students entered their mathematical goals for the unit on order of operations 

and the strategies for meeting those goals during the 12-week study into a Google 

Document.  Furthermore, the researcher provided strategies to help the students monitor 

their progress towards their mathematical goals and note how the use of their strengths 

can assist when problems arise.  To ensure that the students monitored their goals, the 

researcher rehearsed self-reflection dialogue with the students to use as they worked 

toward their goals.  During the study, the students recorded in the Google Document the 

ways they met their math goals.  Further, before each unit assessment, students completed 

a Google Form to self-reflect on whether they understood the math concepts.  The teacher 

reviewed the reflections and provided feedback to the students.  Further, some students 

requested and attended help sessions for assistance in understanding concepts.  
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Data Analysis 

According to Creswell (2013), “Quantitative data analysis will help in breaking 

down the data into parts to answer the research questions” (p. 15).  The researcher used 

the statistical methods Analysis of Covariance (ANCOVA) for data analysis.  To analyze 

the pretest and posttest data, the researcher used ANCOVA to determine if there was a 

significant difference in the means on the participants’ mathematics achievement after the 

interventions of elaborative feedback and self-regulation strategy instruction.  As part of 

the data analysis, the researcher entered the data collected from the STAR Math pretest 

and posttest, and the pre- and post-self-regulation questionnaire into the Statistical 

Package for Social Sciences (SPSS) software to establish answers to the research 

questions.  Since the teachers assigned the students to groups based on cut-off scores on 

placement tests, the researcher conducted Individual Samples t tests to determine if there 

was a difference in the pretests of the experimental and control groups (Shadish, Galindo, 

Wong, Steiner, & Cook, 2011).   

After generating the reports from SPSS, the researcher analyzed the data to 

determine whether there was a statistically significant difference in the math achievement 

of fifth-grade students who received elaborative feedback using the Classflow response 

system and students who did not receive immediate elaborative feedback when using 

student response systems.  Furthermore, the data collected through the Self-Regulation 

Questionnaire indicated whether there was a significant difference in the self-regulation 

of fifth-grade students who received elaborative feedback and self-regulation strategy 

instruction and students who did not receive self-regulation strategy instruction.  The 
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researcher used the results of the data to decide whether to reject or accept the null 

hypotheses.  The results for each research question are displayed in tables and figures in 

the report of findings in Chapter 4. 

Ethical Safeguards 

To ensure the protection of the rights of the participants, the researcher obtained 

approval to conduct the study from Mercer University’s Internal Review Board (see 

Appendix A) and the participating school’s IRB.  Furthermore, the researcher requested 

that the parents of the students who participated in the study complete a consent form 

granting permission for participation.  Upon receipt of parental consent, the researcher 

requested that students complete an assent form.  These permissions enabled the 

researcher to collect data without breach to the ethical safeguards deemed necessary for 

this study.  The researcher informed the parents and participants about the students’ right 

to withdraw from the study at any time without consequences.  Additionally, there were 

no known risks to the prospective participants of the study. 

To protect the identity of the school and the participants, the researcher assigned a 

pseudonym to the school and each participant to preserve anonymity.  The researcher 

stored the data collected in a secure data storage to protect the privacy of the participants.  

The report of the results does not include any personal or identifiable information about 

the participants.  

Since the study lasted until a few days before the end of the school year, the 

participants in the control group did not have an opportunity to use the Classflow system.  

However, the control group did have an opportunity to experience elaborative feedback 
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using Kahoot after the study.  Prior to the end of the year, all students had an opportunity 

to interact in math using a form of SRS and participate in mathematical discourse with 

immediate elaborative feedback.    

Role of the Researcher 

The researcher for this study has taught 25 years on the elementary level and has 

experience in teaching mathematics and integrating technology into mathematics’ lessons 

to assist students in developing their math skills.  The researcher is an advocate for 

utilizing technology to enhance students’ learning experiences.  The researcher has 

trained teachers in the one-to-one technology initiative at the private school.   

The researcher was the teacher in the fifth-grade math classes in which the study 

occurred.  The researcher is passionate about helping students understand and appreciate 

mathematics.  However, the researcher understands the importance of a nonbiased 

approach in collecting and analyzing the data for the study.  To assist in controlling for 

bias, the researcher maintained a journal to record thoughts during the study.  

Additionally, the researcher used the Statistical Package for the Social Sciences (SPSS) 

to input the data gained from the pretests and posttests to make decisions about the data.   

Summary 

In summary, the researcher conducted a quasi-experimental study with the pretest 

and posttest and control group design.  The purpose of the quasi-experimental study was 

to determine whether a difference existed between means of the variables immediate 

elaborative feedback and math achievement using student response systems and self-

regulation instruction and math achievement of fifth-grade students in a private school in 
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the southeastern United States.  The teacher facilitated instruction to the students through 

the private school’s math curriculum.  The students in the experimental group received 

interventions, which consisted of using the independent variable elaborative feedback to 

facilitate mathematical discourse through utilization of the SRS and instruction in self-

regulation strategies.     

The researcher analyzed the data gained from the research and determined the 

answers to the research questions.  The data assisted in determining whether to reject or 

accept the null hypotheses.  The findings of the study are in table and narrative formats in 

Chapter 4.
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CHAPTER 4 

RESULTS 

“But test all things.  Hold fast to what is good.” 
~I Thessalonians 5:21 

After receiving IRB approval from Mercer University and the required 

permissions from parents and assents from students, I began data collection for the study. 

The purpose of this quasi-experimental study was to investigate the effects that 

elaborative feedback and self-regulation instruction have on the math achievement of 

fifth-grade students.  In Chapter 3, the researcher explained the quasi-experimental 

design. The study included a pretest and posttest design with participants divided into an 

experimental group and a control group.  After 12 weeks of data collection, including 

elaborative feedback and self-regulation strategies’ interventions, analysis of the data 

resulted in answers to the research questions and hypotheses.    

This chapter shares the results of the data collection and intervention gained from 

the quasi-experimental study with a pretest and posttest design.  The chapter includes a 

restatement of the research questions and the hypotheses for the study.  Additionally, the 

chapter contains a description of the participants and the study site.  Included in the 

chapter is a discussion of the analysis of the data.  Also included is the process for 

determining whether the data met the assumptions for conducting the test.  Finally, the 

chapter presents the findings of the pretest and posttest design analysis.    
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Participants 

The study participants were fifth-grade students from two math classes of an 

urban private Christian school in the southeastern United States.  Both the experimental 

and the control groups consisted of 13 students each for a total of 26 fifth-grade students.  

However, the final analysis of the pretest and posttest only consisted of 25 students 

because one of the students experienced technical problems during the pretest and did not 

finish the posttest.  Thus, the final analysis of the study excluded the student’s data.  

Review of Research Questions and Hypotheses 

Two research questions guided this quasi-experimental study: 

1. Will there be a statistically significant difference in the math achievement of 

fifth-grade students who receive immediate elaborative feedback and self-

regulation strategy instruction as compared to students who receive immediate 

corrective feedback without self-regulation strategy instruction? 

2. Will there be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction?  

The null hypothesis for the first research question of the study was:  

H10: There will not be a statistically significant difference in the math 

achievement of fifth-grade students who receive immediate elaborative 

feedback and self-regulation strategy instruction as compared to students 



60 

 

who receive immediate corrective feedback without self-regulation strategy 

instruction. 

To reject the null hypothesis, the alpha level value for the intervention parameter is .05.  

Additionally, the alternative hypothesis for question one was: 

H1a: There will be a statistically significant difference in the math achievement of 

fifth-grade students who receive immediate elaborative feedback and self-

regulation strategy instruction as compared to students who receive 

immediate corrective feedback without self-regulation strategy instruction. 

Further, the null hypothesis of the study’s second question was: 

H20: There will not be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction. 

The alpha level for rejecting the null hypothesis is .05.  The alternative hypothesis 

was that:  

H2a: There will be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction 
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Analysis of the Data 

To answer the research questions, I used Analysis of Covariance (ANCOVA) and 

independent samples t-test to analyze the data collected from the study participants.  

According to Field (2013), the data must meet certain assumptions for ANCOVA to 

determine the effect on the outcome variable.  Miller and Chapman (2001) noted that 

ANCOVA helps “improve the power of the test of the independent variable” (p. 41).  

Before running the test, I conducted an independent samples t-test to determine if the 

covariate interactions resulted in a statistically significant difference between the 

experimental group and the control group.   

Assumptions for the Analysis 

Field (2013) noted that the researcher must determine whether the data meet the 

assumptions for ANCOVA before conducting the test.  The assumptions for ANCOVA 

include homogeneity of regression slopes, no statistically significant differences between 

the experimental and control groups on the pretest, univariate normality, homogeneity of 

variance, independence of observations, data are measured at least at the interval level, 

and no influential data points (Field, 2013; Miller & Chapman, 2001). 

Assumption Results 

After reviewing the results of the t-test, I determined there were no significant 

differences between the experimental and the control groups.  An analysis of the results 

showed that the data met all the assumptions for ANCOVA.  Since the interaction, as 

shown in Table 2, between the pretest and the group was not statistically significant, F(1, 

21) = 3.61, p = .07, I assumed homogeneity of regression of slopes.  The results of the 
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independent samples t-test in Table 3 did not show a statistically significant difference 

between the pretest of the experimental group and the control group, t(25) = -0.88, p = 

.387.  In Table 4, the Levene’s test results indicated there was equality of variances, F(1, 

23) = 0.59, p = .450.  The histogram, in Figure 2, showed normal distribution for both 

groups.  The results of the Kolmogorov-Smirnoff test, with Lilliefors significance 

correction, in Table 6 indicated normality, D(25) = 0.19, p ≥ .200.  The dependent 

variable was collected at least at the interval level.  Based on the knowledge of the 

collection of scores, the researcher assumed that each participant’s score did not 

influence another participant’s score.  

 
Table 2 

Tests of Between-Subjects Effects for Group Pretest Intervention 

Dependent Variable:   Posttest   

Source 
 

Type III Sum 
of Squares 

df 
 

MS 
 

F 
 

Sig. 
 

Corrected Model        3656.507a 3 1218.836 7.983 .001 
Intercept        5744.497 1 5744.497 37.626 .000 
Group       1163.127 1 1163.127 7.618 .012 

Pretest       1899.559 1 1899.559 12.442 .002 
Group * Pretest           551.177 1 551.177 3.610 .071 

Error        3206.133 21 152.673   
Total     97223.000 25    
Corrected Total       6862.640 24    
Note. a R2 = .533 (Adjusted R2 = .466) 
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Table 3 

Independent Samples Test 

Independent Samples Test 
  Levene’s Test for Equality 

of Variances 
 
t-test for Equality of Means 

         95% CI 
  F Sig. t df Sig.* Mean 

Difference 
SE 

Difference 
LL UL 

Posttest Equal 
variances  
assumed 

3.672 .068 -2.632 23.000 .015 -15.955 6.062 -28.495 -3.415 

 
Equal 
variances 
not  
assumed 

  -2.671 21.345 .014 -15.955 5.972 -28.363 -3.547 

Note. * designates two-tailed; CI = confidence interval; LL = lower limit; UL = upper limit 
 
 
Table 4 

Levene’s Test of Equality of Error Variancesa 

Dependent Variable:   Posttest   

F df1 df2 Sig. 

.591 1 23 .450 

Note. a Tests the null hypothesis that the error variance of the dependent variable is equal across groups; 
Design: Intercept + Pretest + Group 
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Figure 2. Histogram of standardized residual for the posttest. 
 
 
Table 5 

Tests of Between-Subjects Effects 

Dependent Variable:   Posttest   

Source 
Type III Sum 

of Squares df MS F Sig. Partial Eta2  

Corrected Model   3105.331a 2 1552.665   9.091 .001 .452 
Intercept 6512.397 1 6512.397 38.132 .000 .634 

Pretest 1516.838 1 1516.838   8.881 .007 .288 

Group 1034.448 1 1034.448   6.057 .022 .216 

Error 3757.309 22   170.787    
Total 97223.000 25     
Corrected Total 6862.640 24     
Note. a R2 = .452 (Adjusted R2 = .403) 
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Table 6 

Results of K-S Test for Standardized Residuals 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Standardized Residual  
for Posttest 

.118 25 .200* .953 25 .292 

Note. * is a lower bound of the true significance; a Lilliefors Significance Correction 
 
 

Results 

Once the data met all the assumptions, I conducted an ANCOVA to determine the 

effect of the interventions of elaborative feedback and self-regulation strategy instruction 

on the math achievement of the fifth-grade students in the experimental group.  The 

covariate, pretest, was statistically significant, F(1, 22) = 8.88, p = .007, η2 = .29.  The 

effect of the intervention was not statistically significant, F(1, 22) = 6.06, p = > .001, η2 = 

.23.  Participants in the experimental group (M = 53.84, SE = 3.65, 95% Cis [46.26, 

61.41]) scored lower than the students in the control group (M = 66.93, SE = 3.81, 95% 

CIs [59.04, 74.82]), when controlling for the pretest as illustrated in Table 7.  Therefore, I 

accepted the null hypothesis that there will not be a statistically significant difference in 

the math achievement of fifth-grade students who received immediate elaborative 

feedback and self-regulation strategy instruction as compared to students who received 

immediate corrective feedback without self-regulation strategy instruction. 
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Table 7 

Estimated Marginal Means 

Intervention 

Dependent Variable:   Posttest   

Intervention Mean Std. Error 
95% CI 

LL UL 
Experimental Group 53.836a 3.654 46.259 61.414 

Control Group 66.927a 3.806 59.035 74.819 
Note. a Covariates appearing in the model are evaluated at the following values: Pretest = 33.48; CI = 
confidence interval; LL = lower limit; UL = upper limit 
 
 

To address the second research question, the researcher analyzed the data of the 

Self-Regulation Questionnaire.  The Likert-scale questionnaire contains four categories 

of the self-regulation phase: plan, monitor, control, and reflect.  The administering of an 

independent samples t-test assisted in determining whether scores were similar in the two 

groups.  In a review of the Levene’s test, the p value was greater than .05 for each of the 

categories, which indicates that the variances are not significantly different, resulting in 

the assumption of equal variances as shown in Table 8.    
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Table 8 

Independent Samples t-Test 

Independent Samples Test 
  Levene’s Test for Equality 

of Variances 
 
t-test for Equality of Means 

         95% CI 
  F Sig. t df Sig.* Mean 

Difference 
SE 

Difference 
LL UL 

Plan Equal 
variances  
assumed 

1.261 .268 1.405 41.000 .168 1.32889  .94595 -.5815 3.2393 

 Equal 
variances 
not  
assumed 

  1.466 40.762 .150 1.32889  .90669 -.5025 3.1603 

Monitor Equal 
variances  
assumed 

.001 .982 .546 41.000 .588   .65556 1.20105 -1.7700 3.0811 

 Equal 
variances 
not  
assumed 

  .556 39.051 .581   .65556 1.17838 -1.7278 3.0390 

Control Equal 
variances  
assumed 

.076 .785 1.257 41.000 .216 1.3444 1.06968 -.8158 3.5047 

 Equal 
variances 
not  
assumed 

  1.266 37.742 .213 1.3444 1.06170 -.8053 3.4942 

Reflect Equal 
variances  
assumed 

1.156 .289 .435 41.000 .666   .44667 1.02585 -1.6521 2.5184 

 Equal 
variances 
not  
assumed 

  .456 40.859 .651   .44667  .98085 -1.5339 2.4272 

Note. * designates two-tailed; CI = confidence interval; LL = lower limit; UL = upper limit 
  
 

In comparing the means of the pretest and posttest, the researcher determined that 

the means were not significantly different since the alpha value was greater than .05 for 

each of the categories.  The result for each category included plan, t(41) = 1.40, p = .168; 

monitor, t(41) = .54, p =.588; control, t(41) = 1.25, p = .216; and reflect, t(41) = .43, p = 
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.666.  Thus, it was necessary to accept the null hypothesis that there was not a statistically 

significant difference in the self-regulation questionnaire scores of fifth-grade students 

who received immediate elaborative feedback and self-regulation strategy instruction as 

compared to students who received immediate corrective feedback without self-

regulation strategy instruction. 

Additionally, descriptive statistics in Figures 3 through 10 show the pretest results 

that support the null hypothesis.  Figures 11 through 18 share the descriptive statistics for 

the posttest results for both the experimental and the control groups.  The 5-point Likert 

scale questionnaire consisted of 22 questions related to the four phases of self-regulation: 

plan, control, monitor, and reflect.  The students answered each question according to 

how the statement related to their thinking.  The options for the responses were 5 - very 

much like me, 4 – mostly like me, 3 – somewhat like me, 2 – not very much like me, and 

1 – not like me.  Since option 5 was positive and option 1 was negative, questions 5, 11, 

16, 17, and 22 required reverse coding to represent the answers correctly.  Recording of 

each participant’s responses occurred in SPSS to generate descriptive statistics.  The 

information includes the frequency and means for each of the phases of self-regulation 

for the pretest and posttest.  Displayed in Figures 3 and 4 are the pretest frequency results 

for each student’s responses to each statement in the planning phase.  Figure 2 presents 

the experimental group responses, and Figure 5 shows the pretest responses of the control 

group.  The mode for question 1 for the experimental group was 5 and 4 for the control 

group.  For question 2, a mode of 4 resulted for both groups.  Questions 3, 4, and 5 had a 

mode of 4, 5, and 3 respectively for the experimental group and 5 for the control group. 
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Figure 3. Self-regulation pretest plan phase data for the experimental group. 
 
 

 

Figure 4. Self-regulation pretest plan phase data for the control group. 
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Figure 5. Self-regulation pretest monitor phase data for the experimental group. 
 
 

 

Figure 6. Self-regulation pretest monitor phase data for the control group. 
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In Figures 7 and 8, the control phase of the experimental group yielded modes of 

4 for questions 12, 13, 14, 15, and 16.  For question 17, the mode was 5.  The control 

group had a mode of 5 for questions 12, 15, 16, and 17.  There was a mode of 3 and 4 for 

questions 13 and 14. 

 

 

 
 
Figure 7. Self-regulation pretest control phase data for the experimental group. 
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Figure 8. Self-regulation pretest control phase data for the control group. 
 
 

The data shown in Figures 9 and 10 represent the reflect phase of self-regulation.  

The experimental group’s mode for questions 18, 20, and 21 was 5, and questions 19 and 

22 had a mode of 4.  The control group’s mode for questions 18, 19, 21, and 22 was 4, 

and the mode for question 20 was 5. 
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Figure 9. Self-regulation pretest reflect phase data for the experimental group. 
 
 

 
 
Figure 10. Self-regulation pretest reflect phase data for the control group. 
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The descriptive statistics in Figures 11 and 12 illustrate the frequency of student 

responses for the posttest of the experimental and control groups in the phase of planning.  

The experimental group’s mode for questions 1 and 2 was 3, a mode of 5 for questions 3, 

and a mode of 4 for question 5.  The control group had a mode of 4 for questions 1, 3, 

and 4 and a mode of 3 for questions 2 and 5. 

 

 
 
Figure 11. Self-regulation posttest plan phase data for the experimental group. 
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Figure 12. Self-regulation posttest plan phase data for the control group. 
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Figure 13. Self-regulation posttest monitor phase data for the experimental group. 
 
 

 
 
Figure 14. Self-regulation posttest monitor phase data for the control group. 
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In the control phase of the control group, Figure 16 displays the modes were 3 for 

questions 12, 13, and 15; 4 for question 12; and 5 for questions 14 and 17.  The 

experimental group’s modes (see Figure 15) in the control phase included 3 for questions 

13 and 14; 4 for questions 12, 15, and 16; and 5 for question 17. 

 

 
 
 
Figure 15. Self-regulation posttest control phase data for the experimental group. 
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Figure 16. Self-regulation posttest control phase data for the control group. 
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Figure 17. Self-regulation posttest reflect phase data for the experimental group. 

 
 

 
 
Figure 18. Self-regulation posttest reflect phase data for the control group. 
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Additionally, Tables 9, 10, 11, and 12 include descriptive statistics which display 

the differences in the means of the four phases of self-regulation for the experimental and 

control groups.  The results in each table illustrate that the self-regulation of the groups is 

similar at each phase; hence, the acceptance of the null hypothesis that there was not a 

statistically significant difference in the self-regulation questionnaire scores of fifth-grade 

students who received immediate elaborative feedback and self-regulation strategy 

instruction as compared to students who received immediate corrective feedback without 

self-regulation strategy instruction. 

 
Table 9 

Means of Self-Regulation Questions for Plan Phase 

Self-Regulation 

 Experimental Control 

 Pretest Posttest Pretest Posttest 

Question M SD M SD M SD M SD 

1 4.66 0.51 3.69 0.94 3.75 0.86 3.83 0.93 

2 4.16 0.75 3.23 0.92 3.41 0.66 3.33 1.07 

3 4.33 0.56 3.38 1.55 4.16 1.02 3.75 0.96 

4 3.50 1.22 4.30 0.94 4.08 0.99 4.00 0.73 

5 3.83 0.98 3.92 0.95 4.16 0.93 3.66 0.98 
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Table 10 

Means of Self-Regulation Questions for Monitor Phase 

Self-Regulation 

 Experimental Control 

 Pretest Posttest Pretest Posttest 

Question M SD M SD M SD M SD 

6 4.66 0.51 3.92 1.03 4.08 0.79 4.16 0.83 

7 4.50 0.54 4.15 0.80 4.50 0.67 4.75 0.45 

8 4.16 0.40 3.38 1.19 3.16 1.46 3.58 0.99 

9 4.83 0.40 3.84 1.28 3.58 1.24 4.33 0.88 

10 4.50 0.54 3.69 1.03 3.58 1.08 3.58 0.99 

11 3.33 1.63 3.69 1.18 4.16 0.83 3.75 1.13 

 
 
Table 11 

Means of Self-Regulation Questions for Control Phase 

 Self-Regulation 

 Experimental Control 

 Pretest Posttest Pretest Posttest 

Question M SD M SD M SD M SD 

12 4.50 0.54 4.07 0.75 3.83 1.26 3.91 0.90 

13 4.33 0.51 3.53 1.05 3.83 0.83 3.58 0.79 

14 4.50 0.54 3.69 1.18 4.08 0.79 3.91 1.08 

15 4.16 0.75 3.92 1.03 3.75 1.13 3.50 0.90 

16 3.83 1.16 3.61 1.12 3.75 1.42 3.41 1.08 

17 4.33 0.98 4.76 0.43 4.08 1.37 4.00 1.20 
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Table 12 

Means of Self-Regulation Questions for Reflect Phase 

 Self-Regulation 

 Experimental Control 

 Pretest Posttest Pretest Posttest 

Question M SD M SD M SD M SD 

18 4.16 0.98 3.69 1.18 4.08 0.79 4.16 0.83 

19 4.50 0.54 4.07 1.18 3.83 1.19 4.41 0.90 

20 4.16 0.98 3.15 1.21 3.50 1.38 3.83 0.93 

21 4.00 1.54 3.92 1.11 4.16 0.71 4.33 0.88 

22 4.16 0.75 3.92 0.86 4.16 0.71 4.00 0.85 

 
 

Summary of Results 

This chapter presented a discussion of the analysis for the quasi-experimental 

design with pretest and posttest design.  After performing an independent samples t-test, 

the researcher conducted an ANCOVA since the data met the assumptions (Field, 2013).  

This chapter also included the assumptions and results of ANCOVA.  Because of the 

analysis, I accepted the null hypotheses for both research questions.  The results did not 

yield a statistically significant difference in the posttest scores of the students in the 

experimental group.  The control group scored higher than the experimental group.  

Tables and descriptive statistics illustrated the data results.   

Chapter 5 reiterates the study’s purpose and research questions.  Limitations and 

implications are also discussed.  Finally, Chapter 5 relates the researcher’s 

recommendations for future research in the area of elaborative feedback, self-regulation, 

and distributed cognition in elementary school.  
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CHAPTER 5 

DISCUSSIONS, CONCLUSIONS, AND RECOMMENDATIONS 

“And I hope that you will discover that we have not failed the test.” 
~II Corinthians 13:6 

This chapter offers a discussion of the analysis of the data collected for this study.  

Also included in this chapter are the findings of this quasi-experimental design pretest 

and posttest design study.  Additionally, the researcher records the limitations and 

implications of the study.  This section presents suggestions for future research and a 

summary of the study.   

The quasi-experimental design study investigated the effects of elaborative 

feedback and self-regulation strategy instruction on the mathematics achievement of 

fifth-grade students.   The study’s theoretical framework consisted of distributed 

cognition and self-regulation, as noted in the review of the literature in Chapter 2.  The 

participants in this 12-week study consisted of 26 fifth-grade students evenly assigned to 

the control and experimental groups based on their enrollment in two math classes at a 

private Christian school in the southeastern United States.  During the study, the control 

group received immediate corrective feedback without self-regulation strategy 

instruction.  Moreover, the experimental group received immediate elaborative feedback 

with self-regulation strategy instruction.  The participants completed a custom-made 

STAR Math pretest, which served as the covariate in the study.  The students took a 

custom-made STAR Math test for the posttest, which was the dependent variable.  
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Additionally, both the control group and the experimental group completed a self-

regulation questionnaire at the beginning and the end of the study. 

Research Questions and Hypotheses Reviewed 

The research questions for this study were:  

1. Will there be a statistically significant difference in the math achievement 

of fifth-grade students who receive immediate elaborative feedback and 

self-regulation strategy instruction as compared to students who receive 

immediate corrective feedback without self-regulation strategy 

instruction? 

2. Will there be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared 

to students who receive immediate corrective feedback without self-

regulation strategy instruction?  

Review of Hypotheses and Criteria of Rejection or Acceptance 

The research hypotheses statements assisted in establishing a relevant conclusion 

for the study.  The null and alternative hypotheses statements are based on the research 

questions for this study.  The null hypothesis for research question one was: 

H10: There will not be a statistically significant difference in the math 

achievement of fifth-grade students who receive immediate elaborative 

feedback and self-regulation strategy instruction as compared to students 
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who receive immediate corrective feedback without self-regulation strategy 

instruction. 

To reject the null hypothesis, the alpha level value for the intervention parameter is .05.  

Further, the null hypothesis of the second question was: 

H20: There will not be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction. 

The alpha level for rejecting the null hypothesis is .05.  The alternative hypotheses are: 

H1a: There will be a statistically significant difference in the math achievement of 

fifth-grade students who receive immediate elaborative feedback and self-

regulation strategy instruction as compared to students who receive 

immediate corrective feedback without self-regulation strategy instruction. 

H2a: There will be a statistically significant difference in the self-regulation 

questionnaire scores of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation 

strategy instruction. 

Findings and Conclusions 

The next sections of this chapter explain the findings of the study.  The findings 

derived from the analyses of the pretests and posttests of the STAR Math to answer 
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research question one and the Self-Regulation Questionnaire to answer research question 

two.  The explanations of the study’s findings also include the relationship to several 

previous studies outlined in chapter 2. 

Research Question 1 

The first research question examined was, “Will there be a statistically significant 

difference in the math achievement of fifth-grade students who receive immediate 

elaborative feedback and self-regulation strategy instruction as compared to students who 

receive immediate corrective feedback without self-regulation strategy instruction?”  To 

determine the answer to this question, a review of the results of the analysis of covariance 

(ANCOVA) with pretest scores as a covariate did not demonstrate a significant statistical 

difference between the posttest scores of the control group and the experimental group.  

Ultimately, the students in the control group (M = 66.93, SE = 3.81, 95% CIs [59.04, 

74.82]) scored slightly higher than the students in the experimental group (M = 53.84, SE 

= 3.65, 95% Cis [46.26, 61.41]).  Therefore, the null hypothesis that “there will not be a 

statistically significant difference in the math achievement of fifth-grade students who 

receive immediate elaborative feedback and self-regulation strategy instruction as 

compared to students who receive immediate corrective feedback without self-regulation 

strategy instruction” was accepted for research question 1.  These results differed from 

the study that Butler, Godbole and Marsh (2013) conducted, for their results indicated 

that “subjects performed best when they received explanation feedback relative to when 

they got the correct answer or no feedback” (p. 292).  Analysis of the t-test conducted by 

Butler et al. (2013) showed explanation feedback yielded “t(40) = 2.04, SED = .08, d = 
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.61” (p. 292).  The results also showed that students transferred that information to new 

learning (Butler et al., 2013).  

Research Question 2 

The second research question asked, “Will there be a statistically significant 

difference in the self-regulation questionnaire scores of fifth-grade students who receive 

immediate elaborative feedback and self-regulation strategy instruction as compared to 

students who receive immediate corrective feedback without self-regulation strategy 

instruction?”  In order to answer this research question, it was necessary to conduct an 

independent samples t-test to obtain the results gained from the Self-Regulation 

Questionnaire each group completed.  The test results indicated that there was not a 

statistically significant difference in the self-regulation questionnaire scores of fifth-grade 

students who received immediate elaborative feedback and self-regulation strategy 

instruction as compared to students who received immediate corrective feedback without 

self-regulation strategy instruction.  

The means of the pretest and posttest did yield a significant difference.  The 

results for each of the four phases of self-regulation include plan, t(41) = 1.40, p = .168; 

monitor, t(41) = .54, p =.588; control, t(41) = 1.25, p = .216; and reflect, t(41) = .43, p = 

.666.  This result is unlike the result in the study Leidinger and Perels (2012) conducted 

with fourth-grade students, which indicated a significant decrease in the self-regulation 

skills and math achievement of the control group. 

Furthermore, the members in the experimental group increased their goal-setting 

skills of self-regulation, although their overall scores on the posttest remained similar to 
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their scores on the pretest (Leidinger & Perels, 2012).  However, the findings of both 

studies were similar in that “the overall self-regulated learning did not change in the 

expected direction” (Leidinger & Perels, 2012, p. 10).  Each study utilized data that 

students reported in a questionnaire regarding their self-regulated learning skills. 

Limitations to Research Design 

There were several limitations to this study.  For example, the number of 

participants included only two classes of the fifth-grade class at only one school.  Of the 

32 students invited to participate, only 26 students accepted the invitation to participate in 

the study.  Both the experimental and the control groups consisted of 13 students each, 

with the exclusion of one student’s data from the analysis for the control group.  The 

number of participants limited the generalizability of the findings. 

Another limitation is that there were several holidays, school breaks, special 

assemblies, and interruptions, such as fire drills during the timeframe of the study.   

Moreover, administration of the end of the year diagnostic assessments coincided with 

administration of the study’s posttests.  These additional assessments created a study 

limitation because the administration of the asse3ssments occurred at the same time as 

the posttests for the study.   Since the students completed several assessments before the 

study’s posttest, some students completed the 35-question assessment in a short 

timeframe and without showing how they solved the problems.  

Although the students and teacher had experiences in using the technology and 

the SRS (student response system), the technology platforms experienced problems such 

as giving error messages and slow speed in transitioning to the next question.  These 
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problems limited the amount of time for elaborative feedback and self-regulation 

instruction. 

Furthermore, the school implemented a new math curriculum during the 2018-

2019 school year.  Since the study took place during the last semester of the school year, 

the school curriculum needed to be covered at a faster pace to ensure coverage of all the 

fifth-grade math skills. 

A significant limitation was the number of units covered during the study.  The 

students had to remember a large number of skills for the 35-question posttest.  Most of 

the students needed two class periods to complete the STAR Math assessment.  

Implications 

Schools have access to tools that will assist in helping students increase their math 

achievement through distributed cognition, self-regulation skills, and elaborative 

feedback.  This study’s purpose was to investigate the effects of elaborative feedback 

using technology on the math achievement and self-regulation skills of fifth-grade 

students.  Although the results did not yield a statistically significant effect, educators can 

recognize the importance of utilizing various strategies and, when necessary, 

interventions to assist students with their math skills.  Also, educators can help students 

understand the significance of student voices in the learning process by teaching self-

regulation skills.  Based on research, teachers should train students how to self-regulate at 

an early age so that they can learn to use the skills successfully as they transition to 

different grade levels (Andrzejewski, Davis, Bruening, & Poirier, 2016; Vandevelde, van 

Keer, Schellings, & van Hout-Wolters, 2015).   However, before teachers can instruct 
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students on self-regulating, they need professional development on the different phases of 

self-regulation and how to teach self-regulation skills in the content area such as 

mathematics (Leidinger & Perels, 2012). 

Furthermore, students and teachers need to gain an understanding of how 

collaboration with others and technology helps in distributing the cognition among those 

involved in completing a task.  Through the collaboration and distribution of cognition, 

elaborative feedback occurs among the students and teachers.  Elaborative feedback 

provides information that allows the learner to gather knowledge that will assist in 

knowledge transfer or new knowledge.  During this process, students learn to self-

regulate their math thinking to change or construct knowledge.   

Future Research 

In reflecting upon the findings of this study, several recommendations for future 

research follow.  

• Future quantitative research should include a larger sample size so that more 

students can provide a voice to the research of elaborative feedback through 

distributed cognition and self-regulation.      

• Further research should include an investigation of students’ math or 

academic achievement with the explicit instruction of self-regulation in early 

grades using instructional strategies from a research-based self-regulation 

plan, such as the plan designed by Gaumer Erickson and Noonan (2018).  The 

research should incorporate students’ data on how they use self-regulation 

skills during math. 
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• Additional research could be conducted to determine the effects of using 

distributed cognition and elaborative feedback at the elementary level 

covering no more than two units of the math curriculum. 

Summary of the Study 

  This study investigated the effects of elaborative feedback and self-regulation 

instruction on the mathematics achievement of fifth-grade students through the use of 

technology.  The overall results did not yield a statistically significant difference in the 

pretest and posttest scores on the STAR Math assessment and the Self-Regulation 

Questionnaire for the experimental and control groups.  Although no significant 

difference occurred in the scores, each group increased their posttest scores on the STAR 

Math assessment.  Several limitations may have affected the results of the study.  

Therefore, future research should address the limitations.  Through this research, the 

students and teacher gained the knowledge of how the distribution of cognition through 

collaboration and technology can produce elaborative feedback that helps in self-

regulation to construct new knowledge or revise their thinking. 

Anecdotal Notes 

Although the study did not yield statistically significant results, the intervention 

provided a positive effect on the experimental group participants’ engagement, math 

achievement, and self-regulation skills.  Observations of the participants showed active 

collaborative engagement when using the Classflow system.  The participants assisted 

one another when problems occurred with the tools.  Additionally, as soon as the 

participants submitted their answer through the Classflow platform, the participants went 
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to the Promethean ActivPanel to review and categorize the results.  The discussions 

included assisting students in understanding why the entire answer or part of the answer 

was incorrect or correct. 

Additionally, through elaborative feedback, students shared examples of the 

correct way to solve the problem, as well as strategies to assist other students in solving 

the problem.  Students often entered the classroom asking whether the class would use 

Classflow.  One student stated that “I’m just going to tell you what I like about 

Classflow.  I liked Classflow because it is interactive, and if you made a mistake, you can 

learn how to fix it by looking at other classmates’ answers.”   

Another student indicated that the class should use Classflow because “you can 

work independently at first and then work together to understand how to solve the 

problem.”  This interaction through the SRS is similar to the study Blasco-Arcas, Buil, 

Hernandez-Ortega, and Sese (2013) conducted in which the results indicated that 

“interactivity with peers positively and significantly influence both collaborative learning 

and engagement” (p. 107).  Consequently, the use of the Classflow system provided a 

sense of community within the math class (Penuel, Boscardin, Masyn, & Crawford, 

2007).  

Furthermore, students’ self-regulation skills increased.  Students emailed the 

teacher to schedule times for a help session.  Students came to the help session with the 

skills in mind for which they needed assistance.  In addition, after students understood 

that they were not cheating when they used their laptops to locate information about a 

math problem, students utilized the technology to search for answers.  The use of 
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technology assisted in alleviating some of the students’ cognitive demands, as noted in 

several studies on distributed cognition (Carr, Johnson, & Bush, 2016; Hutchins, 2013).   

Students consistently checked their math grades to determine if they had missing 

assignments.  The students emailed their teacher about the missing assignments or 

submitted the assignments.  All of these activities affected the students’ math 

achievement positively.  These activities show that the students were using the self-

regulation skills of monitoring and reflecting about their mathematics goals (Stoeger & 

Zeigler, 2008).  
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