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ABSTRACT

TERESA LYNN ABBEY
ACTIVE LEARNING THROUGH A CONSTRUCTIVIST LENS: THE EFFECTS OF 
MANIPULATIVES ON ON-TASK BEHAVIORS 
Under the direction of SHERAH BETTS CARR, Ph.D.

Traditional educational practices in the United States have remained resilient to 

change despite national movements grounded in empirical research designed to improve 

education. Constructivism as a theory for learning supports shifting away from the status 

quo that holds students as passive learners, bound by the banking model, which is 

perpetuated by traditional instruction, in favor of increasing student engagement through 

active learning strategies. However, a change of practice also requires a change in 

beliefs. This is problematic because many teachers believe that active learning strategies 

negatively affect student behavior and are therefore resistant to integrating active learning 

strategies. This quasi-experimental, single-participant ABAB withdrawal design study 

was designed with the purpose of exploring the effects of the independent variable, an 

active learning strategy of using concrete math manipulatives, on the dependent 

variables, student on-task behavior and task completion. Four students in a general 

education third-grade classroom participated in this study during mathematics instruction, 

at which time the teacher-implementer delivered the district’s required curriculum via 

whole-group instruction. During the treatment-phases only, participants used

xx



concrete manipulatives, while one or more observers recorded data using momentary 

time sampling procedures to measure on-task behavior and a permanent product checklist 

for data collection to measure task completion. The visual analysis of data showed 

increased levels of on-task behavior for all participants with sufficient evidence to 

suggest that a functional relationship exists between using manipulatives and on-task 

behavior. The data did not provide evidence of a functional relationship between 

manipulatives and task completion. Future research should explore these variables across 

different settings, grade levels, and content areas.

xxi



CHAPTER 1 

INTRODUCTION 

There is power and value in embracing the natural tendencies of children to 

construct their own knowledge through active learning (Menekse, Stump, Krause, & Chi, 

2013). Ortlieb (2014) suggested that educators design opportunities to facilitate the 

construction of knowledge through actively engaging learning experiences that maximize 

imagination and creativity. The National Council of Supervisors of Mathematics 

(NCSM, 2013) pronounced their support of active learning strategies in their position 

statement, which described active learning through the use of math manipulatives as a 

shift “towards the power of multi-modal, conceptually-based, hands-on instruction” (p.

3). A predominant advocate for the inherently powerful value of play, Elkind (2007), 

asserted that traditional pedagogical ideologies are outdated, especially for elementary 

school aged children. As an example, Elkind (2007) described what he called “the Watch 

Me Theory of Learning and Instruction” (p. 91), which has a basis on an incorrect 

assumption that children learn difficult tasks as passive observers. According to Elkind 

(2007), children “cannot learn new, complex skills simply by watching or imitating a 

teacher” (p. 92). Instead, as many researchers have concurred, children’s developmental 

needs should not only be aligned with active learning strategies but also be infused with 

constructivist pedagogy to propel learners beyond procedural skills to conceptual

understandings (Chi, 2009; Elkind, 2007; Menekse et al., 2013; Reimer & Moyer, 2005).

1



2

Historically, successful students, even in primary grades, were characterized as 

passive recipients of information who were dependent upon their teachers to transmit 

prescribed knowledge (Freire, 1970/2012; hooks, 1994). Repetition, recitation, and 

memorization are traditional learning behaviors used to promote procedural skills (Gray, 

Pinto, Pitta, & Tall, 1999; Herrera & Owens, 2001). Gray et al. (1999) explained that 

repetition and practice, however, do not improve a child’s ability to understand 

mathematical relationships or conceptual knowledge, both of which the Common Core 

State Standards Initiative emphasized (National Governors Association [NGA] & 

Common Core State Standards Organization [CCSSO], 2015). One active learning 

strategy recommended by the NGA and CCSSO (2015) and by the National Council of 

Teachers of Mathematics (NCTM, 2000) is the use of math manipulatives.

Moyer (2001) described manipulative materials as “objects designed to represent 

explicitly and concretely mathematical ideas that are abstract. They have both visual and 

tactile appeal and can be manipulated by learners through hands-on experiences” (p.

176). To the surprise of some, Brown, McNeil, and Glenberg (2009) advised educators 

to be cautious with concrete math manipulatives and suggested that their misuse can 

potentially hinder student learning.

Research conducted by McNeil, Uttal, Jarvin, and Sternberg (2009) indicated that 

perceptually rich math manipulatives were less effective than the use of simple and bland 

manipulatives on learning outcomes. McNeil and Fyfe (2012) explained that math 

manipulatives with rich detail may cause learners to be distracted and can result in a 

decreased ability to transfer knowledge. Another problem with using concrete math



3

manipulatives is the potential for teachers to choose the wrong manipulatives for the 

content or failing to teach explicitly how the manipulatives connect conceptually to 

abstract mathematical content (Brown, McNeil, & Glenburg, 2009). However, the same 

researchers also suggested many benefits of using manipulatives in mathematics (Brown 

et al., 2009; McNeil, Uttal, Jarvin, & Sternberg, 2009; McNeil & Fyfe, 2012).

Effective integration of mathematical manipulatives begins with selecting the 

correct manipulatives for the content under study and ensuring the design of the 

instructional setting supports interaction with the manipulatives (Brown et al., 2009). It 

is important for educators to understand that concrete math manipulatives do not teach 

abstract content to students, but instead, provide isomorphic representations of abstract 

mathematical concepts to facilitate the learning process (Dienes, 1971). For example, 

McNeil and Fyfe (2012) purported that concrete manipulatives can activate prior 

knowledge and help students make connections to their world. According to McNeil and 

Fyfe (2012), by making real world connections, students are better able to bridge their 

understanding by starting with a concrete representation and moving to a deeper abstract 

understanding, thus constructing their own knowledge. Brown et al. (2009) concurred 

with McNeil and Fyfe (2012) by emphasizing the importance of “linking nonsymbolic, 

conceptual understanding to more abstract, symbolic representations” (p. 162). Another 

perspective comes from that of developmental stage theorists, who support the use of 

concrete mathematical manipulatives because they are especially necessary for young 

learners who are not developmentally ready to understand abstract concepts without 

additional supports (McNeil & Fyfe, 2012; Shirvani, 2009).



4

Developmental stage theorists have recommended the use of concrete math 

manipulatives to scaffold support effectively as children develop an understanding of 

abstract concepts (Moyer-Packenham et al., 2013). This is especially relevant for 

learners in Piaget’s preoperational and concrete operational stages (Piaget, 1952; Yusof 

& Lusin, 2013). Shirvani (2009) substantiated the connection to using cultural tools such 

as manipulatives by explaining that, within Vygotsky’s theory of social constructivism, 

“learning is based on children being active participants within their environment” (p.

246). The three stages of representation within Bruner’s developmental theory further 

supported the value of physical representations for learners in the enactive stage (Bruner, 

1960/1977, 1962/1979; Dienes, 1971; Yusof & Lusin, 2013). If constructivist 

pedagogues attend to developmental factors of learners within their instructional 

practices, they will be better able to maximize the design of effective learning 

experiences that align with the learning needs of their students.

As explained by Reimer and Moyer (2005), today’s educators can transform 

instructional practices to help children develop deeper conceptual knowledge through 

developmentally appropriate instructional design that makes connections to real-world 

applications and effectively integrates active learning experiences (Roehl, Reddy, & 

Shannon, 2013). Multiple studies support the active learning strategy of using math 

manipulatives to bridge the learning gap between concrete representations and 

conceptually abstract mathematical concepts (Belenky & Nokes, 2009; Brown et al.,

2009; Carbonneau, Marley, & Selig, 2013; Clements & Sarama, 2007; Green, Piel, & 

Flowers, 2008; Lee & Chen, 2015; McNeil & Fyfe, 2012; McNeil et al., 2009; Moyer-
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Packenham et al., 2013; Moyer, 2001; Reimer & Moyer, 2005; What Works 

Clearinghouse™ [WWC], 2014; Yusuf & Lusin, 2013). In addition to math 

manipulatives, other active learning strategies have been studied to explore the effects not 

only on student achievement but also on student participation and on-task behavior 

(Godfrey, Grisham-Brown, Schuster, & Hemmeter, 2003).

Godfrey, Grisham-Brown, Schuster, and Hemmeter (2003) found that the active 

learning strategy of using response cards resulted in an increase in student participation 

and on-task behavior. These findings are important due to the prevalence of students, 

ranging from elementary school to high school age with skills ranging from high-ability 

to academically and behaviorally at-risk, who have difficulties remaining on-task and 

completing assignments (Gilbertson, Duhon, Witt, & Dufrene, 2008; Moore, Anderson, 

Glassenbury, Lang, & Didden, 2013; Simonsen, Little, & Fairbanks, 2010). Experts such 

as Towers (2012) attributed reasons for student’s off-task behavior to lack of motivation 

to participate. Towers (2012) elaborated by explaining that “current teaching approaches 

are more like the kind of traditional teaching reported for most of the past century . .. 

than the kind of teaching promoted by mathematics educators and mathematics education 

leadership organisations” (p. 260).

To remedy the problem of off-task behavior caused by low motivation and to 

scaffold support to reach thoughtful learning, Sedig (2008) recommended the use of 

mathematical representations in contexts that are fun and engaging to students. The 

National Council of Teachers of Mathematics (NCTM, 2000) concurred with the idea 

that motivation has an impact on student learning of mathematics and recommended that
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teachers design relevant instruction to make learning more memorable. In a seminal 

study about street mathematics, Carraher, Carraher, and Schliemann (1985) found that 

“performance on mathematical problems embedded in real-life contexts was superior to 

that on school-type word problems and context-free computational problems involving 

the same numbers and operations” (p. 21).

Several studies have provided support for designing instruction with constructivist 

pedagogies that emphasize active learning experiences. Relevant and memorable active 

learning experiences increase student participation and on-task behavior. However, a 

comprehensive review of the literature revealed a gap in the research for active learning 

by exploring the effects when using concrete math manipulatives on student on-task 

behavior and task completion at the elementary school level. This led to the question: Do 

active learning strategies, such as using concrete math manipulatives, increase student 

on-task behavior and task completion?

Problem Statement

In order to move beyond the limits of traditional practices, which were designed 

to prepare students with skills for occupations from the 19th and 20th centuries, a change 

in the traditional paradigm for learning is necessary. Without experiencing the 

integration of instructional practices that actively engage learners, students will be 

prepared with a skill set that is relevant for centuries past and irrelevant for the 21st 

century. Educators have asserted that the educational practices of today are the building 

blocks for the future. A key in the paradigm for instructional shift can begin with 

transitioning from teacher-led instruction and passive students to strategies that empower
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learners through active learning. Employing this constructivist paragon for active 

learning as a replacement for passive learning is one way to support the needs of today’s 

learners. Further, the more actively engaged students are during the learning process, the 

more likely students will remain on-task (Godfrey et al., 2003), thus increasing 

opportunities to experience deep learning.

The meaningful integration of active learning experiences into mathematics 

instruction is possible through the use of math manipulatives. Although the use of 

learning tools such as math manipulatives is not a new concept, traditional instruction and 

the emphasis on testing has minimized the use of math manipulatives in exchange for 

teaching procedural skills that emphasize algorithms (Moyer, 2001). Multiple studies 

document positive effects of concrete mathematics manipulatives on student achievement 

(Belenky & Nokes, 2009; Brown et al., 2009; Carbonneau et al., 2013; Clements & 

Sarama, 2007; Dienes, 1971; Green et al., 2008; Lee & Chen, 2015; McNeil & Fyfe,

2012; McNeil et al., 2009; Moyer, 2001; Moyer-Packenham et al., 2013; Reimer &

Moyer, 2005; Sowell, 1989; Suydam & Higgins, 1977; WWC™, 2014; Yusuf & Lusin, 

2013). However, a gap in the research exists for exploring the effects of manipulatives 

within the behavioral domain, specifically, for remaining on-task and completing 

assignments. This is important because many theorists and researchers assert that 

construction of knowledge through active student learning is necessary for today’s 

learners and is a component of effective instruction (Applefield, Huber, & Moallem,

2001; Bruner, 1960/1977; Dienes, 1971; Moyer-Packenham et al., 2013; NCTM, 2000; 

Piaget, 1952). However, if educators fear that constructivist pedagogical methods will
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have a negative impact on student behavior, they will be less likely to initiate a transition 

from traditional practices to active learning strategies (Moyer, 2001).

Theoretical Framework 

Constructivism as a theory that supports active learning is the foundational 

underpinning for the theoretical framework in this study. Prince and Felder (2006) 

described constructivism as when “individuals actively construct and reconstruct their 

own reality in an effort to make sense of their experience” (p. 124). This is in contrast to 

traditional instruction in which teachers deposit information to passive students who 

study using rehearsal and memorization strategies to absorb the content information 

(Dienes, 1971; hooks, 1994; McKinney & Frazier, 2008). However, thoughtfully 

designed active learning experiences are effective strategies that help students construct 

knowledge of their world (Applefield et al., 2001; Belenky & Nokes, 2009; Bruner, 

1960/1977; Chi, 2009; Dienes, 1971; Menekse et al., 2013). Although active leaning 

strategies are not typically described as common characteristics of traditional instruction 

(Applefield et al., 2001), the concept of active learning is not new (Bruner, 1960/1977, 

1962/1979; Dienes, 1971; Moyer, 2001). Learning theorists who support active learning 

have long advocated for pedagogical practices that include hands-on experiences.

The learning theories of Piaget, Bruner, and Dienes, which support active learning 

through the overarching frameworks of constructivist pedagogy, ground this study 

theoretically. Piaget’s (1952) theory of cognitive constructivism emphasized the 

importance of internal cognitive processes that affect learners as they progress through 

preoperational, concrete operational, and formal operational developmental stages.
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Prince and Felder (2006) described the Piagetian concept of schema construction 

happening as “new information is filtered through mental structures (schemata) that 

incorporate the student’s prior knowledge, beliefs, preconceptions and misconceptions, 

prejudices, and fears” (p. 124). Bruner’s (1960/1977) explanation of the process of 

intellectual development in children supports Piaget’s (1952) emphasis on internal 

cognitive processes that are enabled as the learner progresses through developmental 

stages.

Bruner (1960/1977) explained that for young children, “the child’s mental work 

consists principally in establishing relationships between experience and action; his 

concern is with manipulating the world through action” (p. 34). Bruner (1960/1977) 

further described the progression of a child’s learning in which the child first manipulates 

physical objects and later “manipulates the symbols that represent things or relations in 

one’s mind” (p. 35). Bruner’s explication of three modes of representation—enactive 

(actions), iconic (images), and symbolic (language)—suggested that when information is 

new or novel, learners benefit from instructional strategies that utilize modes of 

representation to scaffold learning. This is especially important when content includes 

abstractions, such as with mathematical concepts (Belenky & Nokes, 2009; Carbonneau 

et al., 2013; Klein, 2003; Piaget, 1952).

Thus, Bruner’s enactive mode of representation, which employs the use of 

concrete representations to facilitate development toward understanding conceptual 

abstractions, is one strategy for scaffolding active learning instruction for students 

(Belenky & Nokes, 2009). As Bruner (1962/1979) described the learning of
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mathematics, he explained the need to “use ‘practical problems’ or ‘concrete 

embodiments’ to equip the learner with the experiences upon which later abstractions can 

be based” (p. 99). Bruner related concrete embodiments as tools for learning including 

manipulatives such as Cuisenaire rods and Dienes blocks. Mathematician and theorist, 

Dienes (1971) agreed with Bruner’s belief that multiple embodiments are beneficial to 

student learning (Yusof & Lusin, 2013).

An overarching theme from Dienes’ (1971) Theory of Mathematics-Learning 

emphasizes the importance of active student involvement in his six-stage theory. The 

first stage, free play, involves unstructured opportunities for play through natural 

interactions in the environment. The second stage involves games but adds the element 

of structure through rules. In the third stage, the learner begins to make connections with 

what Dienes (1974) called communality o f  structure by “‘translating’ one embodiment 

into another, while leaving the abstract properties embodied unchanged by the 

translation” (pp. 32-33).

The fourth phase integrates conceptual representations in the form of isomorphic 

structures. Isomorphism refers to two systems that are structurally similar (Dienes, 1974; 

Post, 1981). Simply stated, concrete manipulatives can serve as isomorphic structures for 

representing abstract concepts through physical representations of the concept (Dienes, 

1974; Post, 1981). The interrelatedness of these principles, which embody the core of 

Dienes’ theory, stresses the importance of students learning mathematics through direct 

interaction with the natural world around them (Dienes, 1974; Post, 1981). Chi’s (2009)
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study supported the ideas of Piaget, Bruner, and Dienes and underscored the value of 

constructivism as an approach to active learning strategies (Menekse et al., 2013).

Conceptual Framework 

According to Menekse, Stump, Krause, and Chi (2013),

Active learning refers broadly to innovative student-centered instructional 

approaches that dynamically involve students in the learning process. The main 

constructs of active learning are the participation and the engagement of students 

with concrete learning experiences, knowledge construction of students via 

meaningful learning activities, and some degree of student interaction during the 

process, (p. 346-347)

Because the literature broadly defines the concept of active learning, a conceptual 

framework that clearly delineates specific active learning behaviors is necessary. This is 

an especially important consideration in relation to constructivism as a paragon for 

learning because simply being active when learning does not require a student to 

construct new knowledge (Belenky & Nokes, 2009; Moyer, 2001). Chi’s (2009) 

Differentiated Overt Learning Activities (DOLA) framework serves as a valuable tool for 

clarifying types of active learning activities.

The DOLA framework provided operational descriptions of overt learning 

activities that can facilitate the identification of clearly observable, and therefore, 

measurable, student behaviors (Chi, 2009; Menekse et al., 2013). By definition, DOLA 

focuses on overt learning behaviors that are directly observable, rather than on the 

complexity of cognitive processes within learning activities. Chi (2009) suggested that as
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learning activities become more complex within the framework, so too do the cognitive 

processes involved. Chi (2009) explained a hypothesis based on four conditions of 

learning activities including interactive, constructive, active, and passive. This was the 

foundation for Chi’s (2009) “conceptual framework for differentiating overt learning 

activities” (p. 73), which led to Chi’s (2009) Active-Constructive-Interactive (ICAP) 

hypothesis. The ICAP hypothesis fits within the DOLA framework with the hypothesis 

asserting that active learning activities are better than passive, constructive learning 

activities are better than active, and interactive activities are better than constructive (Chi, 

2009; Menekse et al., 2013). Figure 1 provides an illustration of the progression of 

learning within Chi’s ICAP hypothesis.

ActiveConstructiveInteractive

Figure 1. Illustration of Chi’s (2009) ICAP hypothesis.

The operational descriptions of each learning activity are valuable components of the 

DOLA framework (Chi, 2009). The observable overt behaviors allow the researcher to
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differentiate learning activities. Passive learning occurs with minimal overt student 

activity, such as students sitting and listening to a lecture or watching a video.

In regards to the concept of active learning, it is important to note that Chi’s 

(2009) definition of active learning is more limited than what is common in the literature. 

Within Chi’s (2009) framework, active learning does not include student construction of 

knowledge, but simply designates learning that involves physical activity, or doing 

something. For example, students take the given information and actively do something 

with it, such as repeat it back, highlight text, and fill in blanks. According to Chi’s 

(2009) definition of active learning, students do not generate or construct any new 

knowledge from what they receive. Instead, students might memorize it, copy it on 

paper, or recite it. Chi (2009) suggested within the framework of the ICAP hypothesis 

that active learning is more effective than passive learning, and constructive learning is 

more effective than active learning.

Chi (2009) defined constructive learning as occurrences of student construction of 

knowledge from the information provided, such as through creation processes. In other 

words, individual students generate something new with the information provided by 

comparing and contrasting, making inferences or deductions, and drawing conclusions. 

Chi (2009) considered these self-construction activities more effective for learning than 

active or passive learning activities. However, Chi (2009) identified interactive learning 

activities as the most effective.

Chi (2009) described interactive learning activities as involving two or more 

learners that actively construct knowledge through collaboratively substantive dialogue.
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All peers must equally contribute to the generation of new understandings by co- 

constructing activities (Chi, 2009). In order to verify that all learners substantively 

contribute to the conversation within interactive learning, student dialogue must be 

carefully analyzed (Chi, 2009). For the present study, the DOLA framework is used as a 

tool to help delineate between active and passive learning activities. Although the 

learning activities defined by the ICAP hypothesis are not new to the literature, the value 

of Chi’s (2009) framework is that it differentiates learning activities based on overt 

behaviors. Overt behaviors are easier than covert behaviors to observe and therefore 

easier to quantify and measure.

In Chi’s (2009) ICAP hypothesis, it was suggested that active learning activities 

do not produce learning outcomes better than constructive or interactive. Instead, Chi 

(2009) suggested that the effectiveness of active learning is strongest when it is 

interactive, followed by constructive and then active, all of which are more effective than 

passive learning activities. The model for this study employed constructivism as a 

theoretical frame and embedded the component of constructive learning activities as 

defined by the DOLA framework for a conceptual guide. Like pieces of a puzzle, both of 

these components support the value of students as active learners. Active learning in the 

present study was designed within the guidelines of engaging third-grade students in 

learning activities that utilize concrete manipulatives during mathematics instruction. 

Figure 2 provides an illustration of the combined framework.
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Student 
On-Task 
Behavior 
and Task 

Completion

Active Learning Strategies 
specifically implemented in this study as...

Using Concrete Math 
Manipulatives 

to determine if there is an effect on...

Active Learning through a Constructivist Lens 
provides a grounded theoretical framework that is supported by...

Piaget’s Cognitive Constructivism 
Bruner’s Modes o f Representation 

Dienes’ Stages o f Learning 
which support interaction with physical learning tools

through...

Figure 2. Theoretical and conceptual framework for active learning.
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Purpose of the Study

The purpose of this study was to investigate if the use of concrete mathematics 

manipulatives had an effect on student on-task behavior during instructional time in the 

content area of mathematics in a third-grade, general-education classroom setting. The 

use of concrete mathematic manipulatives is an active learning strategy that provides 

scaffolded support to students as they construct conceptual understanding in 

mathematics. This quantitative study employed the single-case design methodology using 

the ABAB withdrawal design.

Research Questions

The following questions guided this study:

1. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student’s time on-task in a general 

education third-grade classroom?

2. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student’s task completion during 

mathematics in a general education third-grade classroom?

Variables

The independent variable for this study was the active learning strategy of using 

concrete math manipulatives, or learning tools, that physically represent mathematical 

concepts that learners can interact with to help build conceptual understanding. The 

dependent variables were on-task student behavior and task completion. It is important to 

note that the focus for on-task behavior was on the overt learning activities of the
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students. Behaviors not considered to be on-task included behaviors that were disruptive 

to learning or to the instructional setting. Table 1 provides a comprehensive overview for 

examples and nonexamples of on-task behavior.

Table 1

On-Task Behavior Categories

Subject Subcategory o f  Behavior Example and Nonexample Behaviors

Participant Academic Responding Orienting visually to the instructional focus; 
participating verbally; raising hand; asking or 
answering questions made by instructor or peer; 
attending to or listening to instructor; writing; 
reading aloud; answering or asking teacher 
questions; raising hand to answer or ask a question; 
asking a relevant question to a peer; performing a 
demonstration o f a skill; manipulating materials in a 
manner that is conducive to learning

Task Management Working actively on task; using materials 
appropriately; looking at or visually orienting to 
task; interacting with or helping others with task; 
attending to the task by writing, reading, and/or 
preparing or using learning designated materials or 
tools; obtaining needed materials for the task; 
directing attention to the task or components o f  the 
task such as required paper or materials; interacting 
with materials by writing, reading, manipulating

Nonexamples o f  
Academic Responding and 
Task Management

Disrupting se lf or others by making comments or 
asking questions that are not related to the topic; 
looking away from the focus o f instruction or the 
learning task; leaving the assigned area o f instruction 
for reasons unrelated to learning or participating; 
using materials in a way that distracts self or others 
or in a way that is not clearly conducive to learning 
or not the intended use o f  the materials according to 
the instructor’s directions; putting head down as if  
resting or sleeping; not participating according to the 
posted expectations which will also be stated by the 
instructor immediately prior to the lesson beginning
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Limitations

According to the single-case design, this study had limitations based on the 

generalizability of the results to other settings and participants. By design, single-case 

studies focus on only a few participants, therefore, conclusions are seldom generalizable 

to a broader range of settings and participants; instead, they serve as suggestions. Next, 

although the setting and context of this study occurred during mathematics instructional 

time with the use of concrete math manipulatives, no data were collected regarding the 

learning outcomes of students because my interest focused on student on-task behavior 

rather than academic achievement. Future research should explore the effects of both 

learning outcomes and on-task behavior as impacted during the treatment phases. A third 

limitation included variables that I was not able to control, such as the influence of other 

peers on the participants or an unplanned interruption to treatment due to unexpected 

absences of the teacher or participants. A fourth limitation to this study was that the 

operational definition of on-task behavior between studies varied according to settings 

and contexts. For example, Luke, Vail, and Ayres’ (2014) study defined on-task 

behaviors as “behaviors such as looking at teacher, keeping hands to self, singing songs, 

and reciting poems” (p. 489). In another study in a general education setting with third 

grade students, off-task behavior was operationally defined as “looking away from the 

task by 90 degrees (a quarter turn of the head), rocking, talking out, leaving the seat, or 

lack of eye contact with academic material (e.g., manipulation of the writing instrument, 

reading)” (Kercood & Grskovic, 2009, p. 234).
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Significance

Current initiatives for best practices in mathematics education, such as the NCTM 

(2000), the CCSSI (2015), and President Obama’s 2009 initiative Educate to Innovate 

(The White House, n. d.), advocate for educators to shift instructional paradigms away 

from traditional methods to constructivism as a theory about learning. The CCSSI (2015) 

and NCTM (2000) recommended the inclusion of concrete math manipulatives, and 

several studies support the effectiveness of manipulatives toward positively impacting 

student achievement. Additionally, hands-on, active learning strategies increase 

motivation and interest, resulting in increased student participation and on-task behavior. 

However, there is a gap in the research for exploring whether or not the use of concrete 

manipulatives is functionally related to student on-task behavior and task completion. 

Therefore, the results of this study will add a valuable contribution to the literature about 

the efficacy of concrete math manipulatives within the behavioral domain.

Key Terms and Definitions 

Active Learning within Chi’s (2009) DOLA framework does not require student 

construction of knowledge, but simply designates learning that involves physical activity. 

However, according to Menekse et al. (2013), active learning:

refers broadly to innovative student-centered instructional approaches that 

dynamically involve students in the learning process. The main constructs of 

active learning are the participation and the engagement of students with concrete 

learning experiences, knowledge construction of students via meaningful learning
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activities, and some degree of student interaction during the process, (pp. 346-

347)

Cognitive constructivism is a Piagetian theory of learning, described by Ozmon

(2012) as a psychological theory of learning. It is credited to Jean Piaget, who believed 

that individuals construct meaning through their interactions or experiences in the 

environment (Piaget, 1975; Schunk, 2012).

Concrete manipulatives in this study are learning tools that serve as physical 

representations of mathematical concepts with which learners can interact to help build 

conceptual understanding.

Constructivism is “a psychological and philosophical perspective” (Schunk, 2012, 

p. 228) in which learners construct their knowledge from experiences.

Math manipulative-based instructional techniques are “approaches that include 

opportunities for students to physically interact with objects to learn target information” 

(Carbonneau et al., 2013, p. 380).

On-Task behavior is operationally defined as when the student is verbally or 

nonverbally interacting with the instructional topic and/or related material. Verbal 

behaviors considered on-task may include, but are not specifically limited to, discussing, 

commenting, and questioning—as long as the verbal behaviors relate to the topic of 

instruction and conducive to learning. Nonverbal behaviors considered on-task may 

include, but are not specifically limited to, looking, touching, handling, manipulating, 

exploring, writing, or drawing—as long as these behaviors relate to the topic of 

instruction and are conducive to learning.
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Social constructivism is a sociocultural theory of learning in which “cognitive 

change results from using cultural tools in social interactions and from internalizing and 

mentally transforming these interactions” (Schunk, 2012, p. 242)

Summary

Proponents of educational initiatives of the 21st century assert that traditional 

instructional practices are no longer effective because they are characterized by teacher- 

led learning for the acquisition of procedural skills and memorization of a prescribed 

curriculum. Traditional practices lack relevance for today’s learners and place an 

exaggerated emphasis on curriculum directed towards high-stakes testing, teacher-led 

learning for the acquisition of procedural skills, and memorization of a prescribed 

curriculum. Together, these factors negatively affect student motivation, resulting in 

escalating concerns for student participation and on-task behaviors, which are all 

necessary for student achievement. However, if educators’ understanding of 

constructivism as a theory for learning becomes embedded throughout their instructional 

practices, a powerful shift in paradigm can occur.

A multitude of studies provide evidence that student-led learning and active 

learning strategies help students develop skills for problem-solving, critical thinking, and 

construction of conceptual knowledge. Constructivism as a paragon for learning supports 

the value and relevance of active learning strategies in which students construct their own 

knowledge for deep understanding. An example of an active learning strategy in 

mathematics is the use of manipulatives, which theorists have deemed to be a necessary



scaffold to support learners as they transition from understanding concrete 

representations toward abstract conceptual understanding.



CHAPTER 2

A SYNTHESIZED REVIEW OF THE LITERATURE

The traditional curriculum in the United States has been and continues to be

shaped by religion, civil society, and political influences (Roehl, Reddy, & Shannon,

2013; Spring, 2011; Towers, 2012). To begin this literature review, it is important to

develop an understanding of historical perspectives, development of curriculum, and

theories that support active learning within a constructivist epistemology, as described in

Chapter 1. Historically, education in the United States adhered to a highly structured

curriculum designed to transfer knowledge to passive learners (hooks, 1994; Spring,

2011). In alignment with the needs of the times, historically, the goal of the traditional

curriculum was to produce workers who were adequately prepared for the work place,

termed by Spring (2011) as welfare capitalism. This approach to education was

perpetuated over time, creating a strong tradition for instructional practices characterized

by teacher-led instruction, prescribed curriculum, passive learners, and an emphasis on

standardized test results (Duncan-Andrade & Morrell, 2008). However, the learning

needs of students today beckons educators to shift their paradigms away from

instructional models that transmit knowledge to a design in which students actively

construct their own knowledge as they learn (Jones, 2012; Klein, 2003).

Constructivism as a learning theory supports the foundation of this paradigm shift

by facilitating student development of innovation, empowerment, and “construction of

23
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genuine understanding” (Fosnot, 2005, p. 290; Wink, 2011). The theory of 

constructivism as a paragon for learning can increase learning outcomes by extending 

knowledge through active learning strategies, including critical thinking, collaboration, 

and problem solving (Applefield, Huber, & Moallem, 2001; Henson, 2003; Iran-Nejad, 

2001; Jones, 2012; White-Clark, DiCarlo, & Gilchrist, 2008). As a result of the long- 

lasting instructional influences from generations past, one of the current challenges for 

educators is to archive traditional practices and transition to more student-led, active 

learning experiences that foster construction of knowledge while weaving the required 

curriculum with relevancy for all learners (Applefield et al., 2001; Iran-Nejad, 2001; 

Jones, 2012; Joseph, Green, Mikel, & Windschitl, 2011; White-Clark et al., 2008). 

Windschitl (1999) characterized constructivism as “a culture-not a fragmented collection 

of practices” (p. 752). If the root of the problem in education is bounded by the 

perpetuation of fragmented traditional practices, then a shift to the historically less 

prevalent, constructivist epistemology might serve as an effective antidote. In the words 

of Windschitl (1999), “Constructivism is more than a set of teaching techniques; it is a 

coherent pattern of expectations that underlie new relationships between students, 

teachers, and the world of ideas” (p. 752).

Many educators acknowledge the importance of shifting their paradigm to support 

constructivist methods. However, educators are simultaneously challenged to meet a 

multitude of ongoing demands, including increased class sizes paired with curricular 

rigor that spans vast and seemingly unviable goals and the relentless pressure to prepare 

for high-stakes testing (Moyer, 2001; Wink, 2011). Despite research-based
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developmental strategies that support how children learn, the socio-political culture of the 

United States has continued to place increased pressure on public schools to transmit 

prescribed knowledge to students in order to achieve high test scores and ultimately 

support the global economy by producing human capital (Delpit, 2006; Freire,

1970/2012; Spring, 2011). Therefore, educators face the dilemma of teaching to the test 

versus facilitating active student learning that will foster creative and divergent thinkers 

prepared to solve real-world problems (Cooper et al., 2012; Iran-Nejad, 2001; Moyer, 

2001). This dilemma sparked my review of the literature to understand better the 

efficacy of active learning strategies within the constructivist learning theory.

Comprehensive Search Strategy 

Mercer University’s electronic database, including ProQuest, EBSCO Educational 

Text, ERIC, and Galileo, facilitated the comprehensive search strategy for active 

learning. To a lesser extent, I also utilized Google Scholar as a tool for my 

comprehensive search strategy. Finally, one of Mercer’s expert librarians provided 

additional guidance throughout the course of my research, which extended from the mid

year 2013 through the end of 2015, to help ensure that my search was thorough and 

exhaustive.

There were five overarching topics for this literature review, guided by similar 

criteria for search parameters. Search parameters were limited to peer-reviewed and 

scholarly articles written or translated in English. The ranges of dates were not limited 

within the searches because my interests included the current literature as well as seminal 

studies and historical applications of my research topics. When I determined an article to
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be particularly relevant, such as a seminal study or prominent author or researcher within 

a field, I extended my search to examine the article’s references in order to maximize my 

thorough and comprehensive synthesis for this literature review.

This literature review included searches for the overarching topics. The first 

search was conducted to trace historical connections between traditional instruction and 

active learning under the learning theory of constructivism. This was necessary to build 

an understanding of the reasons for the prevalence of traditional instruction, despite 

significant cultural changes, technological advances, and progressive movements, 

including the New Math Movement in education, all of which advocated for active 

learning strategies in favor of traditional instruction (Herrera & Owens, 2001; Kim & 

Albert, 2014). This search endeavor included terms such as traditional instruction, the 

transmission model, the banking model, Nineteenth Century instruction, schooling, 

education in early America, and influences on United States education and 21st century 

instruction.

The goal of the next search was to identify constructivist theories and theorists for 

development of a deeper understanding of the foundational underpinnings of 

constructivism and active learning strategies. This search included constructivism, 

cognitive constructivism, and social constructivism, Naturalism, Progressivism, New 

Math Movement, and experiential theorists including Pestalozzi, FroebeVs gifts and 

occupations, Montessori, Montessori Method, Bruner, Piaget, and Dienes.
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Third, a search for instructional strategies for teaching mathematics and fractions 

in elementary school was completed. It was also necessary to investigate connections 

between active learning strategies and the use o f  learning tools, specifically, math 

manipulatives. Although the content of mathematics was not a central focus in this study, 

it was important to review research that studied the use o f  manipulatives because under 

the theory of constructivism, active learning strategies commonly included hands-on 

experiences as an instructional strategy, support, or scaffold for learners. A final search 

was conducted to determine connections between using manipulatives as an active 

learning strategy and task-related behavior. Specifically, I pursued an exhaustive search 

for studies that included as variables the use of concrete manipulatives with on-task 

behavior and task-completion.

This search proved to be the most challenging. The results of my search from the 

research base within the behavioral domain for student engagement and task-oriented 

behavior seemed sufficient. Likewise, I found multiple empirical studies that explored 

learning outcomes when using math manipulatives. Next, I modified search terms, 

parameters, and limitations in an attempt to locate studies that explored manipulatives as 

an active learning strategy on the behaviors of staying on-task and task-completion.

When my initial searches did not reveal any studies with these specific variables, I sought 

help from the university’s librarian, scoured reference lists from related studies, and 

continued to search databases using alternative terms and phases.

I used multiple combinations of terms and phrases that paired behavioral 

outcomes with the use of manipulatives. Behavioral terms and phrases used in my
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searches included, but were not limited to, on-task, off-task, task management, 

engagement, student engagement, behavior, student behavior, participation, student 

participation, assignment completion, task-completion, task management, academic 

engagement, responding, academic responding, academic response opportunities, 

opportunities to respond, task performance, and academic behavior. Terms and phrases 

related to manipulatives included, but were not limited to, math, manipulatives, math 

manipulatives, fraction manipulatives, fractions, concrete math manipulatives, math 

interventions, physical manipulatives, physical learning tools, math tools, active learning 

strategies, passive learning, inquiry, play, playful learning, play pedagogy, active 

pedagogy, pedagogy, enactive, instructional strategies, learning strategies, 21st century 

instruction, student-led learning, teacher-facilitated instruction, hands-on, kinesthetic, 

tactile, motivational engagement supports, classroom practices, instructional practices, 

enactive mode o f representation, and isomorphism.

When focusing on manipulatives as an independent variable, my goal was to learn 

about studies that explored the effects manipulatives had on behavior. Overwhelmingly, 

the majority of the studies about manipulatives employed a quantitative methodology 

with control and experimental groups, using pre- and posttests to measure student 

learning outcomes or student achievement. The studies I found that related most to using 

manipulatives investigated the effects of manipulatives on student attitudes and 

motivation. Therefore, I shifted my approach and began a new search of active learning 

strategies and task-related behavior. I found studies designed to impact task-related
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behavior, but none of the studies found examined the use of concrete math manipulatives 

to impact task-completion or on-task behavior.

After more than 15 months of diligent research, I did not find a study that 

explicitly explored concrete math manipulatives and staying on-task or task completion. 

Although I concede the possibility that such studies exist, I was not able to locate them 

searching with those exact terms nor when modifying my searches by using a multitude 

of related terms, phrases, and combinations of phrases to locate them.

From my searches, I located two meta-analyses of math manipulatives including 

Sowell’s (1989) seminal study and the meta-analysis conducted by Cabonneau et al.

(2013). I also located a synthesis of literature for activity-based teaching and the use of 

manipulatives, completed by Suydam and Higgins (1977), in addition to several studies 

that investigated the use o f manipulatives within the instructional content of mathematics. 

Within the behavioral domain, I located a meta-analysis by Randolph (2007) by using the 

search terms on-task behavior and active learning. An examination of the references 

within these studies provided valuable connections to additional scholarly studies that 

helped me make connections between active learning, math manipulatives, on-task 

behaviors, and task completion. Additional studies that were located will be reviewed in 

this chapter.

I did not impose a limitation of quantitative or qualitative research studies because 

I considered both valuable for establishing a rich review of the literature. However, I did 

specify the elementary school level of instruction in some searches as a limiting factor for 

searches relating to instructional strategies for mathematics and fractions. Grade level
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limitations were not included as limiting factors for the other searches. The next section 

provides a synthesis of the literature, beginning with historical influences that led to 

theories of active learning.

Historical Pathways

To understand the foundation of current instructional practices, it is necessary to 

understand historical and cultural influences that have perpetuated the current state of 

education in the United States. Joseph, Green, Mikel, and Windschitl (2011) stated, “For 

educators to be able to challenge the status quo, they must be able to articulate and 

understand deeply ingrained patterns that envelop them” (p. 38). Mueller, Yankelewitz, 

and Maher (2010) agreed with Joseph et al. (2011) and added, “Often, the mathematical 

instruction in schools does not connect to children’s natural, experience-based 

understandings” (p. 309). Joseph et al. (2011) concurred with Mueller et al. (2010) when 

they stated that “the traditional approach to teaching mathematical concepts emphasizes 

students’ memorization of rules and procedures and manipulation of symbols” (p. 309).

In the United States, this traditional education model translated into what Wink 

(2011) described as the transmission model, also known as the banking system for 

instruction (hooks, 1994), or the banking concept (Freire, 1970/2012). The transmission 

model positions learners as passive recipients of information delivered by an adult who 

holds all the knowledge (Duncan-Andrade & Morrell, 2008; Freire, 1970/2012; hooks, 

1994; Joseph et al., 2011; Wink, 2011). Wink (2011) described this approach as 

overwhelmingly oppressive and ineffective for supporting student goals of constructing 

knowledge and meaning in the classroom. Simply stated, the traditional transmission
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model does not meet the needs of today’s learners (Duncan-Andrade & Morrell, 2008; 

Freire, 1970/2012; hooks, 1994; Joseph et al., 2011; Mueller et al., 2010; Wink, 2011). 

Wink (2011) suggested that instead of transmitting information, educators should, “focus 

their pedagogy on discovery, exploration, and inquiry” (p. 23).

Historically, the “monolithic culture of schooling” (Joseph et al., 2011, p. 39) was 

designed to produce employees. Education, as far back as the 17th century, has been 

influenced by colonial America’s work ethic, paved in stone by a grounded theme,

“Work hard now; play later” (Ortlieb, 2010). The ideology that work is more valuable 

than play has perpetuated common American culture (Elkind, 2007; Joseph et al., 2011; 

Ortlieb, 2010). In the 1600s, students were required to memorize phrases such as, “Work 

while you work, play while you play. One thing each time, that is the way” (Ortlieb, 

2010, p. 242). Most of the time, especially when in school, play was strictly prohibited, 

considered useless, and devalued by early American society (Elkind, 2007; Ortlieb,

2010). Instead, a strong work ethic was expected for all but the very young (Edgar,

2009). Perhaps the societal value of work over play was a fundamental Puritan value, 

necessary for survival in earlier times. This restrictive approach to pedagogy, referred to 

by Joseph et al. (2011) as the narrowed curriculum (p. 47), remains in contrast to more 

engaging and active approaches to learning.

The idea of actively engaging learners through experiences and interactions 

within the learning environment and with conceptual representations of abstractions was 

advocated by notable 19th century educators including Pestalozzi, Rousseau, Froebel, 

and Montessori (Herrera & Owens, 2001; Joseph et al., 2011; Kim & Albert, 2014).
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Prominent theorists of the 20th century also advocated for instructional change. In 1952, 

Piaget’s theory of stages of cognitive development emphasized the value of using 

concrete manipulatives and hands-on experiences, especially for young learners (Herrera 

& Owens, 2001, p. 85). Three stages of representation of mathematical ideas, enactive, 

iconic, and symbolic as described by Bruner (1966), emphasized within the enactive stage 

the importance of physical representations to scaffold understanding as learners are 

introduced to abstract concepts. National initiatives to improve education supported the 

theoretical positions that advocated for active learning strategies over passive learning 

(Herrera & Owens, 2001; Joseph et al., 2011; Kim & Albert, 2014).

One national initiative, the New Math Movement of the 1960s, sparked 

enthusiasm from teachers; however, parents who did not understand or support the new 

approach did not receive the movement well (Herrera & Owens, 2001). Thus, the 

following decade promoted a back-to-basics approach, which was essentially a regression 

of instructional strategies that defaulted to prescribed curriculum, emphasizing the use of 

textbooks, procedural skills, and rote memorization of facts (Herrera & Owens, 2001; 

Joseph et al., 2011). Joseph et al. (2011) stated, “Although there are teachers who 

individually work to develop inspired curriculum . . .  the cultures of schools seem bereft 

of vision and appear to simply perpetuate largely unquestioned norms, habits, values, and 

goals” (p. 38).

Moving forward, politically inspired agendas fueled perceptions that the United 

States was falling behind rival countries with lower comparative test scores and 

inadequate student achievement (Herrera & Owens, 2001). Herrera and Owens (2001)
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stated that the rhetoric in the publication of A Nation at Risk (National Commission on 

Excellence in Education, 1983) “linked education to a national crisis” (p. 88). In 

response, the standards-based reform movement was “launched in 1989 with the 

publication of the Curriculum and Evaluation Standards for School Mathematics by the 

National Council of Teachers of Mathematics (NCTM)” (Herrera & Owens, 2001, p. 87). 

Despite numerous attempts at educational reform initiatives to impact the culture of 

American education, it has remained overwhelmingly resistant to change (Joseph et al.,

2011). Herrera and Owens (2001) stated, “A reform, by definition, challenges current 

practice” (p. 89). Yet, to change practice requires a change in beliefs (Marshall, Horton, 

Igo, & Switzer, 2009). Without effective change, education will remain “a bound world 

in which the status quo is accepted as critical thinking, caring, and interdependence are of 

no importance. Whether purposefully chosen or unintended consequences of the 

standardized management paradigm, these distressing outcomes must be understood and 

challenged” (Joseph et al., 2011, p. 51).

The goal of this chapter is to review evidence-based intersections where educators 

can impact change by facilitating active learning and authentic construction of 

knowledge. Teachers have the power to archive traditional passive methods and help 

students transform into empowered active learners through authentic engagement. One 

way to transform from passive learning to active learning is by rerouting methodological 

pathways through the playful tendencies of children (Elkind, 2007; Liebschner, 

1992/2001; Prince & Felder, 2006; Vygotsky, 1930/1978). When students construct their 

own knowledge through active learning, the perception that learning is serious work is
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minimized and learning outcomes are maximized (Brown, 2010; Jones, 2012; Ortlieb,

2010). In this 21st century model intersection, educators can embrace sound 

methodologies while simultaneously honoring play as the work of the child (Dienes,

1974; Elkind, 2007).

The Traditional, or Transmission, Model 

Since the earliest days o f education in the United States, the traditional method for 

instruction has been the transmission model (Wink, 2011), a historically common 

instructional method whereby teachers deliver prescribed information to students as if 

they are banks in need of a deposit (Freire, 1970/2012). Some purport that the practice of 

teacher-led instruction, such as lecturing, invalidates student knowledge and degrades 

authentic student ideas through the precept that the knowledge of worth must be 

transmitted to students (Freire, 1970/2012; hooks, 1994; Wink, 2011). Freire 

(1970/2012) and hooks (1994) both described the transmission model as a practice that 

perpetuates oppression by denying students the chance to develop critical thinking skills, 

which are necessary to empower students to construct their own knowledge, solve 

complex problems, and even advocate for social justice. Freire (1970/2012) and hooks 

(1994) argued that it is, therefore, unfortunate that over the centuries, the transmission 

model has remained the traditional method for instruction. If it is true that the traditional 

model is oppressive by design, as explained by hooks (1994), one solution for educators 

could be to transform instructional practices to better facilitate student learning through 

active learning experiences.
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Methods of the Transmission Model

One method that teachers use to transmit knowledge is to follow a prescribed 

curriculum delivered through traditional, teacher-centered practices of lecturing to 

passive students (Wink, 2011). Stolp (2005) described teachers as “products of an 

educational system that has valued conformity rather than independence, obedience 

rather than inquiry, technical mastery rather than creative thought” (p. xi). Within 

traditional classrooms, student expectations include remaining still, quiet, and seated in 

order to absorb the information presented (Wink, 2011). Maag (2001) described 

traditional classrooms in which teachers reprimand students for noncompliance or 

disruptive behavior when they do not remain passive (hooks, 1994). To participate 

appropriately in traditional classrooms, teachers present lower level thinking tasks for 

students to rehearse, recite, and memorize and later demonstrate acquired knowledge on 

high-stakes assessments (hooks, 1994; Wink, 2011). To support the development of 

critical thinking skills, the National Council of Teachers o f Mathematics (NCTM, 2000) 

recommended changing traditional methods to an approach that utilizes active learning 

by “using a constructivist method of teaching, in which learners develop meaning based 

on experience and inquiry” (White-Clark et al., 2008, p. 41). NCTM’s (2000) 

recommendations for adopting a constructivist approach in educational strategies are in 

contrast with traditional practices, some of which are grounded in techniques common to 

behaviorism.
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Educational Traditions of Behaviorism

Schunk (2012) described behaviorism as empirical and objective, for which 

discrete and observable behaviors are operationally defined, thus allowing them to be 

measured (Rychlak, 1981). Some argue that measuring behavior defined in observable 

terms can produce greater objectivity of results; therefore, it is a valued characteristic of 

behaviorism (Schunk, 2012). In behaviorism, it is possible to adjust consequences, or 

reinforcing contingencies, to guide behavior progressively towards the desired results 

through successive approximations (Rychlak, 1981). Skinner (1958) described 

reinforcing contingencies as “conditions that increase, maintain, or reduce the probability 

that the behavior will be repeated” (p. 97). These contingencies of reinforcement as 

described by Skinner (1958) include antecedents, events, and consequences that 

immediately follow the behavior (Schunk, 2012).

Although identification of the antecedent is not always a simple process, it is 

necessary to understand when applying behavioral principles. Appropriate design and 

delivery of antecedents can create conditioned responses (Holland & Skinner, 1961). 

These behavioral principles are applicable to learning content in the classroom.

Examples of learning methods supported by behaviorism include “applications involving 

behavioral objectives, learning time, mastery learning, programmed instruction, and 

contingency contracts” (Schunk, 2012, p. 114). Programs that utilize direct instruction, 

especially through scripted lessons, are examples of behavioral approaches to learning 

(Schunk, 2012).
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In a behavioral approach to instruction, the teacher strategically delivers a 

stimulus to elicit a targeted behavioral response. For example, the teacher shows student 

the letters /sh/ and says, “These sounds go together to say shhhh. What sound?” The 

response from students should be “shhh.” If the students respond correctly, the teacher 

delivers a reinforcing contingency by saying something like, “Yes, shhh” and the lesson 

continues. When errors occur, the instructor shapes behavior by reinforcing successive 

approximations to the learning target. In this way, the principles of behaviorism serve as 

a tool to transmit information to students.

The preceding example requires the teacher to deliver the instructional stimuli, 

which elicits the correct student response, followed by reinforcement. Although students 

are actively engaged in learning, as observed by attending and responding behaviors, the 

cognitive level of engagement only requires students to receive information and then 

repeat it back (Chi, 2009; Iran-Nejad, 2001). Therefore, as described as an expectation of 

traditional instruction, students should demonstrate attending behaviors and elicit verbal 

responses on cue. Some believe that this behavioral approach to instruction limits the 

engagement of higher cognitive levels and restricts creative and authentic output from 

students (Chi, 2009). Schunk (2012) stated, “The generality of operant conditioning 

principles has been challenged by cognitive theorists who contend that by ignoring 

mental processes, operant conditioning offers an incomplete account of human learning” 

(p. 114).

In relation to active learning, when behavioral principles are applied to 

instructional strategies, the behaviors of the learners may be considered active in that
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students are required to attend and respond (Chi, 2009; Ertmer & Newby, 1993). 

However, the degree to which students create or produce authentic output that extends 

beyond the given material is not required as long as students reproduce the expected 

standard response (Chi, 2009). Ertmer and Newby (1993) stated that the behavioral 

model is effective “in facilitating learning that involves discriminations (defining and 

illustrating concepts), associations (applying explanations), and chaining (automatically 

performing a specified procedure)” (p. 56). Ertmer and Newby (1993) described 

limitations of behaviorism by stating, “Behavioral principles cannot adequately explain 

the acquisition of higher level skills or those that require a greater depth of processing 

(e.g., language development, problem solving, inference generating, critical thinking)” (p. 

56). Behavioral applications for active learning are considered effective for teaching 

skill-specific, procedural, and knowledge-based information (Ertmer & Newby, 1993). 

Because experiences and interactions in the environment serve as the basis of 

behaviorism, it fits within an empiricist framework (Ertmer & Newby, 1993).

Empiricism and Progressivism 

Empiricism supports the idea that knowledge is gained through sensory 

experiences (Ertmer & Newby, 1993). In education, sensory experiences can include a 

wide range of activities including experiments, inquiry learning, and play (Ortlieb, 2010). 

Advocacy for active learning strategies stems as far back as the 17th century with 

proponents such as Johann Comenius and John Locke, who shared similar beliefs that 

“play is a critical method of learning for young children” (Platz & Arellano, 2011, p. 57). 

During the Age of Enlightenment, Locke was renowned for his belief that human minds
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are like an empty slate, or tabula rasa at birth, and humans develop knowledge about the 

world around them through sensory experiences (Platz & Arellano, 2011; Henson, 2003). 

In other words, Locke believed that experience was the key to understanding (Henson, 

2003).

Comenius and Locke shared the belief that sensory experiences were important to 

the education of children (Henson, 2003). In Comenius’ view, adults should not repress 

children, but rather allow them freedom to learn through sensory experiences (Klein, 

2003; Platz & Arellano, 2011). Rousseau believed that childhood was an important stage 

in development and, like Comenius and Locke, was a strong advocate for a child- 

centered curriculum that recognized the value of children’s sensory experiences as an 

integral component for learning (Gutek, 2011; Henson, 2003; Klein, 2003; Platz & 

Arellano, 2011). Hence, the integration of sensory experiences within the curriculum 

helped establish the foundations for methodologies for empirical approaches to learning 

(Ertmer & Newby, 1993).

The influence of empiricism today can be observed through classroom practices 

that utilize active learning methods, such as inquiry learning (Prince & Felder, 2006). 

Inquiry learning differs from traditional methods in that inquiry begins with inductive 

thinking (Prince & Felder, 2006). Instead of transmitting information to students, “the 

focus of instruction shifts from teaching to learning, from the active transfer of facts and 

routines to the active application of ideas to problems” (Ertmer & Newby, 1993, p. 66). 

Additional examples include problem-based, project-based, or discovery learning 

methods and strategies (Prince & Felder, 2006). Methodologies that integrate these types
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of whole child approaches to learning started to become more prominent throughout the 

18th and 19th centuries by various theorists, or philosophers (Gutek, 2011; Prince & 

Felder, 2006).

Froebel’s Gifts and Occupations

Froebel, considered an idealist, was a child-centered theorist who believed that 

learning should be active and fun (Klein, 2003; Liebschner, 1992/2001). Froebel is 

credited with establishing the first kindergarten classrooms, which he designed to be a 

learner-centered, experience-based, hands-on environment where “play was critical to 

advance learning” (Platz & Arellano, 2011, p. 58) and where play was the center of 

learning games (Gutek, 2011; Klein, 2003; Liebschner, 1992/2001). Froebel received 

recognition for providing students with gifts and occupations as tools for learning (Gutek, 

2011; Klein, 2003). Students were encouraged to engage playfully with various gifts that 

interested them, which in turn enhanced their learning and readiness skills (Gutek, 2011; 

Platz & Arellano, 2011). The kindergarten concept encouraged play, which Froebel 

viewed as an ideal approach for the youngest learners (Liebschner, 1992/2001). Despite 

criticism regarding the lack of structure in his design for kindergarten (Gutek, 2011), 

Froebel’s beliefs about the way children learn were an integral component of the 

kindergarten concept and a significant contribution to educational theory (Klein, 2003; 

Liebschner, 1992/2001).

Dewey’s Experiential Approach

Another influential child-centered theorist was John Dewey, a pragmatist that 

supported the ideology of learning by doing and emphasized problem-solving
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experiences through actively engaging students in the scientific method (Gutek, 2011; 

Henson, 2003). Dewey promoted experiential ism and instrumentalism, meaning that 

direct experiences and use of instruments or tools for learning had the most meaningful 

impact (Gutek, 2011; Henson, 2003). Dewey’s concept of student-centered learning 

included the idea of collateral or confluent learning, which incorporated the value of 

emotional connections during the richest learning experiences (Henson, 2003). In 

addition, Dewey believed, “Education should be both problem-based and fun” (Henson, 

2003, p. 10). Dewey (1916) stated, “Experience has shown that when children have a 

chance at physical activities which bring their natural impulses into play, going to school 

is a joy, management is less of a burden, and learning is easier” (p. 194). According to 

Dewey, play was a necessary component of development and maturing (Holton, Ahmed, 

Williams, & Hill, 2001).

Montessori’s Child-Centered Curriculum

Maria Montessori was a well-known, child-centered, and experiential educational 

theorist. Although Montessori believed that children should actively direct their learning 

based on their interests, she also advocated for thoughtful structure within the learning 

setting as an invaluable component for learning (Ozmon, 2012; Platz & Arellano, 2011) 

and recognized that in order to educate the whole child, educators must acknowledge 

developmental stages that influence children (Gutek, 2011). Montessori differed from 

Froebel and Dewey in that she did not consider play a necessary activity for learning 

(Liebschner, 1992/2001; Platz & Arellano, 2011). Consequently, Montessori designed a 

student-centered curriculum that engaged children in sensory experiences with didactic
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materials and allowed students to participate actively and freely within a meaningfully 

structured environment (Gutek, 2011; Liebschner, 1992/2001; Platz & Arellano, 2011).

Change Is a Slow Process 

When cultural norms are deeply embedded within a society, it takes time and 

sustained effort for changes in mindsets and practices to occur (Gutek, 2011; hooks, 

1994). Over the centuries in the United States, effecting change away from traditional 

practices has been a slow process. Throughout the early 1800s, school curriculum 

continued to emphasize values such as morality, patriotism, citizenship, and mental 

discipline (Edgar, 2009; Klein, 2003). The American ideal that dedication to hard work 

was the ultimate key to success has been taught generation after generation. A common 

adage is that anyone can experience the American dream if they just work hard enough; 

this includes working hard in school.

Mathematics educational reform—whether state frameworks or instructional 

materials—can occur on paper, as it did in the new math era and is now in the 

current standards-based movement, without impacting deeply the 

teaching/learning process at the classroom level. Change is slow, change is 

complex. (Herrera & Owens, 2001, p. 91)

Nonetheless, over time, evidence of change began to seize some of the educational 

landscape. Yet, control of school structure, such as having a standard curriculum, 

remained important despite changes introduced by the Progressive Education Movement.
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The Progressive Education Movement

The expectation for students to work passively in the classroom may have seemed 

reasonable over the centuries considering the goals of education in the United States. 

However, the benefits of playful and active learning pedagogies and the changing goals 

of education support challenges to this methodology (Almon & Miller, 2009; Henson, 

2003; Ortlieb, 2010). During the early 1900s, the Progressive Education Movement in 

the United States generated new methodologies with an increasing interest in the 

differences between learners (Henson, 2003; Zimmerman, 2002). These movements and 

progressive educators advocated for more experience-based practices that engaged 

students in active and interactive learning (Henson, 2003; Platz & Arellano, 2011). Of 

particular importance to this progressive movement in education were educators who 

endorsed a constructivist curriculum, which utilized methods different from traditional 

methods.

Historical Support for Nontraditional Methods

It is important to understand that the historical development of education in the 

United States began with the transmission model, which required students to be passive 

learners. Over time, a substantial number of theorists advocated for students to be active 

instead of passive. The difference between theory and practice has had an impact on the 

development of education over the centuries in the United States. Because the most 

commonly accepted educational practices followed traditional educational norms, active 

learning theories and methods that existed remained less prevalent. However, when 

considering the nature of children and adolescents, proponents of active learning argue
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that the passive approach to learning does not align with current developmental theories 

or goals for learning outcomes (Dienes, 1974; Elkind, 2007; Platz & Arellano, 2011).

It has been suggested that the ultimate goal of education is influenced by the 

dominant philosophy of society and the people and entities that are in charge of 

educational policy (hooks, 1994; Joseph et al., 2011; Spring, 2011). If society’s common 

goal for education is to teach compliance and conformity, then training humans to fit into 

a mold of passivity may be a good method to reach that goal (hooks, 1994; Wang, 2012). 

Wang (2012) explained that authoritarian cultures more commonly promote rote learning 

methods and memorization, such as in the behavioral model. In contrast, if the goals of 

education are to teach students to become independent thinkers, problem solvers, and 

effective collaborators, then an active and experiential approach to curriculum will be 

most effective (Kridel & Bullough, 2002; Ortlieb, 2010). According to Wang (2012), 

democratic cultures, such as the United States, are more likely to promote critical 

thinking that leads to creativity and innovation. This was evident in a study referred to as 

the Eight-Year Study, during which innovative instructional practices were encouraged 

(Henson, 2003; Kridel & Bullough, 2002).

The Eight-Year Study. One study that supports the benefits of moving away from 

rigid traditional instructional methods was the Eight Year Study, which lasted from 1932- 

1941 (Henson, 2003). In The Eight-Year Study, 27 high schools accepted the challenge 

to experiment with innovative instructional practices (Kridel & Bullough, 2002). The 

approaches to instruction in the selected schools ranged from traditional to radically 

nontraditional methods (Kridel & Bullough, 2002). Tracking of students in the
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experimental condition as they progressed through four years of high school and four 

years of college resulted in a comparison with students in the control group who attended 

schools that followed traditional methods (Kridel & Bullough, 2002). Overall, the results 

of this study suggested that there were no detrimental effects on student achievement 

when teachers of high school curriculum were encouraged to veer from traditional 

college prep practices and engage students in innovative learning (Kridel & Bullough, 

2002). Henson (2003) stated, “The study found this approach equal or superior to 

traditional education in every way” (p. 10).

When Kridel and Bullough (2002) investigated more deeply into the results of the 

Eight-Year Study experimental group, they identified 323 students within six schools that 

utilized the most progressive practices. When these students were compared to students 

in the control group, Kridel and Bullough (2002) found that they “substantially exceeded 

all other students in terms of academic averages, academic honors, levels of curiosity, 

drive, higher-level thinking skills, responsibility, and concern for self and others” (p. 80). 

This further supports the idea that learning does not have to be restricted to passive, 

serious work, as with traditional methods. Instead, the results of the Eight-Year Study 

suggested that learning that is active, exploratory, and interactive has long lasting and 

highly positive effects on learners (Kridel & Bullough, 2002).

Henson (2003) described the students in the experimental group who were 

actively engaged in student-centered activities as “attaining higher grades, attaining more 

academic honors, developing superior intellectual curiosity, developing superior 

creativity, developing superior drive, developing superior leadership skills, becoming
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more aware of world events, developing more objectivity” (p. 10). The director of the 

Eight-Year Study, Wilford Aikin, quoted his vision by saying, “Every school in a 

democracy should be experimental” (Kridel & Bullough, 2002). This large-scale study 

provided evidence of the overwhelmingly positive impact of student-centered, active 

learning methods on learning outcomes.

Conceptual Framework 

Active learning is a term attributed to a spectrum of theories and practices and 

described by Prince and Felder (2006) as “a range of instructional methods, including 

inquiry learning, problem-based learning, case-based teaching, discovery learning, and 

just-in-time teaching” (p. 123). These learning strategies have been described as active, 

inductive, learner-centered, and constructivist (Prince & Felder, 2006). During the last 

few centuries, society in the United States has placed value on cultural ideals for 

patriotism, civics, morality, and contributing to the developing nation without creating 

social conflict (Edgar, 2009). For almost three centuries, passivity and conforming to the 

norm was valued and expected (Ortlieb, 2014). At this time, the 21st century has created 

a new milestone for change, including the need for active learning, constructivist 

frameworks to permeate educational practices (Robinson-Zanartu, Doerr, & Portman, 

2015).

Constructivism as a Theoretical Framework for Active Learning

It is possible to frame the concept of active learning in multiple ways. For the 

purposes of this research, the theoretical underpinnings of cognitive constructivism and 

social constructivism serve to frame active learning. Schunk (2012) described and
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defined constructivism as “a psychological and philosophical perspective” (p. 228) in 

which learners construct their knowledge from experiences. Applefield, Huber, and 

Moallem (2001) explained that constructivists “cannot be adequately represented by a 

single voice or an entirely universal point of view” (p. 36). However, the generally 

shared constructivist theme is that learners construct their own knowledge. Fosnot and 

Perry (1996) explained constructivism as a “psychological theory of learning” (p. 7) in 

which “cognitive development and deep understanding are the foci” (p. 10). Green and 

Gredler (2002) described constructivism as, “a multifaceted philosophical position on the 

nature of knowledge and educational practice” (p. 53). In summary, constructivism, at 

the very least, is an epistemology for learning theory that asserts that learners construct 

their understanding and knowledge of the world around them.

Constructivism Overview

In general, descriptions of constructivism are similar throughout the literature. 

Prince and Felder (2006) explained, “Individuals construct and reconstruct their own 

reality in an effort to make sense of their experience” (p. 124). Through constructivism, 

it is possible to vary learning experiences by strategically designing instructional 

activities grounded in experiential and constructivist theoretical foundations. The 

integration of constructivist methodologies into the classroom, including playful and 

active learning, is imperative in order to facilitate access of higher-order thinking skills 

and complex problem-solving processes (Iran-Nejad, 2001; Ortlieb, 2010; Ozmon, 2012). 

Moyer (2001) explained the desired results on learning within the constructivist frame 

when she stated, “Mathematics education views students as active participants who
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construct knowledge by reorganizing their current ways of knowing and extracting 

coherence and meaning from their experiences” (p. 176). Constructivist methods spark 

cognitive processes that Prince and Felder (2006) said occurred when:

new information is filtered through mental structures {schemata) that incorporate 

the student’s prior knowledge, beliefs, preconceptions and misconceptions, 

prejudices, and fears. If the new information is consistent with those structures it 

may be integrated into them, but if it is contradictory, it may be memorized for 

the exam but is unlikely to be truly incorporated into the individual’s belief 

system—which is to say, it will not be learned, (p. 124—125)

This cognitive process suggests that new information will not be learned when only 

memorization of information occurs. Therefore, educators must consider the goals of 

learning outcomes when they design learning experiences for students.

Constructivist Theorists 

Constructivist theorists known for advocating strategic instructional practices that 

facilitate the construction of knowledge through active learning experiences include Jean 

Piaget and Jerome Bruner (Applefield et al., 2001). Sriraman and English (2005) 

published a review in which they included Piaget and Bruner, in addition to the 

Hungarian mathematician, Zoltan Dienes, as among the most influential theorists and 

authors within mathematics education. Dienes has additionally been described as,

“ .. .one of the fathers of the extensive use of manipulatives and play in teaching those 

concepts” (Gningue, 2006, p. 41). Piaget’s cognitive constructivism theory and stages of
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learning focused on the individual constructing knowledge through cognitive, or mental, 

processes, impacted by developmental stages (Gutek, 2011; Henson, 2003; Piaget, 1975). 

Piaget and Cognitive Constructivism

Cognitive constructivism is an example of a theoretical foundation credited to 

Jean Piaget, who believed that individuals construct meaning through their interactions or 

experiences in the environment (Piaget, 1975). Piaget’s theory focused on the cognitive 

processes that occurred in an individual as a result of interactions with the environment 

and developmental stages (Piaget, 1975). Piaget (1975) believed that individuals 

progress through developmental stages of learning including sensory-motor, 

preoperational, concrete operational, and formal operational. Additionally, Piaget 

contended that certain skills are developed and mastered within each stage before the 

individual has the readiness to progress to the next stage. Boden (1980) suggested that a 

common misconception about Piagetian theory is “that the developmental stages are 

preformed and unfolded by maturation, or triggered by environmental conditions, instead 

of emerging through a dialectical interaction with the child’s world” (p. 157). To clarify, 

Boden (1980) described Piaget’s belief that “each stage develops from, rather than 

merely adding to, the one before” (p. 24).

To delve deeper into understanding Piaget, it is helpful to acknowledge that his 

theory of learning grew out of his initial interest in biology (Boden, 1980). Piaget’s 

concept of assimilation developed after studying mollusks over time. He observed 

certain changes in mollusks situated in varying environmental conditions, which caused 

varying degrees of disequilibrium. In order for the organism to survive, it had to make
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accommodations to its original structure. Piaget believed that these changes, or 

accommodations, allowed the organism to return to a state of equilibrium. Calling this 

process assimilation, Piaget (1975) later applied this concept to his cognitive constructive 

learning theory.

Piaget’s theory was founded on the concept of adaptation “in terms of the now 

familiar notions of self-conserving (later: self-regulating) structures, developing by 

equilibratory processes of assimilation and accommodation” (Boden, 1980, p. 5; Piaget, 

1975). Assimilation is a type of learning that happens when “information is integrated 

into the learner’s existing knowledge base” (Marzano, 2001, p. 38; Piaget, 1975). 

Accommodation is another type of learning that happens when “existing knowledge 

structures are changed” (Marzano, 2001, p. 38; Piaget, 1975). A third type of learning 

that is similar to accommodation but credited to Rumelhart and Norman (1976) is called 

restructuring, which “involves reorganizing information so that it can produce new 

insights and be used in new situations” (Marzano, 2001, p. 38). Cognitive disequilibrium 

results when new information does not fit within existing knowledge banks, or schemas 

(Piaget, 1975). The learner must accommodate and make adaptations in order to 

construct new schemata for the new information. In this way, learners assimilate and 

cognitively construct knowledge of their world.

Boden (1980) described Piaget’s idea of cognition “as a continuously developing 

system of self-regulating structures that actively mediate and are transformed by the 

subject’s interaction with the environment” (p. 2). Piaget’s theory described “a series of 

equilibrations whereby the child’s intellectual structures are reconstructed (not just
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reformulated or extended) at each stage, her ‘egocentrism’ giving way to objectivity by 

successive ‘decentrations’” (Boden, 1980, p. 55; Piaget, 1975). Piaget believed that “in 

order to know objects, the subject must act upon them, and therefore transform them: he 

must displace, connect, combine, take apart, and reassemble them” (Boden, 1980, p. 20; 

Piaget, 1975). According to Piaget (1975), active learning experiences always connect to 

actions that lead to transformations, which are required in order to construct knowledge 

(Piaget, 1975). Piaget’s ideas aligned with progressive ideologies for active learning 

experiences in place of passive.

Piaget contended that “primary schools should encourage cooperation and talking, 

as well as manipulative play, not purely for the social skills that these activities will 

develop but for their importance in developing objectivity or intellectual decentering in 

general” (Boden, 1980, p. 57; Piaget, 1975). The concept of decentering meant that a 

child transforms to become less egocentric and develops the ability to understand the 

world from the perspective of others (Piaget, 1975). Decentering occurs over time as a 

child experiences the world and interacts with objects and individuals within the world 

(Piaget, 1975). An important emphasis of Piaget’s theory is the belief that although the 

environment and social experiences affect a child’s development, cognitive processes 

within the individual’s mind are more important for cognitive development (Piaget,

1975).

Although Boden (1980) suggested that Piaget’s ideas are “usually vague and often 

wrong” (p. 163), Boden also stated that Piaget had a significant impact on educational 

practices. Boden (1980) described Piaget’s contribution as follows: “Radical revisions of
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school curricula and classroom organization (toward greater reliance on the child’s 

spontaneous learning by the way of concrete activities and self-regulation, and less on 

early reading) have been recommended on the basis of his ideas” (p. 2). One of Piaget’s 

greatest influences on education was in helping to change the antiquated belief that 

children should behave and learn in the same manner as adults.

Piaget explained that children do not learn the same way as adults (Iran-Nejad, 

2001; Piaget, 1975). Piaget’s involvement with standardization for intelligence testing in 

1920 influenced this belief, leading him to the conclusion that “logical structures of the 

child’s mind are importantly different from those of adult knowledge” (Boden, 1980, p.

4). Consequently, Piaget’s ideas affected the change in traditional instructional practices 

to incorporate pedagogical practices more appropriate and relevant to children (Boden, 

1980; Klein, 2003). In other words, the traditional methods of teacher-led instruction and 

expectations for learners to be passive began to transform into recommendations for 

methods that were student-centered with active learning experiences. These 

recommendations supported the necessity of active learning experiences and the value of 

concrete representations for help conceptualizing understandings, especially for abstract 

concepts (Resnick, 1984).

Piaget further contributed to changes in education through his developmental 

stage theory, which described discrete stages of child development (Klein, 2003).

Piaget’s theoretical approach to learning did not focus on teaching explicit subject matter; 

instead, it promoted the “cultivation of thinking skills apart from learning subject matter” 

(Bransford & Vye, 1989, p. 3). Boden (1980) described Piaget’s “ideas of psychological
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structure, of mental operations and cognitive transformations, and of innate cognitive 

principles whereby the baby organizes and learns from her experience were all important, 

and radically opposed to behaviorist theory” (p. 158). Therefore, Piagetian theory does 

not support rote drill and practice because this type of learning reduces opportunities for 

students to engage in what Piaget considered “true learning” (as cited in Bransford &

Vye, 1989, p. 3) for the authentic construction of knowledge.

Bruner’s Contribution to Constructivism as a Theory for Learning

Jerome Bruner’s ideas, which supported constructive and active learning 

strategies, described the acquisition of knowledge as a process, not a product (Bruner, 

1960/1977; Schunk, 2012). Bruner’s cognitive theory is considered constructivist 

because, as he explained in his theory, learners create knowledge through social and 

physical experiences (Bruner, 1960/1977; Schunk, 2012). Significant contributions that 

Bruner made to instruction include the Spiral Curriculum (Bruner, 1960/1977) and 

Discovery learning (Bruner, 1966). The spiral curriculum was based on the premise that 

curriculum should be repeatedly revisited, as if in a spiral manner (Bruner, 1960/1977).

In Discovery learning, Bruner placed emphasis on experiential, inquiry-based 

construction of knowledge (Bruner, 1966).

Bruner’s ideas surpassed the traditional practices for learners to remain passive 

and instead, supported experiential and active methods of learning such as the use of 

physical objects to promote interaction within the learning environment (Bruner, 

1960/1977, 1966). Bruner’s theory of cognitive growth described the learner as 

progressing through modes of learning as they pass through developmental levels.
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Bruner’s modes of representation. Bruner (1966) described three modes of 

representation, which described the cognitive functions that a learner progresses through 

when learning new information. Bruner (1966) did not base the need for different modes 

of representation on developmental levels; instead, he suggested that learners could 

develop an understanding about a concept by following a progression of learning initially 

supported with enactive, or physical, representations of the concept. After the learner 

became familiarized with an abstract concept through enactive experiences, the learner 

could then progress to interacting with the abstraction through iconic experiences, 

supported with visual cues, pictures, or icons (Bruner, 1966). Finally, as a learner’s 

understanding of the abstract concept advanced, the learner could begin to interact with 

the concept through language and symbolic means (Bruner, 1966). Bruner (1966) 

explained that “the structure of any domain of knowledge” (p. 44) are modes o f  

representation, of which he described three: enactive, iconic, and symbolic:

Any domain of knowledge (or any problem within that domain of knowledge) can 

be represented in three ways: by a set of actions appropriate for achieving a 

certain result (enactive representation); by a set of summary images or graphics 

that stand for a concept without defining it fully (iconic representation); and by a 

set of symbolic or logical propositions drawn from a symbolic system that is 

governed by rules or laws for forming and transforming propositions (symbolic 

representation), (p. 45)

Yusof and Lusin (2013) emphasized the value of using concrete math 

manipulatives with young learners based on Bruner’s modes of representation. Cabahug
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(2012) explained, “In mathematics, representations refer to both the internal and external 

manifestations of mathematical concepts” (p. 87). Through experiences, learners can 

internalize abstract mathematical representations, which in essence, support progression 

toward deeper understanding of mathematical abstractions (Cabahug, 2012).

The first mode of representation, called enactive, involves hands-on experiences 

to help learners move towards visualization of the mathematical representation, or the 

enactive mode (Bruner, 1966; Cabahug, 2012). Enactive learning involves motor skills 

and activity that the very young can access (Bruner, 1966; Schunk, 2012). The next 

mode of representation, iconic learning, moves the learner into higher cognitive 

processes, such as thinking without concrete models and developing mental images 

(Bruner, 1966; Schunk, 2012). The symbolic system, the highest developmental mode, 

allows the individual to understand concepts through symbolic representations (Bruner, 

1966; Schunk, 2012).

Cognitive researchers, Mezzacappa and Buckner (2010) explained that, when 

learning, the effects from cognitive load can compromise working memory. Working 

memory is a necessary cognitive function for learners as they learn new skills 

(Mezzacappa & Buckner, 2010). One method for reducing cognitive load and 

maximizing working memory is to provide concrete manipulatives for students as they 

work to grasp understanding of abstract concepts (Mezzacappa & Buckner, 2010; Yusof 

& Lusin, 2013). This is especially valuable for young learners who benefit from 

scaffolded support within the enactive mode. Post (1981) succinctly summarized
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theoretical connections between the role of manipulative materials and their relationship 

with learners:

It should not be surprising that current research has established a substantial 

relationship between the use of manipulative materials and students’ achievement 

in the mathematics classroom. Learning theorists have suggested for some time 

that children’s concepts evolve through direct interaction with the environment, 

and materials provide a vehicle through which this can happen. This message has 

been conveyed in a number of ways: Piaget (1971) suggested that concepts are 

formed by children through a reconstruction of reality, not through imitation of it; 

Dewey (1938) argued for the provision of firsthand experiences in a child’s 

educational program; Bruner (1960) indicated that knowing is a process, not a 

product; and Dienes (1969), whose work specifically relates to mathematics 

instruction, suggested that children need to build or construct their own concepts 

from within rather than having those concepts imposed upon them. (p. 109) 

Dienes: Six Stages of Learning

Dienes was described by Fossa (2004) as “a forerunner to (radical) constructivism 

(p. 90), but he is nonetheless included in this review of constructivist theorists for his 

theory of mathematics learning and stages of learning in mathematics. Post (1981) 

explained that Dienes differed from Piaget in that Dienes’ theory about learning was 

exclusive to mathematics. However, both Piaget and Dienes shared an overarching 

theme for “providing a justification for active student involvement in the learning 

process” (Post, 1981, p. 114). In his theory of mathematics, Dienes (1971) included six
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stages of learning described as “(1) free play, (2) games, (3) search for communalities,

(4) representations, (5) symbolization, and (6) formalization” (Dienes, 1971, p. 36). A 

description of each follows.

Stage 1: Free Play

Dienes described the first stage of learning as free play, in which the child’s 

natural tendencies to explore are manifested in playful actions and with interactions with 

objects within the environment. The child learns about regularities through varied 

activities and experiences, and eventually, the child begins to make up rules that become 

part of the child’s made up games (Dienes, 1971/1973). Games, by nature, are often rule- 

bound, which leads to Stage 2.

Stage 2: Games

During Stage 2, children begin to recognize through their experiences the inherent 

structure and regularity found within games. Games may be played with the goal for 

winning, but games may also be played more freely and without any particular goals 

(Dienes, 1971/1973). Children in this stage make up their own games or play games 

provided to them within the parameters of rules or restrictions. As a child progresses in 

this stage, understandings about strategies begin to emerge within the structure of games. 

Dienes believed there was an increased value of playing games for children who modify 

rules to make a game better, for example. As children improve in their ability to interact 

strategically with games, they also begin to see what Dienes termed communality o f  

structure, which leads to the next stage of learning.
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Stage 3: Search for Communalities

During Stage 3, children begin “translating one embodiment into another, while 

leaving the abstract properties embodied unchanged by the translation” (Dienes, 1971, 

pp. 32-33). Dienes (1973) described the learner in this phase as, “beginning to look 

underneath the game and see what it is made o f ’ (p. 97). Within this phase, Dienes 

(1973) recommended including multiple experiences with a similar concept so the learner 

can compare the underlying ideas and identify more abstract commonalities. In other 

words, Dienes (1973) explained that “we begin to play with our own construction” (p. 98) 

and begin to understand it in a way that readies the learner to develop representations of 

the concept, thus leading to the next stage.

Stage 4: Representations

The understanding of representations allows a learner to identify and understand 

general properties that are represented by diagrams, for example. The learner should also 

be able to demonstrate understanding of a concept by imagining, drawing, and/or 

representing the concept. Dienes (1973) emphasized that when teachers omit Stage 3 and 

Stage 4, opportunities to progress toward deeper mathematical understandings are 

minimized and diminished.

Stage 5: Symbolization

Symbolization is similar to what Bruner (1960) described as the symbolic mode 

of representation. Dienes (1974) explained that “during this stage the child is describing 

his representation and so is groping towards an adequate language or symbol system in
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terms of which he can carry out his description” (p. 36). It is this description stage that 

Dienes likens to the term symbolization.

Stage 6: Formalization

The learner in the formalization stage seeks to establish a formal system through 

descriptions. Fundamental properties are selected, followed by the formation of rules. 

Dienes (1974) explained, “The properties considered fundamental are known as 

AXIOMS, the path taken from these to other properties is known as PROOF, and the 

other properties reached are known as THEORUMS” (p. 36). Formalization is the final 

stage of Dienes’ six stages of learning.

Dienes (1974) described the process of learning as individualized and, therefore, 

recommended small group instruction over large group lessons. Dienes (1974) was 

described as saying, “The simple psychological fact that construction must precede 

judgment or analysis has for a long time been conceivably forgotten, with disastrous 

effects on teaching methods in mathematics” (p. vii). Dienes (1974) believed that 

mathematics was naturally woven throughout the experiences of life; therefore, 

development of conceptual understandings would develop through the six stages of 

learning, if provided the necessary experiences and supports.

Procedural Knowledge versus Conceptual Knowledge in Mathematics

Another notable advocate for a constructivist, conceptual, and active approach to 

learning was Max Wertheimer. Wertheimer believed that students should develop 

structural or conceptual knowledge over procedural. Wertheimer “showed that practiced 

performance in school often masked failure to understand why procedures worked and
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inability to adapt to modifications in how problems were presented” (Bransford & Vye, 

1989, p. 3). Wertheimer’s well-known example of procedural learning involved teaching 

students how to find the area of a parallelogram using a standard algorithm (Bransford & 

Vye, 1989). Wertheimer observed that students were successful at learning to follow the 

algorithm; however, rotating the visual presentation of the parallelogram resulted in the 

students’ inability of to apply the standard algorithm. The students had not developed the 

structural understanding to solve the problem from more than the original perspective 

(Bransford & Vye, 1989). This example illustrates the detrimental effects that can result 

from focusing on passive learning of procedural skills and neglecting conceptual 

knowledge developed through active learning experiences.

Active Learning

The term active learning has been used broadly “for pedagogies focusing on 

student activity and student engagement in the learning process” (Roehl et al., 2013, p. 

45). Constructivist theories of learning support active learning methods and practices, 

but what is lacking is a clear delineation between types of active learning practices and 

the related effectiveness. Many philosophers, theorists, and researchers suggested that 

active learning is more effective than passive learning (Chi, 2009; Menekse et al., 2013). 

However, descriptions of active learning strategies range from vague to very specific.

For example, the idea of hands-on learning suggests active learning methods, but the 

understanding and application of including hands-on activities can vary enormously 

(Felder & Brent, 2004). An example of a very specific active learning method is 

problem-based learning. This may be a very effective form of active learning, but in
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order to implement it correctly, specific guidelines should be followed (Prince & Felder, 

2006). Understanding the difference between inductive learning activities and deductive 

learning activities may provide clarification and an entry point for this topic.

Deductive v. Inductive Teaching and Learning

The deductive approach to teaching and learning is commonly practiced in 

traditional classrooms in the United States (Prince & Felder, 2006). For example, a 

teacher may begin a lesson by introducing a general idea, explained to students prior to 

instruction, to give the students an opportunity to experience or experiment with the 

concept. The deductive approach is characterized by the teacher’s behavior of providing 

information to students often in a lecture format, similar to the banking model (Freire, 

1970/2012; Prince & Felder, 2006). Deductive lessons typically follow a predictive 

pattern that includes a teacher-led discussion to teach students prescribed information 

about a topic. Once the students receive the information, they are given an assignment to 

demonstrate recall, understanding, and knowledge about the topic.

In contrast, teachers who engage students in active learning often emphasize 

inductive learning over deductive (Prince & Felder, 2006). Instead of starting with the 

big idea, an inductive lesson may begin with an interesting problem that students must 

consider. This increases the degree of relevancy to students and piques student 

motivation (Prince & Felder, 2006). Prince and Felder (2006) advocated for inductive 

methods over deductive methods and suggested that the learning outcomes are at least the 

same, but often higher, than learning outcomes that use deductive methods.
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One difference between inductive and deductive learning is that induction starts 

with asking “why” and builds within students the desire to find the answer (Prince & 

Felder, 2006). Questioning is one strategy for accomplishing this, described by Prince 

and Felder (2006) as “questions or problems [to] provide context for learning” (p. 124). 

There are several inductive teaching and learning models, which include important 

similarities. Inductive learning models are centered on learners who are responsible for 

constructing knowledge, instead of instruction that is centered on the delivery of 

information by teachers (Prince & Felder, 2006). Students build meaning from 

preexisting understandings and extend the given information to construct new knowledge 

(Prince & Felder, 2006).

Prince and Felder (2006) stated, “Inductive teaching and learning is an umbrella 

term that encompasses a range of instructional methods, including inquiry learning, 

problem-based learning, project-based learning, case-based teaching, discovery learning, 

and just-in-time teaching” (p. 123). Prince and Felder (2006) emphasized that teaching 

and learning occur interactively between the teacher and students throughout inductive 

experiences, but what is important with an inductive approach is that “induction precedes 

deduction” (p. 124). It is necessary to clarify that using an inductive approach does not 

require the teacher to eliminate deductive methods completely, for initiating class 

discussions and supporting students remain important aspects of the role of the teacher, 

while also fostering student-centered learning. For example, when a teacher introduces 

manipulatives designed as tools for learning, class discussions and modeling are often 

necessary to maximize the effectiveness of such tools.
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Math and Manipulatives 

The use of manipulatives is one strategy for actively engaging learners within 

mathematics. Moyer (2001) described manipulatives as objects that students use as tools 

“to represent explicitly and concretely mathematical ideas that are abstract” (p. 176). The 

engagement of students within active learning frameworks differs from learning activities 

that are more common within traditional methods, which, according to Moyer (2001), are 

practices “of American mathematics teaching, where students spend most of their time 

acquiring isolated skills through repeated practice” (p. 190). A common, yet not 

required, component of active learning includes students interacting with tools, materials, 

or manipulatives. Moyer (2001) found that some teachers did not consider the use of 

math manipulatives imperative for teaching mathematical concepts, but many teachers 

believed that they were fun for students.

Moyer’s (2001) study investigated the use of manipulatives within 10 middle- 

grades, mathematics classrooms over the duration of one school year. Moyer (2001) 

found that many teachers valued learning outcomes more when students solved 

mathematical problems using the traditional approach of standard algorithm, rather than 

using manipulatives without an algorithm. Teachers described using manipulatives to 

support conceptual understanding as unnecessary and distracting (Moyer, 2001). Further, 

teachers typically followed what Moyer (2001) described as “the typical United States 

script of lesson ‘pattern’: (1.) review material, (2.) demonstrate how to solve problems for 

the day, (3.) practice problems, and (4.) correct seatwork and assign homework” (p. 189). 

This process has perpetuated the traditional transmission model in which teachers instruct
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students that there is one correct way to solve problems (hooks, 1994). Moyer’s (2001) 

study suggested that some teachers did not internalize the value of manipulatives for 

facilitating conceptual understanding.

Concrete Math Manipulatives 

Yusof and Lusin (2013) defined math manipulatives as “concrete models that 

involve mathematical concepts, appeal to several senses including the socio-cultural 

needs that can be touched and moved around by the learners” (p. 750). McNeil and Fyfe

(2012) presented a more cognitive description by explaining that concrete materials 

“refer to materials that are grounded in previous perceptual and/or motor experiences and 

have identifiable correspondences between their form and referents” (p. 440). These 

descriptions clarify the value of learning experiences with concrete materials, which can 

create foundations for learning and serve as a starting point that precedes the formation of 

deeper connections (McNeil & Fyfe, 2012).

Green, Piel, and Flowers (2008) articulated the connection between 

constructivism and the use of math manipulatives by explaining that “students learn to 

use manipulatives as tools of action that can be later incorporated into mental actions on 

objects” (p. 236). Green et al.’s (2008) description is in alignment with Bruner’s modes 

of representation, also described by McNeil and Fyfe (2012) as a method for connecting 

to relevant world experiences. McNeil and Fyfe (2012) further explained the necessity to 

fade the use of concrete math manipulatives in order to promote the ability to transfer 

understanding through a progression from the enactive to the iconic, then symbolic 

modes of representation. The use of concrete manipulatives as an enactive starting point,
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however, can provide a cognitive springboard to help learners reach the next level of 

understanding (Green et al., 2008).

Unlike concrete materials, abstract materials are learning materials that “eliminate 

detailed perceptual properties and are more arbitrarily linked to referents” (McNeil & 

Fyfe, 2012, p. 440). In order to reach conceptual understanding, many researchers found 

that active manipulation of concrete representations of abstract mathematical concepts 

resulted in increased learning outcomes (Belenky & Nokes, 2009; Carbonneau, Marley,

& Selig, 2013; Sowell, 1989; Suydam & Higgins, 1977). Overall, the literature 

repeatedly emphasized the inherent value in the use of concrete math manipulatives in 

that they can provide a tangible scaffold as students leam about abstract concepts 

(Belenky & Nokes, 2009; Carbonneau et al., 2013). Spires, Hervey Morris, and Stelpflug

(2012) described the value of students being able to show what they know and stated, 

“Knowledge representation is critical to knowledge construction and meaning making”

(p. 484).

Several studies explored the impact of concrete math manipulatives on student 

achievement (Belenky & Nokes, 2009; Brown, McNeil, & Glenberg, 2009; Carbonneau 

et al., 2013; Clements & Sarama, 2007; Martin & Schwartz, 2005; McNeil & Fyfe, 2012; 

McNeil, Uttal, Jarvin, & Sternberg, 2009; Moyer-Packenham et al., 2013; Sowell, 1989; 

Yusof & Lusin, 2013). A review of the literature yielded results to include three meta

analyses, including Suydam and Higgins (1977), Sowell (1989), and Carbonneau et al.

(2013). Suydam and Higgins (1977) explored the research bank of activity-based 

learning from kindergarten through eighth grades and concluded in their synthesis that
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“lessons using manipulative materials have a higher probability o f producing greater 

mathematical achievement than do nonmanipulative lessons” (p. 1).

Suydam and Higgins (1977) provided an explanation of activity-based instruction 

as involving students who are doing something, including interacting with manipulative 

materials. Interestingly, Suydam and Higgins (1977) included in their synthesis concerns 

that despite recommendations and beliefs that supported the use of manipulatives, “This 

belief if not always translated into action” (p. 4), despite the preponderance of teachers 

having manipulative materials. Suydam and Higgins’ (1977) meta-analysis, which has 

also been referred to as a synthesis, focused primarily on the value of manipulatives for 

their effect on student learning outcomes and concluded that student achievement was 

higher with the use of manipulatives than without them.

Sowell’s (1989) seminal study was described as the first meta-analysis to 

synthesize the research on the topic of concrete manipulatives. Sowell (1989) explored 

research of manipulatives to analyze the effects of mathematical instruction when using 

manipulatives on student achievement and attitudes towards math. Sowell (1989) 

reviewed 60 studies that ranged in duration from one day to the duration of a school year 

and found favorable results supporting the use of manipulatives, especially for long-term 

intervention conditions. Sowell (1989) found that “mathematics achievement is 

increased through the long-term use of concrete instructional materials and that students’ 

attitudes toward mathematics are improved when they have instruction with concrete 

materials provided by teachers knowledgeable about their use” (p. 498).
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In a more recent meta-analysis that investigated the efficacy of using concrete 

manipulatives to teach mathematics, Cabonneau et al. (2013) found a “small- to 

moderate-sized effect in favor of instructional strategies that use manipulatives when 

compared with abstract symbolic instruction” (p. 392). However, the results of this meta

analysis also suggested “concrete manipulatives may have a differential impact on 

learning outcomes” (Carbonneau et al., 2013, p. 393). The differences in learning 

outcomes could be a result of multiple factors, including instructional variables such as 

degrees of guidance, contextual variables such as how and what manipulatives were used, 

and variables of student developmental levels (Carbonneau et al., 2013). Of particular 

interest to the present study is Carbonneau et al.’s (2013) finding that “medium to large 

effect sizes” (p. 394) were evident in studies of children considered to be within Piaget’s 

concrete operational stage. Another point of interest is the suggestion that very young 

students may have difficulty making connections between a concrete manipulative and 

the concrete object that it represents in the real world, even if the real object is not 

abstract (Carbonneau et al., 2013).

Moyer-Packenham et al. (2013) conducted a large-scale, methodologically sound 

study with two randomly assigned treatment groups to compare physical manipulatives 

with virtual manipulatives. Student achievement increased for both groups based on 

short-term measures; however, no statistically significant differences were found in 

student achievement between the two groups (Moyer-Packenham et al., 2013). Overall, 

the findings of the research provided supporting evidence that the use of math



6 8

manipulatives is an effective strategy to support student learning of mathematics (Moyer- 

Packenham et al., 2013; Carbonneau et al., 2013; Sowell, 1989).

This review of the research on the effectiveness of concrete manipulatives in 

mathematics supports the conclusion that they can support the learning of younger 

children as a tool to help make connections to deeper, more abstract mathematical 

concepts (McNeil et al., 2009). Although a bulk of the research findings supported the 

value of using concrete math manipulatives, some experts have suggested that 

manipulatives can hinder or even hurt learning (Brown et al., 2009; Green et al., 2008; 

McNeil et al., 2009; McNeil & Fyfe, 2012). As suggested by Carbonneau et al. (2013), 

contextual variables such as the type of manipulatives used may have an impact on 

effectiveness measures.

Experts such as McNeil et al. (2009) designed a study to explore whether or not 

concrete manipulatives helped or hurt learning outcomes. Of particular interest in 

McNeil et al.’s (2009) study was the difference in effects between manipulatives 

designed as representations of money that were “perceptually rich” (p. 171) compared to 

representations of money that were that were not perceptually rich, or considered bland. 

Their conclusion was that concrete manipulatives both helped, as well as hurt, learning 

outcomes (McNeil et al., 2009). The perceptually rich manipulatives could be distracting 

and students were not able to generalize these representations to conceptual 

understandings as well with perceptually rich manipulatives (McNeil et al., 2009). 

Although the researchers acknowledged that concrete manipulatives are useful for 

lessening cognitive load, they specifically cautioned the use of perceptually rich
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manipulatives (McNeil et al., 2009). McNeil and Fyfe (2012) added to this research by 

suggesting that because manipulatives created a distraction to the learner, they 

recommended fading the use of concrete manipulatives when the learning outcome is for 

transfer of knowledge (McNeil & Fyfe, 2012).

Many studies have established that the use of concrete manipulatives can 

positively impact learning outcomes related to developmental needs of learners in 

addition to theories of constructivism that purport that math manipulatives are an 

effective tool for constructing knowledge (Carbonneau et al., 2013; Moyer et al., 2013). 

Another effect of using concrete manipulatives is an increase in student motivation and 

interest (McNeil et al., 2009). Belenky and Nokes (2009) additionally suggested that 

using manipulatives increased student attention, decreased memory load, and increased 

participation through hands-on active learning.

However, there is a gap in the research resulting from the preponderance of 

studies that explore manipulatives with an overwhelming focus on student learning 

outcomes and overuse of the experimental design that compares results between control 

groups and experimental groups. I found no single-participant studies that explicitly 

studied the effects of concrete math manipulatives on on-task behavior or task 

completion. Similar research included single-participant design studies that explored the 

effects of an active strategy for responding behaviors, which utilized as the independent 

variable response cards on the dependent variable of on-task or off-task behaviors, 

previously discussed.
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As mentioned in Chapter 1, a meta-analysis conducted by Randolph (2007) 

investigated the effects o f using response cards on student achievement as well as student 

behaviors of participation and being off-task. In his meta-analysis, Randolph (2007) 

reviewed data from studies that used single-participant design. The independent variable 

was the use of response cards, considered an “active student response” (p. 113). The 

studies reviewed in this meta-analysis are of high interest to the present study because the 

active learning strategy was found to impact on-task student behavior in some studies 

(Randolph, 2007). For example, Godfrey, Grisham-Brown, Schuster, and Hemmeter 

(2003) explored the effects of choral responding and response cards on student 

participation, on-task behavior, and inappropriate behavior. Godfrey et al. (2003) stated, 

“Active involvement increases student learning and on-task behavior in studies with 

elementary and preschool children” (p. 257).

Another study by Christie and Schuster (2003) investigated the active learning 

strategy of using response cards on four dependent variables, one of which was on-task 

behavior. The researchers found that this active learning strategy had a positive effect on 

student on-task behavior. Numerous studies were found that investigated on-task 

behavior and included a wide range of independent variables. These included the use of 

physical activity before instruction with prekindergarten students (Luke, Vail, & Ayres, 

2014); variable task difficulty with first and third grade students (Gilbertson, Duhon,

Witt, & Dufrene, 2008); self-monitoring strategy for high school students (Moore, 

Anderson, Glassenbury, Lang, & Didden, 2013). Three studies used response cards that 

included students in prekindergarten, kindergarten, and fourth grades (Christie &
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Schuster, 2003; Godfrey et al., 2003; Wood, Mabry, Kretlow, Lo, & Galloway, 2009). 

Other studies investigated teacher attention with high-ability students in high school 

(Simonsen, Little, & Fairbanks, 2010) and using a highlighter marker with third grade 

general education students (Kercood & Grskovic, 2009).

The research that explored different variables on on-task behavior and task 

completion stretched across behavioral domains, but minimal research was found that 

specifically investigated the behavioral effects of using concrete math manipulatives. 

There is extensive research on the use of concrete math manipulatives, which explored 

the related effects on student achievement; however, the body of research on the effect of 

math manipulatives on task-oriented behavior was limited. Therefore, contributions to 

this body of research are needed to explore the possible effects of active learning through 

the use of concrete manipulatives on student on-task behavior and task completion. As 

Moyer’s (2001) study found, many educators avoid the use of math manipulatives 

because they believe that this type of active learning will negatively impact classroom 

management, result in off-task behaviors, and interfere with traditional practices of 

teaching procedural skills, such as algorithms. Therefore, educators who anticipate 

adopting active learning strategies will benefit from experimental research that explores 

this concern.

Teacher-Centered v. Student-Centered Learning 

Despite current knowledge about instructional practices, many educators remain 

resistant to changing their paradigms for learning (Moyer, 2001). For example, Moyer

(2001) quoted a teacher who explained her belief that validation of learning occurs only



72

when students complete math problems with paper and pencil. The teacher additionally 

emphasized her belief that rote memorization was the sole way to learn some skills 

(Moyer, 2001). On the other hand, educators who embrace current instructional 

strategies typically promote learner-centered instruction designed within the frameworks 

of inductive learning (Prince & Felder, 2006).

Inductive approaches to instruction distinguish between teaching as the actions of 

the teacher and learning as the actions of the learners (Prince & Felder, 2006). Within the 

various frameworks of student-centered learning, teachers remain very active 

participants. Their role, however, is not to transmit knowledge or information, but to 

facilitate student construction of knowledge (Felder & Brent, 2004). When describing 

student participation within active learning settings, Prince and Felder (2006) stated,

“The methods almost always involve students discussing questions and solving problems 

in class (active learning), with much of the work in and out of class being done by 

students working in groups (collaborative or cooperative learning)” (Prince & Felder, 

2006, p. 123). One way to foster the growth and development of students in 

constructivist settings is to consider cognitive and metacognitive implications for critical 

thinking, problem solving, and coconstruction of knowledge. Bransford, Brown,

Cocking, and National Research Council (1999) referred to this as the knowledge- 

centered classroom.

Knowledge-Centered Classrooms

Bransford et al. (1999) argued, “Schools and classrooms must be learner- 

centered” (p. 23) and suggested that they should be knowledge-centered as well. To be
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learner-centered, teachers must be aware of multiple factors that affect student learning 

including culture, prior knowledge, and cognitive ability levels (Bransford et al., 1999). 

Cultural factors can influence the way a student interacts in groups, thus they are 

necessary to consider for establishing a deeper understanding of individual background 

knowledge (Bransford et al., 1999). To maintain sufficient motivation of students, it is 

important to design achievable tasks at appropriate levels to challenge students 

cognitively (Bransford et al., 1999).

Neuroscience and Information Processing 

Sprenger and Neuroscience

According to Sprenger (1998), there are five memory lanes: semantic memory, 

episodic memory, procedural memory, automatic memory, and emotional memory. 

Semantic memory is often what is learned from textbooks and teacher-led discussions 

and not among the strongest types of memory storage (Sprenger, 1998). Episodic 

memory involves physical locations in which information is learned, such as in a specific 

classroom (Sprenger, 1998). For example, when learning occurs in one location, it is the 

most beneficial for the student to test in the same location because memory can be 

triggered within the context of the room in which the material was learned (Sprenger, 

1998). An example of how this is applicable to education is by considering the 

implications of episodic memory when scheduling student groups for testing. Physical 

surroundings, then, affect episodic memory when learning, while procedural memory 

involves skills that include physical activity.
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Procedural memory involves motor skills or muscle memory for activities such as 

how to ride a bike (Sprenger, 1998). In school, students utilize procedural memory when 

learning to form letters, for example. In contrast, conditioned response or associations 

trigger automatic memory. An example of automatic memory could include using 

flashcards for developing rote skills such as math fact fluency or letter sound recognition. 

Finally, the most powerful type of memory, according to Sprenger (1998), is emotional 

memory. Sprenger (1998) explained that when learning in the classroom is connected to 

something that elicits an emotional response, learning can be strengthened.

The implications of the types of memory and their related functions are important 

for supporting learners through thoughtfully designed instructional activities. In today’s 

classrooms, for example, distributing information via means of the traditional stand-and- 

deliver methods of lecturing or using textbooks are not effective strategies for 

maximizing learning, according to Sprenger (1998). A better approach for impacting 

student memory and, therefore, student learning is through a combination of meaningful 

experiences and including experiences that impact emotional memory (Sprenger, 1998).

In addition to understanding how memory impacts learning, it is additionally important 

for educators to maximize instructional momentum by strategically planning the timing 

of learning segments (Sousa, 2012). Sousa (2012) described how to affect student 

learning by integrating instructional planning with principles of information processing. 

Sousa and Information Processing

Sousa (2012) described the importance of delivering information during episodes 

of learning. The first 20 minutes of a learning episode is called Prime-time-1, and it is
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the most important episode of learning (Sousa, 2012). During Prime-time-1, educators 

should present only correct information because this is the most critical time for the brain 

and learning (Sousa, 2012). The first learning episode is followed by what Sousa (2012) 

called down-time. Less learning and retention occur during downtime, so practicing or 

reviewing new information during this episode will help learners organize information. 

Down-time is followed by Prime-time-2, which Sousa (2012) described as the next most 

powerful episode for learning, during which time learners can establish understanding 

and meaning. Thoughtful utilization of information from Sprenger’s (1998) neuroscience 

perspective and Sousa’s (2012) information processing perspective can increase the 

effectiveness of instruction, especially when considering when and how to provide 

additional support through various conceptual representations of the information to be 

learned. One way to provide additional representations of relevant information is by 

using active learning strategies.

Exploring Student Engagement through Active Learning Strategies 

Multiple studies have explored student engagement through active learning 

strategies. Shinn, Ramsey, Walker, Stieber, and O’Neill (2001) utilized a “sequential 

cohort design” (p. 72) to investigate differences in students identified with at-risk factors 

compared to students in a control group. Shinn et al. (2001) explained that their 

experimental design allowed for “greater confidence in the external validity or 

generalizability of the obtained outcomes” (p. 72) in which they found lower levels of 

academic engaged time (AET) for students identified as at-risk. Students deemed at-risk 

had average academic engaged time approximately 69% of the time. Typical students,
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represented by the control group, were academically engaged for approximately 77% of 

instructional time. This average of time on-task is interesting in lieu of findings by 

Heckman (1987), who purported that within typical American classrooms, teachers talk 

for “approximately 85% of the 75% of the time devoted to instruction” (p. 70), while 

students are expected to passively sit and listen while working quietly at their desks.

These results also revealed the tendency for researchers to focus on students who are at- 

risk, including those who demonstrate behavioral difficulties.

Gilbertson et al. (2008) identified four students who were performing 

academically at low levels and also demonstrating low levels of task-oriented behavior.

In their study, which employed a “multi-element design” (p. 153), Gilbertson et al.

(2008) found that as task difficulty was increased, on-task behavior decreased.

Gilbertson et al. (2008) concluded, “Academic difficulty may be an important factor to 

consider when designing interventions for low achieving students who also exhibit off- 

task behaviors” (p. 162).

In another study that explored on-task behavior, Calderhead, Filter, and Albin 

(2006) explicitly explored the effects of interspersing easy and difficult items on the on- 

task behavior of two middle school students. In their study, Calderhead et al. (2006) 

followed an alternating treatments design and systematically manipulated the contents of 

math worksheets to increase or decrease the percentage of easy versus difficult math 

items. Calderhead et al. (2006) found that although the accuracy o f student responses 

was not affected, interspersing easy items throughout math worksheets resulted in 

increased on-task behavior.
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In addition to exploring on-task behavior with students deemed to be at-risk, 

Simonsen et al. (2010) examined the effects of the amount of attention given by the 

teacher on the off-task behaviors of middle-school students with high mathematical 

abilities, who also demonstrated problem behaviors. In this single-subject design, 

Simonsen et al. (2010) manipulated conditions by following a multi-element design, also 

called alternating treatments. The amount of teacher attention was manipulated with 

math items that systematically alternated between easy and hard. The results of this 

study differed from previously described studies in that the data of the high-ability 

middle school participants did not show a functional relationship between off-task 

behavior and difficult items (Simonsen et al., 2010). The researchers suggested the 

possibility that two of the three students might have increased on-task behavior when 

they had more difficult items; however, the visual analysis of the data did not present 

evidence of such (Simonsen et al., 2010).

The effects of task-oriented behaviors have also been studied with active learning 

strategies as. a variable. Some of the active learning strategies empirically studied with 

the effects on on-task behaviors included using response cards, highlighting text, 

antecedent physical activity, and playful activities. Variables in these studies provided 

the provision of what has been termed opportunities to respond (OTR), described by 

Reddy, Fabiano, Dudek, and Hsu (2013) as “one of the most robust predictors of 

academic achievement” which “represent chances for the student or students to provide 

answers, apply concepts, or contribute to group discussions on class content” (p. 684). It
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was further suggested that opportunities to respond are “related to student participation 

and engagement in learning” (Reddy et al., 2013, p. 684).

Intentionally increased provisions for opportunities to respond is an active 

learning strategy that teachers can employ to impact student engagement during 

instruction. The needs for students to have more opportunities to respond was 

emphasized by Joseph et al. (2011) in their description of classroom environments as dull 

and repetitive, with engagement consisting mostly of teacher lectures and testing. The 

perpetuating expectation of instructors, administrators, and parents for behavior in the 

classroom has been for students to be quiet and still, yielding to adults, and maintaining 

the status quo in their role as passive learners (Joseph et al., 2011). Instead, Reddy et al. 

(2013) suggested that “instructional and behavioral management strategies” (p. 683) that 

include opportunities to respond can result in better classroom behavior. The use of 

response cards is one approach for increasing student opportunities to respond.

Randolph (2007) conducted a meta-analysis that focused on the use of response 

cards and the related effects on student achievement as well as student behavior. 

Specifically, Randolph (2007) investigated learning outcomes measured by test and quiz 

achievement in addition to student behaviors of participation and being off-task.

Randolph (2007) used a systematic search strategy and selection criteria to arrive at a 

total of 18 studies for his meta-analysis, finding that “response cards have large, 

statistically significant effect sizes for test achievement, quiz achievement, participation, 

and reduction in intervals of disruptive behavior” (p. 113). To learn more about response 

cards, some of the studies in Randolph’s (2007) meta-analysis were reviewed.
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Christie and Schuster (2003) conducted a study to explore the effects of response 

cards on variables including student participation, achievement, and on-task behavior. In 

this ABA research design that included five students in fourth-grade, Christie and 

Schuster (2003) analyzed student responses between baseline conditions of hand-raising 

versus the intervention condition, which utilized the use of response cards in place of 

hand-raising. Christie and Schuster (2003) found that during the use of response cards, 

which also represented an increase in the number of opportunities to respond, student on- 

task behavior also increased. In addition, the students earned higher scores on their 

weekly assessment after using the response cards than they did when they raised their 

hands instead.

In another study that employed the use of response cards, Wood et al. (2009) 

targeted “low-cost interventions to improve student engagement, achievement, and 

overall classroom-related social behaviors” (p. 39). This study, conducted in a 

kindergarten classroom, used a single-participant reversal design with four participants 

(Wood et al., 2009). The dependent variables included student participation and being 

off-task, and the independent variable included the use of preprinted response cards. The 

participants received three response cards each and prompting to use a clothespin to 

select their preprinted answer choice. The findings indicated that the preprinted response 

cards resulted in increased student participation (Wood et al., 2009). Similarly, when 

using response cards, students demonstrated lower levels of off-task behavior than they 

did when responding with hand-raising. These findings were consistent with the findings
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of Christie and Schuster (2003) and with the findings of Randolph’s (2007) meta-analysis 

on response cards.

Response cards have been explored as an active learning strategy to impact 

student behavior by increasing student opportunities to respond, often resulting in higher 

student response rates. Godfrey et al. (2003) conducted a study with an alternating 

treatment design to explore “the effects of three active responding techniques (i.e., hand- 

raising, choral responding, the response card) on student participation and on-task 

behavior in preschool children with attending problems” (p. 255). In Godfrey et al.’s 

(2003) study, three independent variables were randomly alternated each day, including 

hand-raising, choral responding, and using response cards. Data were collected from 

observations of the three dependent variables, which included active responding, on-task 

behavior, and inappropriate behavior. Godfrey et al.’s (2003) study extended previous 

research by utilizing a research design that allowed for comparison between three 

different active learning strategies.

The results of the study showed that the participants demonstrated higher levels of 

on-task behavior when using response cards than they did when responding chorally or 

with hand-raising (Godfrey et al., 2003). Next, the participants’ on-task behavior was 

higher with choral responding than with hand-raising. The researchers also noted that 

there were fewer overall inappropriate behaviors when using response cards than when 

students were chorally responding or hand-raising (Godfrey et al., 2003). The results 

from multiple studies have consistently shown that response cards provide increased
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opportunities for students to respond and have resulted in increased levels of on-task 

behavior.

Of the three independent variables in Godfrey et al.’s (2003) study, the response 

card, by design, included the provision of the response card as a physical object with 

which students interacted. In contrast, hand-raising only required physical movement, 

and choral responding only required a vocalization. The findings of Godfrey et al.’s 

(2003) study within the context of this literature review raised a question regarding 

differences between active learning strategies. For example, active learning strategies 

may engage students in physical activity with or without physical tools or objects. Some 

active learning strategies included students interacting with one another, interacting with 

their environment, or engaging in physical activity.

Luke, Vail, and Ayres (2014) designed a study that investigated antecedent 

physical activity prior to instruction and the effects on on-task behavior. In this study, 

five, pre-kindergarten students participated in 20-minutes of antecedent physical activity, 

followed by a 15-minute instructional segment in the classroom. Findings reported by 

Luke et al. (2014) indicated that all student on-task behavior levels increased after 

engaging in physical activity prior to instruction. The researchers suggested the potential 

of this intervention as a proactive behavioral intervention (Luke et al., 2014). In addition 

to physical activity influencing task-oriented behavior, some studies found that using a 

physical object, such as a learning tool, as an active learning strategy also increased 

participation and on-task behavior (Godfrey et al., 2003).
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Kercood and Grskovic (2009) included the use of physical objects or learning 

tools in their study when exploring the effects of using highlighters on task-oriented 

behavior while participants performed math computation problems. The participants in 

this multiple baseline across participants design included three elementary school 

students in third grade who demonstrated problems with attention in addition to failing at 

least one portion of their state-mandated test. Following sufficient baseline data, each 

participant began according to the stepwise introduction to the intervention. The 

participants received two or three highlighters and instructions to color-code problems on 

their math worksheets. Data were collected to determine accuracy of computation and 

off-task behavior. The findings of Kercood and Grskovic’s (2009) study showed 

increased accuracy and decreased off-task behavior for the participants as a result of an 

active learning strategy that utilized highlighters when completing math computation 

problems.

The preceding review of the research literature included studies that explored 

effects of active learning within the context of mathematics. Instructional interventions 

in mathematics commonly utilized methodology that included an experimental group and 

a control group to explore the use of manipulatives on student learning outcomes.

Studies of behavioral strategies designed to explore task-oriented behavior frequently 

employed single-case, or single-participant design, with interventions that increased 

student opportunities to respond through increased active learning strategies. Active 

learning strategies commonly included opportunities for increased physical, or active, 

responses, including the use of learning tools. For example, the use of response cards
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was found to increase student engagement. From the review of the literature, it is evident 

that, although results of empirical research and prominent learning theories suggest the 

efficacy of using concrete manipulatives and active learning strategies, these remain 

familiar but not predominant instructional practices.

Summary

Wang (2012) stated, “Learning theories are to be united with practice.” Although 

varying philosophical perspectives ground the learning theories discussed in this 

literature review, there are valuable connections between the theories of behaviorism, 

constructivism, cognitive constructivism, and social constructivist theories. This 

literature review emphasized the value of constructivism as an instructional approach and 

the importance of practitioners aligning their methods to contexts for learning, individual 

differences, and learning goals (Wang, 2012). One conclusion that can be drawn based 

on this review of the literature is that the traditional transmission model for learning is 

outdated and ineffective for the goals of today’s learners. Constructivist learning theories 

support active learning strategies as a better model for supporting learning.

Today’s learners are worthy of an empowering curriculum that affords 

opportunities to construct knowledge through active learning rather than passive. This 

literature review supports the need to transform educational practices to promote better 

learning outcomes and empower learners. Learning methods derived from 

constructivism provide a strong foundation for active learning experiences, including the 

use of concrete math manipulatives, which were overwhelmingly found to increase 

learning outcomes (Belenky & Nokes, 2009; Brown et al., 2009; Carbonneau et al., 2013;
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Green et al., 2008; Lee & Chen, 2015; McNeil et al., 2009; Moyer, 2001; WWC™, 2014; 

Yusuf & Lusin, 2013). The next question, then, is to explore within the behavioral 

domain the effects of using concrete math manipulatives on on-task behavior and task 

completion. Chapter 3 presents a method and study design for such an exploration.



CHAPTER 3 

RESEARCH METHODOLOGY 

Problem Summary

Traditional, behaviorally oriented instructional practices impede the progress of 

today’s learners because they are outdated, at best, and largely ineffective at worst 

(Apple, 2008; Ortlieb, 2014). One such example described by Green, Piel, and Flowers 

(2008) and Wang (2012) is the traditional method of mathematics instruction, which 

typically is designed to help students acquire procedural knowledge, such as algorithms, 

over conceptual knowledge. According to Platz and Arellano (2011), the practice of rote, 

procedural skills is often repetitive and lacks relevance to the lives of today’s learners 

(Platz & Arellano, 2011; Wang, 2012). Because of this lack of relevance and 

interminable preoccupation with procedural memorization, students are less likely to 

recall, use, and transfer procedural knowledge to real world problems (Platz & Arellano, 

2011; Roehl, Reddy, & Shannon, 2013; Stolp, 2005).

The challenging objective, then, is to design and evaluate instruction that is

relevant to the lives and needs of today’s learners by using strategies that promote

engagement and lifelong learning (Ortlieb, 2014; Platz & Arellano, 2011; Roehl et al.,

2013). Because of the enduring implications of students’ eventual ineptitude and lack of

preparedness to handle novel problems, this is an essential undertaking (Greenwood,

Horton, & Utley, 2002). According to Greenwood et al. (2002), when student needs are

85
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not met in the learning environment, students are more likely to lose interest and less 

likely to remain on-task, both of which affect their eventual success in the global 

workforce. Apple (2008) suggested that one way to remedy this concern was to facilitate 

constructivist-learning environments designed to integrate active learning strategies.

The benefits of this constructivist approach are exponential as students are more 

likely to remain on-task when empowered to lead their own learning, allowed to interact 

with conceptual learning tools, and ultimately, challenged to construct new 

understandings, thereby positively influencing their occupational acumen and prowess 

(Simonsen, Little, & Fairbanks, 2010). Furthermore, in 2000, the National Council of 

Teachers of Mathematics (NCTM) specifically recommended the use of constructivist 

learning approaches with tools such as concrete math manipulatives to advance student 

conceptual understanding beyond the limited boundaries of procedural skills and into the 

realm of deep conceptual learning (Apple, 2008).

Although concrete math manipulatives are sometimes used, teacher surveys and 

other data have revealed that teachers do not employ the use of concrete manipulatives 

consistently (Belenky & Nokes, 2009; Moyer, 2001). Moyer’s (2001) qualitative study 

revealed an overarching trend in teacher beliefs that the use of concrete math 

manipulatives encouraged play and increased students’ off-task behaviors. The teacher- 

participants also revealed that they did not explicitly teach how specific manipulatives 

connected to conceptual representations of the topic, nor did they teach appropriate 

strategies for using the manipulatives (Moyer, 2001). Because of these pedagogical 

predilections regarding the utility o f concrete math manipulatives and some teachers’
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inability to integrate their use efficiently and effectively within the mathematics 

classroom to promote on-task behaviors, there exists a need within the research literature 

to quantify the utility of math manipulatives on students’ engagement with on-task 

mathematical learning.

Overview of Chapter Sections 

This chapter describes the research methodology for this study, beginning with a 

reiteration of the purpose of the study and the research questions. Single-case research 

methodologies do not typically include hypotheses (Homer et al., 2005; O’Neill, 

McDonnell, Billingsley, & Jenson, 2011); therefore, this study did not include 

hypotheses. Next is a detailed discussion of the research design, followed by a 

description of the population and sampling procedures. I provide explanations for 

decisions made for methodology regarding the type of measurement utilized, data 

collection, and data analysis, which I determined after careful review of current literature 

for evidence-based practices within single-case research designs (Homer et al., 2005; 

O’Neill et al., 2011; Randolph, 2008; What Works Clearinghouse™, 2014). Also 

included are discussions of the role of the researcher and ethical safeguards.

Purpose of the Study 

This study is unique to the research literature because it elucidates the effects of 

math manipulatives on active learning through a behavioral dimension related to using 

math manipulatives, which has had only minimal attention as a behavior-based dependent 

variable. Although active learning is a topic explored previously through multiple 

perspectives, including learning outcomes in meta-analyses by Carbonneau, Marley, and
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Selig (2013), Sarama and Clements (2009), and Sowell (1989), an overwhelming 

majority of these studies focused on achievement, or student learning outcomes, instead 

of behavioral propensities with concrete mathematical manipulatives as a treatment 

variable.

For example, in quantitative studies by Chi (2009) and Menekse, Stump, Krause, 

and Chi (2013), findings indicated that active, constructive, and interactive learning 

activities are better than passive learning methods on student learning outcomes. The 

Common Core State Standards Initiative (2015) and the NCTM (2000) emphasized and 

supported the use of manipulatives to enhance conceptual understanding in math, which 

has been found to positively affect learning outcomes (Carbonneau et al., 2013; Sarama 

& Clements, 2009; Sowell, 1989). Sousa (2012) explained that, despite the findings of 

empirical studies supporting the use of concrete representations of mathematical concepts 

to facilitate student learning, their use is not a widespread practice across all grade levels. 

As indicated in the previous literature review, there is agreement among researchers that 

the effective use of concrete math manipulatives has often had a positive outcome on 

achievement (Carbonneau et al., 2013; Moyer, 2001; Sarama & Clements, 2009; Sousa, 

2012; Sowell, 1989).

Therefore, instead o f achievement, this study focused on behavior as a dependent 

variable in exploring the use of concrete math manipulatives as a strategy for active 

learning. The following questions guided this study:
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1. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student’s time on-task in a general 

education third-grade classroom?

2. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student task completion during 

mathematics in a general education third-grade classroom?

Specifically, the research questions sought to determine if there was a functional 

relationship with concrete math manipulatives and students’ on-task behavior and/or task 

completion.

Functional Relationships

The research questions helped determine that a single-case research design is 

appropriate for exploring the possibility of functional, or causal, relationships between 

variables (Homer et al., 2005; O’Neill et al., 2011; Randolph, 2008). Shadish, Cook, and 

Campbell (2002) described criteria for determining the existence of a functional, or 

causal, relationships by stating that “a causal relationship exists if (1) the cause preceded 

the effect, (2) the cause was related to the effect, and (3) we can find no plausible 

alternative explanation for the effect other than the cause” (p. 6). Shadish et al. (2002) 

further explained that researchers “manipulate the presumed cause and observe an 

outcome afterward” (p. 6) in experimental research, such as single-case design. Next, 

researchers “see whether variation in the cause is related to variation in the effect” 

(Shadish et al., 2002, p. 6). Finally, researchers “use various methods during the
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experiment to reduce the plausibility of other explanations for the effect” (Shadish et al.,

2002, p. 6).

Field (2013) explained that in experimental designs that include repeated 

measures, such as single participant design, the differences observed between the 

baseline and intervention conditions “can be caused by only two things: (1) the 

manipulation that was carried out on the participants, or (2) any other factor that might 

affect the way in which an entity performs from one time to the next” (p. 17). Homer et 

al. (2005) explained, “A functional relationship requires compelling demonstration of an 

effect” (p. 171). Homer et al. (2005) added that single-subject methods “examine causal, 

or functional, relations by examining the effects that introducing or manipulating an 

independent variable (e.g., an intervention) has on change in one or more dependent 

variables” (p. 172). The preceding descriptions help explain the nature of a functional 

relationship between variables: the introduction of the independent variable is followed 

by changes in the dependent variables, and all other factors have been ruled out as being 

likely to have caused such changes. The next section explains the methodology used to 

select the participants in this study.

Research Design and Rationale 

This study employed an experimental single-case design because “the 

experimental design allows for the demonstration of a functional relationship by helping 

to rule out threats to internal validity and external validity for the study in question” 

(O’Neill et al., 2011, p. 39). Researchers in the field of social sciences frequently utilize 

single-case design research methodology, especially to explore behavior (O’Neill et al.,



91

2011). Within single-case design, a case may be a group entity or individual participants 

(O’Neill et al., 2011). For this study, the single-case design referred to four individual 

participants.

Although random selection is helpful for reducing threats to validity when there is 

a control group with an experimental group, by design, this study did not have nor did it 

need a control group (O’Neill et al., 2011). Instead, the single participants established 

their own control measures after the researcher collected sufficient baseline data (O’Neill 

et al., 2011). O’Neill et al. (2011) explained that single-case design requires data to be 

collected over repeated measures of an operationally defined behavior. Collecting 

sufficient baseline data is especially valuable because it is possible to compare the 

patterns and trends in the data from baseline to the patterns and trends observed in the 

treatment phases (O’Neill et al., 2011). These comparisons can help identify functional 

relationships between the independent and dependent variables (O’Neill et al., 2011). In 

addition to using baseline data for comparison purposes, baseline data also help establish 

internal validity (O’Neill et al., 2011).

Selection of Participants 

After receiving Mercer Internal Review Board (IRB) approval to conduct the 

study (see Appendix A), I asked the teacher selected for this study to identify students 

who currently and consistently demonstrated off-task behavior. Unlike experimental 

studies that utilize random selection for participants, the design of this study was to 

explore the effects of an intervention within the behavioral domain, specifically student 

on-task behavior and task completion. Therefore, it was necessary that the behaviors, or
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dependent variables, were present at levels that were observable and measurable in order 

to determine if participant behaviors changed during the intervention. O’Neill et al.

(2011) explained that when participant selection is based on specific behaviors, for 

example, it is important that those behaviors are typical of the participants:

For example, participants may be included in a study based on very low levels of 

on-task behavior or task completion, or very high rates of aggressive or disruptive 

behavior. If such performances were not representative of the participants’

“usual” behavior, subsequent regressions to their more typical levels of behavior 

may be mistakenly interpreted as being due to the intervention under study. 

However, this type of regression is less likely to be an issue in a research process 

involving frequently repeated measurement, (p. 40-41)

The participants selected by the teacher were an important component for participant 

qualification because in order to determine if the intervention was functionally related to 

the possible changes in the target behavior, such as on-task behavior and task completion, 

it was necessary that participants demonstrated some degree of difficulty with that 

behavior prior to treatment. In other words, a researcher would not expect to see a 

change in behavior with participants who had no difficulties with on-task behavior or task 

completion.

Once the teacher identified students who met the criteria, those students formed 

the initial pool for potential participants. If students identified by the teacher had a 

history of a high rate of absenteeism, they would have been excluded them from the study 

because absenteeism could negatively affect potential effects of the intervention.
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However, of the students recommended, none had high rates of absenteeism. The 

recommended students received an IRB approved parental consent form (see Appendix 

B), which they took home to have signed by a parent or legal guardian and returned to the 

researcher. Of the five students that the teacher identified as potential participants, one 

student did not obtain parental consent. The four remaining students returned signed 

parental consent forms and signed student assent forms, which fulfilled IRB requirements 

for obtaining student assent (see Appendix C). A total of four students were determined 

to be eligible as participants for this study.

In single-case research, each participant’s baseline data establishes his or her own 

control measures (Creswell, 2012; Homer et al., 2005; O’Neill et al., 2011; Shadish et al., 

2002). Byiers, Reichle, and Symons (2012) stated, “The baseline phase establishes a 

benchmark against which the individual’s behavior in subsequent conditions can be 

compared” (p. 3). Therefore, a control group is not necessary for single-case research 

(Creswell, 2012; O’Neill et al., 2011; Shadish et al., 2002).

O’Neill et al. (2011) stated that three to five participants is a common number for 

single-case research. Due to the possibility that attrition could reduce the number of 

participants (Homer et al., 2011), I initially sought three to eight participants. Therefore, 

the four participants with consent and student assent maintained the recommended 

number of participants for single-case research.

Grade Level of Participants

As established in the literature review, developmental theorists have suggested the 

importance of concrete representations for children at the preoperational and concrete-
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operational levels (Piaget, 1952). Sousa (2012) suggested that younger students interact 

frequently with hands-on materials and resources to support their learning, whereas 

teachers typically employ hands-on materials, such as concrete math manipulatives, less 

frequently and with shorter durations with older students (Apple, 2008; Moyer, 2001). It 

is likely that most, if not all, students in third grade are within the concrete-operational 

stage, which ranges between seven to eleven years of age (Piaget, 1952). Therefore, the 

third grade students were of the most interest in this study and sought as participants.

Single-Case Research Design and Measurement of Targeted Behaviors 

This quasi-experimental study implemented the method of single-case research 

(SCR) design, deemed appropriate for this study because the research questions were 

designed to explore the possibility of a functional, or causal, relationship between the 

independent and dependent variables (Homer et al., 2005; O’Neill et al., 2011; Randolph, 

2008; What Works Clearinghouse [WWC]™, 2014). Specifically, the primary aim of 

this study was to determine whether a functional relationship existed between concrete 

math manipulatives and on-task student behavior and task completion. SCR, as described 

by O’Neill et al. (2011), employs valid and appropriate methodology that “can be used in 

virtually any situation in which someone might want to study the effect of some potential 

behavior change procedure” (p. 8).

A characteristic component of SCR design includes repeated measurement of the 

behavioral variables during the baseline and treatment phases (O’Neill et al., 2011). 

O’Neill et al. (2011) stated, “The researcher’s confidence in the observed relationship 

between these variables hinges on the development and implementation of effective
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measurement systems” (p. 15). O’Neill et al. (2011) added that the most critical 

decisions of the researcher include defining target behaviors and establishing clear 

methods for measuring the target behaviors. Reliable measures are also necessary for 

documenting target behaviors throughout the study (O’Neill et al., 2011). Therefore, the 

next section provides descriptions, definitions, and examples of the target behaviors, 

followed by methods for data collection and procedures for reliability measures. 

Independent Variable

The independent variable for this study was the active learning strategy of using 

concrete math manipulatives. This study defines concrete math manipulatives as learning 

tools that provide concrete representations of mathematical concepts that the learner can 

manipulate to support the development of conceptual understandings (Kratochwill et al., 

2009). The math manipulatives in this study included paper fraction strips, fraction bars, 

fraction circles, blocks, and other manipulative objects including Legos, all of which 

students utilized during the intervention phases only as the concrete math manipulative. 

The manipulatives were void of rich detail, but most of them varied by color. For 

example, the fraction circles for fifths were red, while the fraction circles for tenths were 

blue. Although the math lessons during this study had not previously been delivered, the 

participants had prior experiences with most or all of the manipulatives used, although 

they may have been used for different purposes. Throughout intervention lessons, each 

participant had access to specific concrete math manipulatives used to facilitate active 

learning. Participants or students in the classroom did not use math manipulatives during 

the baseline phases.
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Dependent Variables

For this study, the definition of on-task behavior was delineated within the limits 

. of operationally defined overt behavior. The definition of assignment completion was 

within the limits of the items completed on the assignment provided and rated as either 

complete or not complete. Chi’s (2009) study and ICAP hypothesis highlighted the 

utility of operational definitions of directly observable overt behaviors. Greenwood, 

Horton, and Utley (2002) utilized the ecological assessment, MS-CISSAR, which listed 

student behavior within ecobehavioral categories, including academic responding, task- 

management, and inappropriate behavior. These categorical descriptors provided a 

model for which to frame an operational definition of on-task behaviors, for which I 

included definitions with examples to maximize clarity (see Table 1).

Instrumentation of the dependent variable. It is important to note that the 

definitive focus for on-task behaviors in this study was on the overt learning behaviors of 

the participants. In other words, the participant’s behaviors were directly observable, and 

therefore measureable, and were consequently the behaviors coded during observations. 

Because the span of possibilities for on-task student behavior would be difficult to 

specifically quantify using lists, this study utilized a binary coding strategy for grouping 

behaviors as either on-task or off-task. Greenwood et al. (2002) categorized student 

behavior within three groups using the Mainstream Version of the Code for Instructional 

Structure and Student Academic Response (MS-CISSAR) Taxonomy. Greenwood et al.

(2002) described the MS-CISSAR taxonomy as a “multiple-event observation system,” 

which was used to organize student behaviors under three subcategories of behavior:
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(a) Academic Responding (AR), (b) Task Management (TM), and Inappropriate 

Behavior (IB). Academic responses were responses to academic situations, 

commands, and instructions. Task management responses were behaviors that 

prepared a student to make an academic response given an opportunity to do so. 

Inappropriate responses were undesirable behaviors-those behaviors that interfere 

or compete with the occurrence of academic responding and task management.

(p. 333)

The categories used in Greenwood et al.’s (2002) MI-CISSAR Taxonomy supported the 

titles of the categories that I chose to use on the data collection tool for on-task behavior, 

which I designed specifically for the present study (see Appendix D).

To assess the amount of on-task behavior observed during the mathematics 

instructional sessions, the researcher considered the common dimensions of behavioral 

observations used in single-case research studies as outlined by O’Neill et al. (2011). 

These included: (a) frequency, or rate; (b) accuracy, or consistent results; (c) duration, or 

amount of time spent performing the identified task; (d) latency, or the time spent 

performing the desired task over the entire session; and (e) intensity, or degree and 

strength of the desired behavior. This study utilized momentary time sampling, described 

in the following section, to generate data for occurrences of targeted behaviors. Table 2 

displays a summary of the dimensions of behavior, based on O’Neill et al.’s (2011) 

corresponding definitions, uses, and typical measures of each behavior dimension.



Table 2

Description o f Behavioral Dimensions and Measurement

Dimensions Description Information to 
Consider

How to Measure

Frequency/
Rate

Accuracy

Duration

Latency

Behavior that can be 
counted, such as the 
number of events or 
occurrences, and may 
be quantified with 
measures of frequency 
or rate.

When the target 
behavior is overt, with 
a clear beginning and 
a clear ending, it can 
be measured as 
frequency or rate.

The degree to which 
the subject accurately 
completes a 
designated task or 
target behavior, which 
must be operationally 
defined.

The target behavior 
results in a permanent 
product that can be 
rated or scored for 
accuracy. Or, the 
subject demonstrates a 
behavior that can be 
rated for accuracy, 
such as with a rubric.

The length of time that The target behavior
an operationally 
defined target 
behavior lasts as 
measured from onset 
to end.

must have a clear 
beginning and a clear 
ending.

After presenting the 
subject with a prompt 
to begin a behavior, 
the delay time for the 
behavior to begin 
represents latency. 
This is measured from 
the time of the given 
prompt until the 
subject begins the 
behavior.

The target behavior 
must be overt, with a 
clear onset, or 
beginning.

Designate the observation 
time frame. Count the 
target behavior such as with 
tally marks, a hand-held 
counter, or by using a 
digital counting tool. To 
calculate rate, divide the 
number of times the 
behavior occurred by the 
total time interval during 
which it was counted.
The expectation must be 
pre-specified for the 
permanent product and can 
be measured as a percentage 
for accuracy. A scoring 
rubric must clearly 
operationalize the task to be 
performed with clear 
descriptors for scoring 
performance.
Determine if duration of the 
target behavior will be 
measured from beginning to 
end as a discrete event, or, 
if the duration will be 
measured as it occurs 
throughout a specified time 
frame. Measure in units of 
seconds, minutes, or hours, 
for example.
From the moment the 
behavioral prompt is 
delivered, measure the 
amount of time it takes until 
the subject engages in the 
target behavior. Measure in 
units of seconds, minutes, 
or hours, for example.
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The design of the research question for this study was to explore the possibility of 

a functional relationship between the active learning strategy of using math manipulatives 

and student time on-task. Therefore, because time was a factor of interest, duration was 

the domain of behavior identified for measuring time on-task. The duration of a behavior 

is measureable with standard units of time, such as seconds, minutes, and hours (O’Neill 

et al., 2011). However, when observing on-task behavior, there is not always a clear 

distinction between when on-task behaviors end and off-task behaviors begin (O’Neill et 

al., 2011). In other words, the transition between on-task behavior and off-task behavior 

can be difficult to define or pinpoint at a very specific point in time. Consequently, it 

was necessary to design the measurement procedures in a way that would most accurately 

capture the duration of on-task behavior. The following section describes the procedures 

for addressing this challenge.

Procedures for Measurement

In addition to operationally defining the target behavior and identifying the 

domain of the behavior, it was necessary to consider other factors, including the study 

setting and the intervention design (O’Neill et al., 2011). O’Neill et al. (2011) described 

two kinds of measurement used in single-case design as “measures of permanent products 

and direct observation of the participant’s behavior” (p. 19). The research questions for 

this study supported the use of both methods of measurement. First, the researcher used 

observation for measuring on-task behavior. Next, a permanent product checklist 

informed the data for task completion (see Appendix E).
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According to O’Neill et al. (2011), “Prior to the beginning of the study, four 

decisions regarding the observation procedures must be made: the number of observation 

sessions, how long observation sessions last, when observation sessions are conducted, 

and how the target behavior will be coded” (p. 20). I address these four decisions next. 

First, this study utilized the A-B-A-B withdrawal design, with a total of four phases, 

beginning with the baseline phase, A. The baseline phase was to include a minimum of 

three data points, with five being the minimum amount as recommended by O’Neill et al. 

(2011).

Observation sessions occurred three to five days per week during the whole group 

instructional time for math. I allowed some flexibility with the exact beginning time to 

support the teacher in the event that she was a few minutes ahead of or behind her regular 

schedule. The planned duration of each session was 30 minutes, which allowed sufficient 

time to observe the presence or absence of target behaviors demonstrated by the 

participants. A momentary time sampling observation form served as the instrument to 

collect data and code information about the target behavior (see Appendix D). In regards 

to the data collection instrument, O’Neill et al. (2011) recommended that “the researcher 

strive to make it as simple as possible while ensuring that a sufficient amount of data are 

collected to allow the research question to be answered” (p. 21).

There are multiple ways to collect and code duration data (O’Neill et al., 2011). 

O’Neill et al. (2011) explained the differences between continuous and discontinuous 

measurement, both of which can be used for recording duration data, depending upon the 

behavior being observed:
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Continuous measures are designed to allow the researcher to detect all instances 

of a response during the observation period. Discontinuous measures are 

designed to record some but not all occurrences of a response and are used to 

develop estimates of the occurrence or nonoccurrence of a behavior during the 

observation period, (p. 21)

For this study, discontinuous measures were deemed the most appropriate based on the 

behaviors to be observed, the setting, and the intervention.

One type of discontinuous measure includes interval recording, for which the data 

provide an estimation of the duration of the behavior rather than an exact measure 

(O’Neill et al., 2011). According to O’Neill et al. (2011), “All discontinuous 

measurement procedures can result in an under- or overestimate o f the frequency or 

duration of a behavior. This is referred to as a measurement artifact” (p. 28). O’Neill et 

al. (2011) reviewed different types of interval recording, including whole interval, partial 

interval, and momentary time sampling. An interval time sampling method was 

considered appropriate for accurately measuring on-task behavior in this study because 

even with a clear operational definition, on-task behavior may not always have an 

obvious clear beginning and clear ending (O’Neill et al., 2011). Therefore, I determined 

that momentary time sampling was an appropriate method to record the target behavior 

during baseline and treatment phases, which provided quantitative data that can be 

analyzed for patterns and trends (O’Neill et al., 2011).

Momentary time sampling. O’Neill et al., (2011) described momentary time 

sampling as a useful method for measuring behavior that may not have an obvious
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beginning or ending, such as task-oriented behaviors. This study employed momentary 

time sampling with observation sessions lasting for 30 minutes. For implementation of 

the momentary time sampling method, an appropriate duration o f each timed interval was 

determined to be 60 seconds (O’Neill et al., 2011). The observer used a digital timing 

device with a stopwatch feature to measure equal time intervals of one-minute. At the 

end of each one-minute time interval, the observer marked the behavior occurring at that 

moment. Because there were four total participants for which to observe and collect data, 

the intervals for data collection were staggered by 15 seconds. O’Neill et al. (2011) 

specified 30 seconds as a typical time interval for data collection points when using 

momentary time sampling. However, because data were collected for four participants, 

and because the time intervals were to be staggered by 15 seconds each, 60-second 

intervals were used for data collection. By staggering the time intervals by 15 seconds, 

the observer had sufficient time to observe the participant, mark the data collection form 

accordingly, and transition visual attention to the next participant.

Staggering the time by 15 seconds allowed the observer to observe the participant 

at the identified moment, then mark the data collection form by circling the number 1 if 

on-task behavior was observed at that moment, or circling the number 0 if on-task 

behavior was not observed at that moment. In addition to circling a number, the observer 

also wrote a verb or phrase to describe behaviors that the participant was doing at that 

moment. For example, the observer might have written that the student was looking at 

the teacher, reading a book, sharpening a pencil, and talking to a peer.
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The written behavioral descriptions were organized into categories described 

within the key at the top of the data collection form. The key included codes from the 

MS-CISSAR Taxonomy (Greenwood et al., 2002), including academic responding (AR) 

and task management (TM) to identify behaviors that were within the definitive bounds 

of on-task behavior. The researcher provided an additional code for other on-task 

behavior not specified. Codes for identifying off-task behavior included nonacademic 

responding (NAR), nontask management (NTM), and other forms o f off-task behavior not 

specified. These codes were deemed necessary and valuable to help clearly delineate and 

accurately code the observed behaviors (see Appendix D).

Examples of on-task behaviors included verbal and nonverbal interactions with 

the teacher or others, in regards to the instructional topic and/or related materials needed 

for the instructional task (Chi, 2009; Greenwood et al., 2002; Menekse, Stump, Krause,

& Chi, 2013). Examples o f verbal behaviors considered on-task may have included but 

were not specifically limited to discussing, commenting, and questioning—as long as 

these behaviors related to the topic of instruction. Examples of nonverbal, on-task 

behaviors included, but were not limited to looking, touching, handling, manipulating, 

exploring, writing, or drawing—as long as these behaviors related to the topic of 

instruction. On-task behavior was not evident if both verbal and nonverbal behaviors 

were unrelated to the topic.

Observer Training

Observers received specific directions in the form of a comprehensive training 

guide (see Appendix F). The intent of the training guide was to function as a tool that
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facilitated the researcher in training observers with the goal of having a standardized 

process for observations. The specificity of the training guide was intentional, and the 

observers followed the steps as recommended by O’Neill et al. (2011).

Piloting the Instrument

Prior to beginning the study, it was necessary to test the data collection instrument 

with pilot runs tb ensure that the tool was efficient and manageable. Therefore, the 

researcher conducted multiple pilot tests with the research assistants and adjusted the 

instrument until its design aligned with the needs of the observer to collect data 

accurately and effectively. For example, during preliminary pilot runs, one change 

deemed necessary was to shade alternating intervals for data collection in order to 

maximize visual efficiency when recording data. The data collection instrument was a 

two-page document, printed onto 8” x 14” paper. The top of each page included a block 

with prompts for the observer to write his or her name, the date, check the observation as 

either Baseline or Intervention, and circle the observation phase as being 1, 2, 3, or 4. To 

the right of that information block was a descriptive key for components of the 

operational definition of on-task behavior and related codes.

The first page of the data collection instrument included 20 lines for data 

collection, divided by six columns. The column on the far left indicated the participant 

numbers, listed in repeating order as PI, P2, P3, and P4. Every other group of four lines 

was altematingly shaded in gray to help visually separate the momentary data collection 

intervals. The column to the right of the participant identifiers specified the observation 

interval starting with 1:00, followed by 1:15, then 1:30, then 1:45, then 2:00, 2:15, 2:30,
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2:45, and so on. In the next column, the numbers 1 and 0 were printed, followed by IA. 

The observer was to circle the number 1 if the behavior at the moment of observation was 

on-task, circle the number 0 if the behavior was not on-task, or circle the letters IA if the 

behavior was an involuntary behavior, such as sneezing or coughing. The next column 

was left blank purposely so that the observer could write an anecdotal note with a word or 

brief phrase to indicate the behavior observed for each participant at each moment of 

observation. The last two columns included codes to be circled that specified the 

behavior observed as either on-task or non on-task behaviors. These codes were deemed 

useful for clearly delineating between what was considered on-task behavior and 

behavior that was not on-task. Once each data collection session was completed, the 

observer was to immediately circle the abbreviated codes related to the observed 

behavior.

Interobserver Agreement (10A) and Reliability

O’Neill et al. (2011) described interobserver agreement (IOA) as an important 

component that indicates “the quality of measurement procedures used by a researcher in 

a study” (p. 30). Interobserver agreement is a measure used to determine the amount of 

agreement between two or more observers (O’Neill et al., 2011). For this study, IOA was 

determined using Randolph’s Online Kappa Calculator (2008), which calculated free 

marginal kappa, or Bennet’s S, thereby determining the extent that the observers’ ratings 

agree. A minimum goal was set for IOA measures to be taken for 25% of the sessions 

with an agreement index of .70 or better. Therefore, because there were a total of 17 

observation sessions, IOA was conducted five times to equal or exceed 25%.
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Because IOA is important for establishing the reliability of the data collected, I 

followed the recommendations provided by O’Neill et al. (2011) for training the 

researcher and observer, specifically during the development of the training guide for 

observers (see Appendix F). O’Neill et al. (2011) recommended five steps:

1. Develop an observer training-manual that provides a clear operational 

definition of each target behavior, the codes that will be used to record data on 

the behavior, and observation procedures and etiquette;

2. Observers should memorize the operational definitions and coding scheme 

and be required to demonstrate mastery of the information through verbal or 

written tests;

3. Observers should be required to practice data recording using role-plays 

and/or videotapes of individuals in natural environments. This phase of 

training should continue until the observers meet a prespecified accuracy 

criterion;

4. Observers should simultaneously carry out data collection with an 

experienced observer in natural environments until they meet a prespecified 

accuracy criterion;

5. The consistency of observers’ data recording should be regularly assessed 

using IOA procedures, (pp. 33-34)

Data Collection Procedures

The study site was located within a third-grade general education classroom 

during the homeroom teacher’s daily math instructional time. Observations for baseline
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and treatment phases occurred during daily instruction, with a goal of collecting data 

three to five days each week, for 30 minutes per session. Ideally, data collection would 

have occurred five days weekly. However, due to special school events and unexpected 

events, such as safety drills, half days, and holidays, collecting data five days weekly was 

not an option. Therefore, the researcher consulted with the teacher frequently regarding 

scheduling and potential changes to daily routines in order to collect data as consistently 

as possible.

The teacher selected for this study scheduled whole group math instruction each 

morning during a 90-minute block. During this study, the classroom teacher engaged in 

regularly planned instruction but adjusted the delivery of instructional methods according 

to the phase of the study. During the baseline phases, neither students nor the teacher 

used hands-on materials or concrete math manipulatives. During the intervention phases, 

students had access to hands-on materials and concrete math manipulatives and received 

instructions for how to use the manipulatives appropriately according to the concept 

being taught. The baseline and intervention instructional sessions were implemented 

during the same daily timeframe, in the same classroom, and in a manner that flowed 

naturally with the teacher’s instruction. In other words, the baseline and intervention 

sessions occurred within the natural setting and structure of the third-grade general 

education classroom. During every session, one or more trained observers collected data.

For this study, the instructional content area domain was math with related 

instructional subdomain of fractions. The researcher selected fractions for this study 

because explicit instruction of fractions typically begins in third grade and can be easily
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paired with hands-on materials and concrete math manipulatives. Fractions are also 

included in the third-grade Common Core Georgia Performance Standards (CCGPS).

The conceptual representations of the specific concrete math manipulatives and 

appropriate instructional methods were aligned with the math content that was delivered. 

According to the third-grade scope and sequence, the study participants had not 

experienced instruction of fractions prior to this point in the school year, therefore 

making the instructional content novel. Note that instructional novelty was not 

considered a concern, such as threat to validity, because the math content was delivered 

as a unit across all phases of the study.

During the baseline phase, the teacher-implementer delivered mathematics 

instruction of fractions to the participants during which time no concrete mathematical 

manipulatives were utilized. The observer conducted data collection over repeated 

measures until a stable pattern was evident, with minimal variability, and for no less than 

three sessions. Once the data indicated that a stable pattern was evident over three or 

more consecutive session observations of on-task behavior, the intervention phase began.

During the intervention phase, the teacher-implementer delivered instruction 

during the daily scheduled math block. The participants received instruction delivered to 

the whole group. All students, including the participants of the study, received concrete 

math manipulatives to use as conceptual representations of the content they were 

learning. The instructional delivery extended beyond passive learning to incorporate 

active learning strategies through interacting with the concrete math manipulatives.
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Data were collected over repeated measures during the intervention phase until an 

obvious pattern or trend emerged, and for no less than three treatment session 

observations. The ABAB design required a return to baseline condition, followed by a 

second intervention phase. Of critical importance was that between phases, everything 

remained the same as much as possible, except for the implementation of the intervention 

itself (O’Neill et al., 2011).

Threats to Internal Validity 

In single-case design, baseline measures serve a few functions, including 

establishing internal validity. First, effective collection of baseline data can provide 

information about the participant’s pattern of behavior. Patterns that can occur within 

single participant design include a variable flat line, linear trend, and a stable line 

(O’Neill et al., 2011). A variable flat line can happen when the baseline data have a wide 

range of scores across multiple measures, which makes it more difficult to rule out threats 

to internal validity (O’Neill et al., 2011). A linear trend represents a steady increase or 

decrease in the measured baseline behavior. The presence of a linear trend is not 

preferable because if the intention of an intervention is to decrease a behavior, but 

baseline shows that the behavior was already following a downward trend, then it is more 

difficult to rule out some other causal factor. In other words, a linear trend during 

baseline suggests that the observed behavior is in the process of changing; therefore 

making it difficult to rule out other factors once treatment begins (Homer et al., 2005; 

O’Neill et al., 2011). Homer et al. (2005) stated that stable line pattern is preferable 

during baseline, such as displayed in Figure 3.
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Figure 3. Sample image of a stable line pattern during baseline.

A stable line pattern indicates that the participant’s behavior did not show very much 

variation, which is especially valuable during the baseline phase (Homer et al., 2005). 

When baseline data show minimal variation and a stable line pattern is evident, the 

researcher is better supported in making the assumption that certain threats to internal 

validity were ruled out, including instrumentation, maturation, testing, and statistical 

regression (Homer et al., 2005; O’Neill et al., 2011). This is especially important to the 

single-case design methodology because without internal validity, it is not possible to 

make assumptions about functional relationships with the dependent variable (O’Neill et 

al., 2011).

Shadish et al. (2002) reviewed nine threats to internal validity and encouraged 

researchers to use design controls preventatively to minimize threats. O’Neill et al.

(2011) provided detailed information about single-case design research methodology,
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including factors that pose threats to internal validity. Therefore, the next section reviews 

threats to internal validity considered relevant to this study, followed by an explanation of 

the application of design controls in this research study to minimize or eliminate these 

potential threats.

Ambiguous Temporal Precedence

Shadish et al. (2002) contended that “ambiguous temporal precedence as a lack of 

clarity about which variable occurs first may yield confusion about which variable is the 

cause and which is the effect” (p. 55). Shadish et al. (2002) emphasized the need for the 

researcher to indicate clearly the order in which variables occur in a study. This study 

employed an ABAB withdrawal design and therefore, it was clear that the intervention of 

using concrete math manipulatives would only occur during the intervention phases, 

which occurred after baseline.

Applicability to the present study. In order to address this threat in this study, I 

employed a clearly delineated ABAB design. For the baseline phases, A, traditional 

teaching strategies delivered instruction to passive participants. For the treatment phases, 

B, the instructional design utilized an active learning strategy through the inclusion of 

hands-on math manipulatives. The independent variable, the use of concrete math 

manipulatives, was only allowable during the intervention phases.

Selection Bias

Shadish et al. (2002) described selection as “systematic differences over 

conditions in respondent characteristics that could also cause the observed effect” (p. 55). 

O’Neill et al. (2011) described how selection bias may cause threats to internal validity,
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for example, by explaining that “differences between groups may be observed due to the 

fact that the initial selection and assignment of participants to groups resulted in groups 

with different characteristics and levels of performance” (p. 41).

Applicability to the present study. This study did not include a control group or a 

treatment group. Each participant served as his or her own control measure from data 

collected during the baseline phase. Therefore, no randomization of participants was 

necessary. As explained by Shadish et al. (2002), randomization is a necessary practice 

when there is a control group and a treatment group. O’Neill et al. (2011) added to this 

discussion by explaining that in single-case design, no group comparisons are made 

because the baseline and treatment data are analyzed for individual participants. Because 

this single-case design did not include any type of group comparisons, selection bias was 

ruled out as a threat to internal validity.

O’Neill et al. (2011) further explained that the single-case design requires a 

minimum of only one participant; however, having three to five participants “allows for 

the critical replication of effects to be demonstrated” (p. 43). Therefore, this study sought 

to include three to eight participants to provide an allowance in the event that attrition 

became a concern. A total of four participants were included in this study.

History Effect

To describe the history effect, Shadish et al. (2002) explained that “events 

occurring concurrently with treatment could cause the observed effect” (p. 55). O’Neill 

et al. (2011) stated that history is one of the biggest threats to internal validity with 

single-case design and described the history effect as “events that occur outside of the
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context or situation under study that may influence the participant’s behavior” (p. 40). 

History is a difficult factor for which to control because of the influence of external 

factors that are typically out of the researcher’s control (Homer et al., 2005). These 

events may include things that happen at home or within the family, events that affect the 

larger community such as extreme weather events, or events that directly impact a 

participant such as health or medical issues. Homer et al. (2005) suggested that in studies 

where unexpected results in the data occur, history should be explored as a possible 

influence on the dependent variable.

Applicability to the present study. Throughout the study, the researcher remained 

mindful of potentially significant events that could threaten internal validity because of 

history, for example, events in the community or severe weather. To reduce the 

possibility of history effects, the researcher strategically planned for significant events 

within the immediate school community, such as an evacuation of the school building 

due to a safety threat, the scheduling of an early-release day (i.e., half-day), or an 

assembly for a special presentation, visitor, or event such as career day. During the 

study, the teacher was absent on one day, and on another day there was an unanticipated 

early-release of students due to inclement weather. Therefore, no data were collected on 

either of those days

Shadish et al. (2002) mentioned another method for minimizing the history effect 

by selecting participants from the same area, for example, geographically. In this study, 

not only were the participants attending the same school, but they also had the same 

homeroom teacher and were in the same classroom, with the same daily schedule.
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Because the history effect could have posed a threat to the internal validity of this study if 

the homeroom teacher was absent by causing “unanticipated changes in the classroom” 

(O’Neill et al., 2011, p. 40), and because the teacher was also the implementer of the 

study, the researcher decided not to collect data on days when the teacher was absent.

In describing single-subject experimental designs (SSED), Byiers et al. (2012) 

explained that “ABAB designs are one of the most straightforward and strongest SSED 

‘treatment effect demonstration’ strategies” (p. 8). Further support for the inherently 

robust nature of ABAB designs is that they “have the benefit of an additional 

demonstration of experimental control with the reimplementation of the intervention” 

(Byiers, Reichle, & Symons, 2012, p. 7). The value in the reimplementation of the 

intervention is that it allows for replication of experimental effects, which Byiers et al.

(2012) referred to as “a primary characteristic of SSEDs” and “the primary basis for 

internally valid inferences” (p. 4). Therefore, the ABAB design employed in this study is 

robust to history threats (Byiers et al., 2012; Homer et al., 2005; O’Neill et al., 2011; 

WWC™, 2014).

Maturation

Shadish et al. (2002) explained that concerns related to maturation can happen 

when “naturally occurring changes over time could be confused with a treatment effect”

(p. 55). Shadish et al. (2002) further explained how changes that occur due to maturation 

can “threaten internal validity if they have produced the outcome attributed to the 

treatment” (p. 57). The possible threat to internal validity due to maturation can become
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evident if the researcher observes trends in the data, such as a curvilinear trend linear or 

increases or decreases (Homer et al., 2005; O’Neill et al., 2011; WWC™, 2014).

Applicability to the present study. By the design of this study, participants were 

all in the same grade level, in the same classroom, and close to the same age. Further, the 

duration of this study was not long enough for intellectual, behavioral, or developmental 

changes to be likely to occur within individual participants in a way that would have 

impacted the data. Therefore, maturation was not a threat in this study.

Regression

Sometimes participants are selected based on very high or very low scores, which 

can result in a threat to validity called regression. For example, “when units are selected 

for their extreme scores, they will often have less extreme scores on other variables, an 

occurrence that can be confused with a treatment effect” (Shadish et al., 2002, p. 55). In 

other words, when participant selection is based on extreme pretest scores, there is an 

expected regression to the mean for subsequent testing such as posttests (Shadish et al., 

2002).

Applicability to the present study. This study employed the practice of collecting 

data over repeated measures, described by O’Neill et al. (2011) as a key component of 

single-case research. There was not a pretest measure for participant selection and no 

pre- or posttests were administered for data collection to measure treatment effects. 

Instead, I asked the teacher to identify students who had difficulty with staying on-task 

and/or difficulty with task completion. The teacher stated that she did not have any 

extreme cases and added that none of the selected participants received behavioral



116

supports or services for behavioral concerns. Therefore, she suggested that the 

participants were likely to be a representative sample and relayed the expectation that the 

individual behavior of each participant would be representative of what was considered 

typical for each individual, each of whom had some degree of difficulty with on-task 

behavior and task completion.

To ensure that participant behavior was representative of each participant, I 

analyzed baseline data visually and reviewed data for variability, such as extreme 

measures. O’Neill et al. (2011) explained that single-case research studies require 

repeated measures over time for each participant. Therefore, administering frequently 

repeated measure minimizes threats to internal validity due to regression to the mean.

During the baseline phase, multiple measures were taken until a stable baseline 

trend with minimal variability for each participant was established prior to proceeding to 

the intervention phase. A stable baseline indicated that the behavior of the participant 

was not in the process of changing. In other words, the participant’s behavior was 

relatively the same, or stable, across baseline measures within a phase.

Attrition

Attrition can occur as a result of participants leaving the study. This can be a 

problem, as explained by Shadish et al. (2002), because “loss of respondents to treatment 

or to measurement can produce artifactual effects if that loss is systematically correlated 

with conditions” (p. 55). O’Neill et al. (2011) described how attrition can occur within 

single participant design, such as when a student moves and withdraws from school. 

Although this type of event would not necessarily affect the other participants or their
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individual scores, potential threats to interval validity may exist if the data from the 

withdrawn participant were much different from the data of participants who completed 

the study (O’Neill et al., 2011). O’Neill et al. (2011) explained that this could “produce a 

biased outcome with regard to interpreting the results of the study” (p. 41).

Applicability to the present study. Attrition was not a factor that I could control a 

priori. Due to related concerns about potential effects from attrition, I requested that the 

teacher recommend up to eight students to serve as participants for the study. The 

teacher recommended six students, and four of the students received parental permission. 

If a participant was not able to complete the study, as much information as possible about 

the participant’s data was to be provided if it could have affected the interpretation of the 

overall results. Fortunately, all of the participants completed all phases of the study. 

Testing or Practice Effects

One problem with testing is that “exposure to a test can affect scores on 

subsequent exposures to that test, an occurrence that can be confused with a treatment 

effect” (Shadish et al., 2002, p. 55). O’Neill et al. (2011) referred to testing or practice 

effects, which can occur if participants have repeated opportunities to practice a skill. 

Behavioral factors can also affect threats to internal validity related to the testing effect, 

which the researcher can rule out as the participant acclimates to the processes of 

measurement, observation, or testing as part of data collection (Homer et al., 2005;

O’Neill et al., 2011; WWC™, 2014).

Applicability to the present study. In this study, no testing measures were taken. 

Participants received instruction of fractions; however, learning outcomes such as pre-
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and posttest scores were not among the variables of this study. Instead, participants were 

observed for behaviors of being on-task and for task completion. These behaviors were 

not taught, reinforced, or practiced during the study, and therefore, were not subject to 

practice effects. Therefore, neither testing nor practice effects posed a threat to internal 

validity.

Measurement or Instrumentation Effects

Shadish et al. (2002) explained that “the nature of a measure may change over 

time or conditions in a way that could be confused with a treatment effect” (p. 55).

O’Neill et al. (2011) discussed measurement or instrumentation effects, which “occur 

when apparent changes in behavioral performance are actually due to problems with the 

measurement process or system” (p. 40). In research design that utilizes a pretest and 

posttest or other instruments such as scales, instrumentation can threaten internal validity 

(Shadish et al., 2002). Another threat can occur if the observer changes over time. This 

could happen due to fatigue resulting from the observations, for example.

O’Neill et al. (2011) stated that measurement is one of the two most significant 

design decisions for researchers. Further, procedures for data collection must be reliable, 

which is one reason why it is imperative that “implementation of the independent 

variable is consistent across study participants, behaviors, and settings” (O’Neill et al.,

2011, p. 15). Therefore, there is value in the recommendation by Shadish et al. (2002) to 

use the same instrument throughout the study. Additionally, Shadish et al. (2002) 

explained the value in describing the “people, settings, interactions, and activities that are 

present during baseline assessment. This will ultimately allow readers and other
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researchers to clearly understand the initial baseline situation and how it was changed 

when the intervention was implemented” (p. 44).

Additional validity threats to consider are problems with instrumentation, which 

is necessary to consider if there is a large variation within the baseline data (Homer et al., 

2005; O’Neill et al., 2011). A great deal of variation could mean that the data collection 

is inconsistent, thereby suggesting a problem with instrumentation (Homer et al., 2005; 

O’Neill et al., 2011). For example, if the operational definition of the target behavior is 

not very clear or lacks concision, then it will be more difficult to consistently observe or 

measure the occurrence of that behavior (Homer et al., 2005; O’Neill et al., 2011).

Applicability to the present study. In this study, threats to internal validity related 

to instrumentation of a pre- or posttest were not a concern because there were no pretests 

or posttests and the same instrument for measurement was used for each data collection 

session. The researcher designed an appropriate data collection tool to collect data 

throughout each observation period for the targeted behavior. Event recording was used 

to measure data for the second research question that addressed task completion. This 

data were collected at the end of every observation session.

Because information about the people and activities in the classroom during the 

study were important, the instrument that the observer used for data collection included a 

column in which to record anecdotal notes about the behavior and setting of the 

participants. A daily treatment fidelity checklist (see Appendix G) also included a 

section for anecdotal notes, with prompts for descriptive notes to include information 

recommended by Shadish et al. (2002), such as “people, settings, interactions, and
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activities” (p. 44). In addition, the researcher remained mindful and took necessary 

actions if concerns arose with the observers.

In reference to threats regarding the definition of the target behavior, the 

researcher provided very clear operational definitions in this study for the target 

behaviors with a data collection tool that supported the definitions. Table 1 delineates 

characteristics of the targeted behavior for the first research question.

Finally, to address the potential threat of variation of scores during baseline, and 

because there was more than one observer of behavior, interrater reliability measures 

were necessary to ensure that instrumentation was not a threat (Homer et al., 2005; 

O’Neill et al., 2011). In this study, an additional observer collected data for at least 25% 

of the observations to address the need for interrater reliability measures related to data 

collection. Additionally, the researcher and an additional observer conducted pilot trials 

using the observation form.

Additive and Interactive Effects

Shadish et al. (2002) described “Additive and Interactive Effects o f Threats to 

Internal Validity” (p. 55) by explaining that “the impact of a threat can be added to that of 

another threat or may depend on the level of another threat” (p. 55).

Applicability to the present study. All threats to internal validity, including 

additive and interactive effects, were considered a priori, as much as possible, in order to 

proactively use design controls that would reduce or eliminate threats. The researcher 

continuously evaluated potential threats to internal validity throughout the study and 

upon completion of data collection in order to properly document and discuss any threat.



121

Diffusion of Treatment and Multiple-Treatment Interference

O’Neill et al. (2011) described two additional threats to internal validity related to 

single-case design, including diffusion o f treatment and multiple-treatment interference. 

Diffusion of treatment “threatens the validity of a study when participants are exposed to 

some or all aspects of an intervention” (O’Neill et al., 2011, p. 41). O’Neill et al. (2011) 

described multiple-treatment interference as when “participants may be exposed to more 

than one intervention in some kind of sequence” (p. 41).

Applicability to the present study. Because this study did not use multiple 

treatments, multiple-treatment interference was not a threat. However, diffusion of 

treatment was a potential threat; therefore, preventative measures were taken. In this 

study, participants had access to concrete math manipulatives during the intervention 

phases only. During baseline phases, participants did not have access to any type of 

concrete math manipulatives. Therefore, during the baseline phases, it was important that 

the implementer verify that none of the participants had access to or used materials other 

than exactly what the researcher provided. In other words, participants could not use 

resources such as manipulatives that they found in the classroom. This protocol served to 

prevent students from accessing materials reserved for the intervention phases and 

reduced the likelihood that diffusion of treatment occurred.

Social Validity

O’Neill et al. (2011) stated, “The assessment of social validity is widely accepted 

as a key indicator of the quality of a single case research study” (p. 36). Further, O’Neill 

et al. (2011) emphasized the value of not only including a measure of social validity, but
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also connecting the results of social validity to the research questions and to the findings 

of the research. There are three steps for social validity. The first step is identifying who 

will participate, such as the participants, the study implementer, and in the case of this 

study, the classroom teacher. The second step is to identify an efficient yet meaningful 

method for collecting the data. The third step is to report the results (O’Neill et al.,

2011). The tool used for measures of social validity in this study was in the form of an 

informal survey with a list of questions for the teacher-implementer and for the 

participants (see Appendices H and I).

Other Threats to Internal Validity

Statistical regression can also threaten internal validity. Statistical regression can 

occur in the baseline phase, but it is expected to fade as more data are collected over 

time, which is why multiple measures over time are important (WWC™, 2014). 

Regression to the mean observed in a participant’s data after the baseline phase could 

suggest that the baseline behavioral data were not typical for that individual (O’Neill et 

al., 2011; WWC™, 2014). However, the methodology of repeated measures helps 

control for threats to validity due to regression (O’Neill et al., 2011; WWC™, 2014). 

Therefore, to maximize internal validity, it was necessary to collect baseline data for a 

sufficient amount of time over multiple measures to ensure that stable patterns were 

evident (Homer et al., 2005; O’Neill et al., 2011; WWC™, 2014).

An additional threat to internal validity can be treatment fidelity (Homer et al., 

2005; O’Neill et al., 2011; WWC™, 2014). To maximize treatment fidelity, the 

implementer of the study followed a daily treatment fidelity protocol. As much as
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possible, the lessons for both baseline and the intervention phases included a standard 

protocol such as scripted lesson formats, provided within the components of the Eureka 

Math (greatminds.net, 2015) lessons utilized during this study.

Treatment fidelity checklist. The design of a treatment fidelity checklist adhered 

to the guidelines provided by O’Neill et al. (2011) in order to “regularly assess the 

fidelity of the intervention throughout the study” (p. 34). According to O’Neill et al.

(2011), treatment fidelity should include “a clear demonstration of the experimental 

control by the independent variable” to “document that the intervention was consistently 

implemented during the study” (p. 34). O’Neill et al. (2011) recommended measuring 

treatment fidelity for 25% of the total sessions by providing the implementer of the study 

with a checklist for a task-analysis and/or script that clearly described each step to follow 

during the baseline and intervention phases (see Appendix G). Therefore, a treatment 

fidelity checklist was designed to follow O’Neill et al.’s (2011) guidelines, and the 

teacher-implementer completed the checklist for 25% or more of the sessions.

Data Analysis 

Calculation and Analysis for Interassessor Agreement

Indices that can be used for interassessor reliability include percentage o f  

agreement, Cohen’s (1994) kappa (Watkins & Pacheco, 2000), and Bennet’s S 

(Randolph, 2008). Watkins and Pacheco (2000) explained that within behavioral 

research, the most commonly used index for interassessor agreement is percentage of 

agreement, which they defined as “the number of agreements between observers in 

assigning cases or events to descriptive categories divided by the sum of both agreements
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and disagreements, and then multiplied by 100 to yield a percentage” (p. 207). One 

concern with calculating interassessor agreement, as Watkins and Pacheco (2000) 

explained, is that percentage of agreement does not take into account margins of error “to 

partially correct for chance agreement” (p. 207) between observers. According to 

Watkins and Pacheco (2000), a more psychometrically sound index for inter-assessor 

agreement is Cohen’s (1994) kappa.

Watkins and Pacheco (2000) described kappa as “the proportion of the total 

amount of agreement not explained by chance for which the observers accounted” (p. 

209). The value in kappa accounting for chance agreement is that the statistic can be 

“compared to different experimental conditions even if the frequency of behavior 

changes across conditions” (Watkins & Pacheco, 2000, p. 209). Limitations for kappa 

include the necessity for nominal data and that no kappa calculations are possible if both 

observers indicate total target behavior at rates o f 100% or 0% (Watkins & Pacheco, 

2000).

Further, Randolph (2005) explained that Cohen’s (1994) kappa is a fixed- 

marginal kappa, meaning that the number of responses or cases in each category will 

require a fixed number. In the present study, there are no requirements for the number of 

responses per category, therefore, it was determined that a fixed-marginal kappa would 

not be the most appropriate measure. Instead, as described by Randolph (2005), a free- 

marginal kappa called Bennet’s S will be used.

Randolph (2007) conducted a meta-analysis that investigated active learning with 

response cards within single-case research studies for which he determined acceptable
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levels interassessor agreement if they had “values of overall percentage agreement of 

80% or values of kappa above .45” (p. 117). Similarly, in the WWC™ (2014) report, 

“Minimum acceptable levels of inter-assessor agreement range from 0.80 to 0.90 (on 

average) if measured by percentage of agreement and at least 0.60 if measured by 

Cohen’s kappa” (p. 15). Randolph (2008) suggested that .70 is a sufficient level for a 

kappa index, which was also an acceptable level using Bennet’s S in the present study. 

Participant Data Analysis

Data analysis included a graph of the data for each participant that displayed data 

for each session of the baseline (A) and intervention phases (B), alternating respectively 

(ABAB). To determine the establishment of criteria for acceptable baseline data prior to 

progressing into the intervention phases, visual analyses of each baseline graph were 

required. As previously discussed, a stable baseline was preferable because a stable 

baseline indicated that the behavior was not in the process of changing and that it was 

indicative of the individual participant’s typical behavior. The intervention phase and 

related observation data began after completion of baseline.

Multiple visual analyses were necessary to review the intervention data, including 

levels and changes in levels, which I inspected to determine if they appeared delayed, 

abrupt, temporary, or decaying. WWC™ (2014) explained that level “refers to the mean 

score of data within a phase” (p. 18). I also analyzed the trends and slopes of the data to 

identify if any changes were abrupt, delayed, temporary, or accelerated. WWC™ (2014) 

described trend as “the slope of the best-fitting straight line for data within a phase” (p.
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18). Finally, variability, “the range or standard deviation of data about the best fitting 

straight line” (WWC™, 2014, p. 18), was analyzed for changes and patterns.

I compared level, trend, and variability data within each phase and across each 

phase (WWC™, 2014). The WWC™’s (2014) report described that an observed effect is 

considered to have immediacy if the changes in the dependent variable are most evident 

within data points that happen three before and three after a new phase. If, after a new 

phase begins, the data do not immediately show a change, it is a delayed effect, which can 

reduce the design validity (WWC™, 2014). Separation of data between phases is 

desirable because data without separation is considered overlap, which suggests less of 

an effect (WWC™, 2014). When comparing data within the same phases, WWC™ 

(2014) reported that “the greater the consistency, the more likely the data represent a 

causal relation” (p. 19). The WWC™ (2014) report summarized data analysis as:

Visual analysis of: (1) level, (2) trend, (3) variability, (4) overlap, (5) immediacy 

of the effect, and (6) consistency of data patterns across similar phases are used to 

assess whether the data demonstrate at least three indications of an effect at 

different points in time. If this criterion is met, the data are deemed to document a 

causal relation, and an inference may be made that the change in the outcome 

variable is causally related to manipulation of the independent variable, (p. 19) 

The WWC™ (2014) report outlined specific criteria required in order for single 

case design studies to Meet Evidence Standards:
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• The independent variable (i.e., the intervention) must be systematically 

manipulated, with the researcher determining when and how the independent 

variable conditions change.

• Each outcome variable must be measured systematically over time by more 

than one assessor, and the study needs to collect inter-assessor agreement in 

each phase on at least twenty percent of the data points in each condition (e.g., 

baseline, intervention) and the inter-assessor agreement must meet minimal 

thresholds. Inter-assessor agreement (commonly called interobserver 

agreement) must be documented on the basis of a statistical measure of 

assessor consistency.. . .  A study needs to collect inter-assessor agreement in 

all phases. It must also collect inter-assessor agreement on at least 20% of all 

sessions (total across phases) for a condition (e.g., Baseline, Intervention).

• The study must include at least three attempts to demonstrate an intervention 

effect at three different points in time or with three different phase repetitions.

• For a phase to qualify as an attempt to demonstrate an effect, the phase must 

have a minimum of three data points. (WWC™, 2014, p. 15)

Homer et al. (2005) described an integral component of single-case research 

studies as “systematic visual comparison of responding within and across conditions of a 

study” (p. 169). The WWC™ (2014) report, previously reviewed, provided six criteria 

required to determine whether an effect is evident. This study utilized these criteria to 

analyze the data, along with criteria for assessing external validity.
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External Validity

Value in single-case research occurs when the findings are applicable to settings 

outside the research setting (Homer et al., 2005). Therefore, replication is a critical 

feature of single-case research. Homer et al. (2005) and the WWC™ report (2014) 

agreed that a minimum of three participants increases external validity as well as 

replication of the study in different settings with different participants. Homer et al. 

(2005) further explained methods for enhancing external validity by including an 

“operational definition of (a) the participants, (b) the context in which the study is 

conducted, and (c) the factors influencing a participant’s behavior prior to intervention 

(e.g., assessment and baseline response patterns)” (p. 171). These components, 

previously addressed, added to the validity of this study.

Role of the Researcher 

The researcher in this study was previously an assistant principal at the school 

that served as this setting of this study. Therefore, the teacher-implementer and some of 

the participants were at least slightly familiar with the researcher. During the time of this 

study, the researcher was no longer acting as the school’s assistant principal. Instead, the 

researcher’s role was as a behavior specialist in the same district. To clarify, throughout 

the school year during which the study occurred, the researcher had no authority over any 

teachers or students and was not in any way a supervisor of the teacher or disciplinarian 

of any students involved in the study. Further, the researcher was not an evaluator of the 

teacher during the prior school year, nor did any of the student participants have any 

behavioral infractions during the previous school year that involved disciplinary actions
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delivered by the researcher when she was the assistant principal. Therefore, there were 

no concerns about the possibility of a power differential between the researcher and 

teacher-implementer or participants of the study.

In the present study, the researcher’s role was that of the trainer for the teacher- 

implementer and the additional observer. The researcher was also the primary observer 

for data collection throughout the study.

Researcher Biases

Potential biases of the researcher included the researcher’s background in 

behavior and the epistemological belief that active engagement of learners promotes 

appropriate behavior. To reduce the likelihood of researcher bias affecting the results of 

the study, interobserver agreement measures were conducted during 25% of the 

observations, as recommended by WWC™ (2014), in addition to the completion by the 

teacher-implementer of a daily treatment fidelity checklist. Items on the daily treatment 

fidelity checklist included prompts to indicate if participants received positive 

reinforcement and, if so, to specify or describe the content of the reinforcement and the 

participant. To reduce the likelihood of positive reinforcement, the teacher-implementer 

followed a partially scripted lesson and a daily reminder to refrain from verbally praising 

students for on-task behavior and to refrain from redirecting inappropriate student 

behavior.

A priority of the researcher in this study was to ensure that all observers for data 

collection received sufficient training with use of the data collection instrument. The
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researcher also ensured the maintenance of treatment fidelity throughout implementation 

of all phases of data collection. This included baseline and intervention phases.

Ethical Safeguards

The researcher considered and maximized ethical safeguards as much as possible. 

Byiers et al. (2012) explained that in some circumstances, it is necessary to address 

ethical considerations when determining whether to use the ABAB withdrawal design.

For example, if the withdrawal of an intervention could be potentially harmful to the 

participants, then the ABAB design might not be appropriate. In this study, the use of 

concrete math manipulatives was withdrawn during the third phase in order to return to 

baseline conditions. However, this posed no foreseeable harm to the participants that 

would result from withdrawing the use of concrete math manipulatives during 

mathematics instructional time. Additionally, the researcher considered issues regarding 

the teacher-implementer, such as the power differential, and determined these not to be a 

concern in this study. The researcher followed all procedures according to ethical 

considerations, which were comprehensively evaluated by the researcher, the university’s 

institutional review board (IRB), and by the hosting school district’s review board.

Prior to beginning any portion of this study, the researcher obtained approval 

from Mercer University’s institutional review board (IRB) and the school district’s 

review board in which the study occurred. Appendix A contains a copy of the IRB 

approval. Welch, Clement, and Berman (1993) stated, “A central responsibility of IRBs 

is to ensure that the potential benefits to the individual research participants (and to 

society) will be greater than any risks that may be encountered by participation in the
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research” (p. 822). As stated in the approved IRB application for this study, there were 

no foreseeable risks to the participants of this study. The researcher strictly maintained 

confidentiality of participants on all forms of data collection by the use of numerical 

identifiers as follows: Participant 1 (PI), Participant 2 (P2), Participant 3 (P3), and 

Participant 4 (P4). Further, all collected data and documentation were secure at all times.

Summary

This quasi-experimental study was designed to explore potential causal effects 

such as a functional relationship that concrete manipulatives may have had on student on- 

task behavior and task completion. Specifically, the selected teacher identified third- 

grade students in general education classes who demonstrated difficulties with on-task 

behaviors and task completion when compared to same-grade peers. The research 

questions for this quasi-experiment were considered appropriate for single-case research 

design, and the methods were developed accordingly. Data were generated from repeated 

measures with the ABAB withdrawal design with measures in place to verify interrater 

reliability and treatment fidelity. Data analysis involved using systematic visual analysis 

procedures, as recommended by What Works Clearinghouse™ (Kratochwill et al., 2010) 

and Homer et al. (2005). Chapter 4 presents the results.



CHAPTER 4 

RESULTS

The purpose of this study was to explore the possibility of a functional 

relationship existing between the active learning strategy of using concrete math 

manipulatives and student behavior. Specifically, this study investigated whether there 

was an effect on student on-task behavior and task completion when using concrete math 

manipulatives. The methodology for this quasi-experimental study was single participant 

ABAB withdrawal design, which was determined appropriate based on the research 

questions. The research setting will be described next.

Setting

This study took place in a third-grade classroom located within a suburban 

elementary school district. This school was one of 19 public elementary schools within 

the district. At the time o f the study, this school had an enrollment of approximately 650 

students in prekindergarten through fifth grade, with 85.64% of students eligible for free- 

and- reduced lunch. Seventy-two percent of the students were identified as Black or 

African American, 17% were identified as Hispanic or Latino, 7.5% were identified as 

White, 2.7% were identified as two or more races, less than 1% were identified as Asian 

or Pacific Islander, and no students were identified as American Indian or Alaskan.

Table 3 presents the school demographics.

132
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Table 3

School Demographics

Enrollment 
Prekindergarten 

through 5th 
Grade

American 
Indian or 
Alaskan

Asian or 
Pacific 

Islander

Black or 
African 

American

Hispanic 
or Latino

White Two or 
More 
Races

648 0 3 469 109 49 18

Classroom Setting

This study took place in a third-grade classroom, as previously discussed. During 

the course of this study, this general education classroom had 21 students on role. The 

majority of the students were general education students, and two students received 

special education services or supports at some time during the school day. In some 

schools, classes in third-grade are departmentalized, meaning that students move to more 

than one teacher for instruction throughout the school day. This was not the case in this 

school; instead, one homeroom teacher facilitated instruction for all content areas. 

Students attended music, art, and physical education classes (specials classes) with other 

teachers.

This classroom appeared as a typical classroom in comparison to other classrooms 

throughout this school district. The classroom, located within the main school building, 

contained 22 student desks and chairs situated in the shape of a U, a teacher desk in the 

back comer, a kidney-shaped table in another back comer, two long computer tables 

along the back wall with four desktop computers, and a carpeted reading area with two 

bookshelves. On the wall at the front of the classroom was a twelve-foot dry erase board, 

placed similarly as traditional chalkboards. In front of a portion of the dry erase board
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was a four-foot interactive white board, illuminated by an LCD projector hung from the 

ceiling of the classroom. The teacher also had access to a document projector that was 

used to project images or models onto the white board. These digital technology devices 

were common in all of the Title I schools and within all newly constructed schools within 

this school district.

T eacher-Implementer 

One teacher in this study served as the teacher-implementer. In order to fulfill 

this role, the teacher was required to demonstrate good instructional skills and effective 

classroom management skills per the recommendation by the school principal. An 

additional expectation was for the teacher to maintain good attendance throughout the 

study because absenteeism would interrupt the progression of the study sessions. It was 

also preferred that the teacher-implementer was comfortable and experienced with hands- 

on learning in general and specifically with the use of concrete manipulatives. The 

selected teacher for the present study was a willing volunteer for implementing the study 

and was agreeable to following all of the guidelines provided by the researcher.

Mrs. Gibber

The teacher selected for this study, Mrs. Gibber, was in her lOth-year teaching at 

the time of the study, all 10 years of which occurred within Title I schools. Mrs. Gibber 

had a bachelors’ degree in elementary education and held state certification in early 

childhood education. She previously taught kindergarten for seven years, first grade for 

two years, and at the time of the study, was completing her first year as a third-grade 

teacher. Mrs. Gibber’s expertise with younger students in earlier grades made her an
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excellent candidate for being the teacher-implementer in this study due to her experience 

and comfort level with hands-on learning and using concrete manipulatives for 

conceptual representations. Additionally, over the years, Mrs. Gibber had attended 

multiple training sessions and professional development for teaching mathematics. 

Teaching math was an area in which Mrs. Gibber was skilled and experienced.

Student Participants

The selected student participants in this research study were all in the same third- 

grade, general education class. Of the four total student participants, two were males and 

two were females. Three of the participants were eight years old and one was nine years 

old. All of the participants were less than 12 months apart from one another in age. At 

the time of the study, none of the participants received any specialized services, such as 

special education classes. Three of the participants had been enrolled at the school since 

kindergarten, and one had been enrolled at the school since first-grade. One female 

participant received interventions for reading through Tier 3 of the pyramid of 

interventions from the Student Support Team (SST). None of the participants received 

instructional interventions for any area of math or behavior at the time of the study. To 

ensure anonymity and protect the participants’ identities, students received a pseudonym 

in the form a participant identifier number (1-4). Table 4 presents the demographics of 

the participants.
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Table 4

Demographics o f the Participants

Participant
Identifier

Gender Age Ethnicity 
or Race

Additional
Supports

Absences Behavioral
Infractions

PI Male 8 Black or 
African 

American

None 4 0

P2 Male 8 Hispanic/Latino
White

None 2 0

P3 Female 8 Black or 
African 

American

Student
Support
Team

9 0

P4 Female 9 Black or 
African 

American

None 4 0

Demographic Traits of Participants

The demographic identifiers of the participants included one male student, 

identified by the district database as Hispanic or Latino and White. The district database 

identified the other three participants, including one male and two females, as Black or 

African American. None of the participants had a record of behavioral infractions during 

the school year in which the study occurred. Each of the participants was absent from 

school for two or more days during the school year, but all of the participants 

demonstrated regular attendance throughout the duration of the study.

Restatement of Research Questions

1. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student’s time on-task in a general 

education third-grade classroom?



137

2. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student’s task completion during 

mathematics in a general education third-grade classroom?

These research questions guided the present study. This chapter provides a 

comprehensive review of the resulting data. It includes a review of the data for on-task 

behavior, in addition to results from interrater reliability measures that include 

interobserver agreement IOA), treatment integrity and fidelity, and social validity.

This chapter also includes an explanation of specific protocol for determining the degree 

of evidence, if any, suggested by the data for on-task behavior and task completion. 

Finally, there will be a detailed review of the data for each participant across both phases 

of baseline (A) and intervention (B) for on-task behavior and assignment completion. 

Examinations of comparisons within and across participant data will determine the 

degree of evidence, if any, of a functional relationship between the independent and 

dependent variables.

Analysis of Data for On-Task Behavior 

Visual Analysis of Data for On-Task Behavior

To establish “methodological soundness” and “evidence credibility” (Kratochwill 

et al., 2010, p. 4), I followed visual analyses procedures as specified by What Works

• TMClearinghouse for internal and “statistical-conclusion validity” (Kratochwill et al.,

2010, p. 7). My visual analyses of data, as described in the preceding methodology 

section, begins with on task-behavior, illustrated in Figures 4-7, and includes within- 

phase data, described by O’Neill, McDonnell, Billingsley, and Jenson (2011) as level,
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variability, and trend. I also examined across-phase data to identify what evidence, if 

any, existed for immediacy o f effect with little to no overlap of data points, and patterns 

between phases. The following sections provide explanations of visual analyses 

throughout, based on the visual characteristics of the levels, trends, variability, and 

patterns in the data within and across phases. Figures 4-7 present graphic representations 

of the data across phases for each participant, followed by detailed analyses.

Baseline 1 Intervention!

Session Numbers

Figure 4. Participant 1 (PI) percentage of intervals on-task.
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Baseline 1 

A

Intervention 1 

B

Baseline 2 

A

Intervention 2 

B

47

Session Numbers

Figure 5. Participant 2 (P2) percentage of intervals on-task.
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Figure 6. Participant 3 (P3) percentage of intervals on-task.
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Basel i ne 1 Intervention I Basel ine 2 Interventi on 2

A B A  B
100  :

1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS  16 17

Session Numbers

Figure 7. Participant 4 (P4) percentage of intervals on-task.

Overview of Visual Analysis for On-Task Behavior 

Level Patterns of On-Task Behavior

Upon conducting an initial visual inspection of levels, trends, and immediacy of 

effect, a few characteristics of these data are distinctive. First, a difference in levels of 

on-task behavior is observable between each phase for each participant. There are also 

evident patterns of data across phases that are similar for each participant. The pattern 

for all participants begins in the Baselinei phase with low levels of on-task behavior, 

which increases to higher levels during the first Intervention i phase. Upon 

implementation of the second Baseline2 phase, the pattern in the levels of data is 

repeated. During the second Baseline2 phase, the data points show a return to lower 

levels of on-task behavior for all participants. Finally, during the second Intervention 

phase, on-task behavior for all participants returned to higher levels.
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Trend Patterns of On-Task Behavior

In addition to similar patterns across phases of the levels of on-task behavior, 

trends for on-task behavior also showed similarities for all participants. A visual 

inspection revealed that an ascending trend in the data occurred during both intervention 

phases with three or more data points. Note that during the second Intervention phase, 

Participant 4 became sick and only participated in two of the five sessions. Therefore, it 

was not possible to determine a trend for Participant 4’s data during the second 

Intervention! phase. However, the overall patterns of data for all participants showed 

clear differences in on-task behavior when comparing baseline phases to intervention 

phases. Further support for the differences between phases is evident through visual 

analyses of the data for immediacy of effect.

Immediacy of Effect of On-Task Behavior

Immediacy of effect was evident between almost every phase, as displayed in 

Table 5. To examine immediacy of effect, I made comparisons between the final data 

point of one phase and the first data point in the subsequent phase.
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Table 5

Immediacy o f  Effect for On-Task Behavior
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p * * * Immediate change between all three phase-transitions
l +23 -18 +40

p Lag * Immediate change between two phase-transitions.
2 +3 -38 +33 The first data point of Intervention! showed lag but

increased by the second data point
P * * * Immediate change between all three phase-transitions
3 +13 -13 +26

P * Lag * Immediate change between two phase-transitions.
4 +33 -3 +30 The first data point of Baseline2 showed lag but

increased by the second data point
Note, f  = Immediate increase in on-task behavior, 'I' = Immediate decrease in on-task behavior, Lag = 
Delay o f one data point before behavior change was evident.

Specifically, Participant 1 demonstrated an immediate increase of on-task behavior upon 

beginning both intervention phases and an immediate decrease of on-task behavior upon 

return to baseline. Participant 2’s on-task behavior increased during the first 

Interventioni phase but there was some lag in the immediacy of the effect between the 

first Baselinei phase and the first Intervention! phase. Nonetheless, Participant 2 

demonstrated an immediate decrease in on-task behavior upon the cessation of the 

intervention phase when instruction returned to the Baseline2 (A) phase. Repetition of
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this effect was clearly evident when Participant 2 demonstrated an immediate increase of 

on-task behavior upon the reintroduction of the manipulatives during the second 

Intervention (B) phase.

Participant 3’s data showed immediacy of effect between phases, but the change 

in on-task behavior was more dramatic upon beginning the second Intervention (B) 

phase than it was for the previous two phases. Finally, Participant 4’s on-task behavior 

showed a strong immediacy of effect upon the introduction of manipulatives for both of 

the intervention phases. In contrast, Participant 4’s behavior showed some lag upon 

beginning the second Baseline2 (A) phase, represented only by the participant’s first data 

point in that phase. Participant 4’s subsequent data points within that phase were much 

lower. This difference between the first data point in the second Baseline2 (A) phase and 

the following data points represent some within-phase variability for Participant 4, 

similarly noted for other participants in various phases. However, in the preliminary 

visual analysis, the data illustrated a preponderance of desirable across-phase 

characteristics, including consistent patterns in levels, trends, and immediacy of effect. 

The following review of the results includes a thorough analysis to examine the data 

more deeply across- and within-phases for this study.

Within-Phase Data Analysis of On-Task Behavior 

Baselinei (A) Within-Phase Data Analysis of On-Task Behavior

The data in Figures 4-7 from the first Baselinei (A) phase showed relatively 

stable baseline patterns for all of the participants. Participant 1 demonstrated a minimally 

ascending trend and overall the data were stable. The level of on-task behavior was
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lowest for Participant 1 (M=27.50) and Participant 4 (M=32.50), and within the moderate 

range for Participant 2 (A/=51.75) and Participant 3 (A#=51.75). The range of scores from 

lowest to highest was 20 points or less for all participants and therefore variability was 

not a concern. Once the baseline data were considered stable with no ascending patterns 

for on-task behavior across participants, the first baseline phase ended. The following is 

an analysis of data for each participant in the first phase of baseline.

Participant 1 (PI) Visual Analysis of Baselinei (A) for On-Task Behavior

Data in Baselinei (A) show that Participant 1 (PI) demonstrated a relatively stable 

baseline with a minimally upward trend and a mean percentage score of 27.50.

Participant 1 ’s on-task behavior was consistently low with data point values that ranged 

between 17% and 30% of the momentary observation intervals. The variability of the 

data was minimal. These data support the possibility that a problem or concern with on- 

task behavior existed for Participant 1 prior to the intervention.

Participant 2 (P2) Visual Analysis of Baselinei (A) for On-Task Behavior

Participant 2’s (P2) data were relatively stable during Baselinei (A) with a slight 

upward trend and a mean percentage score of 51.75. During this phase, Participant 2 

demonstrated on-task behavior that was higher than Participant 1 ’s and remained within 

the moderate range. A 20-point difference exists between Participant 1 ’s lowest and 

highest data points within this phase, with values ranging between 40% and 60% of the 

momentary observation intervals. The observer questioned the possibility that teacher 

proximity affected Participant 2’s on-task behavior. Participant 2 sat in the front-center 

of the classroom, which was very close to the instructional focus and where the teacher
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often stood while teaching to the whole group. The observer noted that when the teacher 

stood in this location, Participant 2 seemed to demonstrate higher levels of academic 

responding and task-management than when the teacher walked to other areas of the 

room. Overall, variability was minimal. Based on these data in the Baselinei (A) phase, 

Participant 2 demonstrated a need for improvement with on-task behavior.

Participant 3 (P3) Visual Analysis of Baselinei (A) for On-Task Behavior

Participant 3’s data (P3) during the Baselinei (A) phase show moderate levels of 

on-task behavior with a mean percentage score of 51.75. Participant 3’s data ranged from 

47% to 60%, a difference of 13 points between the highest and lowest scores, which was 

considered minimal variability. The trend of Participant 3’s data was almost flat but had 

a very slight downward trend. Overall, Participant 3’s on-task behavior remained steady 

and low enough to warrant a concern and support participation in the intervention. 

Participant 4 (P4) Visual Analysis of Baselinei (A) for On-Task Behavior

Throughout the Baselinei (A) phase, Participant 4 demonstrated a low level of on- 

task behavior with a mean percentage score of 32.50 and minimal variability. Participant 

4’s scores ranged from 23% to 40%, a span of 17 points. The trend of Participant 4’s 

data was flat, which was indicative of a very stable baseline. Due to the low level of on- 

task behavior with no upward trend, there was reason to believe that Participant 4 had 

difficulty with on-task behavior prior to the intervention.

Interventioni (B) Within-Phase Data Analysis of On-Task Behavior

Overall, data for all participants showed increases of on-task behavior from low 

levels within the first Baselinei (A) phase to higher levels during the first Interventioni



146

(B) phase. Participant 2 demonstrated the most variability with a 40-point difference 

between the highest and lowest scores. However, at the conclusion of session eight, the 

data points showed sufficient differences between the Baselinei (A) phase and the 

Interventioni (B) phase to warrant a return to baseline conditions.

Participant 1 (PI) Visual Analysis of Interventioni (B) for On-Task Behavior

During the first Interventioni (B) phase, Participant 1 demonstrated notable 

behavior. On the first 2 days of the intervention, Participant 1 ’s data indicated an 

immediate effect noted by much higher levels of on-task behavior and a sharp, upward 

trend when compared to Baselinei (A), with on-task behavior data points at 53% and 

77%, respectively. However, on the third day of the Interventioni (B), the teacher 

changed the seating assignment of the peer who sat in the desk beside Participant 1. The 

observer noted that Participant 1 ’s on-task behavior decreased immediately upon the new 

seat assignment and on-task behavior appeared negatively affected by frequent 

interactions with the peer whom the teacher moved to sit beside Participant 1.

Nonetheless, Participant 1 ’s overall on-task behavior remained at higher levels 

than it was throughout the Baselinei (B) phase. Participant 1 ’s mean percentage score for 

on-task behavior in the first Interventioni (B) phase was 62.25, an increase of 34.75 

points. There was variability of 20 points between high and low scores within this phase 

yet the overall trend line was almost flat. The highest score was 73%, which happened 

on day 2 of the Interventioni (B) phase. The data for Participant 1 during this phase 

shows a clear difference between the Baselinei (A) phase and the Interventioni (B) phase.
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Participant 2 (P2) Visual Analysis of Interventioni (B) for On-Task Behavior

Throughout the first Interventioni (B) phase, Participant 2 demonstrated higher 

levels of on-task behavior with a mean percentage score of 66.75. Participant 2’s scores 

ranged from 50% to 77% and included some variability, with a difference of 27 points. 

Participant 2’s on-task behavior continued to appear influenced by the proximity of the 

teacher. However, the observer noted that during the Interventioni (B) phase, the 

teacher’s proximity to Participant 2 was less frequent because the teacher was often near 

the back of the classroom in order to access the document projector. Participant 2’s data 

in this phase showed an ascending trend of consistently increasing on-task behavior. 

Participant 3 (P3) Visual Analysis of Interventioni (B) for On-Task Behavior

On-task behavior for Participant 3 during the first Interventioni (B) phase was 

high, with a mean percentage score of 75.75. Participant 3’s scores consistently ascended 

from 60% upon the first session of this phase to 93% upon the final data point in this 

phase, an increase of 33 points. The trend direction of Participant 3’s data increased 

more sharply than exhibited by any of the other participant’s data during this phase, and 

the increase in Participant 3’s data remained consistent throughout the Interventioni (B) 

phase.

Participant 4 (P4) Visual Analysis of Interventioni (B) for On-Task Behavior

The level of Participant 4’s data for on-task behavior was the highest of all of the 

participants during this phase, with a mean percentage score of 77.50. Participant 4’s 

highest and lowest scores were within 10 points from one another and ranged from 73%
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to 83%. Therefore, variability was minimal with a consistently ascending direction of the 

data trend.

Baseline2 (A) Within-Phase Data Analysis of On-Task Behavior

Comprehensively, the data from the second Baseline2 (A) phase indicated that the 

level of on-task behavior dropped for all participants from the previous Interventioni (B) 

phase’s high level to a moderate level during the return to Baseline2 (A) phase.

Compared to the previous intervention phase, the range of data points was larger within 

the second Baseline2 phase, with a mean range of differences being 36.50 points. In 

contrast, the mean range of differences in the previous Interventioni (B) phase was 22.50 

points. After four data collection sessions in this phase, all participants had demonstrated 

decreasing trend lines and consistently decreasing levels of on-task behavior that fell 

from a high level to a moderate level. Therefore, the researcher determined that there 

were sufficient data to warrant progressing to the second Intervention (B) phase. 

Participant 1 (PI) Visual Analysis of Baseline2 (A) for On-Task Behavior

Participant 1 ’s mean for on-task behavior during the second Baseline2 (A) phase 

was higher than the mean percentage score for on-task behavior during the first Baselinei 

(A) phase by 16.25 points. A decrease was clearly evident between the mean percentage 

score of the first Interventioni (B) phase to the second Baseline2 (A) phase, dropping 

from 62.25 to 43.75, a difference of 18.90 points. Overall, Participant 1 demonstrated 

moderate to low levels of on-task behavior during the second Baseline2 (A) phase. 

Variability was impacted by a 37-point difference in the total range of points, from 30%
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to 67%. The overall trend was descending throughout this phase and decreased enough 

to indicate that a sufficient change in behavior occurred between phases.

Participant 2 (P2) Visual Analysis of Baseline2 (A) for On-Task Behavior

Participant 2 demonstrated a notable change in on-task behavior immediately 

upon ceasing the intervention and returning to the second Baseline2 (A) phase. This was 

illustrated by the last data point of the Interventioni (B) phase, which showed a high level 

of on-task behavior at 73%, compared to the first data point of Baseline2 (A), which 

showed a decrease in on-task behavior, which dropped to 35%. A comparison of the 

overall change in the level of on-task behavior from the first Interventioni (B) phase to 

the second Baseline2 (A) phase for Participant 2 showed a decrease in the mean 

percentage score of 29.50 points. Data points in the second Baseline2 (A) phase for 

Participant 2 showed some variability and ranged from 17% to 50%, a difference of 33 

points. The overall trend in Participant 2’s data during this phase showed an ascending 

slope, which was in the opposite direction compared to the slopes of the other 

participants in this phase. However, during the second Baseline2 (A) phase, three of the 

four data points remained below data points from the previous Interventioni (B) phase. 

The last data point in the Baseline2 (A) phase was 50%, which overlapped with the very 

first data point in the Interventioni (B) phase.

Participant 3 (P3) Visual Analysis of Baseline2 (A) for On-Task Behavior

Data for on-task behavior in the second Baseline2 (A) phase for Participant 3 was 

within the moderate level, with a mean percentage score of 62.50. The mean score 

difference for Participant 3 increased by 10.75 points when compared to the first
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Baselinei (A) phase. However, data in this retum-to-baseline phase showed an overall 

decrease of on-task behavior, with some variability in data points that ranged from 80% 

to 47%, a difference of 33 points. A downward slope illustrated the overall trend, which 

was considered a sharp enough decrease to suggest that Participant 3’s on-task behavior 

steadily decreased during this phase.

Participant 4 (P4) Visual Analysis of Baseline2 (A) for On-Task Behavior

Participant 4’s behavioral data in the Baseline2 (B) phase showed a clear change 

when compared to the stable and flat trend of data from the previous Interventioni (B) 

phase. The data for on-task behavior in the second Baseline2 (B) phase had a mean 

percentage score of 57.50, decreasing by 20 points from the previous phase. Although 

the first data point in the second Baseline2 (B) phase overlapped with data points from the 

previous phase, the ensuing data points were much lower and within the moderate to low 

range, with data points that decreased from 80% to 37%. The downward slope of the 

trend line was sufficient enough to suggest that Participant 4’s on-task behavior showed a 

decrease during this phase.

Intervention (B) Within-Phase Data Analysis for On-Task Behavior

To summarize the second Intervention (B) phase, all of the participants 

demonstrated an increase in on-task behavior from lower levels to higher levels. Further, 

all participants demonstrated an increased mean percentage score during the second 

Intervention (B) phase, each of which were higher than the participant’s mean 

percentage scores from previous phases. It should be noted that Participant 1 and 

Participant 4 were both absent on sessions 15 and 16 and Participant 4 remained absent
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through session 17 due to illness. However, the data were deemed adequate because 

there were enough data points overall to show clear differences between all phases. The 

second Intervention (B) phase included five data collection sessions in order to obtain 

sufficient data from all participants. The next section includes a review of the data for 

individual participants during the second Intervention phase.

Participant 1 (PI) Visual Analysis of Intervention (B) for On-Task Behavior

Within the second Intervention (B) phase, Participant l ’s level of on-task 

behavior was high, with a mean percentage score of 80.68, an increase of 36.92 points 

compared to the previous Baseline2 (A) phase. Participant 1 ’s first data point in the 

second Intervention (B) phase for on-task behavior was 70%, an increase of 40 points in 

comparison to the final data point in the previous Baseline2 (A) phase. Participant 1 was 

absent on sessions 15 and 16. Therefore, Participant 1 had a total of three data points for 

the second Intervention (B) phase. A clear pattern and trend of on-task behavior were 

evident and provided adequate support for the researcher to conclude that there was a 

sufficient difference in on-task behavior within the final Intervention (B) phase based on 

the totality of the data.

Participant 2 (P2) Visual Analysis of Intervention (B) for On-Task Behavior

Participant 2 demonstrated an immediate change in on-task behavior upon the 

beginning of the final Intervention (B) phase with the level of on-task behavior changing 

from moderately low to high, increasing from 50% to 83% upon the first data point in the 

final Intervention (B) phase. Participant 2’s mean percentage score increased in the final 

Intervention (B) phase, from 37.25 to 75.80, a difference of 38.55 points. Participant 2’s
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on-task data ranged from 60% to 83%, a difference of 23 points, but minimal variability 

overall with an almost flat trend line. Participant 2’s on-task data suggested a clear 

difference in behavior between this final Intervention (B) phase and the previous phase. 

Participant 3 (P3) Visual Analysis of Intervention (B) for On-Task Behavior

Upon initiating the final Intervention (B) phase, Participant 3 demonstrated an 

immediate level increase of 26 points in on-task behavior. Participant 3’s data during this 

phase displayed a mean percentage score of 87.60, which was higher than any other mean 

score across participants and phases during the study. Within this phase, Participant 3’s 

scored ranged from 73% to 100%, a difference of 27 points. The trend line direction for 

Participant 3’s data in this phase ascended and indicated a clear difference in on-task 

behavior compared to the previous Baseline2 (A) phase.

Participant 4 (P4) Visual Analysis of Intervention (B) for On-Task Behavior

During the first session of the second Intervention (B) phase, Participant 4’s on- 

task data point showed an immediate increase of 30 points compared to the last data point 

in the previous phase, from 60% to 90%. The mean percentage score for Participant 4 

was 81.50, with a 17-point data range from 73% to 90%, and minimal variability overall. 

Participant 4 was ill during data collection sessions 15-17, resulting in two data points 

obtained during the final Intervention (B) phase. However, the comprehensive data 

analysis of levels and trends across phases was sufficient for making valid conclusions.

On-Task Level Analysis with Mean Percentage Scores per Phase 

All of the participants’ data demonstrated increased levels of on-task behavior 

from both Baseline (A) phases to both Intervention (B) phases (see Figures 8-11).
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Figure 8. Participant 1 (PI) on-task phase level analysis with mean percentage scores.
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Figure 10. Participant 3 (P3) on-task phase level analysis with mean percentage scores.
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Figure 11. Participant 4 (P4) on-task phase level analysis with mean percentage scores.

Trend Analysis for On-Task Behavior 

During the first Interventioni (B) phase, all of the participants’ data showed 

increasing trend lines (see Figures 12-15). Three of the participant’s trend lines in the 

second Intervention! (B) phase ascended, while the trend line of Participant 2 appeared 

almost flat. During the first Baselinei (A) phase, three of the trend lines were mostly flat, 

and Participant 1 ’s trend line ascended slightly. During the second Baseline2 (A) phase,
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three trend lines descended and Participant 1 ’s trend line ascended. Overall, three of the 

four participant’s data consistently showed baseline trend lines that were mostly flat or 

descending.

Participant 1 (PI) On-Task Trend Analysis

The visual analysis of data for Participant 1 (see Figure 12) showed trend lines 

that were almost flat but were slightly ascending during the first Baselinei (A) phase and 

first Interventioni (B) phase. The trend line descended during the second Baseline2 (A) 

phase and ascended during the second Intervention (B) phase.
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Figure 12. Participant 1 (PI) on-task trend analysis.

Participant 2 (P2) On-Task Trend Analysis

Participant 2 demonstrated ascending trend lines across all phases (see Figure 13). 

This could suggest a lack of experimental control, possibly between the first two phases 

in which there was some overlap of data points. However, the differences between on- 

task behavior during the second Baseline2 (A) phase compared to Intervention (B) phase 

showed immediacy of effect with sufficient differences between phases to suggest that



156

experimental control was established during the last two phases. The differences 

between the data in these phases are absent of any overlap, show an immediate effect, 

and suggest the likelihood of an effect from the intervention.
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Figure 13. Participant 2 (P2) on-task trend analysis.

Participant 3 (P3) On-Task Trend Analysis

The trend for the on-task behavior o f Participant 3 was stable and almost flat 

during the first Baseline i (A) phase (see Figure 14). Upon implementation of the first 

Interventioni (B) phase, the trend line consistently ascended. When returning to the 

Baseline2 (A) phase, Participant 3’s on-task behavior and therefore, trend line, 

consistently descended. Finally, when the second Intervention2 (B) phase began, the 

trend line showed a steady increase.
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Figure 14. Participant 3 (P3) on-task trend analysis.

Participant 4 (P4) On-Task Trend Analysis

The data during the first Baseline i for Participant 4 showed an almost flat trend 

line and a descending trend line during the second Baseline2 (A) phase (see Figure 15). 

The trend line ascended during the first Interventioni (B) phase. For the second 

Intervention (B) phase, Participant 4 was absent due to illness during the final three 

sessions and therefore it was not possible to determine a trend line for the final phase.
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Figure 15. Participant 4 (P4) on-task trend analysis.
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Analysis of Variability, Immediacy, and Overlap for On-Task Behavior 

An analysis of variability across participants revealed that there was variability in 

some phases for all participants (see Figures 16-19). For example, Participant 1 ’s data 

showed some variability during the first Interventioni (B) phase and the second Baseline2 

(A) phase. Participant 2’s data showed some variability during the second Baseline2 (A) 

phase. The data for Participant 3 and Participant 4 showed less variability compared to 

Participants 1 and 2 overall and was relatively minimal. In summary, an examination of 

the variability, overlap, and immediacy within and between phases revealed that although 

some variability and overlap were evident, they were not considered cause for concern. 

Instead, the immediacy of effect across phases for each participant appeared to be a 

stronger indicator for interpreting the data.

Variability, Immediacy of Effect, and Overlap Analysis of Participant 1 (PI)

Participant 1 ’s data (see Figure 16) showed clear indications of immediacy of 

effect across all phases and no overlap across the first two phases, Baseline i (A) and 

Interventioni (B). One data point from the second Baseline2 (A) phase overlapped with 

data from the previous phase, Interventioni (B). The most variability was noted during 

the second Baseline2 (A) phase. However, immediacy was observed by the clear 

differences between the last data points in each phase compared to the first data points in 

the subsequent phases.
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Figure 16. Participant 1 (PI) analysis of variability, overlap, and immediacy for on-task 

behavior.

Variability, Immediacy of Effect, and Overlap Analysis of Participant 2 (P2)

Participant 2’s data (see Figure 17) showed immediacy of effect after the first 

Interventioni (B) phase and again after the second Baseline2 (A) phase with clear 

differences between the final data points to the first data points in the phases that 

followed. Lag was observed after the first Baseline i (A) phase upon beginning the first 

Interventioni (B) phase with the first data point from session 5. The subsequent data 

points in the Interventioni (B) phase remained much higher than the data within the first 

Baselinei (A) phase. The data point from session 5 in the first Interventioni (B) phase 

was also a point of overlap with data in the first Baselinei (A) phase. In addition, the 

final data point in the second Intervention! (B) phase is the same value as the first data 

point in the first Interventioni (B) phase, thereby showing overlap. In addition, there 

appeared to be the greatest variability in the second Intervention2 (B) phase. Overall, the 

variability and overlap are not significant concerns. Further, the overlap was limited to 

one data point and the immediacy of effect is strong across the other phases.
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Figure 17. Participant 2 (P2) analysis of variability, overlap, and immediacy for on-task 

behavior.

Variability, Immediacy of Effect, and Overlap Analysis of Participant 3 (P3)

Immediacy of effect for Participant 3 was visible after the first Interventioni (B) 

phase to the second Baseline2 (A) phase, and again after the second Baseline2 (A) phase to 

the second Intervention (B) phase (see Figure 18). A data point with the value of 60% 

recurred three times, once each in the first three phases, which created some overlap. 

Variability was not a concern because it was relatively minor and the trends were 

consistent overall. Despite some overlap, other characteristics of these data stand out as 

strong indicators of changes between phases such as the level, trend, and immediacy. 

Therefore, overlap was noted but did not cause significant concern.
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Figure 18. Participant 3 (P3) analysis of variability, overlap, and immediacy for on-task 

behavior.

Variability, Immediacy of Effect, and Overlap Analysis of Participant 4 (P4)

Participant 4’s on-task behavioral data showed immediacy of effect between two 

out of three phases (see Figure 19). There was overlap with the final data point of the 

first Intervention] (B) phase and the first data point of the second Baseline2 (A) phase, 

which indicated some lag in the effect of the intervention. However, the lag was evident 

only in the first data point of the second Baseline2 (A) phase, as illustrated by a 30-point 

decrease of the second data point in the second Baseline2 (A) phase. The overall 

immediacy of effect for Participant 4 appears to be a stronger indicator of an effect than 

potential concerns of one overlapping data point.
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Figure 19. Participant 4 (P4) analysis of variability, overlap, and immediacy for on-task 

behavior.

Across-Phase Data Analyses for On-Task Behavior 

As recommended by O’Neill et al. (2011), I completed a thorough analysis of 

within-phase characteristics (p. 56), including level, trend, and variability as a portion of 

the data analysis necessary to determine if a functional relationship existed between the 

independent and dependent variables. O’Neill et al. (2011) emphasized that in addition 

to analyzing data within-phases, data should also be analyzed across phases of the study. 

O’Neill et al. (2011) referred to this as “across-phase characteristics” (p. 58). According 

to O’Neill et al. (2011), “In most SRC designs, evaluating potential changes in data 

between or across phases is what allows us to answer the primary question of whether or 

not a functional relationship is demonstrated between the independent and dependent 

variables” (p. 58). Changes in data can be demonstrated by examining differences 

between the level, variability, and trend of data across phases.

Additional across-phase analyses should include an examination of immediacy o f  

effect (O’Neill et al., 2011). O’Neill et al. (2011) explained, “Immediacy o f  effect refers
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to how quickly changes are apparent from the end of one phase and the beginning of 

another” (p. 59). The more immediate the effect, the stronger the evidence will be in 

support of the effectiveness of the intervention (O’Neill et al., 2011). Similarly, the less 

overlap of data points that exists between phases, the better. No overlap of data points 

between phases suggests the strongest effect (O’Neill et al., 2011). Finally, similar 

patterns observed across similar phases “provides a stronger demonstration of 

experimental control” and “can be taken to indicate that successful assessment and 

control of the relevant variables have been established” (O’Neill et al., 2011, p. 59).

Across-Phase Analysis of Differences for On-Task Behavior 

Level Analysis for On-Task Behavior

Table 6 displays the aggregated and analyzed mean differences of on-task 

behavior of participants between phases. The data show increases of mean scores for 

every participant from Baselinei (A) to Interventioni (B). For example, Participant 1 

demonstrated consistently increasing levels of on-task behavior from the first Baselinei

(A) to the Interventioni (B), of 27.50 and 67.25, respectively. During the second two 

phases, a similar increase in the data from Baseline2 (A) to the Intervention (B) phase 

was evident with mean scores of 43.75 and 78.50, respectively. An examination of the 

data revealed that every participant demonstrated similar mean score increases across 

phases.
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Table 6

Mean Differences o f  On-Task Behavior

Mean Percentage Scores 
by Phase

Participant 1 Participant 2 Participant 3 Participant 4

Baselinei (A) 27.50 51.75 51.75 32.50
Standard Deviation (SD) 9.57 9.95 6.18 8.81

Intervention) (B) 62.25 66.75 75.75 77.50
Standard Deviation (SD) 8.30 11.90 16.68 4.12

Mean Difference from 
Baselinei to Intervention)

+34.75 +15.00 +24.00 +45.00

Baseline2 (A) 43.75 37.25 62.50 57.50
Standard Deviation (SD) 16.80 14.97 13.58 17.82

Intervention (B) 80.67 75.80 87.60 81.50
Standard Deviation (SD) 9.29 9.73 10.04 12.02

Mean Difference from 
Baseline2 to Intervention

+36.92 +38.55 +25.10 +24.00

Combined Means of 
Baseline i+Baseline2

35.84 44.50 57.13 45.00

Combined Means of 
Intervention) +Intervention

71.46 71.28 81.68 79.50

Mean Differences from 
Combined Baselinei +2  

to Intervention 1+2

+35.62 +26.78 +24.55 +34.50

The smallest increase in the mean score was demonstrated during the first two 

phases, Baselinei (A) and Intervention) (B). Participant 2 demonstrated an increase of 

15.00 points, which was the smallest increase in mean differences across participants and 

phases. Participant 4 demonstrated a mean increase of 44.25 points, which was the 

largest increase across the first two phases of Baselinei (A) and Intervention) (B).
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Increases in mean scores from the second Baseline2 (A) phase to the second 

Intervention (B) phase were also examined for each participant. The smallest increase 

was demonstrated in Participant 4’s data, which showed an increase of 23.75 points. 

Participant 2’s data showed the largest increase in mean scores from the second Baseline2

(A) phase to the second Intervention (B) phase. Overall, consistent increases were 

evident between the mean scores from both baseline phases to both of the intervention 

phases.

Trend Analysis for On-Task Behavior between Phases 

An examination of the trend data for each participant between phases revealed 

that the trend lines were more consistent across participants within the same phase. For 

example, during the Baselinei (A) phase, all participants demonstrated a stable baseline, 

three of which were flat and one with a slightly increasing trend that was minimal and 

considered stable. During the Interventioni (B) phase, data from three participants 

showed increasing trend lines, and Participant 1 had an almost flat trend line. The data 

were considered to be consistent across the first two phases of Baselinei (A) and 

Interventioni (B).

Data during the second Baseline2 (A) showed decreasing trend lines for three of 

the four participants. Participant 2’s data showed an increasing trend line however, the 

overall data for Participant 2 dropped during this phase and although the trend line 

increased, the data points remained below values in the previous Interventioni (B) phase. 

During the last phase, Intervention (B), the on-task data of Participant 1, Participant 2, 

and Participant 3 showed increasing trend lines. Because Participant 4 had only two data
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points for Intervention (B), a trend line cannot be determined. Table 7 displays the trend 

direction of on-task behavior of participants between phases.

Table 7

Trend Direction o f On-Task Behavior o f  Participants between Phases

Phase and Trend Participant 1 Participant 2 Participant 3 Participant 4
Baselinei (A) 
Trend Direction 
Trend line R2

Slightly
Increasing

.18
Almost Flat 

.07
Almost Flat 

.02
Flat
.00

Interventioni (B) 
Trend Direction 
Trend line R2

Almost Flat 
.00

Increasing
.73

Increasing
.91

Increasing
.88

Baseline2 (A) 
Trend Direction 
Trend line R2

Decreasing
.25

Increasing
.42

Decreasing
.83

Decreasing
.30

Intervention (B) 
Trend Direction 
Trend line R2

Increasing
.37

Increasing
.05

Increasing
.67

NA

Interrater Reliability for On-Task Behavior 

Interrater reliability was measured by following procedures to obtain 

interobserver agreement (IOA) indices, which were conducted for approximately 30% of 

the observations across phases. This surpasses the 25% minimum recommended by 

What Works Clearinghouse™ (Kratochwill et al., 2010). To establish IOA ratings, two 

trained observers collected data during 5 out of the 17 total observations. Specifically, 

IOA was conducted at least once during each of the four study phases to verify 

consistency of data collection across phases and observers.
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Interobserver Agreement (IOA) for On-Task Behavior

The results of IOA were calculated using Randolph’s Online Kappa Calculator 

(Randolph, 2008), which facilitated calculation for birater free marginal kappa, or 

Bennet’s S (Randolph, 2005), and the percent of overall agreement (P0) for individual 

participants within sessions and for the session total. Randolph (2008) explained that 

indices are reported with a “range from -1.0 to 1.0 with -1.0 indicating perfect 

disagreement below chance, 0.0 indicating agreement equal to chance, and 1.0 indicating 

perfect agreement above chance” (para. 1). Randolph (2008) suggested that indices of 

.70 or higher “indicates adequate interrater agreement” (para. 1). The results indicated 

that the overall IOA kappa indices were at or above .70, a level considered sufficient for 

meeting interobserver agreement with acceptable values (see Table 8). The acceptable 

levels of IOA additionally suggested that the operational definitions of the variables were 

clear and objective, the data collection instrument was effective, the observers were 

sufficiently trained, and that the observers maintained a high level of agreement.
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Table 8

Free Marginal Kappa: Bennet’s S  and Percent o f Overall Agreement (P„) for On-Task 
Behavior

Participants Free Marginal Kappa Percentage of Agreement (P0)
Session #1 (Si) Phase (A) Baselinei
Participant 1 1 . 0 0 1 0 0 .0 0 %
Participant 2 .87 93.00%
Participant 3 .93 97.00%
Participant 4 .93 97.00%
Session 1 Total .93 96.75%
Session #9 (So) Phase (B) Treatment!
Participant 1 .93 97.00%
Participant 2 .60 80.00%
Participant 3 1 . 0 0 1 0 0 .0 0 %
Participant 4 .87 93.00%
Session 9 Total .85 92.50%
Session #11 (Sn) Phase (A) Baseline?
Participant 1 .93 97.00%
Participant 2 .93 97.00%
Participant 3 .67 83.00%
Participant 4 .87 93.00%
Session 11 Total .85 92.50%
Session #13 (Si?) Phase (A) Baseline?
Participant 1 .80 90.00%
Participant 2 1 . 0 0 1 0 0 .0 0 %
Participant 3 .73 87.00%
Participant 4 1 . 0 0 1 0 0 .0 0 %
Session 13 Total . 8 8 94.25%
Session #17 (Si7) Phase (B) Treatment?
Participant 1 .80 90.00%
Participant 2 .93 96.00%
Participant 3 .87 93.00%
Participant 4 .93 97.00%
Session 17 Total . 8 8 94.00%
Sessions 1-17 Combined Agreement bv Participant
Participant 1 .89 94.80%
Participant 2 . 8 6 93.20%
Participant 3 .84 92.00%
Participant 4 .92 96.00%
Sessions 1-17 .87 94.00%

Note. Calculated Using Randolph’s Online Kappa  Calculator (2008).
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As illustrated in Table 8, the data for IOA were disaggregated for each session to 

ensure that adequate agreement was obtained for individual participants in addition to 

overall session agreement indices. There were two IOA measures for individual 

participants that were below the recommended free marginal kappa level of .70. IOA 

from the first Interventioni (B) phase during session 9 yielded a free marginal kappa 

rating of .60 for Participant 2. IOA from the second Baseline2 (A) phase during session 

11 resulted in an index of .67 for Participant 3. Both observers made anecdotal notes to 

document concerns for the data related to these participants during the respective data 

collection sessions.

During session 9, both observers noted that it was difficult to see exactly what 

Participant 2 was doing with his manipulatives. Therefore, it was difficult to accurately 

record data for him during several intervals, which resulted in more disagreement than 

expected. Similarly, Observer 2 noted that while collecting data during session 11, she 

was able to observe Participant 3 writing, but was unable to see on what surface 

Participant 3 was writing. Observer 1 noted that Participant 3 was writing on her hand 

and on the exterior of her notebook. However, Observer 2 was only able to see that 

Participant 3 was writing, and therefore coded the data accordingly. Adjustments were 

made to the observer’s seating arrangements after each of these observation sessions to 

reduce the likelihood of similar problems during subsequent observation sessions.

Overall, the IOA data for on-task behavior were sufficient. The free marginal 

kappa index, Bennet’s S, for all five interrater reliability observations by participant were 

.89, .86, .84, and .92, respectively. The free marginal kappa index, measured with
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Bennet’s S, for all participants and all sessions combined was .88, with the overall 

percentage of agreement at 94%.

Treatment Integrity and Fidelity

Validity measures for treatment fidelity were obtained through the use of a 

treatment fidelity checklist (see Appendix G) that the teacher-implementer completed 

upon the conclusion of each session during both baseline phases and both intervention 

phases. The fidelity checklists were completed 100% of the time and the self-ratings of 

the teacher-implementer reflected 100% treatment fidelity.

Analysis of Data for Task Completion 

The second research question was designed to investigate if a functional 

relationship would be found between the use of math manipulatives and task completion 

during general mathematics instruction in a third-grade classroom. Upon completion of 

each session, the teacher-implementer indicated if the participant completed the task, thus 

informing the data collection. The observer recorded the number 1 if the participant 

completed the task or 0 if the participant did not complete the task (see Figures 20-23) 

according to what the teacher-implementer reported.

Visual patterns for these data showed that during the first Baselinei (A) phase, the 

average of each participant’s task completion ratings were in the low to moderate range, 

from 0% to 50%. The average of each participant’s task completion ratings remained 

low during the second Baseline? (A) phase, decreasing for Participant 2 and Participant 3, 

and increasing slightly for Participant 1 and Participant 4.
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Participant 1 (PI) Task Completion

Participant 1 (P l)’s data (see Figure 20) for task completion showed a slow and 

minimal increase across phases. The average for task completion during the second 

Intervention (B) phase was higher than previous phases. However, this participant had 

only three data points in the second Intervention (B) phase whereas there were four data 

points in the other three phases, and this may have impacted the overall average for this 

phase when comparing it to the other phases.
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Figure 20. Participant 1 (PI) average of task completion ratings per phase.

Participant 2 (P2) Task Completion

Participant 2’s (P2) data (see Figure 21) for task completion showed a steady 

downward trend across the first three phases. The average of tasks completed increased 

during the second Intervention (B) phase but did not exceed the percentage of tasks 

completed within the first Baselinei (A) phase.



172

&
I
o.e
<3
1
4

Baseline 1 

A

intervention 1 Baseline 2 

A

Intervention 2 

B
100

90

80

70

60

50

AO

30

20

10

0
421

Figure 21. Participant 2 (P2) average of task completion ratings per phase.

Participant 3 (P3) Task Completion

The percentage of tasks completed for Participant 3 (P3) remained the same at 

50% across the first Baselinei (A) phase and the first Interventioni (B) phase (see Figure 

19). The rate dropped to 25% during the second Baseline2 (A) phase then increased to 

100% during the second Intervention2 (B) phase (see Figure 22).
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Figure 22. Participant 3 (P3) average of task completion ratings per phase.
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Participant 4 (P4) Task Completion

The data for task completion for Participant 4 (P4) showed lower levels in the 

baseline phases, at 0% and 25% respectively, with increases in the subsequent 

intervention phases of 75% and 50% respectively (see Figure 23).
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Figure 23. Participant 4 (P4) average of task completion ratings per phase.

Analysis of Mean Differences of Data for Task Completion

The visual analyses of data for individual participants showed minimal patterns 

and subtle changes in the number of tasks completed for each phase. Therefore, a 

comparison of mean scores and their differences was conducted (see Table 9). The data 

in Table 9 show that two of the four participants demonstrated increases in task 

completion from the first Baselinei (A) phase to the first Interventioni (B) phase. The 

other two participants demonstrated no change in the percentage o f tasks completed from 

the first Baselinei (A) phase to the first Interventioni (B) phase.

The differences from the second Baseline2 (A) phase to the second Intervention

(B) phase showed that all participants increased in their mean scores for task completion.
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The combined means of each of the phases were then compared to determine the 

differences between the baseline and intervention phases, which showed that all 

participants increased in the percentage of task completion from baseline to intervention.

Table 9

Mean Differences fo r Task Completion

Mean Percentages 
by Phase

Participant
1

Participant
2

Participant
3

Participant
4

Participants
1-4

Baselinei (A) 0.00 50.00 50.00 0.00 25.00

Interventioni (B) 25.00 50.00 50.00 75.00 50.00

Mean Difference 
from Baselinei to 
Interventioni

+25.00 0.00 0.00 +75.00 +50.00

Basel ine2 (A) 25.00 25.00 25.00 25.00 25.00

Intervention (B) 67.00 40.00 100.00 50.00 64.25

Mean Difference 
from Basel ine2 to 
Intervention

+42.00 +15.00 +75.00 +25.00 +39.25

Combined Means of 
Baseline i +Baseline2

12.50 37.50 37.50 12.50 25.00

Combined Means of 
Interventioni + 
Intervention

46.00 45.00 75.00 62.50 57.13

Mean Differences 
from Combined 
Baseline i+2  

to Intervention] +2

+33.50 +7.50 +37.50 +50.00 +32.13
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Although the differences in mean scores across phases for individual participants 

and when combined for all participants appear to show strong differences between 

phases, it is important to emphasize that each score for task completion was either a one 

or a zero. The number of tasks per phase was the same for the first three phases,

Baselinei (A), Intervention] (B), and Baseline2 (A). The final phase, Intervention (B) had 

five data points. However, Participant 1 was absent on two of the five sessions of 

Intervention (B) and Participant 4 was absent on three of the five days of Intervention

(B). Therefore, the percentages were calculated with fewer opportunities for these 

participants than Participant 1 and Participant 3.

Summary of Data Analysis for Task Completion

Despite the data presented in Table 9 of the analysis of mean differences of 

participants and phases, an important factor to consider is that the visual analyses of these 

data (see Figures 20-23) did not show consistent evidence for patterns in level changes, 

trends, or immediacy of effect across phases. The raw data for each participant show six 

different incidents of lag between phases, in which there was no notable change in the 

participant’s measure for task completion. The following review of social validity may 

provide some insight for better understanding of the data for task completion.

Social Validity

Measures for social validity were obtained through survey questions that the 

teacher-implementer and participants answered upon the conclusion of the study (see 

Appendices H and I). The teacher-implementer completed responses for the survey 

independently and expressed pros and cons for using manipulatives during math
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instruction. Overall, the responses from the social validity surveys expressed a 

preference for using math manipulatives 

Teacher-implementer Responses for Social Validity

Pros for using math manipulatives were expressed in the teacher-implementer’s 

survey responses. The teacher-implementer stated that she believed that students 

benefited from using manipulatives. She added that students told her that they liked 

using the manipulatives more than pencil and paper. The teacher-implementer stated that 

she would be “very likely” to use manipulatives in a whole group setting and believed 

that manipulatives increased student engagement when they were used appropriately. 

When asked what suggestions the teacher-implementer had for other teachers who are 

considering the use of manipulatives, the teacher-implementer responded with a 

suggestion that was included in the present study. She said that teachers should be sure 

to incorporate free-play time with manipulatives before beginning a lesson that utilizes 

them, especially when the particular manipulatives are novel to students.

In response to the survey prompt that asked specifically about challenges, 

concerns, or problems with using math manipulatives, the teacher-implementer indicated, 

“Students would sometimes play with the manipulatives instead of using them to do the 

actual math.” One of the cons stated by the teacher-implementer was that students could 

become distracted by the manipulatives.

Student-Participant Responses for Social Validity

The student-participants provided feedback from a survey that was individually 

administered interview-style by the researcher. The results (see Appendix I) indicated
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that students liked using math manipulatives, which they believed helped them learn 

math. Some of the student-participants had difficulty answering some of the survey 

questions. For example, Participant 4 paused, smiled, and looked around for several 

seconds before answering five o f the questions. She was willing to answer and 

participate in the survey but she seemed to have difficulty articulating her thoughts in 

response to the way the questions were phrased.

Three of the four participants consistently provided similar responses that 

expressed a preference for using math manipulatives. Participant 4’s responses were not 

always consistent with those of the other participants. In response to a question that 

asked the participants if they learn better with or without the use of manipulatives, three 

participants indicated that using manipulatives was helpful for their learning. Participant 

4 suggested that she learns better by listening and watching. When asked if  there are any 

materials that help you learn, three participants stated that Legos, paper strips, fraction 

bars, and blocks helped them learn. Participant 4 answered this question by saying,

“No.” All of the participants were able to describe something they liked about a fractions 

lesson and all of their responses included naming one or more math manipulative. When 

asked to describe something about a fractions lesson that they did not like, three 

participants said that they liked all of the lessons. Participant 4 said that she did not like 

the paper strips because she kept running out of them.

Many of the student responses to the survey questions suggested that three out of 

the four students consistently preferred or liked using math manipulatives. However, a 

couple of questions yielded answers that were not clear. For example, when asked if they
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can think of something that helps them, one participant stated that Legos and paper strips 

helped. Participant 2 did not seem to understand the question and responded by saying 

that division and multiplication help him learn. Participant 3 said that it helps when her 

teacher helps her. Participant 4 could not think of anything that helps her learn.

Participant 2’s response to one question may have provided insight related to an 

anecdotal note made by an observer during the first Baselinei (A) phase and the first 

Interventioni (B) phase. The observer noted that Participant 2 seemed to respond to 

teacher proximity during instruction. On the social validity survey question that asked 

what helps you stay on-task, Participant 2 responded by stating that it helps when his 

teacher tells him to do his work. Participant 2 provided a similar response when asked 

what helps him finish his tasks by stating that it helps when his teacher tells him to do his 

work. It should be noted that throughout all phases of this study, the teacher-implementer 

did not provide verbal or nonverbal cues or redirection to remain on-task or complete 

tasks. Instead, the teacher-implementer ignored off-task behaviors as measured daily by 

treatment fidelity.

Teacher-implementer Comments

In addition to the social validity survey responses provided by the teacher- 

implementer, the teacher-implementer shared her thoughts throughout the study. For 

example, the teacher-implementer stated that it was difficult to allow students to engage 

in off-task behaviors without redirecting them, which was a source of some frustration 

during this study. She stated that using manipulatives with the whole class would be not 

be stressful if she could provide basic redirection and prompts for student behavior and
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deliver positive reinforcement for students who were using their manipulatives 

appropriately, staying on-task, and completing tasks.

Summary

This study was designed to investigate whether there was a functional relationship 

between the independent variable of using math manipulatives and the dependent 

variables of on-task behavior and task completion within the context of a third-grade 

classroom in the general education setting. One teacher-implementer facilitated the 

delivery of instruction according to the specifications of the single-participant ABAB 

withdrawal design methodology to a total of four participants. There were four phases of 

this study that occurred over a total of 17 data collection sessions.

Strategies for data analysis, informed by following guidelines suggested by What 

Works Clearinghouse™ (2014), Homer et al. (2005), and O’Neill et al. (2011), included 

six features “used to assess whether the data demonstrate at least three indications of an 

effect at different points in time” (Kratochwill et al., 2010, p. 19): level, trend, variability, 

immediacy of effect, overlap, and patterns across phases. These six factors guided the 

focus for analyzing the results of this study. Additionally, calculations of means were 

completed in order to compare mean differences across phases for the dependent 

variables of on-task behavior and task completion.

The outcome of this thorough analysis of data, including an overall visual 

inspection of data, indicated that of the two dependent variables in this study, on-task 

behavior and task completion, the data from on-task behavior met the criteria established 

by What Works Clearinghouse™ (Kratochwill et al., 2010). As reported by What Works
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Clearinghouse™ (Kratochwill et al., 2010), if the criterion for the six features are met, 

then “the data are deemed to document a causal relation, and an inference may be made 

that changes in the outcome variable is causally related to manipulation of the 

independent variable” (p. 19). Conclusions and implications of these results will be 

discussed in the next chapter.



CHAPTER 5

FINDINGS, CONCLUSIONS, AND IMPLICATIONS

The findings of this study confirm the value of engaging students through active

learning strategies, specifically through the use of concrete math manipulatives during

math instruction. Although many studies of math manipulatives support the instructional

benefits of using math manipulatives to impact student achievement, they

overwhelmingly focused on student learning outcomes (Belenky & Nokes, 2009; Brown,

McNeil, & Glenberg, 2009; Carbonneau, Marley, & Selig, 2013; Clements & Sarama,

2007; Martin & Schwartz, 2005; McNeil & Fyfe, 2012; McNeil, Uttal, Jarvin, &

Sternberg, 2009; Moyer-Packenham et al., 2013; Sowell, 1989; Yusof & Lusin, 2013)

and did not examine the potential effects of manipulatives within the behavioral domain.

The behavioral research base included many strategies that supported active

learning, such as the use of response cards (Christie & Schuster, 2003; Randolph, 2007;

Wood, Mabry, Kretlow, Lo, & Galloway, 2009), use of tactile prompts (Moore,

Anderson, Glassenbury, Lang, & Didden, 2013), antecedent physical activity (Luke, Vail,

& Ayres, 2014), hand-raising and choral responding (Godfrey, Grisham-Brown, Schuster,

& Hemmeter, 2003), and the use of highlighters (Kercood & Grskovic, 2009; Menekse,

Stump, Krause, & Chi, 2013). Comprehensively, these studies provided a sampling of

strategies that represented active learning as a means to positively affect student

behavior, specifically, student engagement or on-task behavior. However, the active
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learning research base lacked studies that explicitly explored the effects of using concrete 

math manipulatives on the behavior of staying on-task and task completion. Further, 

despite reports and recommendations from credible sources for using math manipulatives 

(NCTM, 2000; NCSM, 2013; CCSSI, 2015) and validated studies and meta-analyses 

(Carbonneau et al., 2013; Sowell, 1989; Suydam & Higgins, 1977), the perpetuation of 

less effective traditional practices, such as memorization, focus on procedural skills, and 

the use of algorithms, often overshadows opportunities for students to be engaged in 

active learning (Cooper et al., 2012; Moyer, 2001).

Organizations such as the National Council of Mathematics (NCTM) and the 

National Council of Supervisors of Mathematics (NCSM) provided among their 

recommendations the inclusion of manipulatives for mathematics instruction (NCSM, 

2013; NCTM, 2000). Educational theorists who espoused the use of concrete math 

manipulatives and strongly emphasized the value of active learning experiences included 

Dienes (1974), Piaget (1952), and Bruner (1960/1977). In addition to theorists, 

researchers such as Belenky and Nokes (2009), Chi (2009), Menekse et al. (2013),

Sowell (1989), and Carbonneau et al. (2013) have advocated for instructional practices to 

include active learning strategies as strategies that support student learning and 

engagement. The present study, therefore, was designed to add to the field by exploring 

the effects of the active learning strategy of using concrete math manipulatives on student 

engagement as measured by on-task behavior and task completion.
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Overview

The purpose of the present study was to investigate whether a functional 

relationship existed between the independent variable of concrete math manipulatives and 

the dependent variables of on-task behavior and task completion. My findings indicated 

that there was a functional relationship between the use of concrete math manipulatives 

and on-task student behavior. A functional relationship was not found between the use of 

concrete math manipulatives and task completion. Measures for social validity revealed 

that the teacher-implementer and the participants felt positively about using concrete 

math manipulatives. The participants believed that manipulatives were beneficial for 

their learning. In the following sections of this chapter, I provide a summary of this study 

followed by a detailed review of all of the findings. Finally, I discuss conclusions, 

implications for practice, and suggestions for future research.

Summary of the Study

This study, situated in a small, suburban elementary school in the southeastern 

United States, utilized methodology from single-participant research using an ABAB 

withdrawal design over a total of 17 data collection sessions. A third-grade general 

education teacher implemented instruction for the study sessions in her homeroom class 

during her regularly scheduled whole group math instructional time. Prior to beginning 

the study, the teacher identified five students whom she reported consistently 

demonstrated difficulty with on-task behavior and task completion.

Of the five students identified by the homeroom teacher as potential participants, 

four students provided signed parental consent and student assent forms, and one parent
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signed the form but denied consent. There were four phases within this study, designated 

in sequential order as ABAB. The first and third phases were referred to as Baselinei (A) 

and Baseline2 (A) respectively, while the second and fourth phases were designated as 

Interventioni (B) and Intervention (B) respectively.

During the baseline phases, the teacher-implementer delivered whole group math 

instruction as per her normal practice, but she withdrew the use of any form of concrete 

math manipulatives or learning tools. The intervention phases only varied from the 

baseline phases by the addition of math manipulatives as an active learning strategy, 

which also provided concrete representations of the conceptual content participants were 

learning throughout their unit on fractions.

To maximize internal validity of the study, it was necessary to ensure that the 

behavior of the teacher-implementer did not have any impact the dependent variables of 

on-task student behavior and task completion. Therefore, the teacher-implementer was 

required to refrain from redirecting student misbehavior throughout all of the sessions.

She was also required to refrain from providing positive feedback or reinforcement for 

appropriate behavior throughout the study sessions. The following of these requirements, 

also specified in her daily treatment fidelity checklist, minimized potential effects from 

confounding factors on the dependent variables.

All of the participants completed all phases of the study. However, two 

participants had absences from school during the final phase of the study. Participant 1 

was absent for sessions 15 and 16. Participant 4 was absent on sessions 15, 16, and 17. 

The study design and the resulting data analysis remained within the guidelines for
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single-case design provided by O’Neill, McDonnell, Billingsley, and Jenson (2011),

What Works Clearinghouse™ (Kratochwill et al., 2010), and Homer et al. (2005). The 

research questions are listed next, followed by a discussion of the findings.

Research Questions

1. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student’s time on-task in a general 

education third-grade classroom?

2. What functional relationship, if any, will be found between the use of concrete 

manipulatives in mathematics and student’s task completion during 

mathematics in a general education third-grade classroom?

Discussion of Findings

Chapter 4 provided comprehensive narrative descriptions and graphic illustrations 

of the results of the present study, which included sufficiently thorough evidence to 

conclude that a functional relationship exists between the use of concrete math 

manipulatives and student on-task behavior for the third-grade general education 

participants. Conversely, the results of the present study did not demonstrate evidence of 

a functional relationship between the use of concrete math manipulatives and task 

completion for the third-grade general education participants. This section presents a 

discussion of the findings in the same order in which they were presented in Chapter 4.
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Evaluation of Results

The results for the two research questions, which addressed student on-task 

behavior and task completion, were examined using strategies for visual analysis and 

included both within-phase and across-phase analyses (Homer et al., 2005; Kratochwill et 

al., 2010; O’Neill et al., 2011). Additional data for interrater reliability measures were 

examined with Bennet’s S statistic for free marginal kappa, which accounts for error 

when calculating interobserver agreement (IOA) indices (Randolph, 2005). The mean 

percentage scores for participant data for each phase were calculated to explore patterns 

across phases and to investigate the results of mean differences, including combined 

mean differences of student on-task behavior. Finally, social validity was evaluated 

through surveys presented to the teacher-implementer and student-participants. A 

discussion of the findings begins with the first research question.

Levels of On-Task Behavior

The data for student on-task behavior showed clear differences in levels between 

all phases and for all participants. The data in both baseline phases had lower mean 

percentages than the data in both of the intervention phases. The data in the second 

Intervention (B) phase had higher mean percentages than the first Interventioni (B) 

phase. In other words, the pattern of levels across the four ABAB phases was low(A)- 

high(B)-low(A)-high(B). Clear differences in levels with consistent patterns are 

indicative of experimental control and an effect from the intervention. However, in 

addition to data analysis o f levels, the researcher must also consider other features of the
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data so that conclusions are derived from a thorough and comprehensive analysis of data. 

Therefore, patterns in the trends of the data were examined next.

Trends of On-Task Behavior

There were distinct trends in the data for on-task behavior for most participants 

that were similar across phases. For example, in the first Baseline i (A) phase, the data 

from three out of four participants showed almost flat trends, and the data from 

Participant 2 showed a slightly ascending trend. These trends were important to establish 

in baseline because a flat trend is an indication that the behavior is stable and not in the 

process of change. The trend for the second baseline was descending for three of the four 

participants. Again, this pattern was consistent and demonstrated that the student on-task 

behavior was not increasing during the baseline phase for three participants. The data for 

Participant 2 was unique in that it ascended in every phase of the study. However, 

Participant 2’s on-task behavior remained at clearly lower levels during both baseline 

phases when compared to the intervention phases so this trend was not a concern.

Trends in the data for the participants remained consistent across all phases, 

particularly across both intervention phases, during which the data for all of the 

participants showed consistently ascending trends. One exception to this pattern was 

evident during the second Intervention (B) phase when Participant 4 was absent. Due to 

illness, Participant 4 was only present for two data sessions during the second 

Intervention (B) phase; therefore, it was not possible to identify a trend. Despite the 

absence of Participant 4 during the second Intervention (B) phase, the trend lines from
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the other three phases for this participant were consistent; therefore, the lack of trend data 

for the second Intervention (B) phase for Participant 4 was not a concern.

Immediacy of Effect for On-Task Behavior

In the next analysis, I examined the data for immediacy of effect across phases. 

Immediacy of effect is evident when there is a difference in the level of data when 

transitioning from the end of one phase to the beginning of the next phase. For example, 

the final data point for on-task behavior in the first Baselinei (A) phase for Participant 4, 

collected during session four, had a value of 40 percent. Immediately following was 

session 5, for which the value of the first data point of the first Interventioni (B) phase 

was 73 percent. The difference between these phases was 33 points. Therefore, 

immediacy of effect was evident due to the clear differences of data point values between 

these phases.

A data review was conducted for immediacy of effect to compare all participants 

across all phases. Immediacy was evident between all three phase-transitions for 

Participant 1 and Participant 3. At the end of the first Baselinei (A) phase, the data for 

Participant 2 showed some lag between session four (47%) and session five (50%) as 

noted by a relatively small increase of 3-points. However, the data point for session six 

increased by 17 points, to 67%, and continued to increase through the end of this phase. 

Therefore, lag was not a concern for Participant 2.

Participant 4’s data for immediacy of effect showed lag similar to that of 

Participant 2’s data. The data points between the Interventioni (B) phase and the second 

Baseline2 (A) phase showed a decrease of 3 points. However, the following data points
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dropped sharply from 80% during session nine down to 53% for session ten. This change 

between phases of 33-points showed a clear difference in levels of behavior from one 

phase to the next. Overall, the data showed sufficient differences within the different 

phases and the minimal lag that was noted did not warrant a concern.

Variability and Overlap for On-Task Behavior

In addition to analyzing the level, trend, and immediacy of effect for all 

participants, the researcher also examined variability and overlap. Variability was 

evident for most of the participants within each phase; however, despite some variability, 

the data levels and trends continued to display consistent patterns overall, so variability 

was not a concern. Often, when there is variability, there can also be some overlap. 

Overlap occurs when data points from one phase descend below or ascend above the data 

point pattern in the subsequent phase.

An example of overlap was evident after the first Baselinei (A) phase, for which 

Participant 2’s data values for sessions 1-4 were 40%, 60%, 60%, and 47%, respectively. 

Upon proceeding to the next phase in Interventioni (B), the values of the data points were 

50%, 67%, 77%, and 73%, respectively. Overlap of data was evident due to the first data 

point of 50% in Interventioni (B) because it was within the range of data points from the 

previous phase, which ranged from 40 to 60 percent. Similar to the results of the 

variability analysis, some overlap was evident for all participants across phases.

However, the overlap was not of particular concern because the differences in levels, 

patterns of trends, and patterns across phases provided stronger support for an effect from 

the intervention.
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Summary of Findings for On-Task Behavior

Overall, the findings for on-task behavior, which was addressed in the first 

research question, indicated that there was a functional relationship between the use of 

concrete math manipulatives and on-task student behavior. Upon introduction of both 

intervention phases for using concrete math manipulatives, student on-task behavior 

consistently increased and remained at higher levels than during the baseline phases when 

no math manipulatives were used. During the baseline phases when math manipulatives 

were not used, on-task behavior levels were pervasively lower and remained at lower 

levels for all participants.

Visual Analysis of Task Completion

The second research question was designed to examine whether there was a 

functional relationship between the use of concrete math manipulatives and task 

completion. The researcher examined these data in a similar manner as the data for on- 

task behavior. However, the values of the raw data were different for task completion; 

therefore, some differences were noted when examining these data.

It is important to note that the observer scored task completion with the number 1 

if the participant completed the task and a 0 if the participant did not complete the task. 

The visual analysis did not reveal any consistent changes in levels, trends, or patterns of 

data across or within phases. Further, the data for task completion did not show 

immediacy of effect, nor did it show the recurrence of behavior levels, patterns, or trends 

over three repetitions. Although the means for each participant and each phase were 

examined and differences between baseline and intervention phases were evident, the
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differences did not suggest an effect from the intervention on task completion.

Therefore, the answer to the second research question was that there was no evidence of a 

functional relationship between the use of concrete math manipulatives and task 

completion.

Interobserver Agreement (10A)

Interobserver agreement (IOA) measures were obtained during every phase of the 

study for 5 out of 17 observation sessions using Randolph’s Online Free Marginal Kappa 

Calculator (Randolph, 2008). The results for each session in which IOA was obtained 

indicated that the combined agreement levels for all participants during all sessions was 

94.00% with the Bennet’s S index value of .87, which is above the minimum level of .70. 

Therefore, the observation instrument was effective and observer agreement levels were 

sufficient.

The IOA data further support the adequacy of the operational definitions of the 

dependent variables and the skills of the observers to collect accurate data. Both 

observers participated in detailed training sessions and pilot studies, which provided 

practice with use of the data collection instrument. An additional area of strength of the 

observers was that, at the time of the study, both observers were behavior specialists. 

Therefore, both observers were skilled at observing behavior and at effective utilization 

of data collection instruments.

Social Validity

Social validity was the final measure of data analyzed for this study. Social 

validity was assessed through a survey for the teacher-implementer and a survey for the
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participants. The results of the teacher-implementer’s survey indicated that she liked 

using manipulatives as an instructional tool. She believed that the manipulatives helped 

students learn but also shared her belief that the manipulatives could distract the students. 

An important factor to consider was that in order to examine the possible effect of using 

math manipulatives on student on-task behavior and task completion, the teacher- 

implementer had to refrain from redirecting student behavior throughout every study 

session. Whereas the teacher-implementer would normally speak to students to redirect 

behavior or reinforce behavior, the treatment fidelity required the teacher-implementer to 

ignore off-task behaviors during this study.

The participants of the study provided feedback about using concrete math 

manipulatives and overall, expressed a preference for using them. The participants 

seemed to have some difficulty expressing their ideas about using the manipulatives, but 

it was clear from their comments that they enjoyed them. The teacher-implementer 

included in her survey results that students made positive comments to her about wanting 

to use the manipulatives as well.

Conclusion

The overarching conclusion that can be drawn from this study is that the use of 

active learning strategies can positively impact student behavior. Specifically, the 

findings of the present study indicate that active learning in the form of using concrete 

math manipulatives is functionally related to on-task student behavior. The evidence of 

this effect was clearly demonstrated across baseline and intervention phases. When the 

teacher-implementer provided participants with manipulatives during whole group math
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instruction, the resulting data showed that the levels of on-task behaviors increased for all 

of the participants. These findings align with the research base that explores various 

forms of active learning and the impact on on-task behavior, as described in this study’s 

literature review. The following sections discuss additional conclusions that can be made 

from these results.

Engagement through Active Learning Strategies

Engagement is a broad concept that includes a combination of covert cognitive 

functions as well as overt behaviors. The present study focused on the latter because 

overt behaviors are clearly observable and therefore, more easily measurable. The study 

of overt learning activities, explored by Chi (2009), presented what was termed the 

Differentiated Overt Learning Activities (DOLA) framework. As explained in Chi’s 

(2009) study, the ICAP hypothesis suggested that active learning experiences are better 

than passive learning experiences, constructive learning experiences are better than active 

learning experiences, and interactive learning experiences are the most effective. The 

value of the framework within Chi’s (2009) research was the clearly delineable 

description of active learning, which was utilized in the present study through the use of 

concrete math manipulatives during the intervention phases.

My findings were similar to the findings of Chi’s (2009) and Menekse et al.’s 

(2013) findings in which student engagement was positively impacted when students 

were actively engaged. Chi (2009) provided a simplified description of what constitutes 

active learning within the DOLA framework, also referred to as engaging activities, 

described as something students do physically such as underlining, manipulating objects,
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or highlighting, for example. The following study by Kercood and Grskovic (2009) is an 

example of an engaging activity designed to explore the effects of highlighting on off- 

task behavior.

In their multiple-baseline, across-participants design study, Kercood and Grskovic 

(2009) investigated the effects of using highlighters to facilitate computation in math.

The findings of Kercood and Grskovic (2009) indicated that there was a reduction of off- 

task behaviors when students were engaged with the active learning strategy of using 

highlighters for computing math problems. Similar to the findings of the present study, 

Kercood and Grskovic (2009) concluded that when students were engaged in active 

learning, they demonstrated increases in desirable behavior, such as being on-task.

Active learning strategies are valuable and unique because active learning can 

impact both learning outcomes and student behavior. The findings of my study suggest 

that when students were actively engaged in learning through the use of concrete math 

manipulatives, they were more likely to demonstrate higher levels of on-task behavior 

than they did without the use of manipulatives. The findings of my study align with the 

findings of previous research that explored the effects of the active learning strategy of 

using response cards on behavioral variables, including on-task behavior.

The use of response cards represents a strategy for active learning that is prevalent 

in the literature. Randolph (2007) conducted a meta-analysis of 18 studies to investigate 

the effects that response cards had on measures of student achievement and engagement. 

Of particular interest to the present study were Randolph’s (2007) findings on the effect 

between the use of response cards and off-task behavior. Randolph (2007) reported,
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“Response cards have large, statistically significant effect sizes for test achievement, quiz 

achievement, participation, and reduction in intervals of disruptive behavior” (p. 113). 

Similar to many other studies of active learning, Randolph’s (2007) findings suggested 

that when students are actively engaged, they are more likely to demonstrate higher levels 

of on-task behavior.

In comparison, the present study employed the active learning strategy of using 

concrete math manipulatives. Even so, the results found the same or similar effects as 

response cards of impacting student engagement by increasing on-task student behavior. 

In other words, when the participants in these studies were provided with a strategy for 

active learning, either by using response cards or by using manipulatives, their levels of 

on-task behaviors also increased.

In another example, Christie and Schuster (2003) conducted a study that explored 

the effects of active student participation during math instruction through the use of 

response cards on variables including participation, achievement, and on-task behavior. 

Christie and Schuster (2003) reported, “As the amount of active student responding 

increased, so did on-task behavior” (p. 162). Similarly, the findings of my study 

indicated that the participants demonstrated increased levels of academic responding and 

task-management when they were actively engaged with manipulatives during 

mathematics instruction. In addition to increasing levels of engagement, Belenky and 

Nokes (2009) suggested that the use of concrete materials to represent abstract concepts 

resulted in decreasing student’s cognitive load.
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Gilbertson, Duhon, Witt, and Dufrene (2008) suggested that cognitive overload 

hinders the on-task behavior of students. Gilbertson et al. (2008) studied the effects of 

task difficulty with on-task behavior of students. In this study, Gilbertson et al. (2008) 

manipulated the level of task difficulty and determined that as the level of difficulty 

increased above the student’s level of fluency, their on-task behaviors decreased. One of 

the findings by Gilbertson et al. (2008) was the necessity of ensuring that interventions 

included provisions for additional support when learning tasks surpass the frustration 

levels of struggling students. The connection between Gilbertson et al.’s (2008) study 

and the present study is important. The findings of the present study indicate that one 

way to provide additional support for students who struggle to remain on-task is by 

increasing opportunities for students to actively engage throughout instructional time.

In the present study, the use of concrete math manipulatives provided 

opportunities for students to be actively engaged, which consistently resulted in increased 

levels of on-task behavior for all of the participants despite their levels of fluency with 

the math content. During the intervention phases of my study, the participants utilized 

concrete manipulatives as representations of abstract conceptual information during math 

instruction of fractions. As suggested by Belenky and Nokes (2009), the manipulatives 

may have reduced the cognitive load by providing a form of additional support as 

recommended by Gilbertson et al. (2008). It is plausible that reduction of task difficulty 

levels occurred when participants engaged with physical representations of the abstract 

mathematical concept, which is an important component of Bruner’s (1960/1977) 

enactive mode of representation.
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Bruner’s (1960/1977) theory, which described enactive, iconic, and symbolic 

modes of representation, supports the use of concrete representations to facilitate the 

development and understanding of abstract concepts. This theory of enactive learning 

links directly to the methods in this study in which the manipulatives served as concrete 

representations that supported students when learning about fractions, which are abstract 

mathematical concepts. Similarly, Cabahug (2012) designed strategies that utilized 

Bruner’s modes of representations within the instructional context of mathematics.

Cabahug (2012) explained that the abstract nature of mathematical concepts was a 

source of difficulty for learners. Cabahug (2012) therefore advocated for the use of 

concrete representations, such as algebraic tiles, to support learners as they progressed 

through Bruner’s modes of representation from enactive, to iconic, to symbolic. In the 

present study, the use of concrete math manipulatives served the same function as 

algebraic tiles did in Cabahug’s (2012) study, both of which illustrated Bruner’s enactive 

mode of representation, thereby supporting the learning of participants and, in the case of 

this study, increasing on-task behavior.

Although a multitude of studies were found that explored math manipulatives, 

they focused primarily on learning outcomes, such as achievement, and did not explicitly 

explore the effects of using math manipulatives on behavioral outcomes, such as staying 

on-task and task completion. The common factor for studies within the behavioral 

domain is that they employed an active learning strategy as a dependent variable and 

found increases in behavioral variables, such as on-task behavior. Therefore, the present 

study contributes to the literature by exploring the behavioral effects of a proven
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instructional strategy, the use of concrete math manipulatives. These contributions are 

important because teachers who believe that manipulatives cause a reduction of on-task 

behavior are less likely to use them as an active learning strategy or as an instructional 

strategy (Belenky & Nokes, 2009; Moyer, 2001). In conclusion, the findings of the 

present study add to the literature base a previously missing strategy for active learning: 

using concrete math manipulatives to increase on-task behavior.

Implications for Practice 

There are three main implications of the present study. First, the idea of shifting 

educational paradigms from traditional instruction to constructivist approaches can begin 

by perpetuating active learning strategies as common instructional practice. Second, in 

addition to improving student achievement, active learning strategies have been found to 

increase appropriate behavior, such as student engagement. Therefore, instead of 

withdrawing opportunities for active engagement when students demonstrate problem 

behaviors in the classroom, educators should increase opportunities for active 

engagement. Finally, Elkind (2007) provided an important reminder of the natural 

tendencies of children when he stated, “Play is the work of a child.” With the seemingly 

ever-increasing pressure on teachers and students to perform on high-stakes assessment, 

perhaps everyone would benefit from increased opportunities for learning through play. 

Shifting Paradigms

Traditional practices for instruction, which perpetuate the role of students as 

passive learners, are antiquated and no longer meet the needs of today’s learners. In 

addition to a strong body of research in support of active learning strategies, numerous
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theorists advocate for active learning. However, if the traditional status quo for 

instruction remains acceptable, no amount of theory or research will be able to deliver the 

benefits and opportunities of active learning. Therefore, to enact a true change of 

paradigm, educators will have to take action to pave the way from research to practice. 

Active Learning to Impact Behavior

Second, although the use of concrete math manipulatives has been explored to 

determine their impact or effects on learning outcomes, the findings of the present study 

support their added value within the research base of active learning strategies for 

impacting behavior. Interestingly, instead of utilizing active learning strategies as an 

intervention for problem behaviors, such as low levels of on-task behavior, some teachers 

withdraw the use of manipulative materials in an effort to increase task-oriented 

behaviors. For example, in Moyer’s (2001) study, findings suggested that some teachers 

were reluctant to use manipulatives because they believed that they would contribute to 

off-task behaviors. Similarly, social validity data from this study indicated that the 

teacher-implementer expressed concerns that manipulatives may have sometimes caused 

participants to play with the objects more than they used them as a tool for learning. 

However, the results showed that student on-task behavior consistently increased for all 

participants during both intervention phases.

This discrepancy may be due to differences between teacher perceptions and 

operational definitions of on-task behavior. This discrepancy may also speak about 

preexisting teacher beliefs about what constitutes on-task or off-task behavior, such as 

playing with manipulative objects while simultaneously engaging with manipulatives for
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active learning. The implications from this study suggest, however, the possibility that 

increased opportunities for students to engage in active learning, such as with concrete 

manipulatives, including provisions for opportunities for playful learning, could remedy 

some behavioral concerns.

Playful Learning

Dienes (1971) advocated the importance of play when learning mathematics and 

emphasized three types of play, one of which encouraged the use of manipulatives.

Dienes (1971) also agreed with the underlying concepts of Bruner’s (1960/1977) enactive 

mode of representation, which further support the use of manipulatives as concrete 

representations of abstract concepts. In addition to recommendations by Dienes (1971), 

researchers have explored active learning through mathematical play (Holton, Ahmed, 

Williams, & Hill, 2001) and playing math games (Sedig, 2008). Holton et al. (2001) and 

Sedig (2008) found that student engagement increased through active learning with 

structured lessons that included play.

The implication of play will require a change of paradigm away from traditional 

practice to incorporate active learning strategies effectively so that they become 

pervasively common practices. Active learning experiences can be designed through a 

constructivist lens not only to facilitate students in the process of constructing their own 

knowledge but also to maximize behaviors related to student engagement, both of which 

are necessary for deep learning. Finally, instead of suppressing developmentally 

appropriate opportunities for learning through play, educators should learn to craft
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instructional design with intention, so that it is robust with playful learning experiences as 

a means to maximize student interest and engagement.

Professional Learning

Comprehensively, the implications and recommendations provided are not simple 

tasks that can be accomplished with minimal effort. It is necessary to afford instructional 

staff with differentiated opportunities for professional learning to ensure that they receive 

the levels and types of support they need the most. For example, some teachers may 

require additional professional development to develop deeper pedagogical 

understandings of how to teach abstract mathematical concepts conceptually with the aid 

of concrete math manipulatives, instead of predominantly teaching procedural strategies 

such as algorithms, memorization, and rote practice.

Leaders and administrators will need to understand how to positively impact and 

support change while facilitating a shift away from traditional practices. Although this 

type of a shift may require a change of culture, it is important to remember that change is 

a process, not an event, and changes can and should occur incrementally with scaffolded 

support. Teachers will need reassurance that they will have support from administrators 

as they try new ways to engage students through active learning strategies.

Future Research

There are many perspectives of student engagement that support the constructivist 

approach to active learning, such as inquiry-based learning, Discovery learning, and 

problem-based learning. For this study, however, the overarching construct of student 

engagement was narrowed to a refined focus on overt student behaviors to determine if
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the use of concrete math manipulatives had an effect on student on-task behavior. In this 

study, the researcher selected concrete math manipulatives as the independent variable 

because they facilitate opportunities to actively engage learners while simultaneously 

functioning as a vehicle that provides enactive representations of abstract mathematical 

concepts. In the review o f the literature, I found a robust base of empirical research on 

concrete math manipulatives as independent variables that were most commonly explored 

with learning outcomes and student achievement as dependent variables. However, there 

exists a need for empirical studies that explore the effects of concrete math manipulatives 

on student engagement as measured through overt behaviors such as staying on-task and 

completing tasks.

Future research studies are necessary to investigate the effects of concrete math 

manipulatives on measures of student engagement, specifically, studies designed to 

explore these variables within different settings and participants. For example, the setting 

of this study was within a third-grade classroom at an elementary school. Replications of 

this study at the elementary level could explore the use of manipulatives with different 

math content, within different grade levels, or within different content areas. Additional 

considerations for replication could include the middle school and high school levels, 

which would provide valuable information about the efficacy of using concrete math 

manipulatives as an active learning strategy to impact on-task behavior and task 

completion.

Researchers interested in replicating this study would benefit from using the 

instrument designed to measure on-task behavior. However, the methods for measuring



203

task completion could be improved. In the present study, measures for task completion 

included ratings of either a one or a zero, a one indicating that the participant completed 

the task and a zero indicating that the participant did not complete the task. Although the 

ratings for task completion were accurate, future research of this variable would be 

improved by using a measure that provided more information. For example, instead of 

rating task completion on a dichotomous scale as either complete or incomplete, it would 

be better to rate this variable in a more detailed manner, such as a percentage of 

completion. By providing a percentage of task completion, information that is more 

detailed will be available for analysis, which could potentially provide results that are 

more conclusive.

Another recommendation for future research is to construct a more informative 

measure for social validity, especially for the participants. To assess the social validity of 

this study, the teacher-implementer and the participants answered survey questions asked 

by the researcher in an interview-style. However, the participants had difficulty thinking 

of answers to many of the questions. Although the questions were not difficult, there 

may be a more effective strategy for soliciting more in-depth answers from the 

participants without asking leading questions.

One final recommendation for future research for replicating this study at the 

elementary school level is to shorten the length of the observation sessions from 30 

minutes to 20 minutes. In the district in which this study took place, the total required 

duration of instructional segments of daily math instruction was 90 minutes. However, 

many teachers integrate breaks and transitions throughout 90-minute blocks of
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instructional time. From an observer’s perspective, the 30-minute observation sessions 

seemed longer than necessary. With or without the use of manipulatives, the observers 

noticed that both the teacher-implementer and the participants appeared to become antsy 

shortly after the halfway point of each observation. There is no reason to believe that 

shortening the intervention sessions to 20 minutes would alter the resulting data and by 

doing so, the study may better align with developmentally appropriate instructional 

practices.

Final Thoughts

This study was inspired by my authentic passion for empowering students to be 

active participants in their learning experiences. Through my research and my study, I 

found that, through the lens of constructivism, learners can construct their own 

knowledge and also engage in active learning experiences that make learning more 

interesting and often fun. My experiences as a learner, teacher, administrator, and 

behavior specialist sparked my interest to learn more about the value of active learning 

strategies. Over the course of my experiences as an educator, I have had ongoing 

opportunities to observe in multiple classrooms, in multiple grade levels, and across a 

diverse range of settings. These experiences triggered my concerns for students who 

demonstrate behavioral difficulties, especially when the dominating expectation is to 

follow along as passive learners. Similarly, my experiences have escalated my concern 

for supporting the teachers who work very hard, yet struggle, to engage all students.

My search of the literature suggested that there remains a preponderance of 

traditional instructional practices in many classrooms, which perpetuates the status quo of
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the expectation for students to behave as passive learners and diminishes experiences 

necessary for deep learning. When active learning opportunities during instructional time 

are omitted, students demonstrate lower levels of engagement in their learning. The 

findings of this study are important because they provide educators with evidence that the 

use of concrete math manipulatives functionally relate to student on-task behavior. In 

this study, the use of concrete math manipulatives resulted in consistently increased 

levels of on-task behavior. Therefore, using concrete math manipulatives can be an 

effective behavioral strategy for increasing levels of engagement, as measured by on-task 

behavior.

Active learning strategies can provide a twofold benefit, one being positive 

impacts on student achievement, and the other being increases in engagement behaviors. 

The results of this study are not only important, but also relevant, to all educators, 

students, and educational stakeholders. Although it is understandable that educators 

design instruction to facilitate learning in an effective manner, it is necessary to help all 

stakeholders understand the inherent value of active learning as an important and 

necessary instructional practice, recommended by educational agencies, theorists, and 

researchers. To effect true instructional change, it will be necessary to adopt new 

paradigms for active learning strategies through a constructivist lens.
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Tift C ollege o f  Education 
A ctive Learning: C oncrete M ath M anipulatives and  Staying O n-T ask

Parent or G uardian  
inform ed Consent Form

Dear Parent or Guardian.

Your child has been asked to participate in a research study entitled: A ctive I.earning: 
Concrete Math Manipulatives and Staying On-Task. The study is being conducted by: 
Teresa E. Abbey. Mercer University 770-651-2072. teresa.I.abbey'b'livc.mercer.edu; 
Advisor: Dr. Sherah Betts Carr, 678.547.6064, carr sb@ mercer.edu.

The results will be used to further my understanding o f  how  active learning strategies 
such as concrete math manipulatives help students during instructional lime. Your 
son's/daughter’s participation is voluntary. A  decision to participate in the research will 
not affect his/her relationship with _ Elementary -School, his/her
relationship with oilier teachers, or his/her academic standing.

I. T he purpose o f  my study:
This research study is designed to explore the effects o f  an active learning strategy, using 
concrete math manipulatives, during math instruction.

The data from this research will be used to determine if  there are causal effect between 
active learning strategies (math manipulatives) and active student participation and task 
completion. The results o f  this investigation will contribute to my doctoral course o f  
study by providing information about the effectiveness o f  active learning strategies in 
math.

H. Procedures:
If you allow your child to volunteer for this study, your child will be asked to participate 
as usual during math centers time but w ill have access to specific active learning 
strategies designed by this study. Participation will last approximately 15 minutes, three 
to four days each week, for approximately eight to ten weeks.

Y'our child will be asked to assent to participate in this research. (Assent means that your 
child will be asked to voluntarily participate in this research.) Your child will tell the 
teacher they want to participate by answering y es  or no after the teacher verbally reads to 
your child what the research is about and what he/she w ill be asked to do. A s a 
participant, your child will be provided with active learning strategies, such as the use o f  
concrete math manipulatives to help him/her I earn fractions in math. An observer, such  
as m yself, will collect data to determine the effectiveness o f  the active learning strategics.

0 8 /1 9 /2 0 1 0  , ^ , . ^ * 3  P a g e l
vm * A 3l2aJa*L S
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Parent/guardians who allow student to participate must: Read and complete the consent 
form.

III. Potential benefits to students and/or society
There are some potential benefits for students and society. Research suggests that active 
learning strategies, such as using math manipulatives, helps students learn difficult 
abstract concepts. By participating, your child may benefit educationally and will also 
help contribute to the research about the helpfulness to third grade students when using 
active learning strategies in math.

IV. Potential Risks/Discomfort
there are no foreseeable risks associated with the study. The only foreseeable risks, 
discomforts, or inconveniences associated with this research that the participants may 
encounter are the usual frustrations that can occur when learning new or difficult 
information. However, your child will receive instruction during this center time U> 
teach, model, and provide support throughout the lesson. Your child has the right to 
discontinue participation in the study at any time, cither temporarily or permanently.

V. Withdrawal of Participation
Your child’s participation is voluntary . Your child will not be penalized or lose any 
benefits that he/she are otherwise entitled to if you decide that your child will not 
participate in this research project.

If your child decides to participate in this project, he/she may discontinue participation at 
any time without penalty or loss o f benefits. You have the right to inspect any instrument 
or materials related to die proposal. Your request will be honored within a reasonable 
period after the request is received.

VI. Payment for Participation
Students will not be paid for their participation. There is no financial obligation for 
participants.

VII.Confidentiality
C onfidentiality o f  all participants will be strictly maintained by ensuring that no 
identifiable information o f any participant is on the data collection forms. No student 
names will be recorded. Instead, a pseudonym {or made-up name) will be used to keep 
.•arid confidentiality o f  all information.

All o f  the data collected will be numerically coded to protect the identity o f  the 
participants. Your child's individual responses will not be shared with parents or others. 
All data will he coded with random identification numbers. A number will identify the 
information that I collect from the observations o f your child.

All observation data will be kept in a secure location throughout the study and only the 
researcher and the researcher's advisor will have access to this information, lhc list 
connecting participant numbers and pseudonym will also be kept in separate locations

08/19/2010 Page 2
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during the study. The documentation must be stored at Mercer University for at least 3 
years after completion o f  the study.

Questions about the Research
lf>  ou have any questions about the research, please speak with
Teresa L. Abbey. Mercer University 770-651-2072, teresal.abbey(S livc.mercer.edu
If you have questions later, you may contact Teresa U. Abbey and / or her advisor.
Or. Sherah Betts Carr, 678.547.6064. canr sbfglmercer.edu

You have been given the opportunity to ask questions and these have been answered to 
your satisfaction. If you do agree to allow your child to participate in this research, please 
complete the information below:

I.     _    . do want ______   to
participate in this research study.

Participant's Name (Print) Date

Parent/Guardian’s Name Parent Guardian’s Signature Date

Please return this form to your child's teacher in the confidential envelope provided as 
soon as possible. Your child's teacher will give the sealed envelope to Teresa L. Abbey, 
the researcher.

In order in conduct this research, this |wojecl lias been rev its* ed and approved by Mercer University's 
Institutional Review Board (IRB). If you believe there is any infringement upon your child’s rights as a 
research subject, please contact the IRB Chair at (478) 301-4101. The IRBs arc the governing bodies that 
arc set in place to ensure responsible and safe conduct of research investigations.
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Mercer University 
Active Learning: Concrete Math Manipulatives and Staying On-Task 

Informed Assent/Verbal Script for Children Under 12 Years Old (3rd Graders}

Hello, my name is Teresa L. Abbey and 1 am a researcher at Mercer University who is 
trying to learn about active learning strategies that help students learn about fractions.

The purpose o f  this study is to determine in what ways active learning strategics can help 
students learn abstract concepts, such as fractions.

You are being asked to participate in this study because your teacher suggested that you  
might benefit from active learning strategics during math.

I will be the person in charge o f  this study, which will take place during daily math center 
time for approximately 15 minutes, three to four days each week. The study will last for 
approximately eight to ten weeks.

What will happen is that students will be provided with instruction from their teacher 
when learning fractions during center time. Sometimes, math manipulatives will be used. 
Other times, pictures or worksheets may be used. In order to keep everything you do 
private, your names will not be used on any forms. Instead, your names will be replaced 
with made up identification numbers on the data collection sheet.

Your parent(s) have said that it is okay for you to be in this research study. You do not 
have to be in this study if  you do not want. You can change your mind at anytime by 
telling your Mom, Dad. the Researcher Assistant or me, the Researcher.

No, I do not want to be in this study. Yes, I want to be in this study.

Signature o f  Participant Date

Signature o f Person Obtaining Assent Date

R et
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Momentary Data Collection Tool for On-Task Behavior Page 1 of 2
In te r  O b se rv e r  A g re em en t (10 A) w as c o n d u c te d  d u rin g  th is  o b s e rv a tio n :__YES/__NO.

Date: Key: Codes for On-Task Behavior Key: Codes for Non-Examples of Target Behaviors
Observer: Academic Responding (AR): Actively 

participating by answering or asking 
questions/Verbally responding to teacher 
appropriately/Actively responding to task 
or action given by teacher/etc.
Task Management (TM): Working 
actively on task/Using materials 
appropriately
Other on-task behavior not specified 
(OOTB)
Involuntary Actions (IA):
Sneezing/Coughing/etc.

Non-Academic Responding (NR): Looking away 
from instructional focus/Disrupting verbally with 
comments unrelated to topic/Staring without actively 
responding to the specified task or activity... 
Non-Task Management (NTM): Leaving area for 
reasons unrelated to participation/Learning/Using 
materials inappropriately/Making unrelated 
comments/etc.
Other forms of non-target behaviors, not specified 
(NTB): Examples include but not limited to Sleeping/ 
Putting down head/Leaving room/Sharpening pencil, 
etc.

Stagger each 
observation 
interval by 15 
seconds for 
each participant, as 
indicated.
__Baseline or
__Intervention
Phase#: 12 34

At the END of each 60-sec interval, circle [l=on  task] [0=not on-task] 
o r flA=lnvoluntary Action]

Circle codes for observed behavior

W rite a  behavior for each interval a n d /o r  circle a behavioral 
(see key above)

code ON-Task NON ON-Task

PI 1:00 1 0 1A P I AR TM OOTB NR NTMNTB
P2 1:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 1:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 1:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 2:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 2:15 1 0  IA P2 AR TM OOTB NR NTM NTB
P3 2:30 1 0  IA P3 AR TM OOTB NR NTM NTB
P4 2:45 1 0  IA P4 AR TM OOTB NR NTM NTB
P I 3:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 3:15 1 0 IA P 2 AR TM OOTB NR NTM NTB
P3 3:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 3:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 4:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 4:15 1 0  IA P2 AR TM OOTB NR NTM NTB
P3 4:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 4:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 5:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 5:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 5:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 5:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 6:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 6:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 6:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 6:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 7:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 7:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 7:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 7:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 8:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 8:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 8 JO 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 8:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 9:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 9:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 9:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 9:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 10:00 1 0 IA P I  AR TM OOTB NR NTM NTB
P2 10:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 10:30 1 0  IA P3 AR TM OOTB NR NTM NTB
P4 10:45 1 0 IA P 4 AR TM OOTB NR NTM NTB
P I 11:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 11:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 11:30 1 0 IA P3 AR TM OOTB NR NTM NTB
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P4 11:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 12:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 12:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 12:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 12:45 1 0 IA P4 AR TM OOTB NR NTM NTB
PI 13:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 13:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 13:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 13:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 14:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 14:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 14:30 1 0 LA P3 AR TM OOTB NR NTM NTB
P4 14:45 1 0  IA P4 AR TM OOTB NR NTM NTB
PI 15:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 15:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 15:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 15:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 16:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 16:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 16:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 16:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 17:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 17:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 17:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 17:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 18:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 18:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 18:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 18:45 1 0  IA P4 AR TM OOTB NR NTM NTB
P I 19:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 19:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 19:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 19:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 20:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 20:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 20:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 20:45 1 0 IA P4 AR TM OOTB NR NTM NTB
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Momentary Data Collection Tool 2 for On-Task Behavior Page 2 of 2
C heck if In te r  O b se rv e r  A g re em en t (IOA) w a s  co n d u c te d  d u r in g  th is  o b se rv a tio n : YES/ NO.
D a te : Key: Codes for On-Task Behavior Key: Codes for Non-Examples of Target Behaviors
O b s e rv e r : Academic Responding (AR): Actively Non-Academic Responding (NR): Looking away

Stagger each 
observation 
interval by 15 
seconds for 
each participant, as 
indicated.
__Baseline or
__Intervention
Phase#: 1 2  3 4

participating by answering or asking 
questions/Verbally responding to 
teacher appropriately/Actively 
responding to task or action given by 
teacher/etc.
Task Management (TM): Working 
actively on task/Using materials 
appropriately
Other on-task behavior not specified 
(OOTB)
Involuntary Actions (LA):
Sneezing/Coughing/etc.

from instructional focus/Disrupting verbally with 
comments unrelated to topic/Staring without actively 
responding to the specified task or activity... 
Non-Task Management (NTM): Leaving area for 
reasons unrelated to participation/Learning/Using 
materials inappropriately/Making unrelated 
comments/etc.
Other forms of non-target behaviors, not specified 
(NTB): Examples include but not limited to Sleeping/ 
Putting down head/Leaving room/Sharpening pencil, 
etc.

At the END of each 60-sec interval, circle [l= on  task] [0=not on-task] Circle codes for observed behavior
o r [IA=Involuntary Action!
W rite a behavior for each interval a n d /o r  circle a behavioral code ON-Task NON ON-Task
(see key above)
PI 21:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 21:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 21:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 21:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 22:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 22:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 22:30 1 0 LA P3 AR TM OOTB NR NTM NTB
P4 22:45 1 0 IA P4 AR TM OOTB NR NTM NTB
PI 23:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 23:15 1 0 IA P 2 AR TM OOTB NR NTM NTB
P3 23:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 23:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 24:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 24:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 24:30 1 0 LA P3 AR TM OOTB NR NTM NTB
P4 24:45 1 0 IA P4 AR TM OOTB NR NTM NTB
PI 25:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 25:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 25:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 25:45 1 0 IA P4 AR TM OOTB NR NTM NTB
PI 26:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 26:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 26:30 1 0 LA P3 AR TM OOTB NR NTM NTB
P4 26:45 1 0 IA P4 AR TM OOTB NR NTM NTB
PI 27:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 27:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 27:30 1 0 LA P3 AR TM OOTB NR NTM NTB
P4 27:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 28:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 28:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 28:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 28:45 1 0 IA P4 AR TM OOTB NR NTM NTB
PI 29:00 1 0 IA PI AR TM OOTB NR NTM NTB
P2 29:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 29:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 29:45 1 0 IA P4 AR TM OOTB NR NTM NTB
P I 30:00 1 0 IA P I AR TM OOTB NR NTM NTB
P2 30:15 1 0 IA P2 AR TM OOTB NR NTM NTB
P3 30:30 1 0 IA P3 AR TM OOTB NR NTM NTB
P4 30:45 1 0 IA P4 AR TM OOTB NR NTM NTB
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Task-Completion Data Collection Form

Upon the completion of the daily observation session, the teacher-implementer will 
inform the observer if each participant completed the assignment. Mark the data 
collection form accordingly.

Directions:
Mark 1 to indicate assignment was completed within time allotted 
Mark 0 to indicate assignment was not completed within time allotted 
Mark A to indicate if participant was absent

P h ase B a s e l in e i I n t e r v e n t lo n i B a s e l in e 2 I n t e r v e n t i o n
Date
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#1

0 0 0 0 0
%

0 1 0 0 25
%

0 1 0 0 25
%

1 0 A A 1 67
%

Partici
pan t
# 2

0 1 1 0 50
%

0 0 1 1 25
%

1 0 0 0 25
%

1 0 0 1 0 40
%

Partici
pan t
# 3

0 1 1 0 50
%

0 0 1 1 50
%

1 0 0 0 25
%

1 1 1 1 1 10
0%

Partici
pan t
# 4

0 0 0 0 0
%

1 0 1 1 75
%

1 0 0 0 25
%

1 0 A A A 50
%

Observer Notes:
2/08/16 PI and P4 are absent
2/09/16 PI and P4 are absent (PI went to Mardi Gras and P4 is sick, per teacher) 
2/17/16 P4 left the room/sick (ran to restroom and did not return to class)
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Purpose

This manual was designed specifically for this study to support implementation of 

clear and consistent procedures for data collection, as recommended by O’Neill, 

McDonnell, Billingsley, and Jenson (2011). The use of a training manual such as this 

will maximize the internal validity of the study and will provide specific directions for 

the future in the event that the study is replicated (O’Neill et al., 2011). The researcher 

should develop a training schedule for observers to include a thorough review of this 

manual and training activities prior to the implementation of the study. The training 

schedule should extend over the course of several days in order to allow sufficient time to 

complete all of the tasks at acceptable levels. The goal for training observers is to ensure 

that the observers develop a complete understanding of their roles and responsibilities 

and competency in their abilities to effectively and accurately collect data during 

observations.

Roles and Responsibilities of Observers

The first role of the observer is to understand confidentiality guidelines and agree 

to maintain the confidentiality of all participants according to the IRB guidelines. To 

fully explain this, the researcher will review the approved IRB documents and related 

expectations with the observer. Next, the observer must be being willing and able to 

commit the necessary time for participating in training and conducting observations 

throughout the study. The observer is expected to actively participate in all training 

activities. The researcher will schedule and facilitate training activities to orient the 

observer to the study, setting, participants, observation instrument, and guidelines for
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observations by using this training guide. After reviewing the necessary information, 

each observer will be asked to study and memorize operational definitions of the target 

behaviors to be observed. An assessment will be administered on which observers must 

score with a minimum of 95% before proceeding to the training experiences with the data 

collection instrument. The researcher will review with the observers all errors made on 

the assessment to ensure clarity of all expectations and procedures for data collection.

Once the observers pass the assessment, the researcher will facilitate training 

sessions using the data collection instrument. These trainings will begin with orientation 

to the data collection instrument and will proceed to practice sessions using the data 

collection instrument. The extended practice sessions may occur in real time within 

similar classrooms with more than one observer. Measures of interobserver agreement 

will be taken until pre-specified minimum criteria of 80-85% for the percent of 

agreement is met. The most desired percent of interobserver agreement is 90-100% 

(O’Neill et al., 2011). If, throughout training, an observer is not able to perform 

observations at an acceptable level even after additional training has been provided and 

the data collection instrument has been ruled out as a possible cause, the observer may be 

dismissed from the study. If at any time an observer determines that he or she is not 

willing or able to fulfill the expectations for the roles and responsibilities of the observer, 

he or she must inform the researcher as soon as possible so that the researcher can train a 

replacement who can fulfill observer roles and responsibilities and meet the minimum 

criteria for interobserver agreement.
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A recommendation for single-participant design is to include procedures for 

measuring interobserver agreement (IOA), which requires more than one observer to 

collect data for at least 25% of the observations (Homer et al., 2005; O’Neill et al., 2011; 

Kratochwill et al., 2010). During the study, the results of the second observer, or rater, 

will be compared to the results o f the first observer, or rater, to establish measures of 

interobserver agreement. Interobserver agreement is an important component of 

empirical studies because it helps establish internal validity (O’Neill et al., 2011). In 

other words, the degree to which the observer ratings are in agreement for the same 

observation session will provide important information about the accuracy of the data 

collection instrument and the operational definitions of the target behaviors.

Participants and Setting

The participants in this study will include four general education students who are 

in the same third grade classroom. During the regularly scheduled math instructional 

block, the participants will be engaged in math lessons that will progress through four 

study phases, referred to as A-B-A-B. A phase refers to the number of observation 

sessions with certain conditions in place for the participants. In this study, only one 30- 

minute session of baseline or the intervention per day will occur, therefore, the number of 

sessions in a phase will be referred to as the number of days. The duration of each phase 

will be approximately three to five days but may last longer if the researcher determines 

that more data is needed.

The first phase, designated as baseline (A), will involve the participants with 

teacher-directed learning. Following the baseline phase is the first intervention phase



235

(B), during which the participants will have access to physical math manipulatives such 

as but not limited to fraction circles. Once the first baseline and intervention phases are 

completed, they will be repeated in the same order and will comprise phases three and 

four, or, the second phase of Baseline (A) and the second phase of Intervention (B). The 

importance of the observer understanding the four phases is that the data collection 

instrument must be labeled according to the correct phase. The researcher will assist with 

verifying that the data collection instrument is correctly labeled according to the phase of 

the study.

Components of Training Guide

Five main components for a training manual were recommended and described by 

O’Neill et al. (2011), which will be addressed in this manual. The first component calls 

for a training manual that defines the target behaviors, explains how to code the data, and 

provides the observer with procedures and protocol. For the second component, O’Neill 

et al. (2011) stated that, “observers should memorize the operational definitions and 

coding scheme and be required to demonstrate mastery of the information through verbal 

or written tests” (p. 33). Tools for demonstrating competent levels of understanding the 

operational definitions will be provided in this manual.

Once the operational definitions and data collection instrument are understood, 

the observers will be ready for the third component of training, initial practice sessions 

for collecting data, which will be facilitated by the researcher. The fourth component 

extends the observation practice sessions by adding more than one observer with the goal 

of meeting a specified criterion for inner observer agreement. Finally, in the fifth
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component, O’Neill et al. (2011) stated, “The consistency of the observers’ data 

recording should be regularly assessed using IOA procedures” (p. 34). As previously 

mentioned, it is important that training begins with an operational definition of the target 

behaviors to be observed, which will be discussed next.

Operational Definitions of Target Behaviors

The operational definitions of the target behaviors in this study have been 

designed to focus only on overt behaviors o f the participants that meet criteria to be 

deemed on-task. Overt behaviors are behaviors that are directly observable and therefore 

measurable. The operational definition for on-task behavior includes two behavioral 

categories titled academic responding and task management. On-task behavior, then, is 

defined as when the participant demonstrates academic responding or task-management 

behaviors.

The possibilities of behaviors that constitute on-task behavior are immense but 

can generally be quantified by assigning overt behaviors to one of two categories. 

Examples will be provided for each category but it is important to note that these 

examples do not constitute an exhaustive list. Therefore, criteria required for behavior to 

be considered on-task is specific and clear but examples do not include every single 

possibility for on-task behaviors.

On-task behaviors include academic responding and managing tasks.

Specifically: A participant who demonstrates academic responding (AR) is responding 

appropriately to the instructor or task by overtly demonstrating behaviors that may 

include but are not limited to: orienting visually to the instructional focus; participating
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verbally; raising hand; asking questions; attending to or listening to instructor; writing; 

reading; answering teacher questions; raising hand to answer or ask a question; and 

performing a demonstration of a skill.

A participant who demonstrates task management (TM) behavior is 

demonstrating overt behaviors that are conducive to managing a learning task, which may 

include but is not limited to: working actively on task; using materials appropriately; 

looking at or visually orienting to task; helping others with task; attending to the task by 

writing, reading, and/or preparing or using learning designated materials or tools.

A third category, designated as additional on-task behaviors (OOTB), has been 

included in the event that a behavior is observed that does not fit within the two main 

categories. However, the purpose of having behavioral categories is to provide a 

framework for determining whether the observed behavior is considered on-task or not.

It is expected that some behaviors may seem to fit within both categories of academic 

responding and task-management. What is of critical importance, however, is that the 

observer is able to distinguish between on-task behaviors and behaviors that are not on- 

task, prior to recording data (see Table 1). To ensure that observers clearly understand 

the operational definitions of target behaviors and how to use the data collection 

instrument, verbal and written tests will be administered according to recommendations 

provided by O’Neill et al. (2011), which will be described next.
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Table 1

On-Task Behavior Categories

Subject Subcategory of Behavior Example and Non Example Behaviors
Participant Academic

Responding

Task Management

Non Examples of 
Academic
Responding and Task 
Management

Orienting visually to the instructional focus; 
participating verbally; raising hand; asking or 
answering questions made by instructor or 
peer; attending to or listening to instructor; 
writing; reading aloud; answering or asking 
teacher questions; raising hand to answer or 
ask a question; asking a relevant question to 
a peer; performing a demonstration of a skill; 
manipulating materials in a manner that is 
conducive to learning.
Working actively on task; using materials 
appropriately; looking at or visually orienting 
to task; interacting with or helping others 
with task; attending to the task by writing, 
reading, and/or preparing or using learning 
designated materials or tools; obtaining 
needed materials for the task; directing 
attention to the task or components of the 
task such as required paper or materials; 
interacting with materials by writing, 
reading, manipulating.
Disrupting self or others by making 
comments or asking questions that are not 
related to the topic; looking away from the 
focus of instruction or the learning task; 
leaving the assigned area of instruction for 
reasons unrelated to learning or participating; 
using materials in a way that distracts self or 
others or in a way that is not clearly 
conducive to learning or not the intended use 
of the materials according to the instructor’s 
directions; putting head down as if resting or 
sleeping; not participating according to the 
posted expectations which will also be stated 
by the instructor immediately prior to the 
lesson beginning.

Note. Table 1 adapted from “Academic Engagement: Current Perspectives in Research and Practice,” by 
C. R. Greenwood, B. T. Horton, & C. A. Utley, 2002, School Psychology Review, 31(3), p. 333. Copyright 
2002 by National School o f Psychologists. Used with permission.
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Written and Verbal Tests

O’Neill et al. (2011) recommended that a component of observer training include 

a written and or verbal test to show that observers have memorized operational 

definitions and procedures for coding data. This recommendation highlights the critical 

importance of the role of the observers. It is the data collected by the observers that will 

be utilized for analyzing the results of the study. Therefore, the ability of the observers to 

accurately collect data is a pivotal component of this study. To support the observers in 

learning operational definitions and procedures for coding data, a study guide and 

observer test are provided at the end of this document.

The study guide and the test are designed to look like the data collection 

instrument. The study guide requires the observers-in-training to practice writing the 

operational definitions with examples of the target behavior as well as nonexamples.

Next, the observer will list as many different behaviors that he or she can imagine 

happening during the observations. Once that is finished, the observer should then code 

the behaviors into on-task or not on-task. The researcher should review all items and 

correct answers with the observer. The purpose of this study guide is to encourage the 

observer to think in advance about behaviors that may occur and how they should be 

correctly coded according to operational definitions. Additionally, this practice will 

allow opportunities for observers to gain added clarification about behaviors that may be 

observed and the correct way to code them. Ultimately, the researcher should determine 

the best way to provide support during training based on individual needs of the 

observers to ensure that they are prepared to collect accurate data. To collect data,
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observers will be trained to use momentary time-sampling procedures, which is discussed 

next.

Momentary Time Sampling

Momentary time sampling is one method for collecting data in which the observer 

meticulously tracks specified intervals of time and marks a data point at the end of each 

interval to indicate whether or not the target behavior was observed. The timing device 

used in this study must clearly display seconds and minutes throughout a total of 30 

consecutive, 60-second intervals. The researcher will provide a digital timing device that 

has a stopwatch with the required features. A digital stopwatch is an effective timing 

device because it provides an ongoing and precise display of the passing minutes and 

seconds. If possible, the display setting for the digital stopwatch should be extended so 

that the screen display does not timeout prior to 30 minutes. This will reduce extraneous 

factors that could be a potential distractor to the observation process.

Observation Guidelines for Initial Practice Sessions

The researcher should conduct the initial practice sessions with the observers after 

reviewing operational definitions, examples, nonexamples, and using the data collection 

form. O’Neill et al. (2011) suggested that, “observers should be required to practice data 

recording using role-plays and/or videotapes of individuals in natural environments” (p. 

33). The researcher should schedule opportunities for repetition of the initial practice 

sessions until a predetermined level of agreement between raters is obtained. In this case, 

the raters include the researcher and one or more observers being trained. These training
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sessions provide additional opportunities for clarification of the operationally defined 

target behaviors especially for behaviors that may be unexpected.

Observation Guidelines for Advanced Practice Sessions

The researcher should schedule advanced practice observation sessions to occur in 

a classroom environment that is similar to the classroom in which the study will occur, 

such as in a general education classroom of a similar grade level and during learning 

center rotations. These sessions can include the researcher and two or more observers-in- 

training with a goal for meeting a certain level of the agreement index that is set in 

advance. Observing in a natural classroom setting may provide experiences that the 

observers may not otherwise have. For example, the observers may benefit from 

becoming familiar with the structure of third-grade classrooms during instructional math 

time.

The Observation Process

The observation process will begin each day when the session begins. The 

observer will press Start on the digital stopwatch and will then track 30 consecutive 

intervals that last 60-seconds each. At the ending moment of each interval, the observer 

will record data. It is important that the observer record the data according to the 

behavior that is observed at the exact ending moment of each 60-second interval. The 

observer will record data for all four participants throughout the 30-minute observation. 

Because it is not possible to observe four different participants at the same exact moment, 

the observations will be staggered by ten seconds for each participant. The observer must
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not only continuously attend to the timing, but must also attend to the participants 

throughout the intervals.

Throughout 30 consecutive intervals, which last 60-seconds each, the observer 

must remain attentive to the participants’ words and actions and pay careful attention to 

the ticking stopwatch. As the stopwatch nears the moment for data collection, which 

begins with the end of the first interval, the observer must orient his or her attention to the 

first participant while continuing to remain fully attentive to the passing time on the 

stopwatch. This process will be explicitly described in step-by-step directions, which 

follow orientation to the data collection instrument.

Orientation to the Data Collection Instrument

The data collection instrument is titled Momentary Data Collection Tool for On- 

Task Behavior. At the top of the instrument is a small table within which the observer 

should write his or her name and the date. The table also includes descriptions of target 

behaviors and related codes.

The top left column of each data table is labeled with the participant number and 

interval for data collection. For example, the first data table is labeled as Participant 1 

and specifies that the time interval for data collection happens at zero seconds, or :00. To 

the right of the participant number are directions above the middle column of the data 

table that read, “At the end of each 60-second interval, circle 1 or 0 or IB. The code for 

the numbers are, “ 1 = on-task, 0= not on-task, IB = Involuntary Behavior.” Finally, the 

right side of the data table includes directions to “circle descriptor codes for behavior
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observed at the interval moments.” These descriptors are simple codes, specified in the 

key at the top of the instrument.

Below the first row on the data tables, on the left column, are pre-designated lines 

indicating each of the intervals for which data will be recorded. For example, the lines 

for Participant One (PI) are designated as 1:00, 2:00, 3:00, and so on, and indicate that 

data is collected at intervals of one-minute, zero seconds. For Participant Two (P2), the 

intervals are designated with 1:15, 2:15, 3:15, and so on, indicating that data is collected 

at intervals of one-minute, 15 seconds. The observer should be mindful to not skip any 

rows when recording data. This process will be fully explained in step-by-step directions 

next.

Step-by-Step Directions for Observing Participants

To observe participants, the observer will follow a repeated process throughout 

the observation session as follows:

Interval 1 / Participant One (PI): At the exact moment the stopwatch reads 1:00, 

or one-minute zero seconds, observe Participant One, then record data on Participant 

One’s data line accordingly:

• Circle “1” if the participant is on-task or circle “2” if the participant is not on- 

task. Circle “IB” is the participant is demonstrating an involuntary behavior, 

such as sneezing. You may circle only one of the codes.

• Write a verb or verb phase that describes the observed behavior.

•  Orient your attention to Participant Two (P2) while also remaining fully 

attentive to the passing time on the stopwatch.
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Interval 1 / Participant Two (P2): At the exact moment the stopwatch reads 1:15, or one- 

minute 15 seconds, observe Participant Two (P2), then record data on Participant Two’s 

data line accordingly:

• Circle “1” if the participant is on-task or circle “2” if the participant is not on- 

task. Circle “IB” is the participant is demonstrating an involuntary behavior, 

such as sneezing. You may circle only one of the codes.

• Write a verb or verb phase that describes the observed behavior.

• Orient your attention to Participant Three (P3) while also remaining fully 

attentive to the passing time on the stopwatch.

Interval 1 / Participant Three: At the exact moment the stopwatch reads 1:30, or one- 

minute thirty seconds, observe Participant Three, then record data on Participant Three’s 

data line accordingly:

• Circle “1” if the participant is on-task or circle “2” if the participant is not on- 

task. Circle “IB” is the participant is demonstrating an involuntary behavior, 

such as sneezing. You may circle only one of the codes.

• Write a verb or verb phase that describes the observed behavior.

• Orient your attention to Participant Four (P4) while also remaining fully 

attentive to the passing time on the stopwatch.

Interval 1 / Participant Four: At the exact moment the stopwatch reads 1:45, or one- 

minute forty-five seconds, observe Participant Four, then record data on Participant 

Four’s data line accordingly:
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• Circle “1” if the participant is on-task or circle “2” if the participant is not 

on-task. Circle “IB” is the participant is demonstrating an involuntary 

behavior, such as sneezing. You may circle only one of the codes.

• As the stopwatch nears the moment for the next interval of data collection, 

orient your attention to Participant One (PI) while also remaining fully 

attentive to the passing time on the stopwatch.

This process should be repeated with meticulous accuracy throughout 30 

consecutive intervals that last a duration of 60-seconds each. At the end of the 30th 

interval, the live data collection session will be finished.

The Data Collection Session

Before each data collection session, the date and the observer’s name must be 

clearly written in the designated space near the top left side of the instrument. A check 

should be marked to indicate if the observation is occurring for baseline or intervention 

and the phase number should be circled. Immediately below the title of the document 

is a prompt to check if inter observer agreement was conducted during the data collection 

session. To be clear, this should be checked “yes” if two observers collected data during 

the session.

During each session, the participants will have assigned seats and will remain in 

the same seat throughout the study. If the seating arrangement must be changed, the 

observer will be informed to ensure that accurate data is collected for each participant.

To maximize accuracy, each participant will have an index card that displays the 

participant’s numeric identifier as follows: 1, 2, 3, and 4. Confidentiality and IRB
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guidelines will be strictly followed so that confidentiality is maintained and no 

participant’s identification is revealed. The observer may make a note on the observation 

form however of a general trait of participants such as the color of shirt each participant 

is wearing that day if the observer feels it is useful or necessary.

Once the data collection session begins, the observer will use a digital timing 

device provided by the researcher and record data on the data collection instrument for 

each momentary observation interval as previously described in the section titled 

Observation Process. The data collection instrument is the only document on which any 

data or information by the observer should be recorded.

Procedures for recording the observed behavior for the specified participant and 

related time interval have previously been discussed. In order to determine if the 

behavior is on-task or off-task, the observer must describe or name the precise behavior 

that is observed at the moment of observation. Therefore, as much as possible, the 

observer is encouraged to write a verb or phrase that describes the observed behavior at 

the moment of observation. For example, if a participant was answering a question asked 

by the instructor, the observer might quickly write, “answering verbally.” If the 

participant was visually oriented to the instructor, the observer might quickly write, 

“looking at tchr.” The emphasis in the written description is the use of verbs that end 

with -ing, also called progressive verbs.

The present progressive verb form “is used to express a continuing action” 

(Hacker, 1993) and usually ends with -ing. Examples of present progressive verbs 

include talking, writing, reading, standing, walking, building, and arranging. The use of
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present progressive verbs was found to be useful when piloting this data collection 

instrument. If the observer was unsure how to code a behavior, the written description of 

the observed behavior in the form of a progressive verb was found to be valuable because 

it allowed the observer to reflect on what was observed, for example, during the interim 

time before the next interval of observations.

In the event that the observer does not know how to code a behavior, he or she is 

should write as clear a description as possible of what was observed. For example, if a 

student was sneezing at the moment of observation and the observer was uncertain of 

how to code that behavior, the observer could write “sneezing, covering face, and turning 

away.” Then, immediately upon conclusion of that data collection session, the observer 

should discuss the behavior with the researcher. Upon review of the operational 

definition for on-task behavior, the observer would be able to determine that a sneeze is 

not included within what qualifies as an on-task behavior because sneezing is not an 

academic response or a behavior necessary for task management. However, a sneeze 

should be coded as an involuntary behavior (IB) on the data collection chart. Due to the 

unpredictable nature of behavior, it is not possible to anticipate every potential behavior 

that a participant may demonstrate. Therefore, there is the possibility that an observer 

may have a question about how to code a behavior that was not previously considered.

If such a question arises about how to correctly code a behavior, the researcher 

and observer should review the operational definition and examples of the target 

behavior. The observer is responsible for making the final decision and coding the 

behavior accordingly. During the pilot testing of the instrument, there were very few
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occurrences when the observers had questions about coding the behavior. However, 

reviewing the operational definition was found to be the most valuable strategy for 

making a determination for the appropriate way to code an unexpected behavior. For 

example, during training practice with the instrument, a student was observed to be on- 

task within seconds prior to the moment of observation. However, at the moment of 

observation, the student was “chasing an eraser” that had just fallen off his pencil. This 

behavior had not been previously considered but the observer in training was able to 

quickly determine that chasing an eraser was not an on-task behavior.

As a rule of thumb, when in doubt, it is recommended that the observer ask 

himself or herself this question: Was the participant’s behavior facilitating the act of 

academic responding or task management? In other words, was the observed behavior an 

appropriate response to an academic demand or an action necessary for completing the 

learning task? If the answer is no, then it is likely that the behavior should be not be 

recorded as on-task.

Observer Procedures and Protocol

Prior to beginning an observation session, the observer should arrive at least ten 

minutes early to get situated and ensure that all materials are prepared and that the 

physical setting is conducive for the observations.

Supplies

• Place the data collection instrument on a long clipboard or solid writing 

surface.

• Have available two or more fully functioning pens or pencils.
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• Have a fully charged digital timing device with a stopwatch feature. The 

volume control should be turned to mute and the screen display should be 

adjusted to prevent the timing device from going to sleep.

Setting

• Sit in a location that is within approximately 6 feet of the participants or closer 

if necessary in order to hear what is being said and to be able to see the 

behaviors of the participants. The observer should be positioned in such a 

manner that he or she is able to clearly view as much of each participant as 

possible, including their hands and faces, in order to maximize the observer’s 

ability to accurately observe each participant’s behaviors throughout the data 

collection session. It will be best to utilize the same location or position 

during each observation session as much as possible. If a change is necessary, 

the observer must be sure that the location and positioning of the observation 

space is fully functional, as described above.

• Be certain that each participant has in clear view for the observer their 

numerical participant identifier, which may be written on index cards that are 

folded in half, allowing them to stand freely, and labeled 1, 2, 3, and 4.

• The implementer of the study will provide the same verbal cue at the 

beginning of each session to indicate that the data collection session is 

beginning. First, the implementer will briefly review the behavioral 

expectations by reading them directly from the sign that will remain posted. 

Following the review of the behavioral expectations, the implementer will
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state the following verbal cue: “We will now begin today’s lesson.” At this 

moment, the observer must press Start on the digital timing device and begin 

collecting data for each participant as specified.

• To prevent distractions, the observer should turn off any personal electronic 

devices such as cell phones, smart watches, or other devices that have alarms 

or sound notifications.

Unexpected Events or Interruptions

If an unexpected interruption occurs during data collection, and the implementer 

is not able to continue instruction, the observer should end the data collection session. A 

note should be written explaining the interruption, such as inclement weather procedures 

from a tornado warning, fire drill, and a change in schedule for yearbook pictures.

Another example of an interruption that could happen is if  the class is interrupted by the 

arrival of a newly enrolled student who is being introduced for the first time to the class. 

As much as possible, a plan must be in place so that the implementer and observer know 

how to proceed when an interruption occurs. If it is an option, plans should be made in 

advance to prevent nonemergency class interruptions, including calls from the office, for 

example.

Interobserver Agreement Procedures

Interobserver agreement measures will be collected for at least 25% of all 

observations, according to recommendations by O’Neill et al. (2011). The minimum 

suggested rate of percent o f interval agreement was recommended to be a mean of 80- 

85% across all observations. However, it is preferable to obtain 90-100% agreement
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(O’Neill et al., 2011). To obtain measures for interobserver agreement, at least two 

observers will simultaneously collect data during randomly selected baseline and 

intervention phases.

Observer Etiquette

The researcher, research assistants, and observers will be guests in the 

participating third grade general education classroom. The homeroom teacher in this 

classroom has a specific schedule that must be followed. Therefore, the researcher, 

research assistant(s), and observers must remain flexible in the event that the teacher’s 

schedule is affected by unforeseen circumstances as well as remain mindful to begin the 

study precisely at the scheduled time each day. Classroom etiquette should include being 

as minimally disruptive as possible to the normal flow of instruction. This means that the 

researcher, research assistants, and observers should avoid interrupting the teacher, use 

very quiet voice tones to communicate with one another, remain in designated areas or in 

areas that are out of the way, avoid unnecessary interactions with students as much as 

possible, refrain from using cell phones, and once the observation is completed, clean up 

completely and leave quickly.
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Introduction

This study is exploring the use of physical math manipulatives and the possible 

effect they have on student behavior of being on-task and degree of assignment 

completion. There will be a total of four phases, each of which will last approximately 

three to five days. The researcher will review the data daily to determine if the phases 

need to last longer. The first phase is called Baseline during which traditional 

instructional methods will be used for mathematical instruction. The Intervention phases 

will explore the impact on student behavior of staying on-task and task-completion when 

using concrete math manipulatives as an active learning strategy. Therefore, it is 

imperative that concrete math manipulatives are only available during the specified 

phases. Further, this study is designed to provide instruction to a small group of general 

education students to review or teach a small skill set. Behavior, rather than learning 

outcomes, is the focus of this study.

This study is designed to determine if there is any effect on participant behavior 

of staying on-task or task-completion when concrete math manipulatives are utilized as 

an active learning strategy during instruction. Therefore, it is important that the 

implementer interacts with participants as similarly as possible between phases. Verbal 

and nonverbal language used by the implementer must remain as neutral as possible and 

be void of positively reinforcing or corrective statements regarding behavior. For 

example, the implementer should avoid praising students for participating appropriately 

because that could influence on-task behavior or assignment completion. For the same 

reasons, the implementer should avoid redirecting inappropriate behavior or delivering
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positive or negative consequences for behavior during the sessions. To guide the 

implementer in delivering instruction with fidelity during the baseline and intervention 

phases, a fidelity checklist will be utilized.

There are fidelity checklists for the baseline phases and the intervention phases. 

The implementer should review the appropriate checklist immediately prior to each 

session as a tool that serves as a reminder. Once the session for the day has been 

completed, the implementer should complete the checklist immediately. If actions or 

events occur during the session that were unexpected or that caused concerns, the 

implementer should describe what happened on the back of the treatment fidelity 

checklist for the researcher to review.
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Venn Diagram of Baseline and Intervention Phases

Third-Grade Intervention PhasesBaseline Phases

Math Content

Introduction to Fraction 
and Fractions Unit from 

Eureka Math

Instructional Strategies:Instructional Strategies:

Teacher-facilitated 
Ongoing opportunities to 
respond through student- 
directed learning 
Active learners 
Use o f  concrete math 
manipulatives including 
fractions circles, fraction 
bars, etc.

Three Steps:

Predominantly Teacher 
directed instruction 
Teacher delivers the 
content that students 
should come to know 
Passive learners 

Three Steps:

Teacher-Implementer will 
deliver and guide 

instruction

Participants are third grade 
students in the general 

education settingI Do
Teacher tells/lectures 
We Do
Teacher shows/models 
using pictorial (iconic) or 
symbolic representations 
only 
You Do
Independent Student 
Practice

30-minute sessions will 
occur during whole group 
instruction in the general 

education setting

Introduction o f 
Manipulatives 
Active Student 
Exploration 
Teacher-guided 
facilitation, modeling 
and interactive 
participation
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Baseline Phases

The first phase of this study is called Baseline (A). During this phase, there will 

be no use of physical manipulatives at any time. Instruction is designed to be similar to 

traditional instruction in which the teacher delivers information about a concept then 

solicits participant involvement while modeling the concept, and finishes the lesson with 

an opportunity for participants to independently practice the new skill.

Each day during baseline, instruction is designed to occur in three parts. First, 

instruction will be teacher-led, which should build connections and background 

knowledge while introducing the skill. During this segment, participants are expected to 

listen attentively but they are not expected to actively engage in any specific activity. 

Participants may ask and answer questions but should not take notes.

Next, teacher-guided instruction will involve the teacher-implementer modeling 

the steps to the new skill, concept, or algorithm. Participant interactions will be 

prompted by questions asked by the teacher-implementer. During this segment, 

participants are expected to listen to the teacher-implementer and watch as the teacher- 

implementer models how to follow steps, rules, or algorithms. The teacher-implementer 

will lead this segment and participants will remain mostly passive unless the teacher- 

implementer calls on them to answer a question or model a skill. Participant answers 

from the teacher-implementer’s questions should help the teacher-implementer 

formatively assess their understanding of the task or skill that is being taught.

Finally, the lesson will end with independent practice of the skills that were 

reviewed in the lesson. Participants are expected to complete their assignments
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independently but may ask the teacher-implementer for help and ask questions. 

Participants are not allowed to work collaboratively and may not use any type of physical 

math manipulative or tool during independent work.

In summary, the baseline phase is designed for teacher-led instruction. In other 

words, participants will be involved mostly as passive learners while the teacher- 

implementer delivers the information to be learned. The role of participants throughout 

both baseline phases is to be passive learners. Participants are expected to listen to the 

teacher-implementer deliver instruction and watch when the teacher-implementer models 

a skill or concept. The teacher-implementer will solicit participation during the middle 

portion of the lesson. This part of the lesson is designed to model the steps for the new 

math skill and allow the participants to provide input and ask questions accordingly.

Daily Instructional Guide for the Teacher-implementer 

Baseline Phases

Remember these three steps:

I.1 Do: The teacher-implementer delivers the academic content and/or skills

II. We Do: The teacher-implementer models academic content and asks questions

III. You Do: The participants have an opportunity to practice the new skill 

independently

I. I Do: Teacher-led instruction to deliver content and/or skills

• Follow the guidelines, scripts, and directions provided for today’s lesson.

• Participants are expected to passively listen. They should not take notes.

• Omit any type of active learning or any form of tool or manipulatives.



II. We Do: Teacher-led instruction and modeling

• Read aloud from the designated lesson and solicit participation by asking 

questions and/or asking participants to practice modeling the concept.

• Participants are expected to listen, watch, and participate when called upon.

III. You Do: Independent practice time for participants

• Give each participant the designated assignment sheets, sprints, or exit tickets 

and explain what to do. Explain and/or model an example if necessary.

• Instruct participants to work independently to practice the new skill or concept 

on their exit tickets.

• Remind participants that they may not work collaboratively or use any type of 

physical manipulative or math tools. Closely monitor participants to ensure 

that this expectation is followed.

•  Participants may ask the instructor for help, additional explanations, or 

assistance. The instructor should avoid correcting the participant’s work 

during the instructional segment. However, if  a participant is having 

significant difficulty, the instructor should provide assistance.
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Treatment Fidelity Checklist 

Baseline Phases

Write “Yes” or “No” to each of the following items:

______1 .1 followed these steps throughout today’s session:

 a. I do: I delivered academic content

 b. We do: I modeled academic content and asked questions

 c. You do: Participants to practice the new skill independently

______ 2. I reviewed the written student expectations immediately prior to beginning

the daily lesson. Then, I cued the observer that instruction was beginning.

 3. No verbal or nonverbal praise or positive reinforcement was provided to

participants for any behavior related to being on-task, including but not 

limited to attending, participating, and/or doing their work, etc.

 4. No verbal or nonverbal redirection, reminders, or reprimands were

provided to participants for off-task behavior such as, but not limited to, not 

attending to instruction, not participating, and/or not doing their work, etc.

 5. The behavior of one or more participants became excessively disruptive so I

read aloud the written/posted student expectations verbatim as a reminder 

but did not mention or address negative/punitive consequences.

 6. I determined that it was necessary to explicitly address participant

behavior that was a safety threat. I will debrief with the researcher so she 

can determine if the data were impacted.

  7. During this baseline session, NO physical manipulatives or learning tools
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were used. I only used the materials provided by the researcher.

8. Today’s lesson lasted 30-minutes, during which time one or more 

observers were present to collect data.

9 .1 was not able to fulfill part of my role or responsibility during today’s 

session. I will inform the researcher immediately and describe it on the back.

10. I have documented something on the back of this form related to one or 

more of the following: I believe that the observer, research assistant, or 

researcher did not follow protocol, or, an unexpected event happened that 

interrupted instruction, or I am aware o f something significant that may have 

affected one or more of the participants.

11. I have a question or concern for the researcher and will explain it on the 

back of this form so that it can be addressed before the next session.

Name:__

Signature:

Date:
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Fidelity Checklist 
Baseline Phases

Back of form: to be used for documentation. Please describe in detail any concern you 

have or event you’d like to describe. Avoid using participant’s names. Instead, use 

numerical identifiers if at all possible to maintain confidentiality of the participants.

Name:__

Signature:

Date:
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Daily Instructional Guide for the Teacher-implementer 

Intervention Phases 

Remember these three steps:

I. Introduction of Manipulatives

II. Active Student Exploration

III. Teacher-guided facilitation, modeling, and interactive participation

I. Introduction and Exploration of Manipulatives

• The teacher-implementer introduces the physical math manipulatives that will 

be used as learning tools by providing concrete representations of abstract 

mathematical fractions concepts and/or skills taught in the previous phase.

• Read from the lesson’s script, if applicable, that describes how the 

manipulative conceptually represents the mathematical concept.

• Encourage and allow participants to explore the manipulatives. Set a timer for 

2-10 minutes and challenge participants to “explore the tools and be ready to 

explain how the manipulative represents X concept” (refer to daily lesson).

• Note: If the manipulative is new to students or very interesting, provide 10-15 

minutes of exploration time prior to the lesson.

II. Participant/Student Challenge

• Challenge participants to think of how the manipulatives can be used to 

represent ideas as the instructor reads aloud from the designated page(s). For 

example, if you read, “Color 1 half of the circle,” ask participants how their 

manipulatives can model that concept.
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• Participants are allowed to interact with one another in a manner that does not 

interrupt instruction.

•  Participants are expected to actively participate and use manipulatives 

appropriately, which includes exploration.

III. Student-Led Learning

• Give each participant the designated assignment sheet or exit ticket and 

explain and/or model an example if necessary.

• Allow participants to work collaboratively to practice the new skill or concept 

while interacting with the concrete manipulatives.

• Remind participants that they may work collaboratively and should use the 

concrete manipulative that were provided.

• Participants may ask the instructor for help, additional explanations, or 

assistance. The instructor should avoid correcting the participant’s work 

during the instructional segment. However, if a participant is having 

significant difficulty, the instructor should provide assistance.
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Treatment Fidelity Checklist 

Intervention Phases 

Write “Yes” or “No” to each of the following items:

______ 1 .1 followed these steps throughout today’s session:

 a. Introduction of Manipulatives

 b. Active Student Exploration

 c. Teacher-guided facilitation, modeling, and interactive participation

______ 2. I reviewed the written student expectations immediately prior to beginning

the daily lesson. Then, I cued the observer that instruction was beginning.

______ 3. No verbal or nonverbal praise or positive reinforcement was provided to

participants for any behavior related to being on-task, including but not 

limited to attending, participating, and/or doing their work, etc.

______4. No verbal or nonverbal redirection, reminders, or reprimands were

provided to participants for off-task behavior such as, but not limited to, not 

attending to instruction, not participating, and/or not doing their work, etc.

  5. The behavior or one or more participants became excessively disruptive so

I read aloud the written/posted student expectations verbatim as a reminder 

but did not mention or address negative/punitive consequences.

______ 6. I determined that it was necessary to explicitly address participant

behavior that posed a threat to the safety of the student or others. I will 

debrief with the researcher so she can determine if the data were impacted.

  7. During this intervention session, the designated physical manipulatives
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that were provided by the researcher were used by participants.

______  8. Today’s lesson lasted 30-minutes, during which time one or more

observers were present to collect data.

_ _ _ _ _  9. I was not able to fulfill part of my role or responsibility during today’s

session. I will inform the researcher immediately and describe it on the back.

_______10. I have documented something on the back of this form related to one or

more of the following: I believe that the observer, research assistant, or 

researcher did not follow protocol, or, an unexpected event happened that 

interrupted instruction, or I am aware of something significant that may have 

affected one or more of the participants.

_______11. I have a question or concern for the researcher and will explain it on the

back of this form so that it can be addressed before the next session.

Name: Date:

Signature:
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Fidelity Checklist 

Intervention Phases

Back of form: to be used for documentation. Please describe in detail any concern you 

have or event you’d like to describe. Avoid using participant’s names. Instead, use 

numerical identifiers if at all possible to maintain confidentiality of the participants.

Name:__

Signature:

Date:
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Social Validity: Teacher Survey

1. What are your thoughts about the use of manipulatives in whole group activities?

2. Can you describe the preparation necessary for integrating manipulatives into 
student learning?

3. Can you describe any challenges/concems/problems with the intervention?

4. Can you describe any ease/successes/things you liked about the intervention?

5. What kinds of effects, if any, did you observe when using manipulatives?

6. How likely would you be to use manipulatives in a whole group setting?

7. What suggestions do you have for teachers who are considering whether or not 
to use manipulatives?
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Social Validity: Student-Participant Survey-lnterview

1. How do you learn better: by listening and watching the teacher only or with the 
use of materials such as fraction bars?

2. Are there any teacher-materials or activities that help you learn?

3. Can you describe something about a fractions math lesson that you liked?

4. Can you describe something about a fractions math lesson that you did not like?

5. Can you think of something that helps you learn?

6. Can you think of something that helps you stay on-task?

7. Can you think of something that helps you finish your assignments?

8. What advice do you have for other kids when using manipulatives?
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Appendix

Social Validity Participant Survey Results

Survey Question 1: How do you learn better: by listening and watching the teacher 
only or with the use of materials such as traction bars?
P I: When I use materials and fraction bars 
P2: Whenever I had other things to add to it.
P3: By listening. Sometimes I need stuff like that fraction bars. They help me 
understand better.
P4: Listening and watching

Survey Question 2: Are there any teacher-materials or activities that help you 
learn?
PI: Legos and paper strips
P2: Yes, fractions for learning how to make a whole with fraction bars.
P3: Yes, the fraction things, Legos, and blocks.
P4: No

Survey Question 3: Can you describe something about a fractions math lesson that 
you liked?
PI: The Legos
P2: Paper strips -  where you label fractions -  helped me learn.
P3: Yes. When we did the house thing with the blocks.
P4: Blocks

Survey Question 4: Can you describe something about a fractions math lesson that 
you did not like?
PI: I liked all o f them 
P2: No, I liked all o f them 
P3: No. I liked them all.
P4: Paper strips. I kept running out.

Survey Question S: Can you think of something that helps you learn?
P I : Math Legos and paper strips
P2: Division. Wait. No. Multiplication.
P3: My teacher helping me 
P4: No

Survey Question 6: Can you think of something that helps you stay on-task?
P I: Listening to the teacher and using manipulatives 
P2: My teacher telling me to do my work
P3: I f  I have a partner to help it helps me stay on-task. I f  I have the Legos, they helped. 
P4: The Legos

Survey Question 7: Can you think of something that helps you finish your 
assignments?
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P I: Don’t talk. Just pay attention 
P2:1 don’t know. Wait.
P3: No
P4: Somebody helping me

Survey Question 8: What advice do you have for other kids when using 
manipulatives?
P I: Use Legos and fraction bars.
P2:1 don’t know.
P3: No 
P4: Not sure


