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Abstract

SCAFFOLDING STUDENTS’ PROBLEM-SOLVING SKILLS IN A COMPUTER-
BASED ADAPTIVE LEARNING PROGRAM: AN ANALYSIS OF SCAFFOLDING
TYPES AND STRATEGIES

Falah A. Amro, Ph.D.

George Mason University, 2019

Dissertation Directors: Dr. Nada Dabbagh and Dr. Jered Borup

The purpose of this study was to investigate the relationships among situational
soft and hard scaffolds on students’ achievement scores as measured by an end-of-year
(EOY) benchmark assessment in a mathematical computer-based adaptive learning
program. This study also examined the types of soft scaffold strategies that instructors
used to support students’ problem-solving tasks during help-seeking sessions within the
computer-based adaptive learning program. A multimethod research design that
integrated quantitative and qualitative analysis was used for this study. The analysis
involved data gathered from middle school students in a public charter school district that
implemented the computer-based adaptive learning program in a blended learning
environment.

The first research question investigated the impact of situational soft scaffolds on

students’ achievement scores, While controlling for frequency of soft scaffolds, frequency



of hard scaffolds, and beginning-of-year (BOY) benchmark. The findings suggested that
soft scaffolds, followed by frequency of hard scaffolds, were the most significant
predictors of students’ achievement scores. However, soft scaffolds alone were not found
to be a significant predictor of students’ achievement scores. The second research
question focused on identifying the types of soft scaffold strategies instructors used to
support students’ problem-solving tasks. First, the qualitative analysis revealed that
instructors employed ten soft scaffold strategies. The most frequently observed strategy
was probing and diagnosing. Second, the qualitative analysis revealed that students’
performance levels impacted the frequency of soft scaffold strategies. Specifically,
students in the below basic, and far below basic, groups may not have the adequate skills
to interact meaningfully with online instructors. This study informs educators of effective
soft scaffold strategies and designers of recommendations regarding the design and
implementation of scaffolding to support learners’ problem-solving skills in computer-

based adaptive learnings in K-12 settings.



CHAPTER ONE: INTRODUCTION

Computer-based adaptive learning programs have become a pervasive aspect of
daily life for students in public schools (Wang & Liao, 2011). As new technologies have
emerged, new pedagogical approaches have also emerged to shape the future of
education. In many ways, researchers have attempted to study how computer-based
adaptive learning programs provide access to learning in rich, engaging, and interactive
environments in which students acquire new skills (e.g., Puntambekar & Kolodner, 2005;
Quintana et al., 2004). The underlying assumption of researchers’ efforts is that
computer-based adaptive learning programs afford to students an infinite supply of
personalized one-to-one attention that a teacher in a traditional classroom could not
provide in today’s highly diverse schools. Computer-based adaptive learning programs
can be loaded with scaffolding functions that observe students, interact with them,
interpret their learning behavior, and scaffold their learning to allow teachers to focus on
face-to-face classroom instruction (Hannafin, Land, & Oliver, 1999; Graesser, &
McNamara, 2010). In addition to scaffolding, computer-based adaptive learning
programs can capture and analyze learners’ interactions and provide an abundance of data
to teachers and administrators. Such data can provide a lens to educators and researchers
alike to understand how students learn (Romero & Ventura, 2010).

The original notion of scaffolding in computer-based adaptive learning programs,
especially when implemented in blended-learning environments, has been studied in the

context of one-to-one support in which the classroom instructor relies on data provided



by the technology to drive instruction with students (Belland & Drake, 2013). Scaffolding
in computer-based adaptive learning programs is typically limited to distributing the
learning load between the learner and the computer-based environment. The purpose of
scaffolding in computer-based adaptive learning programs is to support the learner
temporarily until he or she is able to gain the necessary knowledge independently
(Belland & Drake, 2013).

The computer-based environment provides students with learning content and a
set of problem-solving tools that are within the learner’s Zone of Proximal Development
(Azevedo et al., 2012; Vygotsky, 1980). The operational theory behind the Zone of
Proximal Development (ZPD) is that learners acquire new skills or knowledge when the
skill or knowledge required to complete a task is not too high for their ability. Therefore,
if the task is too easy to the learner’s relative ability, there is little to learn; if the task is
too difficult, the learner will not be successful in completing that task. In addition to
allowing students to work in their ZPD (Vygotsky, 1980), computer-based adaptive
learning programs include tools for seeking and acquiring information, applying that
information, problem-solving, and measuring the quality of their responses. For learners
to accomplish a given task, they will need to use the built-in resources such as definitions
and solved examples, to apply the acquired knowledge to the problem-solving context,
and to complete an assessment to demonstrate their understanding of the learning task
(VanLehn, 2006).

Computer-based adaptive learning programs have been widely used in the domain

of language acquisition (e.g., Kimoto, Mudler, Jackson, & Frasco, 2012) and



mathematics (e.g., Azevedo & Jaconson, 2008; Puntambekar & Hubscher, 2005). For
example, in MetaTutor (Azevedo et al., 2012; Bouchet et al., 2013)--an adaptive
hypermedia tool for students to learn about scientific processes and problem-solving
skills--students demonstrate their understanding by answering a set of multiple-choice
questions. Based on students’ responses, the system’s scaffolding agent decides when and
how to provide adaptive scaffolds. ALEKS is another example of a computer-based
adaptive learning program that supports students in problem-solving skills and employs
mastery learning in which students with varying levels work at their own pace.

The complex and ill-structured learning processes found in such programs, in
math particularly, represent a major challenge to students in acquiring mathematical
skills. Many students see math learning processes as demanding and students may feel
frustrated while engaged in problem-solving and inquiry-based activities (Friedman,
Crews, Caicedo, Weinberg, & Freeman, 2010; Brush & Saye, 2001). In addition, many
students have little prior knowledge about math skills because they lack domain-specific
knowledge in math concepts (Friedman et al., 2010; Hogan, 2002). Researchers have also
attributed challenges in learning math to the lack of students’ analytical skills and their
abilities to manage information (Hogan, 2002). Therefore, students continue to struggle
with problem-solving tasks and with developing or supporting arguments. Finally,
students continue to have difficulties in math because they lack metacognitive skills that
enable them to reflect on, and evaluate, their problem-solving skills (Ge & Land, 2004;

Reiser, 2004).



Although the potential of computer-based adaptive learning programs is widely
recognized in math instruction, many challenges arise during the implementation of such
programs in classrooms. In computer-based adaptive learning programs students are often
put at a disadvantage because they are evaluated on whether they have answered
correctly or incorrectly (Azevedo et al., 2013). Consequently, computer-based adaptive
learning programs cannot adapt efficiently enough to students in order to unlock their
learning potential. Human instructors, on the other hand, naturally perceive students in
light of a wealth of information. For example, human instructors can quickly study and
analyze students’ moods, engagement levels, frustrations, and fatigue levels, which
allows them to effectively provide suitable scaffolding to their students’ learning abilities
in a given moment (Azevedo et al., 2013). Thus, while computer-based adaptive learning
programs can provide students with infinite instruction, they lack the understanding of
students’ learning attributes and the social interactions that are essential to learning.

The type of learning that computer-based adaptive learning programs are designed
to scaffold for presents another limiting factor of the technology. The scaffold strategies
in computer-based adaptive learning programs are limited to promote mastery learning.
In math instruction, technology scaffolding has focused on two types of learning
approaches: knowledge acquisition and procedural skills (Quintana et al., 2004; Reiser,
2004). According to McLaren et al. (2006), domain knowledge acquisition consists of
providing scaffolds on facts, definitions, and formulas. Procedural skills, on the other
hand, involve completing and solving problems such as algebra problems and chemical

equations (Anderson et al., 1995; Mitrovic, 2003). The scaffold strategies for domain



knowledge acquisition and procedural skills are constructed to provide progressive hints
when a student answers a question incorrectly in the hope to push the student to answer
correctly (VanLehn, 2006). The system will provide the student with a more specific hint
if the student continues to struggle and continues with this approach until the student
answers correctly or a bottom-out hint is given telling the student the solution to the
problem (VanLehn et al., 2005). Such automated hard scaffold strategies are insufficient
to promote higher-order reasoning skills because these strategies employ mastery
learning depending on whether students are answering correctly or incorrectly (VanLehn
et al., 2005).

There have been ongoing efforts to overcome the limitations of computer-based
adaptive learning programs. Within this context, from a cognitive standpoint, computer-
based adaptive learning programs have the potential to afford learning and problem-
solving and provide learners with opportunities to utilize higher-order reasoning skills.
Examples of higher-order reasoning skills found in the adaptive environments are
cognitive processes for constructing problem solutions and metacognitive processes for
the coordination, and use of, their cognitive processes and evaluating the outcome
(Azevedo, 2005). Researchers have tried to develop adaptive instructional models to
scaffold students’ learning and at the same time account for students’ emotional attributes
in an effort to incorporate social interactions (Azevedo et al., 2013; Bondareva, Conati,
Feyzi-Behnagh, Azevedo, & Bouchet, 2013; Rodrigo et al., 2012). For example, some
relied on using the data generated from students’ work in the adaptive learning programs

and tried to build automated detectors to analyze students’ emotional characteristics



(Baker et al., 2012). This approach, however, lacked accuracy and failed to consistently
classify students’ emotional states (Baker et al., 2012). Others have even tried to
implement bio-sensor data generators such as eye tracking and facial recognition
(Azevedo et al., 2013). According to Azevedo et al. (2013), the bio-sensor approach lacks
scalability and relies on equipment currently unavailable in schools. Despite the efforts to
integrate different types of scaffold strategies in computer-based adaptive learning
programs that detect emotional behaviors, scaffold strategies that incorporate social
interactions are yet to be integrated.
Theoretical Framework: Scaffolding as Learner Support

Scaffolding is an instructional strategy that supports students in completing a task
beyond their learning abilities (Belland, Glazewski, & Richardson, 2011). The process is
augmented in the gradual shift of responsibilities from a more skilled agent (tutor or peer)
to the learner through which the scaffolding support eventually fades away (Davis &
Miyake, 2004; Pea, 2004). Scaffolding implies that the support given to the learner is
only temporary until the learner is able to complete the given task independently. Fading
is defined by the transfer of responsibility of completing the task from an agent with
advanced knowledge or ability in which the agent can be human (e.g., instructor or peer)
or non-human (e.g., computer) to the learner (Pea, 2004; Vygotsky, 1980).

Scaffolding in face-to-face instruction was limited to interactions between the
novice and the expert (Sharma & Hannafin, 2007). The core strategy exhibited in face-to-
face scaffolding involves the teacher delivering instruction early on until the student is

gradually able to work on tasks independently (Walqui, 2006). Instructional support



should always be immediate and minimal; just enough, so that it does not compromise
the rigor of the tasks presented. Consequently, learners gradually become capable of
achieving more on their own.

When schools began integrating computer-based instruction in classrooms,
technologies started incorporating scaffolding in the learning context, increasingly
relying on computers to support learning. With the increasing demographic diversity in
classrooms and the high teacher-student ratio, teachers are no longer capable of attending
to each individual student’s learning needs (Belland & Drake, 2013). As a result,
computer-based adaptive learning programs emerged to offer an alternative strategy to
provide students with constant adaptive scaffolding that caters to student learning needs
(Azevedo et al., 2010; Luckin & Hammerton, 2002; Perry & Winne, 2006). Computer-
based adaptive scaffolding is a form of computer-based instruction in which scaffolding
is contained within the students’ ZPD (Vygotsky, 1980). In this framework, the content
given to the learners is appropriate for their level, and instruction is differentiated based
on each individual’s learning abilities. When scaffolding in computer-based adaptive
programs is not compatible with students’ learning needs, teachers assume the role of
scaffolding agents to encourage students’ participation and to support learning (Belland &
Drake, 2013).

Depending on the learning environment, scaffolding can appear in different forms
and functions. Saye and Brush (2002) identified two types of scaffolding: hard
scaffolding and soft scaffolding. Hard (or fixed) scaffolding is situation-specific, static

support embedded in the learning environment and is provided in anticipation of potential



difficulties that students might encounter while learning the material. Soft (or dynamic
scaffolding), on the other hand, are situation-specific supports sought by the learner, and
delivered by a teacher to help with the learning task (Kim & Hannafin, 2011; Saye &
Brush, 2002). Soft scaffolding requires continuous attention from the teacher to be able to
provide timely support based on students’ performance. This type of scaffolding is
generally provided by a teacher after fixed scaffolds fail to adequately meet students’
learning needs. Hence, the teacher’s presence is needed to provide intervention when
hard scaffolds fails (Pea, 2004; Saye & Brush, 2002).

Fixed or hard scaffolding has been widely recognized and used to provide
students with support during problem-solving activities in computer-enhanced
classrooms. Also, Sharma and Hannafin (2007) suggested integrating hard scaffolds into
contexts using hyperlinked text, and a variety of scaffolding formats (e.g., graphics, texts,
and charts) that meet different learners’ needs. This process makes scaffolds immediately
available and definitively relevant to the learning content. Hard scaffolding in web-based
multimedia can augment multiple perspectives and instructional support (e.g., text,
visual, audio) to promote students’ cognitive flexibility (Jacobson & Spiro, 1995).
Previous studies have also investigated the impact of hard scaffolding on students’
learning outcomes (Linn, Clark, & Slotta, 2003; Williams & Linn, 2003). These studies
reveal that hard scaffolding alone is insufficient in promoting problem-solving skills
because students often do not utilize fixed scaffolding adequately (Azevedo, 2005).

In addition to hard scaffolding, previous research has investigated the impact of

soft scaffolding in face-to-face settings (e.g., teacher, peer) on students’ learning



outcomes (Brush & Saye, 2008; Hmelo-Silver & Barrows, 2006). A number of studies
have demonstrated that face-to-face soft scaffolding was effective in modeling problem-
solving skills and promoting collaborative group work in computer-enhanced classrooms
(Hickey, Moore, & Pellegino, 2001; Simon & Klein, 2007). In this context, classroom
teachers provide scaffolding, but the diversity of today’s classrooms prevents teachers
from differentiating instruction for each individual’s learning abilities. By extension, an
alternative approach to soft scaffolding is needed in order to provide students with extra
scaffolding while they are engaged in computer-based adaptive learning programs, and
thus allowing the teacher to focus on classroom instruction.

In classroom settings, teachers are often challenged by the lack of resources in
providing scaffolding for students with diverse needs in public schools. Although
computer-based adaptive learning programs allow for differentiation and scaffolding,
there is an assumption that students need more personable support and agency in the
process of learning (Walqui, 2006; Lucero, 2014). This allows learners to seek help
whenever they need it (Roll et al., 2014). Without soft-adaptive scaffolds, studies have
shown that students often do not benefit from hard scaffolds (Azevedo & Hadwin, 2005).
Sharma and Hannafin (2007) argue that the challenge is to find a tool that models the
knowledge and presents it to the learner efficiently, and assess it properly. This is to
effectively reproduce a human tutor within a computer-based adaptive learning
environment.

When considering the strategy in which soft scaffolding is provided by an online

instructor while students are working independently on a computer-based adaptive



learning program, it is important to test whether soft scaffolds can address the limitations
of hard scaffolds in computer-based adaptive learning programs and impact students’
learning outcomes with respect to problem-solving skills. Once a computer-based
adaptive learning program is identified, embedding soft scaffolding in the form of a live
online tutor within the technology itself is needed to examine the impact of such
scaffolding on students learning outcomes. In particular, empirical research is necessary
to examine the assumptions related to seeking help from an online tutor within the
computer-based adaptive learning program. Despite both the need for augmenting soft
scaffolding in computer-based adaptive learning programs and the fact that soft
scaffolding may be critical for facilitating students’ learning, this type of scaffolding has
not yet been empirically investigated in K-12 classroom settings.
Problem Overview

Classrooms are diverse. A typical classroom houses children comprising multiple
ZPDs making one type of scaffolding approach insufficient to meet the varied learning
needs represented therein (Belland & Drake, 2013). For example, Zydney and Grincewics
(2011) argue:

[A classroom teacher] is often providing scaffolding for up to 35 students

at the same time, usually basing her help not on what any individual

requires at the moment, but rather on what she believes most of the class

needs in order to be successful. (p. 189).
This scenario usually limits the teacher’s ability to differentiate scaffolding for each

student’s needs. Consequently, low-performing students are left unsupported and high-
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performing students are left unchallenged and often bored by repeated instruction
(Belland & Drake, 2013). Students do not utilize the scaffolding tools available to them
for solving problems successfully (Azevedo, 2005; Azevedo et al., 2010). Most
computer-based adaptive learning programs tend to isolate the role of the instructor.
Therefore, students typically make ineffective learning choices when independently
working on problem-solving (Azevedo, 2005). Without human adaptive scaffolds coupled
with technology adaptive scaffolds, students adopt suboptimal learning strategies which
can impede their learning (Azevedo & Hadwin, 2005).

Research has shown that the use of soft scaffolding in computer-based adaptive
learning programs is limited (e.g., Azevedo, 2005; Azevedo et al., 2010; Greene & Land,
2000; Butler & Lumpe, 2008; Blumenfield, Kempler, & Krakcik, 2006). This drawback
is based on the assumption that computer-based adaptive learning programs are intended
to deliver adaptive scaffolding with minimal to no assistance from the classroom teacher.
In other words, all necessary scaffolds must be incorporated in the learning system.
According to Meyer (1993), isolating social interactions, hence soft scaffolding, from
instructional methods does not constitute scaffolded instruction. Research has also shown
that students tend to seek teacher’s support regardless of the scaffolding and guidance
provided in computer-based adaptive learning programs (Mercer & Fisher, 1992).
Therefore, with the lack of social interaction and teacher support in computer-based
adaptive learning programs, technology scaffolding alone needs to be reconsidered. For
example, Choi, Land, and Turgeon (2005) found that computer-based adaptive

scaffolding alone did not enhance student learning. They suggested that students tend to
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focus on the features of the technology, but ignore the scaffolding that is provided by the
technology.

Traditionally, scaffolding involved one-to-one interactions to promote cognitive
and problem-solving skills. However, when students are working on computer-based
adaptive learning programs independently, the role of the instructor becomes important in
promoting cognitive thinking. Also, computer-based adaptive learning programs may not
adequately provide support to students with different levels of performance, so that
additional teacher scaffolding plays a supplementary role in meeting students’ individual
needs. Students who do not benefit from certain computer-based adaptive scaffolding will
have opportunities to receive teacher scaffolding.

Computer-based adaptive learning programs assume multifarious and complex
systems (Holen, Hung, & Gourneau, 2017; Law, 2012). Therefore, it is difficult to
understand the learner experience and behavior exhibited, and that learning efficacy and
student experience reciprocally influence each other. Thus, it is essential to analyze
students’ behaviors in the context of adaptive technologies when assessing the attributes
of technology scaffolding (Holen, Hung, & Gourneau, 2017; Lawlor, 2015). While
adaptive programs have been studied quantitatively and qualitatively to evaluate the
instructional efficacy, there is a lack of research pertaining to the study of human-
scaffolding techniques delivered side by side and within the adaptive program itself. To
do so, it is important to identify a system that not only outlines the dynamics of the
interactions between learners in the learning environment, but also affords the social

interactions and tutoring capabilities of a human.
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Purpose of Study

Although the potential of computer-based adaptive learning programs is widely
recognized in math instruction, significant challenges arise during the implementation of
these programs in classrooms. While computer-based adaptive learning programs can
promote language acquisition and problem-solving skills, students often feel frustrated
when engaging in such programs, particularly in mathematics (Cho & Jonnasen, 2002).
Moreover, students face many challenges in developing mathematical skills due to the
complexity and ill-structured nature of problem-solving processes (Azevedo & Hadwin,
2005). In this study, I focused on situational soft-adaptive scaffolding, in the form of a
live online instructor, in mathematical computer-based adaptive learning programs. In
addition, I have investigated the soft scaffold strategies provided by live instructors when
students seek help within the computer-based adaptive learning program. There are a
number of studies emphasizing the impact of human soft scaffolding and its value in
providing effective strategies for facilitating students’ learning (Sharma & Hannafin,
2005). Researchers have investigated the impact of human scaffolds in articulating,
understanding, and promoting reflection on, learning processes. Although previous
studies have identified multiple human scaffold strategies, such as instructor and
feedback (Hovardas et. al., 2014; Tasker & Herrenkohl, 2016; Azevedo, 2005; &
Azevedo et al., 2010), or instructor evaluation (Pata, Lehtinen, & Sarapuu, 2006),
instructor scaffolding has not yet been investigated within computer-based adaptive
learning programs. As demonstrated above, human-scaffold strategies have proven to be

pivotal in supporting students when engaged in problem-solving skills. No empirical
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research has fully demonstrated which types of human soft scaffolding can be observed in
an actual computer-based adaptive learning program within a classroom environment. In
order to better support learners who are engaged in computer-based adaptive learning
activities, types of soft scaffold strategies in such settings need to be investigated.

In this study, I have addressed this research gap and have empirically tested
whether students’ achievement scores (e.g., EOY benchmark) on problem-solving tasks
are impacted by integrating situational soft scaffolds in a computer-based adaptive
learning program. I have considered soft scaffolds in which students seek help from
instructors (Kim & Hannafin, 2011a, 2011b), in order to investigate the type of soft
scaffold strategies online instructors use to support students’ learning during help-seeking
sessions within the computer-based adaptive learning program.

I have focused on the following research questions:

Research Question One: Does incorporating situational soft scaffolds in a math
computer-based adaptive learning program impact students’ achievement scores?

(a) Does incorporating situational soft scaffolds in a math computer-based
adaptive learning program impact students’ achievement scores
controlling for frequency of soft scaffolds?

(b) Does frequency of soft scaffolds in a math computer-based adaptive
learning program impact students’ achievement scores controlling for

frequency of hard scaffolds?

14



(c) Do situational soft scaffolds in a math computer-based adaptive
learning program impact students’ achievement scores controlling for
BOY benchmark?
Research Question Two: What types of soft scaffold strategies do online math
instructors use to support students’ problem-solving lessons in a math computer-based
adaptive learning program?
Significance of Study
Scaffolding in computer-based adaptive learning programs fosters robust learning
(Corbett, 2001). Scaffolding in computer-based adaptive learning programs is described
as bringing the learner’s current skill level to a desired skill level (e.g., Vygotsky’s ZPD).
This process is augmented by the level of interactions between the technology and the
learner or a human agent that fosters social interactions (e.g., Vygotsky’s Sociocultural
Theory). Substantial research has demonstrated the potential impact of soft and hard
scaffolds on students’ learning in computer-based adaptive learning programs. In spite of
these findings, little to no research has been conducted on whether integrating soft
scaffolds in computer-based programs in public schools impacts students’ achievement
scores in math. Designers of computer-based adaptive programs are left with the problem
of how to effectively produce learning environments that strike a balance between
technology adaptive learning experiences and offering human soft scaffold opportunities
without actually relying on the classroom instructor. In this study, I have empirically
tested the proposition that integrating soft scaffolds in a math computer-based adaptive

program enhances students’ achievement scores. [ have also sought to identify the types
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of soft scaffold strategies used by online instructors to support students’ learning during
help-seeking sessions in the computer-based adaptive learning program.

By analyzing the strongest predictors in students’ achievement scores and by
identifying the soft scaffold strategies that have been exhibited by online instructors, I
have attempted to provide a meaningful framework for incorporating soft scaffolds in
computer-based adaptive learning programs. This study can benefit researchers and
practitioners who seek to understand the importance of soft scaffold strategies in
computer-based adaptive programs. These findings may inform educators and decision
makers in considering which computer-based adaptive learning programs to implement in
their classrooms. In addition, this study will inform instructional designers on how to
effectively design and incorporate social interactions in adaptive-learning programs and
will enable them to account for soft scaffolding affordances in their design. These
findings may provide insights for researchers and designers by suggesting which aspects
of soft scaffolding might be considered in the design process. Finally, this study will
provide a deeper understanding of the interplay between technology, students, online
instructors, and classroom teachers in blended-learning environments and of the impact
that this can have on students’ performance and classroom practices.

Definitions of Key Terms
Scaffolding: Scaffolding is an instructional strategy which supports students in
completing a task beyond their learning abilities (Belland, Glazewski, & Richardson,
2011). The process is augmented by the gradual shift of responsibilities from a more

skilled agent (tutor or peer) to the learner through which the scaffolding support
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eventually fades away (Davis & Miyake, 2004; Pea, 2004). Scaffolding implies that the
support given to the learner is only temporary until the learner is able to complete the
given task independently.

Soft Scaffolding: Soft or dynamic scaffolds are situation-specific supports delivered by a
teacher to help students with a specific learning task (Saye & Brush, 2002; Kim &
Hannafin, 2011). Soft scaffolding requires continuous attention from the teacher to be
able to provide timely support based on students’ performance.

Hard Scaffolding: Hard (or fixed) scaffolds are situation-specific static support
embedded in the learning environment and are provided in anticipation of potential
difficulties that students might encounter when learning the material.

Zone of Proximal Development: “the distance between the actual development level as
determined by independent work in a learner outcome and the level of potential
development as determined under adult guidance or in collaboration with more capable
peers” (Vygotsky, 1978, pp. 85-86, as cited in Brown & Ferrara, 1999, p. 225).
Computer-Based Adaptive Learning Programs: A set of tools that provide a learning
context in which learners’ needs are diagnosed to provide adaptive support. This includes
identifying and assessing learners’ prior skill proficiencies and ongoing evaluation of
their success in accomplishing a task. Students’ performance within the computer-based
adaptive learning programs trigger the scaffolding needed to complete a task (Azevedo et
al., 2010).

Beginning of the Year Benchmark: A 30-item multiple choice test given at the

beginning of the school year (BOY) to determine students’ performance levels.
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End of Year Benchmark: A 30-item multiple choice test given at the end of the school

year (EOY) to measure students’ academic achievement.
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CHAPTER TWO: LITERATURE REVIEW

In this chapter, I have provided an overview of relevant literature and research
pertaining to the scaffolding framework. Relevant research on hard and soft scaffolding
in computer-based adaptive learning programs is reviewed. In this chapter, | have also
identified key concepts and theoretical bases relevant to scaffolding. First, | have
discussed the definition, functions, and types of scaffolding. | have discussed online
learning and blended learning next. Finally, | have reviewed prior studies on hard and
soft scaffolding, followed by my investigation of soft scaffold strategies in computer-
based adaptive learning programs.

Scaffolding

Scaffolding is an instructional strategy associated with the ZPD as outlined by
Vygotsky (1978). ZPD is defined as the “distance between the actual developmental level
as determined by independent problem-solving and the level of potential development as
determined through problem-solving under adult guidance or in collaboration with more
capable peers” (Vygotsky, 1980, p. 86). While the actual development represents the
skills that the learner has already acquired, the potential development represents the skills
that a learner may acquire through the assistance of others. The notion of scaffolding
emerged from sociocultural theory, which assumes that learning occurs in the context of
social interactions (Vygotsky, 1980; Wertsch, 1985). Empirical research examining
scaffolding first began with Wood, Bruner, and Ross (1976) as they investigated six

infants (aged 7-18 months) over a period of 10 months. They studied the children and
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their mothers playing the game “peekaboo.” After a few coaching attempts from mothers,
they observed a gradual shift in agency in which the children took over the syntax rules
of the game and became self-directed. They found that eventually children could play the
peekaboo game with little to no attention from adults. This example of scaffolding
illustrates how knowledge is shared and constructed through social and cultural contexts.
Applying these principles to a formal educational setting, teachers can scaffold students’
construction of knowledge through meaningful interactions allowing them to develop
new skills through experience utilizing a social-constructive approach (Meyer, 1993).
However, the research of Wood et al. (1976) was not constrained to the ZPD assumptions.

Empirically, researchers first associated scaffolding with ZPD in the 1980s.
Bruner (1985) employed instructional scaffolding in the classroom as a structure and
process to learning:

[Instructional scaffolding] a process of “setting up” the situation to make the

child’s entry easy and successful and then gradually pulling back and handing the

role to the child as he becomes skilled enough to manage it. (p.60)

Fading is an essential component of scaffolding. Fading refers to the gradual
withdraw of support as the learner’s need for that support diminishes (Applebee &
Lagner, 1983). As the learner develops independent thinking and skill mastery, the
responsibilities of managing learning tasks are transferred from the instructor to the
learner. The process emphasizes the interplay between two people and their interactions;
the expert is continually diagnosing and adapting to the learner’s needs, and learner seeks

help when struggling. The process continues with the expert either providing additional
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support or removing the support if the learner is excelling (Puntambekar & Hubscher,
2005). According to Beed, Hawkins, and Roller (1993), fading helps students build
confidence and enhances independent learning.

According to Li (2012), scaffolding creates a context for linguistic and academic
development in the ZPD through social interactions. As mentioned above, in scaffolding,
the learner is dependent on others to achieve a task until he or she is able to work
independently. According to Winn (1994), scaffolding happens through social interactions
in which a more knowledgeable other (MKO)—such as a tutor, parent, or teacher—
supports students in learning. It is a contingent behavior when the leaners’ actions depend
on others’ scaffolding to achieve a task. Thus, learning is collaborative in nature when the
learner and the tutor converse to jointly solve a problem (Kayi-Aydar, 2013; Li, 2012;
Proctor, Dalton, & Grisham, 2007; Walqui, 2006). Walqui (2006) called for teachers to
integrate scaffolding whenever possible with their students and to fully integrate it into
teaching syllabi in order to pave the way towards putting students at their ZPD.

Walqui (2006) proposed that scaffolding in the classroom can be understood
through the following three assumptions:

1. There is meaning to providing a structural support by a system to develop certain
activities and skills.

2. The learner is carrying out of the activities in the classroom.

3. There is assistance provided by a MKO through interactions.
These assumptions are pedagogically demonstrated through the following

scaffolding schematics:
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Scaffolding Scheme 1: Planned curriculum progression over time (e.g. a series of

tasks over time, a project, or a classroom ritual).

Scaffolding Scheme 2: Procedures used in a particular activity (an instantiation of

Scaffolding 1).

Scaffolding Scheme 3: Collaborative process of interaction (the process of

achieving Scaffolding 2).

Walqui (2006) argued that beyond planning and collaboration, the learner should control
the elements of the task that are within their capacity while the instructor controls the
elements of the tasks that are beyond the learner’s capacity. Incorporating scaffolding to
facilitate learner-driven and hands-on interaction with the curriculum is an essential
component to ensure scaffolding is relevant to the context and to the level of the learner.

From a design perspective, Puntambekar and Hubscher (2005) summarized three

design elementals to scaffolding.

1. Inter-subjectivity: the learner and the instructor develop shared understanding
of the goal of the learning activity in which the learner is able to move to the
next level of the activity.

2. Ongoing diagnosis and assessment: the instructor assesses the learner’s level
of understanding so more relevant support can be provided to help the learner
to advance.

3. Fading: the process that promotes the transfer of learning responsibilities from

the expert to the learner.
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In practice, the core strategy of incorporating the instructional approach into scaffolding
involves the teacher delivering instruction early on until the student is gradually able to
complete tasks independently (Walqui, 2006). Instructional support should always be
immediate and minimal, just enough so that it does not compromise the rigor of the tasks
presented. Consequently, students gradually become capable of achieving more on their
own.

According to McNeil et al. (2006), scaffolding operationalizes the process when
learners are working within their ZPD. Functions of scaffolding vary based on the
learning environment. Table 1 obtained from Hao and Dennen (2016, p. 13-14)

summarizes the functions and features of scaffolding.

Table 1

Functions and Features of Scaffolding Replicated from Hao and Dennen (2016)

Authors Functions of Description

Scaffolds
Hogan & Modeling desired Use modeling strategies to help shape
Pressley (1997)  behaviors students’ behaviors (e.g., think aloud the

problem-solving strategies prior to a task,
talk about problem-solving strategies at the
completion of the task, and provide a
demonstration as the learner works on the
task).

Hogan & Offering Use explicit statements at different stages of

the learning task to help students develop a
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Pressley (1997)

explanations

clear understanding of the task.

Inviting students to

Ask students to contribute their ideas about

participate the learning task to boost their ownership of
the learning task at hand.
Verifying and Provide students with affirmative and

clarifying student

understandings

constructive feedback during the learning
task.

Inviting students to

contribute clues

Ask students to provide strategies for
problem-solving, rather than direct
participation, so that the instructor can

provide direct guidance for task completion.

Pea (2004)

Pea (2004)

Channeling and

Provide helpful hints and directional support

focusing to reduce task complexity and improve the
efficiency of students’ learning actions.
Modeling Demonstrate advanced solutions to tasks that

are otherwise outside of students’ capacity.

Quintana et al.
(2004)

Sense making

Provide explanations, a collection of helpful
tools, and explicit representations of difficult
concepts that learners experience in their

learning inquiry.

Process

management

Provide structure and expert guidance for
complex tasks and help handle extraneous
task loads so that students can engage in

processes and activities required for
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problem-solving.

Articulation and

reflection

Facilitate students’ ongoing reflections and
participation, and help students plan and

manage their learning inquiry.

Reiser (2004) Task structuring

Provide students with necessary content tools
and user-friendly navigations to direct
learners through the learning task and help

students plan their performance.

Content

problematizing

Make the task at hand a little more
complicated by creating a problem-like task
in order to pique students’ interest in

working on the learning task.

Tabak (2004) Reducing degrees of

Provide instructional solutions (e.g., worked

freedom examples) to take on some of the advanced
tasks so that student can manage the task at
hand.

Recruitment Keep students motivated in learning and

enlisted on the current learning task.

Scaffolding Types

The discussion of scaffolding so far has shown that the teacher needs to

cohesively employ all attributes and functions of scaffolding to ensure students are

making successful progress. To distinguish between different types of scaffolding based

on their functions, some researchers have offered a useful taxonomy of scaffolding types
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such as utility scaffolding (Fretz et al., 2002) and task scaffolding (MacGregor & Lou,
2004). Although there is an abundance of scaffolding taxonomies, the most commonly
used categories of scaffolds found in research are either cognitive, metacognitive,
procedural, contextual, or motivational:
Cognitive scaffolding: support for helping individuals understand the content of
learning materials. For example, a worked-out example that provides learners
with further details on how to solve a problem (Azevedo et al., 2004).
Metacognitive scaffolding: support for inquiry prompts to learners to recognize
their knowledge and regulate their learning and reflect on their progress by
sharing with others. For example, teachers may use question prompts to ask
students to reflect upon their strengths and weaknesses (Azevedo et al., 2004;
Azevedo et al., 2008).
Procedural scaffolding: support that helps learners employ available tools,
resources, and strategies in order to complete a task, reach a goal, or solve a
problem. For example, an organized framework embedded in the computer-based
system provides guidelines for students to solve problems (Hannafin, Land, &
Oliver, 1999).
Context scaffolding: support for helping learners to navigate a learning
environment by utilizing embedded functions in the learning activity. For
example, students may click a help button to learn how to navigate a learning task

(Hill & Hannafin, 2001).
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Motivational scaffolding: support for learners to develop their understanding of
their own interests and abilities. For example, instructors help students to see the
value of the learning task and its potential applications outside of school (Hao &
Dennen, 2016).
Depending on the learning environment, the above scaffolding types can appear in
different forms. Saye and Brush (2002) identified two different types of scaffolding: hard
scaffolding and soft scaffolding. Hard (or fixed) scaffolding is situation-specific static
support embedded in the learning environment and is provided in anticipation of potential
difficulties that students might encounter while learning the material. Soft or dynamic
scaffold, on the other hand, are situation-specific supports sought by the learner and
delivered by a teacher to help with the learning task (Kim & Hannafin, 2011; Saye &
Brush, 2002). Soft scaffolding requires continuous attention from the teacher to be able to
provide timely support based on students’ performance. This type of scaffolding is
generally provided when fixed scaffolds fail to adequately meet students’ learning needs
and as a result a teacher provides extra support. Hence the teacher’s presence to provide
intervention when support or guidance is needed (Pea, 2004; Saye & Brush, 2002).

In summary, most research that has been conducted on scaffolding so far has
focused on scaffolding in face-to-face environments. Face-to-face scaffolding focused on
(a) expert-novice interactions, (b) scaffold strategies, and (c) effectiveness of scaffolds in
face-to-face settings (Sharma & Hannafin, 2007). Each of these attributes assumed that
an instructor directly provides the scaffolds except for procedural scaffolding. In

procedural scaffolding, learners are solely dependent on the technology itself to provide
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scaffolds. In the following section, I have discussed the concept of scaffolding in
computer-based adaptive learning programs and its implications on promoting learning.
Scaffolding Tools

In traditional classroom instruction, the instructor provides the scaffolds through
face-to-face interactions with students. However, according to McNeil et al. (2006),
scaffolding can come from learning media such as computers. The argument of McNeil et
al. was based on the assumption that ZPDs are embedded in learning activities and
contexts that can be delivered by non-human interactions. As computers have become
increasingly integrated into classrooms and learning, scaffolding in computer-based
adaptive learning programs has been explored also. Human interactions in digital
adaptive programs present a challenge because the technology itself is powered by a
confluence of adaptive features, leading to several possible learning pathways taking
place in a single setting. The driving element of the adaptive pathway is the learner’s
learning profile and performance. What is lacking in this context is the availability of a
human to scaffold learning when the technology fails to support students’ learning needs
without interrupting the flow of the classroom.

In addition to the learning context that adaptive learning environments are
designed for, they consist of a set of tools that allow students to pursue learning and
problem-solving activities at their appropriate instructional level. The environment itself
enhances motivation and fosters a student-centered learning experience that starts with an
assessment to determine the learner’s skill level. The system generally provides learners

with sequential prompts that allow them to acquire information, construct problem
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solutions, and then assess those solutions (Puntambekar & Kolodner, 2005). Because of
their dependency on the operational parameters of the ZPD, computer-based adaptive
learning programs are designed to enforce certain constraints on how students advance
between the system tools to accomplish a learning task (Pata et al., 2005). Additionally,
computer-based adaptive learning programs include tools to observe and keep records of
students’ learning activities, to analyze those activities, and to provide scaffolds for
students as they work independently on a learning task (Azevedo et al., 2005).
Affordances and Limitations of Soft and Hard Scaffolding

In practice, classrooms are diverse making it difficult for the classroom teacher to
accommodate for the ZPD of each student (Puntambekar & Hubscher, 2005). Zydney and
Grincewicz (2011) argue that a classroom teacher

is often providing scaffolding for up to 35 students at the same time,

usually basing her help not on what any individual requires at the moment,

but rather on what she believes most of the class needs in order to be

successful (p. 189).
This scenario usually limits the teacher from being able to implement the appropriate
type of scaffolding for all students and prevents individualizing the scaffold for each
student’s needs. Consequently, low-performing students are left unsupported and high-
performing students are left unchallenged and often bored by repeated instruction
(Belland & Drake, 2013). In order to address this gap, the notion of scaffolding is no

longer limited to the interactions between an individual teacher-student. The notion of
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scaffolding expanded to encompass technology-based tools and resources (Puntambekar
& Hubscher, 2005).

With increasing diversity in classrooms’ demography and high teacher-student
ratios, teachers are no longer capable to attend to each individual student’s learning needs
(Belland & Drake, 2013). As a result, computer-based adaptive scaffolding emerged to
offer an alternative strategy to provide students with constant adaptive scaffolding that
caters to student learning needs (Azevedo et al., 2010; Luckin & Hammerton, 2002; Perry
& Winne, 2006). Computer-based adaptive scaffolding is a form of computer-based
instruction in which scaffolding is contained in students’ ZPDs (Vygotsky, 1980). In this
framework, the content given to the learners is appropriate for their learning abilities and
instruction is differentiated based on each individual’s learning abilities. When
scaffolding in computer-based adaptive learning programs is not compatible with
students’ learning needs, teachers assume the role of scaffolding agents to encourage
students’ participation and support learning (Belland & Drake, 2013).

To describe the interactions in a technology-enhanced classroom in which
computer-based adaptive learning programs are being used, Kim et al. (2007) propose the
Microcontext framework. This framework is relevant to the context of this study because
it describes the interactions within a particular classroom in which students interact with
inquiry tools (e.g., adaptive program), teachers, and peers. In this adaptive framework,
three different scaffolds interact with each other: 1) students engage in problem-solving
processes using the computer-based adaptive learning program (student-tool interaction),

2) students utilize hard scaffolding during problem-solving activities (hard scaffolding),
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and 3) online instructors facilitate and assist students during program-based inquiries

through different types of scaffolding strategies (teacher-online instructor interaction).

Teacher

Scaffolding

Identify and define an issue,
develop and argumenta and reflect

on and evaluate learnina processes .

1] L

Hard Scaffolds: technology tools, resources, text

Figure 1. Hard, peer, and teacher scaffolding in technology-enhanced classroom (Kim et
al., 2007)

When considering computer-based adaptive learning programs, there is a
possibility for students to utilize two different types of scaffolds, hard and soft, while
working on problem-solving activities. Hard scaffolds are available to students while they
work to solve problems within their ZPD. During problem-solving activities, students
encounter different activities to engage in meaningful problem-solving skills. These
activities include:

1. Introducing the problem: the problem is posed to students in connection to a real-

world situation.
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2. Understanding of the problem: students try to make sense of the problem by
connecting to prior knowledge and analyzing a partial solution.

3. Organizing: students organize the information in the problem, and plan multiple
solutions.

4. Solving: students present solutions to the problem, and check solutions for
reasonableness.

In addition to hard scaffolds, students may seek additional help from an online,
readily available instructor who can facilitate student learning within his or her ZPD. This
approach allows the classroom teacher to focus on other aspects of instruction. Key
features of scaffolding in problem-solving tasks rest on the following assumptions: a)
scaffolding support is given to learners when working on problems beyond their skill
level, b) scaffolding is withdrawn based on learners’ abilities, and ¢) scaffolding involves
questioning and modeling of the problem.

The examination of scaffolding in computer-based adaptive learning programs
necessitates an investigation of the interactions between the learner and the instructor.
Interactions, whether learner-instructor, learner-learner, or learner-content are essential to
scaffolding. In addition, interaction is an essential component of learning (Vygotsky,
1978). According to Parker (1999), interaction is an “essential ingredient in the academic
process” (p. 14) in both traditional and computer-mediated classrooms. The learner-
instructor interaction and student-content interaction in the field of computer-based
adaptive learning programs is crucial to understanding and defining the scaffolding

functions and strategies. According to Lawlor (2015), user experience is defined as "a
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person’s perceptions and responses that result from the user and/or anticipated use of a
product, system or service” (p. 3). These interactions encourage collaborative and
constructive learning and offer students more opportunities for scaffolding. With the
increased use of technology in schools hard and soft scaffolds can be developed in online
curricula to guide students through learning (Applebaum, Vitale, Gerard, & Linn, 2017).
For students to access soft and hard scaffolding online, different types of online
interactions are necessary. These interactions are discussed next.
Online Learning Interactions

Online learning is a method for learning in which the learner and the instructor are
separated geographically. Instruction in online learning utilizes the attributes and
resources of the World Wide Web through hypermedia to create instructional
environments that foster learning (Khan, 1997). Hypermedia is necessary to create online
learning environments. Interactions are an essential component of online learning and
scaffolding. Defining online interactions lays the foundation for the instructional
strategies and practices that take place in online learning (Moore, 1989). Unlike
traditional classroom instruction, in online learning students do not have the luxury of
face-to-face scaffolding interactions with the instructor. Therefore, a successful
implementation of an online learning program involves multiple types of interactions.
Moore (1989) identifies three types of educational online interactions and their attributes:
learner-content, learner-instructor, and learner-learner interactions. These are illustrated

below.
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Types of Online Interactions

The first type of interaction is learner-content (Moore, 1989). It represents the
interaction that learners have with the subject matter, or content, to learn. According to
Moore (1989), learner-content interaction is the “defining characteristic of education” (p.
2). The instructional materials are delivered primarily through technology to scaffold
students’ learning. For example, this may include students interacting with computer-
based adaptive learning programs, reading text online, watching videos, or multimedia
interaction in computer-based learning programs. The role of the instructor in this type of
interaction is to facilitate the process and to help learners construct their knowledge
(Moore, 1989). While the instructor ensures the content is accessible for students to
cognitively interact, learners actively think about ideas and reflect on information and
knowledge constructed during the process (Moore, 1989). Learning environments may
involve more than one type of interaction. Some learning environments involve a high
level of learner-content interactions and minimal human interactions. The lack of human
interaction restricts students from further scaffolding and limits them in their ability to
understand and authentically apply the content.

The second type of interaction is learner-instructor (Moore, 1989). This type of
interaction includes interactions that students have online with the instructor either
synchronously or asynchronously, and involves all instructor’s efforts to instruct,
scaffold, guide, and motivate the learner (Moore 1989). The instructor provides
assistance to each learner based on their needs and ensures learners are making progress

by providing formal and informal assessments. Learner-instructor interaction also
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embodies the feedback loop between the instructor and the learner (Moore, 1989). The
level of feedback and the intensity of interaction varies according to both the ability level
of the learner and to the teacher’s philosophy (Moore, 1989). According to Sherry and
Yamashita (2004), learner-instructor interaction is a two-way process. The first part
embodies the instructor’s efforts to instruct, encourage, and motivate learners. While the
first part involves the instructor’s guidance, the second represents efforts made by the
learner in seeking feedback from the instructor. The instructor’s feedback is an essential
component to learner-instructor interaction because of the lack of face-to-face
communication. Unlike a traditional classroom environment in which learners can
receive immediate feedback from the instructor, in asynchronous online settings, learners
may have to wait to receive feedback and know that they are in the right direction.

The third type of interaction is learner-learner (Moore, 1989). This involves the
interactions of one learner with another—with or without the instructor presence (Moore,
1989). Learner-learner interaction represents either a collaborative and cooperative
approach to learning within a group form, or a learner-to-learner in online-based
environments. Although this type of interaction may lack expert knowledge, it provides
learners with opportunities to share information, experiences, and feedback from one
another that is highly valued (Moore, 1989).

Hillman, Willis, and Gunawarden (1994) propose a fourth type of interaction:
learner-interface interaction. In online and distance learning, learners interact with
technology as a delivery system for the content. Depending on the technologies, online

learning can be delivered through synchronous interaction, computer-conferencing. For
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example, experts or asynchronous can have interaction through electronic exchange, such
as email. In both interactions, learners construct knowledge as they explore issues,
reflect, and evaluate. The time spent online is an opportunity for learners to engage in
negotiations with peers and faculty (Hillman et al., 1994). It is important to note that
learner-interface interactions are not necessarily true pedagogical interactions, but they do
enable the pedagogical interactions to occur. Therefore, this type of interaction is an
integral element in all other forms of interactions within online learning environments.
These four types of interactions are not easily separable (Alston, 2014). For
example, learner-instructor interactions can be associated with students receiving or
seeking feedback from instructors. As a result, learner-instructor interactions lead to
learner-content interactions. Additionally, instructor feedback also shapes interactions
between students and course content. Hollis (2016) suggests there are key elements that
define the nature of interactions between learners and instructors such as civility and
concern. The same is also true for students’ relationships with the technology. For
example, students need to view technology as means for collaborative learning (Hollis,
2016). Enhanced interactions in online learning environments have the potential to
provide students with support structure and interpersonal relationships that ultimately
enhance students’ learning and satisfaction. For example, Alston (2014) found that
interactions of student-content and student-technology have direct significant relationship
with students’ satisfaction. Students’ satisfaction is paramount to ensure students remain

enrolled and active in online programs (Hermans, Haytko, & Mott-Stenerson, 2009).
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Interactions are essential to content delivery in online learning environments.
Content in online learning can be delivered synchronously or asynchronously. Types of
content delivery are discussed next.

Synchronous and Asynchronous Delivery

Synchronous course delivery allows the learner and the instructor to communicate
and collaborate at the same time. According to Chow (2013), synchronous delivery
involves “two or more people in the same real or virtual space at the same time” (p. 127).
Aside from having the advantage of immediate collaboration, in synchronous learning
environments, most learners feel as if they are part of a traditional classroom, although
this requires learners to be at their computers online at the same time (Lynch, 2004).

Asynchronous delivery on the other hand represents communication in online
learning at times and in places that are convenient to learners and instructors. Examples
of asynchronous course delivery include the use of blogs, wikis, discussion boards, and e-
mail. This delivery format provides learners and instructors flexibility as they can
collaborate and communicate over a period of time that is convenient. One of the most
significant advantages of asynchronous course delivery is that it gives learners more time
to think and reflect (Schoenholtz, 2000). However, asynchronous online delivery creates
a challenge to learners because of the lack of immediate contact with the instructor.
Another concern with asynchronous communications among instructors and learners is
the lack of a sense of community and social presence, or the feeling of being among other

students and with the instructor (Hillman, Willis, & Gunawardena, 1994).
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Considering the challenges discussed above, online learning environments can be
improved by incorporating instructional practices such blended instruction. Blended
instruction provides students and instructors with flexibility on how to manage the class,
to share ideas, and to collaborate on activities. Blended instruction represents learning
environments in which part of the instruction is delivered asynchronously online while
the remaining part being synchronous face-to-face instruction. As innovative technologies
advance in educational settings to motivate students to engage in everyday learning,
blended learning environments have the potential to increase students’ learning by
allowing the instructor to utilize effective face-to-face instruction and students to receive
personalized instruction at their own pace with technology through online activities
(Rivera, 2017).

Blended Learning

The term blended learning refers to a learning model or an environment that
combines face-to-face instruction with technology-mediated instruction (Graham, 2006).
According to Martyn (2003), the process is geared towards differentiating instruction and
allowing teachers to meet students’ specific learning needs while at the same time
enhancing teacher effectiveness. In the K-12 education system, the most widely used
definition of blended learning is

a formal education program in which a student learns at least in part through

online delivery of content and instruction with some element of student control

over time, place, path, and/or pace and at least in part at a supervised brick-and-

mortar location away from home (Horn & Staker, 2015, p. 34)
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For the purpose of this study, the above definition delineates classroom instruction
in which a portion of learning is delivered via technology while another portion is
delivered through face-to-face instruction. Blended learning allows instruction to occur
synchronously or asynchronously in online or face-to-face environments. Instruction is
synchronous when the approach is structured for the content to occur in real time face-to-
face or online. At times, online instruction can occur using computer-based adaptive
learning programs (Halverson, Graham, Spring, & Drysdale, 2012; Means, 2010).

While blended learning classrooms can take many forms, there are four main
blended learning models that have been implemented in elementary and secondary
schools: station rotation, lab rotation, flipped classroom, and individual rotation (Staker
& Horn, 2012; Walne, 2012). In this study, the station rotation model is the one in which
a computer-based adaptive learning program was implemented. Therefore, in this study, I
will only focus on the station rotation model because it was the model used in this
research.

The station rotation model (Figure 2) is used in conjunction with other
instructional modalities such as paper-based assignments, small group discussions, or
group projects (Christensen, Staker, & Horn, 2013). The station rotation model requires
students to rotate between learning modalities based on a fixed schedule, one of which
must be online or computer-based. A typical classroom in a blended-learning
environment can implement the station rotation model for the whole day chunking the
time for as little as 90 minutes. To provide some insights on how the station rotation

model is implemented on a typical day, a teacher would need to set up various stations for
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students to rotate through. Depending on the learning objective, the teacher specifies a
rotation time block. Each station is assigned a specific task. As students rotate at a time
specified by the teacher, they work on the task designated for each respective station
(Staker & Horn, 2012; Walne, 2012). For example, a three-station rotation model would
include one station for teacher-led instruction, a second station for computer-based
instruction, and a third station for collaborative learning activity between peers (Staker &
Horn, 2012). There is flexibility in adjusting the model to meet specific classroom needs.
Walne (2012) added that regardless of the number or duration of the station, the stations
must be computer-based, and students must work independently on a pre-determined
assignment. In addition, the station rotation model could involve a combination of
instructional attributes such as offline and online learning, self-paced and adaptive
learning programs, and synchronous and online formats of self-paced or adaptive
asynchronous programs (Singh & Reed, 2001).

One of the benefits of implementing the station rotation is that it provides the
teacher with flexibility in grouping students based on the online data in order to inform
the face-to-face instruction. A key concept of blended learning is the use of assessment
data to provide further teacher scaffolding. Online data from computer-based adaptive
learning programs allow the teacher to design learning materials for face-to-face
instruction and to provide more targeted scaffolding opportunities (Ortega, Gil, & Arcos
Garcia, 2011). Coupling the station-rotation model with computer-based adaptive
learning program allows for more targeted instruction to meet the various skill levels of

students.
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Figure 2. Station-rotation model in blended learning

As outlined above, an instructional approach in a blended learning environment
requires the implementation of computer-based adaptive learning programs and some
level of interaction between the instructor and the learners, learner and technology.
Because of the primary focus of this study, I will discuss interactions in computer-based
adaptive learning programs in blended learning environments next.

Computer-Based Adaptive Learning Programs in Online and Blended Learning

As explained above, some models of blended learning, such as the station-rotation
model, can rely heavily on computer-based adaptive learning programs. Computer-based
adaptive learning programs have been used to teach basic reading skills, language, and
mathematics. School systems have long recognized the importance of implementing
computer-based adaptive learning programs in classrooms for an increased engagement
and as a way to increase proficiency in language and mathematic skills. Researchers have
studied adaptive digital programs since 1970 with several studies having been conducted

on their efficacy (i.e., Wang & 2011). Some studies have specifically focused on the
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impact on students’ abstract and conceptual knowledge (i.e., Chi & Lee, 2006), visual
capacity, motor activity, and spatial abilities (i.e., Kasper, 2002). Mixed-method
approaches were used in these studies, including pre- and post-assessments,
questionnaires, interviews, and observations. The findings imply that implementing
computer-based adaptive learning programs that scaffold learning serves to enhance
students’ performance in the classroom. However, these studies investigated the potential
learning outcomes resulting from using the programs and relying on the technology itself
to scaffold learning, which isolated the role of the teacher. In addition, these studies failed
to address the learner experience that resulted from human scaffolding within the
program or to assess how the programs can be designed to foster an engaging and
motivating learning experience for the students.

While technology-mediated instruction is critical, teachers also must establish
their presence within both online and face-to-face environments. Teachers need to be able
to identify with the learner, communicate purposefully, and develop relationships within
these environments. In the online environment, the presence of teachers is attributed to
their ability to project themselves socially and emotionally in mediated communication
(Garrison, Anderson, & Archer, 2010). Teacher presence in blended learning is linked
with significant learning outcomes and student satisfaction with the learning outcomes
(Garrison & Akyol, 2013). The vital role played by the instructor in facilitating greater
learning gains and satisfaction is underscored in blended learning while incorporating

adaptive learning programs. This leads to the assumption that adaptive learning programs
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allow students to work interpedently and enable the teacher to focus on his or her part
(Azevedo et al., 2012).

The lack of instructor presence while implementing computer-based adaptive
learning programs in blended learning environments can create challenges for both
students and implementation, particularly in the area of authentic communications (Kear,
Woodthorpe, Robertson, & Hutchison, 2010). Although teachers bear some responsibility
for the establishment of a vibrant learning experience in blended learning, their specific
roles are yet to be defined in the implementation of adaptive learning programs
(Lowenthal, 2010). In theory, the role of the teacher includes the design, facilitation, and
instruction with the goal of increased learning outcomes (Garrison, Anderson, & Archer,
2010). While computer-based adaptive learning programs can address a student’s
learning gaps, teachers also need to facilitate discussion and discovery through
interactions with learners based on data output. Garrison and Akyol (2013) argue that in
blended learning, the teacher role is assumed by serving as a moderator to cultivate the
best value of the learning experience.

According to the International Association for K-12 Online Learning, the role of
the instructor in blended learning is highlighted in four broad categories that include
guiding and personalizing learning, communicating, assessing, grading and promoting,
and developing online course content (Pape, Revenaugh, Watson, & Wicks, 2006). Also,
iINACOL outlined a framework for blended learning teacher competency in four skill
categories (Powell, Rabbitt, & Kennedy, 2014; Pulham & Graham, 2018):

(a) Mindsets: teachers should embrace student-centered learning. Student-catered
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learning ensures students’ individual needs are met and fosters motivation.

(b) Qualities: teachers should exhibit grit, transparency, and collaboration.

(c) Adaptive skills: teachers should reflect, seek continuous improvement and

innovation, and capitalize on communication. By doing so, they bring innovative

technologies to their classrooms and connect students to sources of knowledge

beyond the classroom brick wall.

(d) Technical Skills: teachers should combine instructional strategies and

instructional tools to successfully implement and manage a blended learning

experience.
Yet, while employing computer-based adaptive learning programs, instructors need to
develop new skill sets for implementing programs while maintaining skills to teach in a
traditional face-to-face classroom setting (Burkle & Cleveland-Innes, 2013; McQuiggan,
2012; Kenney & Newcombe, 2011; Ciftci & Ocak, 2011; Shaw, 2012). The role of the
instructor shifts away from a content expert, who supplies knowledge, to that of a
moderator or a facilitator of technology implementation (Anh-Nguyet et al., 2010).
However, Shaw (2012) implies that instructors are ill-equipped with tools and best
practices to adapt to the evolution of instruction in blended learning combined with
adaptive computer-based learning programs. Instructors involved in computer-based
adaptive learning programs often report a lack of time to effectively implement best
practices, which presents barriers to effective instruction (Comas-Quinn, 2011; Ciftci &
Ocak, 2011). Napier, Dekhane, and Smith (2011) suggested that the lack of time in

blended learning courses affects the success of the instructor.

44



Computer-based adaptive learning programs are usually implemented in blended
learning environments. Blended learning environments necessitate human interaction.
Students seeking help from an instructor when working on a computer-based adaptive
learning programs represent a type of human interaction. This type of interaction is
referred to as help-seeking (Aleven et al., 2013). Considering the future study that is
taking place in a blended learning environment, it is relevant that I discuss the
interactions between students and instructors accordingly.

Help-Seeking: A Form of Interaction in Computer-Based Adaptive Learning

Programs

Help-seeking in computer-based adaptive learning programs is a common academic
behavior assumed by the learner when he or she fails to independently and successfully
complete a learning task (Roll, Baker, Aleven, & Koedinger, 2014). The process of help-
seeking in computer-based adaptive learning programs is a complex decision-making
process that begins with problems that students cannot solve by themselves. When the
adaptive program recognizes the student is struggling, remediation and scaffolding
automatically will be inserted. If the student is not successful, he or she can seek further
help from a human tutor who is readily available online or face-to-face.

Although help-seeking has been studied predominantly in classroom contexts, it is yet
to be explored in the context of computer-based adaptive learning programs in which a
learner seeks help directly from an online instructor without interrupting the classroom
teacher (Aleven et al., 2013). Most research findings in social contexts cannot be

extrapolated to computer-based adaptive learning programs. Therefore, help-seeking in
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computer-based adaptive learning programs assumes its own field of inquiry (Aleven et

al., 2013).

Nelson-LeGall (1981) formulated a five-step model for students in help-seeking:

Become aware of a problem, which means that students recognize the difficulties
they face.

Decide to seek help, in which stage students realize that they cannot solve the
problem by themselves, and intend to seek help from an external source.

Identify a potential source of help, such as teacher, peers, internet, or intelligent
tutoring system.

Implement strategies for getting help, in which students request help that is
appropriate in that particular situation.

Evaluate the help-seeking attempt, in which students reflect upon the help
received to determine whether they can successfully solve the problem. If the help
received is viewed as not fulfilling the need, the students decide to restart the

help-seeking process or even turn to another help source.

In summary, the typical academic behavior of successful learners starts when learners (a)

question themselves, (b) identify the solution to the task, (c) take information into

account, and (d) decide whether to seek help or not (Roll et al., 2014).

However, seeking academic help in computer-based adaptive learning programs

has only been studied in the context in which help was not provided by humans (teachers

or peers) but instead by an adaptive system (Aleven et al., 2013). In addition, in

computer-based adaptive learning programs, help can either be context sensitive—in
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which learners are given hints, feedback, or worked examples—or context-insensitive—
in which a learner is presented with a webpage or a glossary for additional scaffolding
(Aleven et al., 2013).

Observations about learners’ behavior while seeking help in a learning
environment can also have implications for the design of the learning environment itself
and its implementation in the classroom setting. Therefore, studying help-seeking as a
form of scaffolding is necessary to inform technology implementation in schools.

Help-seeking in computer-based adaptive learning programs assumes one-to-one
tutoring, hence, social interactions (Aleven et al., 2003). Research on help-seeking within
the classroom context has shown that help-seeking is a strategy that improves students’
performance and is important in facilitating independent skill mastery (Aleven et al.,
2003). Some studies showed that high performing students seek help frequently (Pintrich,
2004), whereas low performing students are less likely to seek help (Goldberg & Spain,
2014).

Seeking help in a learning context does not necessarily yield significantly
increased learning gains or new skills mastery (Aleven et al. 2003). The approach and
learner behavior while using computer-based adaptive learning programs affects learning
gains as well (Aleven et al., 2003). Some learners, on the other hand, do not seek help
because they fear appearing incompetent to the instructor or their peers (Roll et al.,
2014). Also, students who realize that help is available, but choose to ignore it, waste the
opportunity to develop new skills. In contrast, students who try to solve problems

independently when capable, and only seek help when in need, can develop new skills.
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This is because they are active participants in the learning environment with the intention
of understanding the materials (Aleven & Koedinger, 2014).

In computer-based adaptive learning programs, struggling students would expect
someone to explain the questions and the problems, to carefully guide them through the
learning problems, to constantly provide support through hints or clues, to illustrate steps
involved in the questions, and to provide enough details or assistance in order to let them
figure out the problem instead of giving the answers directly (Roll et al., 2014). Despite
the benefits of help-seeking, some students who are sensitive about their performance
being observed by others are more likely to avoid seeking help publicly (Roll et al.,
2014). These students hold the belief that seeking help publicly will expose their
weaknesses. Holding such a belief regarding help-seeking not only involves overt
behaviors, but also a mental process.

The influx of research on help-seeking comes from the increased implementation
of computer-based adaptive learning programs in public schools. Considering the theories
presented above so far, help-seeking has been limited to technology providing help and
lacking any social interactions. Incorporating human scaffolding increases social
interactions and allows students to interact with a human tutor in a private environment
while ensuring the learning is working within the ZPD. This is important because it
reduces the social obstacles of seeking help in public and frees the classroom teacher’s
time to focus on other aspects of traditional classroom instruction. The ultimate
advantage to providing students with scaffolding instruction from a human tutor while a

student is working on a computer-based adaptive learning programs is privacy. Privacy
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between students and the human tutor decreases the threat to self-esteem and provides the
learner with a comfortable and less judgmental environment (Gonida, Karabenick,
Makara, & Hatzikyriakou, 2014; Karabenick & Dembo, 2011; Karabenick & Newman,
2006; Mikitalo-Siegl, Kohnle, & Fischer, 2011). Furthermore, seeking help from a tutor
in an adaptive learning programs affords self-regulated learning in which the student has
full agency on when to seek help (Roll et al., 2014).

Research Examining Scaffolding in Computer-Learning Environments

In this section, I discuss the gaps in current research that are relevant to hard and
soft scaffolding in computer-based adaptive learning programs. First, prior research on
hard scaffolding is discussed. Second, research on soft scaffolding is discussed. Finally,
soft scaffold strategies used in computer-based adaptive learning programs are evaluated.

The original notion of scaffolding in computer-based adaptive learning
environments has been studied in the content of one-to-one support in which the
classroom instructor relies on data provided by the technology to drive instruction with
students (Belland & Drake, 2013). Computer-based adaptive scaffolding is limited to the
distribution of the learning load between the learner and the computer-based
environment. The purpose of computer-based adaptive scaffolding is to support the
learner temporarily until he or she is able to gain the necessary knowledge independently
(Belland & Drake, 2013).

Computer-based adaptive scaffolds can support individual students by
communicating a range of processes and learning activities, and simultaneously freeing

the teacher time to focus on other aspects of the classroom (Sharma & Hannafin, 2007).
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Therefore, future research should examine technology-based scaffolding when coupled
with teacher-based scaffolding within the technology itself as the classroom teacher
cannot afford to provide further scaffolding to all struggling students.
Hard Scaffolding in Computer-Based Adaptive Learning Programs

Researchers have investigated hard scaffolding and how to integrate it to support
students’ learning. Azevedo et al. (2004) investigated the effectiveness of different
scaffolding methods for facilitating undergraduate students’ (n=51) learning abilities
using hypermedia tools. The researchers also investigated why different types of
scaffolding were differentially effective on students’ achievements. Three scaffolding
conditions were created: adaptive scaffolding, fixed scaffolding, and no scaffolding.
Under the adaptive scaffolding conditions, students had access to a human tutor outside
of the digital environment to monitor their understanding and handle difficulties and
demands from the students. Under the fixed scaffolding conditions, while students were
given the same learning tasks and goals, the scaffolding conditions consisted of a list of
10 domain-specific questions designed to scaffold students’ conceptual understanding of
the sub-goals. The group with no scaffolding had no access to either of the above help
features. The results of students’ post-quizzes demonstrated the effectiveness of adaptive
scaffolding in facilitating students’ learning of complex scientific problems. Students who
received adaptive scaffolding demonstrated significant increases in the understanding of
the circulatory system and their posttest scores were significantly higher than the students
with either fixed scaffolding or no scaffolding. One of the limitations presented in this

study is that the conception of scaffolding is not compatible with the original notion of
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scaffolding. For example, the environment described in the paper was static; students’
needs were not diagnosed and there was no adaptive control over the aspect of learning.
Instead, the scaffolding tools were affordances that students choose to utilize in order to
regulate their learning. Therefore, the concept of soft-adaptive scaffolding does not align
with the original notion of scaffolding as students were not working within their ZPD.
Saye and Brush (2002) also investigated fixed scaffolding in a designed
hypermedia learning environment, Decision Point (DP), with one high school teacher and
11™ grade students in her U.S. history classes (the number of students were not reported
in the study). The focus of the project was the African American civil rights movement
that included an interactive database of related multimedia resources. Scaffolding tools
were then embedded to help students collect, analyze, and evaluate historical evidence
before presenting conclusions. The researchers collaborated with the teacher to deliver
soft scaffolding to students. One class was taught the same unit using traditional
classroom instruction while the experimental group receive DP1 treatment. Analyses of
students’ writing artifacts reveal that students in DP1 treatment significantly
outperformed students in the non-DP group in the post-unit writing assignment in both
factual knowledge and persuasive reasoning. Although students in the PD1 significantly
outperforming students in non-PD in persuasive writing prompts, there was no significant
differences in between groups’ performance on critical reasoning. Presentations of the
unit problem for students in the PD1 group lacked evidence of critical reasoning and
students continued to struggle to develop realistic problem solution to the complexity of

social reality. Classroom observations, student surveys, and student interviews suggested
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that students in the DP1 were more engaged with the content and developed more
empathetic views on the historical dilemma than those in the non-PD group. Finally, one
of the most relevant findings from the observations and interviews is that the teacher’s
soft scaffolding remained meager due to the high number of students. The teacher was
not able to meet with the students individually, monitor their work, or probe thinking as
students attempted to synthesize data.

In a similar quasi-experiment study that involved first-year undergraduate
students in a physics laboratory course, Roll et al. (2012) investigated the efficacy of an
activity sequence in helping students to invent mathematical formulas. Fifty-eight
students received an unguided invention condition (control) and 76 students received a
guided invention condition (treatment). Both groups were given an invention activity
targeting the concept of uncertainty slopes. The goal of the activity was to invent a
method that would determine the uncertainty in the slope (finding a formula). The only
difference in the scaffolding condition between both groups was that the treatment group
had embedded metacognitive scaffolding in which students were guided through the task
by sequential question prompts. The findings suggested that students in the guided-
invention condition invented more accurate formulas and incorporated more target
features in the method. However, the metacognitive scaffolding had no significant effect
on the technical quality of the mathematical expressions.

Although the concept of scaffolding presented in this study accomplishes some of
the scaffolding conditions found in Wood et al. (1976), applying the scaffolding metaphor

to activity sequencing presents some challenges. The metaphor of scaffolding in Rolls et
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al. (2012) breaks down because the sequence of activities lacks adaptivity to students’
needs. One condition to adaptive scaffolding is the importance of diagnosing students’
needs and continually adjusting activities to suit their needs. The sequence of activities in
the adaptive learning environment explored by Rolls et al. (2012) is fixed. In other words,
students complete the activities in the same order, and the sequence cannot be changed to
adapt to learners’ needs. Moreover, although soft-adaptive scaffolding was present in the
Rolls et al. (2012) study, it does not align with the original notion of scaffolding. In this
particular study, soft scaffolding was observed through peer interactions.

Activity sequencing as a form of hard scaffolding was also investigated by
Belland (2010). The researcher relied on an intervention Connection Log that utilized a
web-based environment in which students responded to prompts, and shared answers
with peers. Belland then studied the impact on fostering students’ scientific inquiry skills
such as scientific reasoning and argumentation. The researcher observed how students
used the Connection Log to organize information, share their work, and collaborate on a
problem-solving process. The observations suggested that sequential prompts allowed
students to organize information, and to share their work with peers throughout the
problem-solving process. Although the findings imply that the functions of hard
scaffolding assisted students in problem-solving skills, the adaptive nature of the
Connection Log did not assume students’ ZPD. Moreover, no social interactions were
observed as students’ work was only shared digitally.

Prior research showed that fixed scaffolding appeared in the form of annotations.

For example, Lee and Calandra (2004) studied fixed scaffolding by embedding
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annotations in a web-based unit with high school students. One group (n = 23) used hard
scaffolds in the form of topical annotations in a web-based adaptive learning program
called Semantic Constitution. The control group (n = 27) received the same tool without
the annotations. Based on the analysis of students’ writing artifacts, the authors reported
that scaffolding annotations enhanced students’ prior knowledge about the background
information. However, the scaffolding annotations had no significant impact on problem-
solving skills. Reiser (2004) reported that fixed scaffolding was effective in providing a
supplementary structure to guide students through problem-solving, but no impact was
found on students’ scientific inquiry skills. Zydney et al. (2011) also investigated fixed
scaffolding utilizing web-based organizational tools with tenth-grade students while they
engaged in problem-solving processes. The results were consistent with those of Reiser
(2004); although students demonstrated basic understanding of the problem, no
significant impact was found on students’ achievement scores.

Similar to Lee and Calandra (2004), Kim and Hannafin (2011) implemented a
scientific inquiry activity centered in the Web-based Inquiry Science Environment
(WISE) with sixth graders. The focus of the study was to explore how sixth graders used
peer-, teacher-, and technology-enhanced scaffolds during the implementation of WISE.
The technology scaffold included embedded inquiry maps, hints, and evidence pages to
help students monitor and reflect during the problem-solving activity. Students were also
prompted to take electronic notes as a metacognitive scaffold for building an inquiry map
and develop a conceptual understanding of the topic. Results from students’ surveys

reveal that students found the embedded scaffolds (i.e., hints) to be helpful in identifying
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important strategies as well as gathering the evidence needed to support their
argumentations. Although students perceived the embedded scaffolds to be helpful, WISE
lacks the adaptive components needed to ensure students were working at their
appropriate level according to the parameters of Vygotsky’s ZPD.

WISE was also investigated by Walker and Zeidler (2007) during SSI instruction.
The authors found that WISE assisted students in problem-solving activities. Although
the study demonstrated the importance of fixed scaffolding embedded within WISE and
the importance of embedding guiding questions, WISE did not provide sufficient support
to promote students’ acquisition of scientific skills. The researchers suggested that extra
guidance is needed to prevent students from forming hasty conclusions or generalizations
regarding the nature of science. This study hints that fixed scaffolding alone in computer-
based environments is not sufficient in promoting students’ scientific inquiry skills,
which highlights the importance of incorporating soft-adaptive scaffolding in addition to
fixed scaffolding.

Although the above studies demonstrate that fixed scaffolding tools can be
partially effective, no studies were found to have investigated the effectiveness of the use
of fixed scaffolding coupled with soft scaffolding within computer-based adaptive
learning programs. Instead, most scaffolding research has focused on the following:

1. Fixed scaffolding (Belland, 2010).
2. Soft scaffolding in web-based environments—students work with a tutor outside

of the learning environment (Azevedo, 2005).
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3. Fixed scaffolding in light of interactions with soft scaffolding where students had

access to a tutor outside of the learning environment (Zydney, 2011).

4. Fixed-adaptive scaffolding (e.g., Azevedo, 2005).

However, no research has focused on investigating soft-adaptive scaffolding in
which students work at their ZPD and have access to an online human tutor within the
technology itself in K-12 classrooms.

In K-12 classrooms, implementations of computer-based adaptive learning
programs are impacted by many factors, such as students’ proficiency levels and prior
knowledge, teacher-student ratio, or state-mandated policies (Gonzalez & Dejarnette,
2015). Schools implement computer-based adaptive learning programs to alleviate the
difficulties that teachers face in differentiating for the multiple skill levels of their
students (Kim et al., 2007). However, fixed adaptive scaffolding alone does not provide
sufficient support (Gonzalez & Dejarnette, 2015). This problem is augmented in the fact
that students, with varying skill levels, react to, or perceive, fixed scaffolding differently
when they interact the technology. According to Sharma and Hannafin (2005), students’
reactions to fixed scaffolding is based on their own interpretation and internalization of
the scaffolding functions. Also, students’ reactions to scaffolding can be associated with
whether the learning outcomes are positive or negative (Mullen & Tallent-Runnels, 2006;
Yu, 2009). Given the complexities of computer-based adaptive learning programs and
interactions between multiple forms of scaffolding (Kim et al., 2007), it is essential that

further research to determine whether integrating soft-adaptive scaffolding in computer-
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based adaptive learning programs will impact students’ achievement scores in problem-
solving activities within k-12 classroom environment.

So far, research in K-12 settings on human adaptive scaffolding that accomplishes
the original notion of scaffolding, which was to ensure multiple ZPDs are met and social
interactions are present, remains meager. Understanding the differences between
scaffolding techniques, and when and why to apply a certain form of scaffold remains an
important area for research. Pea (2004) demonstrated this need by defining the what,
why, and how of scaffold. For example, depending on the learning environment
affordances, Pea (2004) asked the following questions:

1. “What information should the scaffolding tutor provide?”

2. “Which strategies should the scaffolding tutor employ?”

3. “How and in what actions does the scaffolding tutor actually supports the

learner?”

4. “Who or what should provide the scaffold?”

5. “Considering the assumptions of adaptive scaffolding, should the tutor be a
human, either outside the computer-based adaptive learning program or within
it?”

In sum, understanding how human tutors scaffold learners within computer-based
adaptive learning programs and what strategies they use will shed some light on this
problem. The next section discusses the gaps in research in soft scaffolding within

computer-based adaptive learning programs.
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Soft Scaffolding (Peer and Instructor)

Previous studies have investigated the assumption that teacher-scaffolding
interactions with students foster reflective social discourse (Liu & Tsai, 2008; Palincsar
& Brown, 1984). Teacher scaffolding facilitates students’ knowledge reconstruction and
meta-cognitive skills (Palincsar & Brown, 1987; Piaget, 1976). Accordingly, it is through
a teacher’s questions and explanations that learners can bridge their gaps in knowledge,
skills, and experiences (Choi, Land, & Turgeon, 2005). However, according to previous
research on human support while students work on computer-based adaptive learning
programs, the support students received during group problem-solving activities does not
align with the scaffolding metaphors (Gan & Hattie, 2014).

In practice, it is difficult to accommodate the multiple ZPDs of all students in an
actual classroom context. Therefore, teacher support has been broadly framed within the
notion of facilitator interactions while the scaffolding taking place has been considered to
be either teacher feedback or evaluation (Hovardas et al., 2014; Pata et al., 2006). For
example, Choi et al. (2005) used a network-based synchronous learning environment to
investigate tutor questioning and feedback as scaffolding strategies to assist learners’ (n =
63) interactions when problem-solving in small groups. The main argument of the study
is that teacher presence will foster meaningful discussion through questioning and critical
feedback. The findings, however, suggested that the role of the tutor was minimal in
constructing understanding and reconstruction of knowledge. The researchers attribute
the findings to the classroom size. By extension, since the teacher could not

accommodate multiple needs simultaneously, students switched to their peers through
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thoughtful questions that were modeled by the teacher. Students seeking help from each
other lightened the workload of the instructor and peer scaffolding emerged as a more
effective strategy. Indeed, peer feedback and peer questioning can be considered as a
form of soft scaffolding, and can be effective in helping learners navigate tasks, negotiate
meaning, and construct solutions to problem-solving activities.

Although peer scaffolding can be effective in certain circumstances, the potential
of peer scaffolding is mired with challenges. In light of computer-based adaptive learning
programs, previous research has also demonstrated that technology alone does not
provide sufficient scaffolding during ill-structured and complex problem-solving
activities, hence the need for the presence of a human expert. For example, using a
collaborative network learning environment for algebraic processes, Wu, Farrell, and
Singley (2002) investigated the supportive role of the teacher in a challenging problem-
solving situation in an algebra subject domain: ALGEBRA JAM. The domain allowed
learners (n = 18) to participate in threaded online discussions. The findings demonstrate
that students regularly consulted the online teacher for advice and suggestions. Although
the teacher was placed in a separate room, there was constant flow of conversation
between the tutor and the students. Although the level and frequency of interactions
between the students and online instructor were positive, the study only focused on the
nature of the collaboration and did not assess cognitive gains; no measures were taken to
assess this. Also, the design nature of the system was not adaptive, and all students

worked on the same task at the same time. In other words, it assumed that the 18 students
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who participated in the study had the same ZPD, which allowed the instructor to facilitate
and scaffold their problem-solving.

Although previous research has advocated that soft scaffolding is an effective
instructional model to promote critical thinking, reasoning, and problem-solving skills,
most studies have extensively focused on face-to-face interactions outside of the digital
environment itself (Kim & Hannafin, 2004; Raes, Schellens, De Wever, & Vabderhoven,
2012; Singer, Marx, Krajcik, & Clay, 2000). For example, in a web-based collaborative
inquiry learning platform, Raes et al. (2012) investigated different forms of scaffolding
with middle school students (n = 347) to determine which form of scaffolding has
significant impact on students’ metacognitive awareness during problem-solving. The
researchers designed the following four experimental conditions: teacher-enhanced
scaffolding, technology-enhanced scaffolding, teacher- and technology-enhanced
scaffolding, and without scaffolding. The posttest scores of the groups revealed that
students, who received teacher-enhanced scaffolding, gained higher posttest scores than
students in the remaining groups. The authors attributed the high gains on the posttest
scores to the fact that teachers were able to dynamically monitor students’ learning and
problem-solving processes and to assist them immediately.

Although the authors argued that providing teacher-enhanced scaffolding in
technology-enhanced classrooms may be a critical component to facilitate problem-
solving skills, the study design has several drawbacks. First, although the study took
place in a classroom settings, teacher-enhanced scaffolding was not provided by trained

classroom teachers but rather by graduate students who were given scripted dialogue to
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follow during interactions with students. Second, the web-based environment was open-
ended, and students were not working within their individual ZPD. Third, students’ prior
knowledge was not diagnosed, so it could not be determined whether they exhibited the
same skill level. Finally, multiple graduate students provided teacher-enhanced
scaffolding in the same setting--a scenario impossible to replicate in an actual classroom
environment with students comprising multiple ZPDs.

In a study that explored online interactions, Bell (2000) investigated the use of
SenseMaker, a tool to model expert arguments for middle school students (n = 172) from
six class periods in which students carried the activities in 86 pairs over a period of six
weeks. The goal was to determine whether student-student or student-technology
interactions promote effective problem-solving skills. In this study, students explored
how science in the classroom related to their own lives. The authors also studied the
frequency of, and the types of, hints requested. Findings revealed that although students
took advantage of hints from the SenseMaker, students still showed difficulty creating
new conceptual frames or building arguments.

In a similar study, Simons and Klein (2007) investigated how different conditions
of scaffolds influence inquiry and performance in a problem-based learning environment
with middle school students (n = 111). Three scaffolding conditions were created: (a) no
scaffolding in which students had no access to any type of support, (b) optional
scaffolding in which students had the choice of whether or not to use support provided,
and (c) required scaffolding in which students had to complete all scaffold available. The

findings showed that students in the optional scaffolds and the required scaffolds
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outperformed students in the no scaffolds group on the posttest. No significant
differences in posttest scores were observed when comparing the means of the scores
between the optional scaffolds group and the required scaffolds group. An important
aspect of the findings is that the authors attributed the lack of significant differences in
the posttest scores between these two groups to the teacher role. The observations
revealed the teacher support was inconsistent throughout the implementation.

In computer-based adaptive learning programs, students’ experiences are driven
by their performance levels on the ongoing assessments in order to meet the learning
goals of specific learning activities. However, due to the characteristics of the student-
centered experience, students may face challenges with the fixed scaffolding, especially
when they do not have sufficient background knowledge (Kirschner, Sweller, & Clark,
2006). Therefore, struggling students will require significant scaffolding from the teacher
to work through problem-solving processes (Kim & Hannafin, 2011).

Despite the potential of fixed scaffolding tools, such as WISE (Linn & Hsi, 2000),
in assisting teachers’ classroom instruction, three challenges emerged: (a) some students
face difficulties using fixed scaffolding tools in problem-solving activities and often seek
additional assistance from the classroom teacher (Reiser et al., 2001), (b) teachers have
challenges accommodating the ZPD of individual students in an actual classroom
context; a teacher providing instruction for an entire class cannot alone deliver
personalized scaffolding that can fully address the ZPDs of all students (Puntambekar &
Hubscher, 2005). For example, Reiser et al. (2001) investigated the scaffolding features

with high school students while utilizing Explanation Constructor and concluded that
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while fixed scaffolding helped students navigate the tool, students continued to struggle
in constructing well-grounded arguments on their own without additional teacher
scaffolding. Therefore, to better support students who are engaged in problem-solving
activities in computer-based adaptive learning programs, it becomes important to
incorporate soft-adaptive scaffolding to provide immediate support to students while
working within their ZPD.
Soft Scaffold Strategies

Although adaptive soft scaffold strategies have been underrepresented in previous
research, some researchers have identified the types of soft scaffolding observed in
classroom environments. Pata et al. (2006) identified several discourse patterns of soft
scaffolding observed in a network-based synchronous learning environment in which the
classroom teacher provided support while students worked in teams:

Instruction: Tutor’s functional- and process-related information, instructions,

suggestions, directions, hints for orientation.

Feedback: Tutor’s questions asking for process-related feedback, information,

confirmation about what students are doing.

Judgement: Tutor’s task-related judgements, opinions, decisions.

Evaluation: Tutor’s questions asking for task-related opinions, analysis,

evaluation.

Confirmation: Tutor’s task-related confirmations of opinions, showing agreement

or disagreement.
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Social Talk: Tutor’s talk related with social atmosphere, showing contentment or

discontentment, satisfaction, anticipation.

In addition, Kim and Hannafin (2011) have identified three types of soft scaffold
strategies in technology-enhanced classroom settings: (a) clarifying the tasks- the
instructor consistently clarifies logistics and provides constructive explanations, (b)
monitoring students’ progress in which the instructor routinely monitors and comments
on students’ individual progress and responds to questions, and (c) challenging students’
thinking in which the instructor challenges students’ responses and poses questions for
further investigation.

Finally, Wu et al. (2002) revealed the most relevant coded soft scaffolding
strategies that emerged from an actual teacher interacting with students who were
engaged in problem-solving processes in a digital adaptive program as follows:

Leading: the tutor specifically directs students to complete a task in which part of

question is answered by the tutor to solve part of the problem.

Prompting: the tutor asks probing questions to help students arrive at the answer

themselves.

Hinting: the tutor provides an analogy or a reminder that may not relate

specifically to the problem.

Probing: the tutor asks questions to make sure the student understands the

objective the tasks and understands the problem.

Diagnosing: the tutor monitors students’ progress and routinely provides

feedback to evaluate their ideas and actions in the problem-solving process.
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Moreover, Wu et al. (2002) ordered the frequency of the above instructional strategies.
Specifically, prompting is the strategy that the tutor used most often when mediating
learning. Hinting came second. Leading and diagnosis appeared to be equally used.
Probing was used the least.

Although previous studies revealed the effectiveness of teacher soft scaffolding
strategies in fostering students’ problem-solving processes in classroom settings and
technology-enhanced instruction, little to no research has been conducted to investigate
how soft-adaptive scaffolding within computer-based adaptive learning programs impacts
students’ achievement on problem-solving activities in k-12 settings. Most research has
examined the effectiveness of fixed and soft scaffolds (Belland et al., 2011; Putambejar &
Hubscher, 2005; Berland & Reiser, 2011), but has not examined how online instructors
facilitate students’ learning within adaptive tools. Thus, additional research is needed on
soft scaffolding as a dynamic support within technology-enhanced classroom settings.

Conclusion

In computer-based adaptive learning programs, scaffolding can appear in multiple
forms. Furthermore, scaffolding has expanded to include interactions between students
and teachers in computer-based adaptive learning programs. Although a number of
studies have investigated how to design and implement hard and soft scaffolds in
technology-enhanced classroom settings, little research thus far has investigated the
interactions among both types of scaffolds and their impact on students’ achievement
while in a computer-based adaptive learning program that is implemented in an actual K-

12 classroom environment. In addition, few studies have been conducted to investigate
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the soft scaffold strategies exhibited in this scaffolding framework. Thus, further research
needs to be conducted in order to identify what types of soft scaffold strategies can be

observed in computer-based adaptive learning environments.
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CHAPTER THREE: METHOD

Introduction
This study investigated the relationship between situational soft and hard

scaffolds and students’ achievement scores (e.g., EOY benchmark assessments) on
problem-solving skills in a mathematics computer-based adaptive learning program. In
addition, this study explored the types of soft scaffold strategies that mathematics
instructors used to support students’ learning during problem-solving lessons in the
computer-based adaptive learning program. The research questions that guided this study
are as follows:
Research Question One: Does incorporating soft scaffolds in a math computer-based
adaptive learning program impact students’ achievement scores?

1. Does incorporating soft scaffolds in a math computer-based adaptive learning

program impact students’ achievement scores controlling for frequency of soft

scaffolds?

2. Does frequency of soft scaffolds in a math computer-based adaptive learning

program impact students’ achievement scores controlling for frequency of hard

scaffolds?

3. Does incorporating soft scaffolds in a math computer-based adaptive learning

program impact students’ achievement scores controlling for BOY benchmark?
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Research Question Two: What types of soft scaffold strategies do online mathematics
instructors use to support students’ learning during problem-solving lessons in a math
computer-based adaptive learning program?

Chapter Three outlines the specific research methodology used in this study,
including research design, context, participants, materials, data sources and collection,
and the proposed analysis method.

Research Design

This study utilizes a multi-method design (Stake, 1995). The design is a twofold
focus: (a) determines the relationship between situational soft and hard scaffolds in
problem-solving lessons and students’ achievement scores in a computer-based adaptive
learning program, and (b) gains a comprehensive understanding of the soft scaffold
strategies that mathematics instructors used to support students in problem-solving tasks
within a computer-based adaptive learning program. The multi-method design allows the
researcher to investigate an authentic and contemporary bounded system through detailed
data collection involving multiple sources of information (Yin, 2003). In addition, a
convergence triangulation design, a type of mixed method design, is utilized in this study
(Creswell, Plano, Gutmann, & Hanson, 2003). According to Bamberger, Rao, and
Woolcock (2010), this multi method approach is used to provide “flexibility to fill in gaps
in the available information, to use triangulation to strengthen the validity of estimates,
and to provide different perspectives on complex, multidimensional phenomena” (p.
623). A multimethod case-study design allows the researcher to fully understand the

nature of soft scaffold strategies in a typical blended-learning and technology-enhanced
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classroom setting. The researcher employs quantitative and qualitative methods during
the same timeframe. Multiple data sources allow the researcher to provide an in-depth
and rich description to confirm and interpret the findings of the study (Creswell et al.,
2003).
Rationale for Selection of Case
According to Stake (1995), in a multimethod case study, the researcher studies an

issue, then selects a case to illustrate it. For the quantitative analysis, a purposeful
sampling strategy was used to select which case to study. This approach allowed the
researcher to strategically select a case that will yield new insights about the phenomena
of interest (Marshall & Rossman, 1995). Specifically, criterion sampling, a type of
purposeful sampling, was utilized in this study to link the depth of understanding that
qualitative data can provide with the breadth of understanding that quantitative data can
generate (Patton, 2002). The selection criteria for the case used in this study were that the
case should use a mathematical computer-based adaptive learning program:

(a) to support students on problem-solving tasks,

(b) that incorporates soft and hard scaffolds to help students during problem-solving

tasks,

(c) that affords two way live online interactions between students and instructors (soft

scaffolds).

Furthermore, the case needed to be in a middle school blended learning environment.
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All participating schools received a training session on implementation of best practices
in the computer-based adaptive learning program within their blended learning
environment.

Research Context and Participants

The context of this study was a public charter school district in the Northeastern
United States for the 2017-2018 school year. Six middle schools participated in the study
in which they used the mathematics computer-based adaptive learning program.
Participants in the study were students from fifth-, sixth-, seventh-, and eighth-grade
levels.

A desired sample size for this study was determined as a function of effect size,
alpha level, and power (Cohen, 1988). A priori power analysis for a multiple regression
analysis with three predictors (i.e., soft scaffolds, hard scaffolds, and BOY benchmark)
was conducted using G*Power with an alpha of .05 and a power of .80 to determine a
sufficient sample size (Faul, Erdfelder, Buchner, & Lang, 2009). For the effect size,
Cohen (1992) proposed indexes of effect sizes for multiple tests and their values for
small, medium, and large effects (See Table 2). Hence, a medium effect size for multiple
regression model employing three independent variables was selected (f 2= 0.15). Based

on these assumptions, a desired sample size of participants is 121.
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Table 2

Effect Sizes and their Values for Small, Medium, and Large Effects

Test Symbol of Small Effect Medium Large Effect
Effect size Size Effect Size Size
t-test d .20 .50 .80
Correlation r 10 .30 .50
ANOVA f .10 25 40
Multiple
Regression f? .02 15 35

After the researcher signed a data-sharing agreement with the district and gained
IRB approval, a data specialist from the district office transmitted the data to the
researcher via box.com—a secure site that supports data encryption. Table 3 provides an

overview of the data from each school for the year 2017-2018.

Table 3

Descriptive Summary of Participants and Frequency of Hard and Soft Scaffolds

Students  Frequencyof M SD Frequency of M SD

School With Hard Soft Scaffold
Work Scaffolds Sessions

School 355 2,720 91

A
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School 59 56 2

B
School 317 5,514 277
C
School 311 3,874 183
D
School 277 6,762 540
E
School 294 5,183 466
F
Total 1,613 24,109 15. 27. 1,559 9 3.833

36 702 7

There were 305 students who used both hard and soft scaffolds while working on
the mathematics computer-based adaptive learning program. To select data samples for
the qualitative analysis, the students were grouped in five categories based on their BOY
benchmark assessment scores (Table 4).

1. Advanced: students exhibit advanced performance when tested on grade-level
skills and concepts.
2. Proficient: students exhibit appropriate performance when tested on grade-level

skills and concepts.
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3. Basic: students exhibit some appropriate performance when tested on grade-level
skills and concepts.
4. Below Basic: students generally do not exhibit minimally appropriate

performance when tested on grade-level skills and concepts.

Far Below Basic: students generally do not exhibit any appropriate performance

when tested on grade-level skills and concepts.

Table 4

Descriptive Statistics of Soft Scaffold Sessions from Each Performance Level

Performance Level Far Below Below Basic  Proficient Advanced
Basic Basic
Number of Soft 515 607 265 184 3

scaffolds Sessions

Among the 1,559 soft scaffold sessions, the research team followed the snowball
purposeful sampling approach (Palinkas et al., 2013). First, we selected 400 sessions to
be analyzed. Then, the researchers isolated the sessions by performance level. Next, the
researchers selected sessions from each student in the list going up and down the list until
they reached 50 sessions from each performance level. It is important to note that the
“Advanced” performance level had only three soft scaffold sessions and therefore was

excluded from the analysis.
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Materials

The purpose of this section is to identify the materials used in this study. The
adaptive affordances of the computer-based adaptive learning program used in this study
are identified first, followed by providing examples of hard and soft scaffolds in the
computer-based adaptive learning program.
Computer-Based Adaptive Learning Program

The computer-based adaptive learning program selected for this study was an
adaptive mathematics program that focuses developing students’ skills in problem-
solving. The program supports students in working through a process for solving real-
world problems by posing real world application problems. The level of the problem-
solving lessons ranges from second grade to high school math. Students move between
multiple lessons of a problem situation including context, diagram, word equation, and
numeric representation at their own pace. The program teaches students to analyze and
solve problems in five steps:

1. Analyze the problem situation: students identify what the problem is asking
and identify the quantities in the problem. Students select a diagram that
models the problem situation.

2. Plan to solve the problem: students think about why writing an equation is a
useful strategy for solving the problem and describe how the quantities in the
problem are related.

3. Solve the problem: students build a word equation to represent the problem

situation, solve the equation, and interpret the solution.
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4. Justify the solution: students explain why the solution is correct.

5. Evaluate the problem-solving process: students think about how writing an
equation helped them solve the problem.

Figure 3 illustrates the five steps of the problem-solving process in the

mathematics computer-based adaptive learning program.

Item Preview - Item 70627 Question 1 of 1
© sowve ‘ © susmry © evaware

PROBLEM SOLVING STEPS:

Your school wants to have 5 computers for every 12 students. There are now 125
computers and 924 students. How many more computers are needed to have a ratio
of 5to 12?

The final ratio of computers to students is the total number of
computers divided by the total number of students.

computers now
n sghool

.............

Use the buttons below to build an equation with words and symbols.

final ratio of computers to students

Figure 3: Five steps of problem-solving process

The program consists of 24 independent modules covering pre-algebra, algebra, and
geometry. Each module, also referred to as pathway, contains subsequent lessons to meet
the overarching objectives of the module. Within each lesson, students encounter
situational and hard scaffolds. An adaptive placement test establishes the depth of

scaffolds that an individual student needs. The placement test starts with a question that is
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two grade levels below the student’s current grade and selects each following question
based on the student’s performance on the last. The test gives students easier and harder
questions until it determines where the student is consistently successful. This becomes
the student’s initial placement level. If the student is not ready for grade-level work, he or
she is automatically assigned precursor lessons to prepare for success on target lessons.
The lesson modules in the adaptive program consist of several instructional activities
that students complete at their own pace. Each lesson follows a gradual-release model,
starting with a pre-quiz and a warm up, and then providing conceptual instruction on new
math ideas. Usually, the beginning activities have more support, but that support is
gradually removed until the post-quiz, at which point the student must do the math
independently. Below are the sequential activities identified in each lesson of the
program.
» Pre-Quiz: students demonstrate their understanding of the content within the
lesson.
* Students are automatically set to take the Pre-Quiz.
* Ascore of 80% or greater allows the student to skip the lesson and move
to the next lesson on the pathway—adapting to match the student’s need.
» Warm Up: students practice procedures and recall facts that may be helpful in
the lesson.
» Student sees items that are precursors to the standard for this lesson.

* Precursors activate prior knowledge to increase success.
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» Guided Learning and Five-Step Process: students engage in meaningful
instructional tasks designed to facilitate understanding of the learning
objectives of the lesson. Students receive different levels of instruction through
corrective feedback, math helps, and live teacher support. Students work
through and begin to internalize a problem-solving process that can be applied
to complex problems.

* A series of items that span the key parts of the standard in the lesson.

* An interactive activity.

* The student’s choice to either answer right away or get help before
choosing an answer.

» Practice: students review, extend, and synthesize the ideas from the Guided
Learning, continuing to receive corrective feedback.

* The Practice offers more problems on the target standard(s).

» Corrective feedback is provided for both correct and incorrect answers,
but the instructional support from the hard scaffolds and the Live Teacher
is no longer available.

» Post-Quiz: students demonstrate their understanding of the content within the
lesson.

* The last activity in each lesson is the final step in gradual-release process.

* The student shows whether he or she knows the mathematics
independently.

* A grade of 70% or greater is the passing score for the lesson.
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Adaptive Scaffold Design

The program’s content management system (CMS) houses the course content and
learning pathways, lessons, learning objectives, and standards. Students interact with
diverse item types that require a higher level of student interaction. Items incorporate
complex tasks, provide more authentic learning experiences, and develop critical thinking
and meaningful problem-solving skills. Practice with diverse item types helps students
prepare for high-stakes testing. While the delivery method of content is designed to
provide students with continuous adaptive scaffolds through all the lessons, the following
are situational adaptive scaffolds that were used in the analysis:
Hard Scaffolds

As students work independently on the computer-based adaptive learning
program, hard scaffolds are situational helps embedded in the guided learning section
within each lesson. Hard scaffolds are only available during the guided learning activity,
which presents students with a series of items that span the key parts of the learning
objective or the problem to be solved. Below is an example a prompt that students
encounter in the guided learning. If the student does not know the answer, hard scaffolds
are available from the math help tab or the hyperlinked terms. There are two types of
situational hard scaffolds available for students in the computer-based adaptive learning
program:

1. Conceptual Hard Scaffolds: provide students with definitions of new terms or link
to web-based resources (Hannafin et al., 1999; Jackson et al., 2000; Saye &

Brush, 2002). In the example below (see Figure 4), the terms “expression” and
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“equivalent” are blue color coded and hyperlinked to provide students with a

definition when clicked.

= [, N— . —C 0 ;)
!mmm e PreQuiz  WamUp  guided Practice  PostQuiz  Finish Welcome, Impersonated admin J'Y
Matt Learning v
Adding and Subtracting Fractions with Like Denominators - ltem 4091 Question 1 of 3
Which expression is equivalent to 1 whole? :

® ®

O ® v DReference
: ®
O ®

alon
i

e

alos

ol
oolen
ol
ol

The denominator is the number

Expression @
& TOOLS
A mathematical statement that represents a number or quantity. Expressions may include numbers,
I variables, and operators. An expression does not include an equal symbol

> [Reference
Expressions: Equation:

¥ lLanguage @
2xy e+ 5=17~__

o Constant
xX2+2 _ X
Expression Expression

2(x +5)

Figure 4: Example illustrating conceptual hard scaffolds

Strategic Hard Scaffolds: provide students with embedded expert advice in the
form of text-based response (Simons & Klein, 2007) or video clips (Hmelo-Silver
& Barrows, 2006; Pedersen & Liu, 2002) to assist students in evaluating

alternative approaches to solve problems. Once the student clicks on math help,
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two strategic hard scaffolds will appear (Figure 4).

x:i’ﬂ:?

Each part of a fraction has a meaning.

Example: What fraction of this pizza has ?
The numerator is the number of
The whole pizza has 4 equal siices | Squal parts the fractiosrstends for

=

siices with pepperoni

>> 4 slices have pepperoni -

equal slices in whole pizza

4

The denominator is the number
of equal parts in the whole

% of the pizza has pepperoni, which means the whole pizza has pepperoni.

Which expression is equivalent to 1 whole?

oo
|
=
e
+
)

Figure 5: Example of strategic hard scaffolds

Soft Scaffolds

¥ Language @

ESPANOL

Soft scaffolds are situational helps available to provide students with guidance
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and explanations about the new mathematical concepts or difficult terms. In this context,
soft scaffolds are defined by the situational online support given to students from online
math instructors after they seek help. If hard scaffold is insufficient to help the student
provide the correct answer, the student can seek support from an available online math
instructor. Soft scaffolds are only available if the student answers incorrectly to the first
problem-solving prompt. Only then do students have agency to seek help from a readily
available online instructor. The student must type or interact on a two-way virtual
whiteboard. Once the student seeks help from the online instructor, the instructor can

choose to either talk or type. The instructor must remain with the student until the student



acknowledges the instructor’s support is sufficient. Similar to hard scaffolds, soft
scaffolds are only available during the guided learning activity. Figure 6 below provides

an example of the interactions between a student and online math instructors:

Adding and Subtracting Fractions with Like Denominators - Item 4091 Question 1 of 3

There are currently no Imagine Math Teachers online.

Try working on the problem on your own

Things you can do:

« Click a lightbulb to review your work

« Look over the Helps for new ideas.

« Open the Reference if you need a formula, math word definition, or calculator.
« Open the Tools if you need a bar model

Remember, it's okay to make mistakes!

Which expression is equivalent to 1 whole?

Figure 6: Online interactions illustrating soft scaffold

Data Sources and Measures
This study involved a multimethod analysis in which both quantitative and
qualitative data were collected concurrently (Greene, 2007). To address the research
questions posed in this study, the researcher accessed multiple sets of data. These
included posttest scores on lessons completed in the mathematics computer-based
adaptive learning program, students’ BOY benchmark results, and the students’ artifacts,
which included the interactions between students and the online instructors during the

soft scaffold sessions. The data also included the frequency of hard and soft scaffolds for

every student.
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Benchmark

A 30-item multiple choice test is given automatically to students at the beginning
of the school year (BOY) to determine students’ performance levels. The same
benchmark was given to the participants at the end of the year (EOY) to measure growth
and students’ academic achievements. After each test, students are given a raw score for
their achievements. Analysis of the benchmark data was used to answer the research
questions as follows: the EOY benchmark was used to answer the first research question,
which examined the relationship between soft scaffolds and student achievement scores
while controlling for BOY benchmark. Moreover, the results of the BOY benchmark data
were used to group students according to performance levels: far below basic, below
basic, basic, proficient, and advanced. Finally, the data analysis was used for the selection
of artifacts to investigate the soft scaffold strategies.
Hard Scaffolds

The frequency in which the students accessed the strategic hard scaffolds was also
exported. This data included the average number of students’ attempts to access hard
scaffolds during problem-solving lessons. The frequency in which hard scaffolds were
used represents “clickstream” of students accessing hard scaffolds. These data were used
to answer the relationship between soft scaffolds and students’ achievements when
controlling for the frequency of soft scaffolds.
Soft Scaffold Sessions

The transcripts of online soft scaffold sessions between the students and online

instructors for all lessons in which students sought help from the online instructor were
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exported and grouped to evaluate the soft scaffold strategies received in the computer-
based adaptive learning program. All soft scaffold sessions were grouped according to
students’ performance levels. These data were used to address the second research
question, which investigated the type of soft scaffold strategies.
Data Collection Procedure
A data-sharing agreement was formed to transmit the data from the district to the
researcher. After signing a data-sharing agreement, the school district transmitted the data
to the researcher. The deidentified data included a student reference number, school
name, class name, time spent, number of lessons completed, number of lessons passed,
benchmark performance level, frequency of hard scaffolds, and frequency of soft scaffold
sessions. The data included total of 24,109 of hard scaffolds and 1,559 of soft scaffold
sessions represented from 305 students from sixth, seventh, and eighth grades.
Data Analysis

Research question 1: Does incorporating soft scaffolds in a math computer-based
adaptive learning program impact students’ achievement scores?

(a) Does incorporating soft scaffolds in a math computer-based adaptive learning

program impact students’ achievement scores controlling for frequency of soft

scaffolds?

(b) Does frequency of soft scaffolds in a math computer-based adaptive learning

program impact students’ achievement scores controlling for frequency of hard

scaffolds?
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(c) Does incorporating soft scaffolds in a math computer-based adaptive learning
program impact students’ achievement scores controlling for BOY benchmark?

Pearson’s correlation was employed to examine the relationships between soft and
hard scaffolds and BOY benchmark and students’ individual achievement as measured by
EOY benchmark scores. In addition, multiple regression analysis was utilized to test the
regression model, which investigates the strongest predictor of the academic achievement
score. The independent variables are soft scaffolds, hard scaffolds, and BOY benchmark.
The dependent variable was the EOY academic achievement score. The independent
variables were entered into the equation simultaneously to test the model and to
determine which independent variable (soft or hard scaffolds, or BOY benchmark)
created the best prediction equation. In order to confirm the model in which hard and soft
scaffolds account for students’ individual achievement, hard and soft scaffolds were
entered as the independent variables and posttest scores were entered as the dependent
variables. All statistical analyses for the quantitative data were performed with SPSS.

Research question 2: What types of soft scaffold strategies do online mathematics
instructors use to support students’ learning during problem-solving lessons in a math
computer-based adaptive learning program? The second research involved identifying the
types of soft scaffolds strategies online mathematics instructors provided to students
during online soft scaffold sessions in the computer-based adaptive learning program. To
answer this research question, the researcher used student-instructor online interactions to
identify the types of soft scaffold strategies instructors employed during problem-solving

lessons. To analyze the interactions in this study, the researcher relied on Chi’s (1997)

84



guidelines to quantify the qualitative data of the online interactions. The process
involved:

1. Segmenting unit analysis: once the online soft scaffold sessions were made
available, a semantic analysis was conducted to represent a functional chunk of
meaning (Herring, 2004). First, the instructor-student, soft scaffold sessions were
segmented. The segmentation involved separating the selected sessions by
performance levels.

2. Developing and choosing a coding scheme: to analyze the segmented data, the
researcher developed an initial coding scheme based on the literature review. The
development of the coding scheme followed a top-down and bottom-up process.
Based on previous research findings, an initial coding scheme was developed (see
Table 5). During the preliminary analysis and coding scheme, the research team
met to review and discuss the coding scheme. In addition, the team also met two
times for each performance level sessions to review the coding and resolved any
disagreements before moving to the next group. During the preliminary analysis
of the soft scaffold sessions, the researchers identified conflicting and emergent
categories, which led to redefining the strategies.

3. Seeking patterns and coherence in the data: to investigate the types of soft
scaffold strategies and patterns, a descriptive statistical analysis was performed on

emergent categories and the types of soft scaffold strategies identified in the data.
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Table 5

Identified Soft Scaffold Strategies

Type Definition Example
Leading The tutor specifically Teacher: Please tell me what you think
directs a student to you understand about this problem so
complete a task in far.
which part of question  Student: i think that it is to hard for me
is answered by the I think that this lesson is to hard
tutor to solve part of Teacher: Have you read through the
the problem. problem?
Student: yes multiple times
Teacher: Did you read **(1) HELP**
and **(2) HELP** that you were given
when you clicked for Math Help?
Student: yes
Teacher: Great. Since you read through
the problem and both Helps, please tell
me what you know about the problem
so far.
Student: tim needs 3 onds
Student: ponds
Student: pounds
Teacher: And what do we need to do
with the pictures of vegetables?
Prompting  The tutor asks propping Teacher What is Oni's claim in this
questions to help a problem?
student arrive at the Student the product of any fraction and
answer himself or 2/3 will be less than 2/3
herself. Ms. Nancy: Correct!
Ms. Nancy]: To support Oni's claim,
must the 2nd fraction be **less than**
or **greater than** 1?
Hinting The tutor provides an Teacher: Good things are worth

analogy or a reminder
that may not relate
specifically to the
problem.

working for. ok?

Student: you know what | going to keep
on

Student: thank for the help you are the
best

Teacher: From the question, let's think
of the 3 acres another way.
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Probing

Diagnosing

The tutor asks
questions to make sure
the student understands
the objective the tasks
and understands the
problem.

The tutor monitors
students’ progress and
routinely provides
feedback to evaluate
students’ ideas and
actions in the problem-
solving process.

Teacher: how many *fourths* make 1
whole?

Student: 4

Teacher: Right! how many fourths
make 3 whole acres?

Student: 12

Teacher: Awesome, exactly. So 12/4
acres is all the space. How many
fourths are already used by the first four
lots in the table given?

Teacher: What does this problem ask
you to find?

Student: The money saved

Student: No the money spent
Teacher: excellent!

Teacher: what do we know so far?
Student: she has$3.17

Student: Her brother gave her $2.50
Teacher: great!

Teacher: how can you find out how
much money Rhonda has after that?
Student: I thimk subtract them
Teacher: will she have MORE or LESS
money after her brother gives her
some?

Teacher: | see you almost got the
problem correct

Teacher: now lets look at the step after
you subtracted 112 from 112?
Student: ok

Teacher: so after subtracting what is
left over?

Student: zero

Teacher: yes and what number do you
bring down then?

Student: zero

Teacher: well is that the digit that is
above that spot in the problem?
Student: no, I think its one.

Student: I don’t understand what to do.
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Explaining

Confirming

Posing

The tutor provides
definitions and
concepts through
examples and analogies
to facilitate
understanding.

The tutor response that
shows the student’s
answer is correct and
understood. It also
involves agreeing or
disagreeing on a
particular problem-
solving approach.

The tutor introduces
new concepts, ideas, or
topics for discussion.
Tutor also introduces
opposite perspectives
or asks challenging
questions to promote
critical thinking.

Teacher: AFter subtracting 112 and 112
it is zero so now what number is next in
the dividend to use?

Student: | don’t know.

Teacher: Let's use the whiteboard!

Any whiteboard interaction:

Student: The amount of red paint for 1
batch

Student: can you repeat that please
Student: 2/3

Student: it will be 1/3

Student: can we draw it out

Student: 1/2

Student: yes

Student: 2/3 gallons

Teacher: how many 1/6 are in 1/3?
Student: 3/6

Teacher: 3/6 = 1/2

Teacher: but /6 =1/3

Student: 2/6=1/3

Teacher: there you go!

Teacher: so how many times more
yellow than white do you need?
Student: 2/6

Teacher: 1/6 x _ =2/6

Student: 2/6

Teacher: 2, right?

Student: yeas

Student: yeas

Student: how many points he needs to
get his mean to 90

Teacher: What is a mean?

Student: the average

Teacher: Great!

Teacher: How do you find the average?
Student: add the numbers than divide
by how many numbers

Teacher: Super!

Teacher: Do you understand that you
are not actually solving the problem?

88



You just have to build an equation
using words to solve it correctly?
Student: now i do

Teacher: :)

Teacher: What are we solving for?
What will our equation be equal to?
Student: our equation should be =to a
mean of 90 points

Teacher: mean after 4 tests = ?
Teacher: How can we solve for that?
What operation(s) should we use?
Student: subtraction

Student: and multiplication

Teacher: What should we multiply?
Student: 88 and 3

Teacher: mean after 4 tests = (tests
taken so far x mean after 3 tests

Table 6 shows the particular method of analysis employed and the data collected

for each research question of this study.

Table 6

Summary of Statistical Analysis by Research Question

#

Research Question

Statistical Analysis Data Source

1.

Does incorporating soft
scaffolds in a math
computer-based
adaptive learning
program impact
students’ achievement
scores?

A hierarchical multiple e End-of-year
regression analysis will achievement scores.
be used to determine the e Soft scaffolds

strongest predictor of
student’s achievement
scores from the data
collected.
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(a).

(b)

(©)

Does incorporating
soft scaffolds in a
math computer-
based adaptive
program impact
students’
achievement scores
controlling for

frequency of soft
scaffolds?

Does frequency of
soft scaffolds in a
math computer-
based adaptive
program impact
students’
achievement scores
controlling for
frequency of hard
scaffolds?

Does incorporating
soft scaffolds in a
math computer-
based adaptive
program impact
students’
achievement scores
controlling for BOY
benchmark?

What types of soft
scaffold strategies do
online mathematics
instructors use to
support students’
learning during
problem-solving lessons
in a math computer-
based adaptive learning
program?

Similar to RQ1.

Similar to RQL1.

Similar to RQ1.

Quantifying
qualitative
analysis of
verbal data (Chi,
1997).

Inductive
Analysis
Deductive
Analysis

End-of-year
achievement Scores.
Soft scaffolds

Hard scaffolds

BOY benchmark
scores

End-of-year
achievement scores.
Soft scaffolds

Hard scaffolds

End-of-year
achievement scores.
Soft scaffolds

Hard scaffolds

Transcripts of
online soft scaffold
sessions among
students and
teachers while
engaged in soft
scaffolding.
Performance levels.
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Assumptions

All data, including transcripts of student-instructor online interactions, were
collected in an unbiased fashion and were transmitted based on the following
assumptions. First, the computer-based adaptive learning program operates on the
assumptions that students work within their ZPD. The program also provides students
with soft and hard scaffolds as needed. While the initial placement assessment is
designed to determine the student proficiency level and entry point in the curriculum, the
ongoing formative assessments determine the depth of scaffolds and the extent of the
gradual release of the scaffolds. In addition, the assessment measures are assumed to be
valid and reliable. Students were expected to have used the program during a blended
learning environment; students were expected to have used the program online with face-

to-face instruction in the classroom at some point.
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CHAPTER FOUR: RESULTS

Introduction

This chapter summarizes the results obtained for the two main research questions
of the study: 1) investigating how soft scaffolds in a math computer-based adaptive
learning program impact students’ achievement scores, and 2) identifying the types of
soft scaffold strategies that online math instructors use during help-seeking sessions in a
math computer-based adaptive learning program. For the first research question, multiple
linear regression using the enter method was conducted to examine the relationships
among soft and hard scaffolds and students’ achievement scores. For the second research
question, an analysis of online soft scaffold sessions between instructors and students was
conducted to identify the frequency of soft scaffold strategies identified in the previous
literature.

Preliminary Analysis

Prior to conducting the main analysis, the dataset was examined to assess the
accuracy of the data export, to identify any missing values and outliers, and to verify the
underlying assumptions of multiple regression analyses. Students’ achievement scores
were measured through a benchmark assessment in which students were required to
answer the 30 items of the test at the beginning of the school and at the end of the school
year. The test at the beginning of the year is used to determine students’ performance
level while the test at the end of the year is given to measure achievements and growth.

The preliminary analysis of the benchmark tests showed that not all subjects took the end

92



of year tests. As such, they were excluded from the analysis. The assumptions of power
were still met, so listwise deletion was used to handle the missing data.

In addition, the analysis examined the degree to which the standard assumptions
of multiple linear regression were met. First, standard assumptions of regression were
met; the models were fit using ordinal data, and analysis showed no concerns with
respect to the linear relationship between the bivariate relationships, and no concerns
were noted with respect to normality and variance assumptions. A scatter plot was used
to test the assumptions of linearity. The plots were linear with no curves present, so we
did not need to remove any outliers. Second, we examined graphical plots to investigate
the assumptions of homoscedasticity and linearity (Hair, Black, Babin, & Anderson,
2010). We found no pattern of non-linearity and heteroscedasticity. Finally, we examined
multicollinearity. The tolerance statistic of all variables is found to be greater than the
cut-off point of .10 and the variance inflation factor (VIF) was less than 10. This
indicates that multicollinearity was not an issue for the model used in this study (Hair et
al., 2010).

Research Question 1A: Does incorporating soft scaffolds in a math computer-based
adaptive learning program impact students’ achievement scores controlling for
frequency of soft scaffolds?

To analyze the relationships between soft scaffolds and students’ achievement
scores, a hierarchical multiple linear regression was used. EOY benchmark test was the
dependent variable. Frequency of soft scaffolds was the confounding measure. The

independent variable in the model was soft scaffolds.
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Table 7 presents the ANOVA results of the model. The results of the analysis

indicated that the model was statistically significant, F (2.616) = 5.341, p <.005.

Table 7

ANOVA Table of the Regression Model

Sum of squares df F p
Regression 554311.094 2 5.341 .005"
Residual 31963891.250 616
Total 32518202.350 618
Note. R? = .017
*p < .005

In this model, the R? was .017, indicating that 1.7% of the variance in the
students’ achievement scores could be explained by the factors in this model. This
represents a small effect (Cohen, 1988). In order to compute the unique contribution of
frequency of soft scaffolds, the R? change was examined. The results showed when
frequency of soft scaffolds is entered, R? change is .015. This means that frequency of
soft scaffolds accounted for only 1.5% of the variability in students’ achievement scores,
which also represents a small effect (Cohen, 1988).

Table 8 shows the standardized coefficients and significance levels of the
variables in the regression model. The results indicated that frequency of soft

scaffolds was a significant factor for predicting students’ achievement scores (t = -
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3.070, p <.002, B = -.152). However, soft scaffolds alone did not have a significant

contribution (t =-.903, p < .367, § = -.045).

Table 8
Multiple Regression Results Predicting Achievement Scores with Soft Scaffolds and

Frequency of Soft Scaffolds

Model Predictor B SE Beta t p Tolerance VIF
1 Constant  647.452 9.510 68.084 .000
Soft Helps 2.678 2.407 045 1113 266 1.000 1.000
Constant  829.379 59.999 13823 .000
2 Soft -2.669 2.957 -.045 -903 .367 .653 1.531

FreqSoft -95.854 31.218 -.152 -3.070 .002 -.123 1.531
p<.001, p<.05

Research Question 1B: Does frequency of soft scaffolds in a math computer-based
adaptive learning program impact students’ achievement scores controlling for
frequency of hard scaffolds?

For the remaining two questions, we excluded scores from all participants who
did not utilize soft scaffolds and focused only on the interactions with the online tutors of
participants with soft scaffolds. The purpose of this research question is to examine the
relationships among frequency of soft scaffolds and frequency of hard scaffolds on

students’ achievement scores. Achievement scores indicate students’ EOY benchmark
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results, while frequency of soft scaffolds and hard scaffolds were the predictor measures.
In this model, the students’ achievement scores were a dependent variable, and frequency
of soft and hard scaffolds were forced entered in blocks as predictors in the regression
equation simultaneously.

Table 9 presents the ANOVA results of the model. The results of this analysis

indicated that the model was statistically significant: F (2,121) = 9.607, p <.000.

Table 9

ANOVA Table of the Regression Model

Sum of squares df F p
Regression 830896.722 2 9.607 000"
Residual 5232352.246 121
Total 6063248.968 123
Note. R? = .137;
**p <.001

In this model, the R?was .137, indicating that 13.7% of the variance in the
students’ achievement scores could be explained by the factors in this model. This
represents a medium effect (Cohen, 1988). In order to compute the unique contribution of
the frequency of hard scaffolds, the R? change was examined. The results showed when

soft scaffolds is entered, R? change is .085. This means that hard scaffolds accounted for
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8.5% of the variability in students’ achievement scores, which also represents a medium
effect (Cohen, 1988).

Table 10 shows the standardized coefficients and significance levels of the
variables in the regression model. The results indicated that frequency of hard scaffolds
was the most significant factor for predicting students’ achievement score (t = 4.275, p <

.001, B = .47), followed by soft scaffolds (t = 3.450, p <.001, g = .38).

Table 10

Multiple Regression Results Predicting Achievement Scores With Frequency of Soft

and Hard Scaffolds

Model Predictor B SE Beta t p Tolerance VIF
1 Constant 653.348 28.587 22.855 .000
Fixed 1.124 434 228  2.590 .011 1.000 1.000
Help
Constant  663.120 663.120 24.083 .000
2 Hard 2.291 .536 465 4.275 .000 602  1.662
Soft -10.619 3.078 -376  -3.450 .001 602  1.662

“p<.001, "p<.05

Research Question 1C: Does incorporating soft scaffolds in a math computer-based
adaptive learning program impact students’ achievement scores controlling for

BOY Benchmark?
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A hierarchical multiple linear regression was employed to analyze the
relationships between soft scaffolds and BOY benchmark on students’ achievement
scores. Students’ achievements indicate performance on the EOY benchmark, while soft
scaffolds and BOY benchmark were the predictor measures. In this model, students’
achievement scores was the dependent variable. Soft scaffolds and BOY benchmark were
the independent variables and were force entered in blocks in the regression equation.

Table 11 presents the ANOVA results of the model. The results of this analysis

indicated that the model was statistically significant, F (2,121) = 66.456, p <.000.

Table 11

ANOVA Table of the Regression Model

Sum of squares df F p
Regression 3173848.334 2 66.456 000"~
Residual 2889400.634 121
Total 6063248.968 123
Note. R? = 523;
*p <.001

In this model, the R?was .0523, indicating that 5.23% of the variance in the
students’ achievement scores could be explained by the factors in this model. This
represents a medium effect (Cohen, 1988). In order to compute the unique contribution of
BOY benchmark, the R? change was examined. The results showed when BOY

benchmark is entered, R? change is .001. This means that BOY benchmark accounted for
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only one percent of the variability in students’ achievement scores, which also represents
a small effect (Cohen, 1988).

Table 12 shows the standardized coefficients and significance levels of the
variables in the regression model. The results indicated that BOY benchmark was the
most significant factor for predicting students’ achievement score (t = 11.454, p <.000, S
=.72). However, soft scaffolds did not have a significant contribution (t = -.539, p <.591,
B = .34). In fact, soft scaffolds had an inverse relationship with students’ achievement

Scores.

Table 12
Multiple Regression Results Predicting Achievement With Soft Scaffolds and

Beginning of the Year Benchmark Results

Model Predictor B SE Beta t p Toleranc  VIF
e
1  Constant 350.359 33.87 10.342 .000
8
BOY 631 055 .723 11550 .000 1.000 1.000
Benchrk
2  Constant 357.434 36.42 9.813 .000
4
BOY .629 .055 .720 11.45 .000 996 1.00
Benchrk 4 4
Soft -.958 1.778 -.03 -.539 591 996 1.00
4 4

“p <.001, “p < 0.05
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Summary

The results of the statistical analysis suggest that the contribution of soft scaffolds
in students’ achievements scores changed according to the confounding variables used for
each regression model. The multiple regression results for predicting achievement scores
from soft scaffolds while controlling for frequency of soft scaffolds indicated that soft
scaffolds represent a small effect size on achievement scores. After investigating the
relationship between soft scaffolds and students’ achievement scores while controlling for
frequency of hard scaffolds, multiple regression results indicated that soft scaffolds
represent a medium effect size on achievement scores. Finally, multiple regression results
predicting achievement scores with soft scaffolds, while controlling for BOY benchmark,

indicated that soft scaffolds represent a small effect size.
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Research Question 2: What types of soft scaffold strategies do online math
instructors use to support students’ problem-solving lessons in a math computer-
based adaptive learning program?

Overview

The second research question involved identifying the types of soft scaffold
strategies online instructors used during help-seeking sessions in the computer-based
adaptive learning program. To start the analysis, we selected 60 soft scaffold sessions
(15% of the total sampled sessions) to code. The analysis was guided by—Dbut not limited
to—the soft scaffold strategies that were previously identified in the literature (Table 5).
The research team only coded interactions from the soft scaffold sessions that were
exhibited by the instructors, and students’ responses were not coded. Also, the research
team only coded written interactions because they did not have access to the audio files
of the verbal conversations.

While helpful, the previously identified soft scaffold strategies did not completely
fit the context of the online interactions. When meeting together and reviewing the
analysis, we collapsed, branched, added, and deleted codes. For example, while
confirmation was an apparent strategy in the previous research, based on the patterns of
the interactions, we felt that it was too generic. As a result, confirmation branched into
the following two categories: confirming correct and confirming incorrect. Similarly,
feedback resulted into the following two strategies: feedback correct and feedback
incorrect. Diagnosing and probing were collapsed under one strategy because all

statements appeared in the form of questions and because the researchers could not make
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clear, meaningful distinctions between the two. In addition, leading and hinting were
collapsed under one strategy: hinting. All leading interactions appeared to take the form
of analogies or information that are not included in the task. Leading was similar to
hinting because it involved directing students to complete a task in which part of the
question is answered by the instructor to solve part of the problem. As a result, the
majority of leading and hinting statements tended to overlap frequently making clear
distinctions difficult. Judgement and evaluation did not constitute a scaffolding strategy
within this context. In fact, the researchers did not find any relevant interactions during
the initial analysis that could be coded as judgment and evaluation. As a result, this
strategy was excluded from the analysis.

Finally, closing and social talks were introduced as new strategies. We felt
inclined to include closing and social talks in the coding scheme because both strategies
appeared to occur more frequently and tended to be an integral part of the atmosphere.
After three iterations of coding and definitions, the research team settled on the following

coding scheme for the instructional soft scaffold strategies described in Table 13.
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Table 13

Identified Soft Scaffold Strategies

Type Definition Examples
Probingand  Instructor asks the student questions to  “What does this problem ask
Diagnosing  better determine his level of you to find?”
understanding and the types of
scaffolding he require: “Do you know how to, or
o explain their thinking and have you ever
reasoning, estimated/rounded numbers
o elaborate on their previous before?”
attempts or experiences,
o justify their ideas, and/or “2x2=7"
e use prior knowledge to answer
specific questions or solve “What does a denominator tell
specific problems. us about our whole amount? ”
Prompting Instructor requests the student to stay ~ “Can you answer my question
and on task or make an attempt at solvinga please?”
Invitationto  problem. Invitation to engage occurs
engage because the instructor is unable to
scaffold learning because the student
has not exhibited the required
behavior.
Direct Instructor models problem-solving or ~ “So Five and thirty-nine
Instruction provides relevant information and/or thousandths represents a

examples to help the student solve the
problem.

whole number and a decimal
value.”

“a denominator will tell us
how many equal parts our
whole is split into. Since our
whole is split into 2 equal
parts, our denominator has to
bea?2.”
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Hinting Instructor provides the student with “Example: 1 part out of 2
analogies or information that are not equal parts is ¥%2”
included in the current task for the
purpose of facilitating problem-solving
and helping the student arrive at the “Look at the chart I sent to
answer himself or herself. you. :)”

Confirming  Instructor informs the student that his ~ “That's right.”
correct or her response was correct.

Confirming  Instructor informs the student that his ~ “Not quite.”
incorrect or her response was wrong or not
entirely correct.

Feedback Instructor provides elaborative “Yes, we can round to find
correct statements after the student has the best estimate.”
answered correctly that reinforces why
the student was correct.

Feedback Instructor provides corrective feedback “Nice try! Those are 6 ones
incorrect after the student answers correctly. not 6 tens. What is the value
of 4 tens?”

Social Talk Instructor creates a welcoming and/or ~ “Happy Valentine's Day to

social learning atmosphere through you!”
talk not directly related to the course
content.

Closing Instructor confirms with the student if I think you have it from
he feels adequately prepared for here! Keep up the awesome
independent practice. work!”

“Do you think you can finish
it from here?”

Motivation Instructor acknowledges students’ “I think you have it from
accomplishments and motivates them  here! Keep up the awesome
to complete tasks independently. work!”
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Overall Frequency of the Soft Scaffold Strategies

We analyzed 400 soft scaffold sessions from four performance levels, Far Below
Basic, Below Basic, Basic, and Proficient, to explore what types of soft scaffold
strategies occurred during problem-solving lessons. Table 14 shows the frequency that
the 10 types of soft scaffold strategies were coded. The analysis revealed that instructors
used probing and diagnosing most frequently (31%), followed by confirming (16%).
While confirming was the second most frequently occurring strategy, one interesting
observation was that confirming correct made up over 87% of all coded-confirming
statements. This pattern suggests that, when students answer incorrectly, the instructors
shifted their scaffolding approach to provide direct instruction or feedback rather than
informing the students that they answered incorrectly. The pattern also suggested that
students answered questions correctly more than they answered incorrectly. This
behavior is implied due to the strategy of direct instruction occurring more frequently
than the remaining strategies (10.8%).

In addition, the next most frequently observed strategy was social talks (6.8%).
Prompting and invitation to engage was also found to appear more frequently than the
rest of the interactions (5.8%). It was surprising that prompting and engaging appeared
more frequently than feedback (4.9%) because it suggests that instructors may have failed
to provide feedback when students were struggling to solve problems.

We expected to find a relevant correlation between confirming correct and

feedback correct. However, the result indicated that while instructors employed the
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strategy of confirming correct in which they informed students that their responses were

correct 932 times, they only provided feedback correct to reinforce students’ answers 203

times. Similarly, while the analysis revealed that there was a direct correlation between

confirming incorrect and feedback incorrect, this pattern contradicted our expectation

because we anticipated that instructors would employ feedback incorrect as frequently as

they did feedback correct and prompting and invitation to engage. Finally, hinting,

motivation, and closing, were employed the least (combining for approximately three

percent of all coded statements).

Table 14

Frequency of Types of Soft Scaffold Strategies

Soft Strategies Frequency Percentage
Probing and Diagnosing 2074 31.2%
Confirmation 1070 16.10%
Confirming Correct 932 14%
Confirming Incorrect 138 2.%
Direct Instruction 715 10.8%
Using Examples 83 1.2%
Feedback 327 4.9%
Feedback Correct 202 3%
Feedback Incorrect 123 1.8%
Hinting 54 1%
Prompting and Invitation to Engage 338 5.8%
Motivation 39 0.6%
Social Talk 454 6.8%
Closing 89 1.3%
Total 6643 100%
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Patterns of Soft Scaffold Strategies

Overall, the qualitative analysis of the scaffolding sessions revealed that
instructors provided soft scaffold to keep students on task and to simplify tasks by
reducing the complexity of the components of the unit by directing students to possible
solutions. However, tutors did not give direct answers to the problems. As illustrated in
the example below, the atmosphere of the conversations always started with automated
statement in which the instructor welcomed the student to the chat (e.g., “Hi! Let's look
over your problem again. Would you like me to type or talk?”). After the online math
instructors welcomed students to the chat, analysis of the group conversations suggested
that while a combination of the above strategies could appear in a single interaction, the
highest occurring strategies to be given were first probing and then diagnosing. The next
most observable strategy to occur after probing and diagnosing were confirmation,
confirmation correct, or confirmation incorrect. Feedback correct and feedback incorrect
tended to follow after the strategy of confirmation. While the results of the analysis will
be explored in depth for research question two, the following section is intended to
illustrate the overall pattern and follow of the soft scaffold strategies employed by online
math instructors during problem-solving lessons. While students’ responses were not

coded, they are include here to provide context.
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Table 15

Patterns of Soft Scaffold Strategies

Line Code Statements
1 Social Talks Teacher: Hi! Let's look over your problem again.
Would you like me to type or talk?
2 Student: type
3 Social Talks Teacher: hi there
4 Probing and Teacher: what are you making in this story?
Diagnosing
5 Student: cement planters
6 Probing and Teacher: what do we know about the planters the
Diagnosing we need to make in the story?
7 Student: the height and the length
8 Confirming Correct, Teacher: ok tell me more about that
Probing and
Diagnosing
9 Student: we would multiply the length and height
to get the volume?
10 Probing and Teacher: sorry tell me more )
Diagnosing, Social
Talks
11 Student: I don’t know more\
12 Probing and Teacher: ok what do we want to find out here for
Diagnosing our equation?
13 Student: how many planters can you make from
one bag of cement
14 Confirming Correct, Teacher: ok super so how can we find the area of a
Probing and planter?
Diagnosing
15 Student: planter base length X planter height
16 Confirming Correct, Teacher: ok so far what you have is awesome
Motivation
17 Motivation Teacher: and i see you just built more to your
answer so super
18 Student: ok
19 Direct Instruction Teacher: now we are finding our difference so don't
forget what we need to subtract
20 Student: the openings
21 Confirming Correct Teacher: exactly!!!!!
22 Confirming Correct Teacher: That is exactly correct and super
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23
24

25

26

27
28

29
30

40
41

42
43

44

45

46
47

Feedback Correct

Confirming Correct,
Probing and
Diagnosing
Feedback Correct,
Confirming Correct,
Probing and
Diagnosing, Hinting

Probing and
Diagnosing

Probing and
Diagnosing

Feedback Incorrect
Direct Instruction

Direct Instruction

Closing, Social Talks

Student: but how would I subtract the openings
Teacher: since they are the information of their
own, separate from the planter area you found, then
you need to use the () for that information and
using the words in yellow

Student: so would it be (planter height planter
length)-(Side length of openings number of
openings)

Teacher: ok now with the side length of openings,
how many are there total???

Student: 4

Teacher: there are openings for 4 planters yes, but
how many openings do we have on our planters?
use the picture for help

Student: 1

Teacher: Ok so you are only using 1 cement planter
here is this what you are saying?

Student: no

Teacher: how many are there?

Student : 4

Teacher : ok in the picture you can see we have 3
planters shown

Teacher: so there are 3 total side length openings.
You need to use this as part of your answer.
Teacher: The amount of cement in each planter is
the volume of the rectangular prism minus the
volume of the openings for the plants.

Student: ok

Teacher: See if you can use what we did to try this
on your own. Please come back if you need more
help. Have a nice day!

The above soft scaffolding session illustrates the interactions that took place

between the instructor and the student while solving a given problem in the computer-

based adaptive learning program. What happened in this excerpt is that the conversation

started with an automated welcome message, social talks, from the instructor (line 1). The
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next prompt from the instructor illustrates probing and diagnosing scaffold (line 4). Next,
after the student provides an answer, the instructor continues probing on the same
concept (line 6). Then the student provides an answer again (line 7). Next, the instructor
uses confirmation correct “ok” (line 8) and continues with probing and diagnosing (line
8). The instructor carries on with the probing and diagnosing approach as seen in line 10,
12, and 14. The instructor also uses confirmation correct “ok super” (line 14). These
interactions so far demonstrated the actions exhibited by the instructor to help the student
reach the answer of the first probing prompt (line 4).

In line 16, after confirmation correct “ok”, we notice the instructor shifting his
scaffolding approach by inserting a motivational statement to encourage the student to
continue the process (line 16-17). Next, the use of direct-instruction strategy emerges
(line 19). As the student acknowledges his understanding of the concept, the instructor
confirms the correct answer using the phrase “super thinking” (line 22) for motivation.

In line 23, the student asks, “but how would I subtract the openings.” In response
to the student’s question, the instructor employs the direct-instruction strategy again (line
24). From line 26, we notice probing and diagnosing appears once again. After the
student responded with “4” in line 27, the instructor then employs the strategy of
feedback correct (line 28). In the same line, the instructor continues with probing and
diagnosing “but how many openings do we have on our planters?” and then uses hinting
by referring the student to “use the picture for help.” The same pattern continues through

lines 29 and 42.
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Next, after several attempts of answering incorrectly, the instructor uses the
strategy of feedback incorrect to reference how many planters are there (line 43).
Feedback incorrect was followed by direct instruction (line 44) and direct instruction
again (line 45). In line 46, we notice the student acknowledges receiving instruction by
stating “ok.” Finally, the instructor uses the strategy of closing (line 47) and ends the chat
with using social talks: “have a nice day” as seen in line 47.

Types of Soft Scaffold Strategies

Next, in-depth analysis of the soft scaffold strategies employed by the instructors
will be examined to determine how they were used to facilitate learning on problem-
solving lessons.

Probing and Diagnosing. Probing and Diagnosing was the most commonly
coded strategy. In fact, probing and diagnosing represented 32.1% of all coded
statements. While the most commonly coded statements of probing and diagnosing were
when the instructor asked students to explain how they would solve problems, probing
and diagnosing also was exhibited in explaining reasoning and providing arguments and
justifications.

Instructors tended to ask students to explain how they solved a problem. In the
following excerpt, the instructor explicitly asks the student to explain what he did to
solve the problem because the instructor needed to know whether the student understood
the goal of the task or not.

Teacher: What does this problem ask you to find?

Student: this not something im use to
Teacher: What does it mean to solve an equation ?
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In the example below, the instructor uses the probing strategy, although the
student explicitly indicated that he does not know the answer. The analysis of all probing
and diagnosing interactions imply that the instructors expected students to have

previewed the task and understood the learning objectives of the task prior to seeking

help “What do you think?”

Teacher: Please tell me what you have tried to make the totals.

Student: i said i don’t get it

Teacher: It's ok to not know things sometimes, but please try so that | may
help you here :) What do you think?

Student: uhh in store 1 i got 2 3/6 and 2/3

Teacher: Can you add those amount together?

Student: yes i mean no

Teacher: Please show me how you add those amounts.

Additionally, instructors tended to probe students’ reasoning and thinking. In
excerpt below, the instructor explicitly asks the student to explain how he reasoned her
thinking “please explain to me your way, and I can help.”

Student: I don't know how to find the answer the way that they're asking

me however.

Teacher: I understand what you mean :) please explain to me your way, and
I can help you show it with the buttons. How would you solve it?
Student: | found that in order for the mean to be 90, | have to have a total

score of 360,
The strategy of probing and diagnosing was frequently observed in situations in
which instructors asked students to give arguments and justifications. For example, in the
excerpt below, the instructor asks the student to justify his answer: “How do you think

that helps with your question?”

Teacher: Notice, the problem is showing you what 3*thousand*, 6hundred
6tens 8 ones divided by 14

Teacher: But instead, what are you asked to show?
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Student: estimate?

Teacher: Not exactly. I'm asking about the word problem, Take another
look please.

Student: decimal

Teacher: Good :) so instead of 3,668 in the thousands, show 36**.**68

+14.

Teacher: How do you think that helps with your question?

Student: to see where your answer ends

Teacher: Kind of... please say more! how does that help with a decimal?

As seen in the excerpt above, the instructor worked with the student through
direct questioning and probing to ensure that the student understood the task. During the
scaffolding interactions, the instructor set expectations in the form of a question eliciting
the students’ answers for the instructor to able to proceed through scaffolding to solve the
problem.

Confirmation. The scaffold strategy of confirmation was frequently used
following probing and diagnosing strategies. The analysis also revealed that confirming
correct was used more frequently than confirming incorrect. The increased frequency of
confirming correct may be explained by the high frequency of probing and diagnosing;
the more probing and diagnosing strategies that are employed, the more likely students
will answer correctly. As a result, the use of confirming correct increases. There also
appears to be a negative relationship between confirming incorrect and direct instruction.
In other words, it is true that instructors may have neglected the use of confirming
incorrect, but the increased use of direct instruction could explain this behavior. That is,

teachers may have needed to provide direct instruction when students answer incorrectly

or continue in probing instead of confirming incorrect.
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Confirming correct. Instructors used the strategy of confirming correct to
acknowledge to students’ arguments or whenever students answered a probing question
correctly. In the following excerpt, the instructor acknowledges the student’s correct
response by saying “very nice.”

Teacher: What do we know about Winston?
Student: he makes 6 servings and uses 4 carrots and 2 potatoes
Teacher: Very nice!

Interactions from excerpt above reveal that the instructor transitioned from
confirming correct to probing and diagnosing. After the student response to probing and
diagnosing, the instructor continues with the pattern to confirm correct followed by
another probing and diagnosing episode.

The analysis revealed that confirming correct appeared in different forms.
Although the most frequently used form was using phrases such as “right” and “exactly,”
confirming correct could also be more implied. In the example below, the teacher
disagrees with the student by triggering another probing question implying that the
student answered correctly and it is acceptable to proceed with another probing prompt
“Could we have any digit in place of the square?” and “How did you know it was closer
to 5.8?”” While this probing was not coded as confirming correct, it is implied to the
student that the instructor was satisfied with the student’s response.

Teacher: Let's look at 5.027, what digit could we have in place of the o?
Student: 1

Teacher: Could we have any digit in place of the square?

Student: yes

Teacher: Lets say we had 5.827. Is that closer to 5.8 or 5.9?

Student: 5.8
Teacher: How did you know it was closer to 5.8?
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Confirming incorrect. Instructors used the strategy of confirming incorrect to
disagree with the student’s argument or whenever the student answered a probing
question incorrectly. For example, in the interaction below, the teacher explicitly
responded to the student argument by saying “not quite” and provides feedback and then
a hint to help the student reach the answer.

Teacher: what does this problem ask you to calculate?

Student: the simple interest

Teacher: Not quite. We already know the simple interest paid was $150.
Teacher: Read carefully to see what it's asking :)

Student: the rate

Teacher: Right! You want the simple interest **rate**.

The conversation patterns suggested that the strategies of confirming correct and
confirming incorrect did not occur within all interactions. Most instructors were inclined
to continue with the probing and diagnosing strategies and failed to explicitly provide
confirmation. In the excerpt below, the instructor continued with probing and diagnosing
instead of using confirming incorrect.

Teacher: What are we solving for? What will our equation be equal to?

Student: our equation should be = to a mean of 90 points

Teacher: mean after 4 tests = ?

Teacher: How can we solve for that? What operation(s) should we use?

Student: subtraction

Student: and multiplication

Teacher: What should we multiply?

Student: 88 and 3

Teacher: mean after 4 tests = (tests taken so far x mean after 3 tests
Feedback. Feedback refers to a strategy used in response to a student’s particular

performance on a task or questions during problem-solving lessons to diagnose their own

learning, to identify venues for improvement, and to build new knowledge. The analysis
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revealed that feedback represented 4.9% of the overall coded statements. In addition, the
analysis suggested that instructors used two types of feedback as soft scaffold strategies:
feedback correct and feedback incorrect. The frequency distribution between feedback
correct and feedback incorrect appeared to be normal. However, while we expected to see
a relationship between confirming correct and feedback correct, the analysis suggested
that instructors frequently used confirming without providing elaborative feedback to
reinforce students’ responses.

Feedback correct. The analysis revealed that instructors provided elaborative
feedback to reinforce a concept or an idea right after the students answered correctly to
the instructors’ probing questions. For example, in the following excerpt, the instructor
provided the student with feedback correct to reinforce his correct answer “We call that
the principal because that's the original amount, or cost.”

Teacher: How much does the TV cost?

Student : $1,500

Teacher: Exactly! We call that the principal because that's the original
amount, or cost.

Teacher: How long do you take the loan out for?

Student : 1 year

Teacher: Perfect! When we calculate simple interest, the time must be in
years.

Teacher: After that 1 year, what do you pay total for the TV, including the
interest?

The pattern analysis of the interactions from the example above shows that the
instructor started with probing and diagnosing, employed confirmation correct, provided

feedback correct, and continued with the same pattern until the student was satisfied (and

as a result, left the chat).
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Feedback incorrect. The analysis of group interactions revealed that feedback
incorrect was used as a corrective response after students answered incorrectly. The
following example illustrates how the strategy was used when the student answered
incorrectly to a probing question “Not quite. We already know the simple interest paid
was $150.”

Teacher: Sorry, if the TV costs $1,500, then how much must you have paid
in interest?

Student: 150

Teacher: Perfect! So that's the interest you pay. I'll record that on the
whiteboard. One moment please.

Teacher: And then what does this problem ask you to calculate?

Student: the simple interest

Teacher: Not quite. We already know the simple interest paid was $150.
Teacher: Read carefullly to see what it's asking :)

The pattern analysis of the interactions from the example above shows that the
instructor started with probing and diagnosing, employed confirmation incorrect,
provided feedback incorrect, and continued to probe the student. Once the student
answered correctly, the instructor tended to switch to probing and diagnosing following
the same pattern observed in the feedback correct episode.

Direct Instruction. Instructors used direct instruction as soft scaffold strategy to
clarify and model the problem-solving. The analysis revealed that direct instruction
represented 10.8% of all the coded statements. The analysis also revealed that direct
instruction involved demonstrating the process of problem-solving by providing step-by-
step solutions. For example, the statements below illustrate the steps used by the

instructor to solve the problem:

Teacher: m/1 = rise/ run
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Student: ?

Teacher: Do you know that slope is equal to the rise/ run
Teacher: rise is the change in the y value

Teacher: run is the change in the x value

Student: y/x

Student: hello?

Teacher: good

Teacher: m = change in y value

Teacher: 1 = change in x value

The analysis also revealed that direct instruction was observed when instructors

provided definitions and examples to support students’ understanding of ideas or

concepts by describing them in more details. This also included any guidance of the

process of problem-solving by explicitly outlining what steps needed to be followed. The

following episode demonstrates this strategy in which the instructor provided support

through step-by-step demonstrations: “Let's take a look at the **tenths** place for a

moment.”

Teacher: Give me just a moment to get it started on the whiteboard.
Student: ok

Teacher: Do you see the addition problem on the board?

Student: yes

Teacher: Great! Let's take a look at the **tenths** place for a moment
Student: 9

Furthermore, the use of previously solved examples was frequently used in direct

instruction as a soft scaffold strategy. For example, in the following excerpt, the

instructor shared an example to illustrate how to solve a problem:

Teacher: Let us take a look at an EXAMPLE together that will relate to
your math problem.

Teacher: You have a poster that is 0.54 meters.

Teacher: | have a poster that is 0.25 meters LESS than 1 meter. How can
we find my length in meters?
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Student: by subtracting
Teacher: Yes! How would you set this equation up so far?

The pattern of interactions from the excerpt above shows that the instructor
initiated scaffolding by providing an example to illustrate the problem. After the problem
was illustrated through an example, he shifted to probing and diagnosing by asking,
“How would you set this equation up so far?” Throughout the scaffolding episode, the
use of examples diminishes and probing and diagnosing denominates the interaction.

Hinting. Hinting represented only one percent of all coded statements. When
given, the analysis revealed that when students were unable to solve the problem, the
instructor provided them with analogies or information that are not included in the
current task for the purpose of facilitating problem-solving and helping them arrive at the
answer themselves. While hinting was not frequently observed in the interactions, the
strategy tended to appear after the student answered incorrectly. In the episode below,
after the student indicated that he forgot which part of the problem the instructor asked
about, the instructor directed the student’s attention to the glossary section, stating, “Your
glossary tells us a mixed number is the sum of a whole number and a fraction.”

Teacher: okay, but what parts make up a mixed number?

Student: i forgot sorry

Teacher: Your glossary tells us a mixed number is the sum of a whole
number and a fraction.

Teacher: Can you write 1 3/4 as a sum?

The analysis also showed that hinting appeared to students in an indirect or subtle

form. The interaction below illustrates after the student answered incorrectly, the
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instructor inserted a subtle statement, “the smaller number wins,” to direct the student
attention to the correct answer.
Teacher: what this means it to get a better time than before, less then before
Teacher: The smaller number wins
Student: ok
Teacher: In swimming it is as close as 2 tenths of a second, which can be
very difficult to tell so they have sensors on the walls
Prompting and Invitation to Engage. Prompting and invitation to engage is
different from probing or diagnosing in the sense that it does not require students to
support an argument or explain their reasoning. Prompting and invitation to engage
represented 5.8% of the coded interactions. In fact, it was surprising that this strategy
appeared more frequently than feedback. This finding suggests that instructors could not
give feedback, but could instead continue to prompt students and invite them to engage.
The analysis revealed that prompting was observed in situations in which the instructor
was unable to provide scaffolding because the student did not exhibit the required
behavior or was off task. As a result, the instructor requests that the student responds to a
question or make an attempt to solve the problem. The excerpt below demonstrates how
the instructor employed prompting after the student failed to respond to the instructor’s
probing and diagnosing by stating, “Please go back and reread the problem.”
Teacher: 3 times as much red as white
Student: i still dont understand
Teacher: 2 times as much yellow as white
Teacher: | have not heard from you in a few minutes.
Teacher: 4/6 right?

The patterns from all interactions indicated that instructors continue with

prompting and invitation to engage until students respond to the prompt. Once the
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students respond to prompting and invitation to engage, the analysis revealed that
instructors were then inclined to proceed with scaffolding.

Social Talks. The analysis suggested that social talks were observed in
conversations in which the instructor showed contentment or discontentment,
satisfaction, or anticipation. Social talks frequently appeared at the beginning, and at the
end, of the conversations in the form of automated responses. The frequency analysis
revealed that social talks represented 6.8% of the coded interactions. For example, the
automated statement “Hi! Let's look over your problem again. Would you like me to type
or talk?”” and “Good Morning!” tended to be employed to initiate all scaffolding
interactions, as shown below.

Teacher: Hi! Let's look over your problem again. Would you like me to
type or talk?

Student: hi

Teacher: Good Morning!

Teacher: how many items did lvanna buy?

Student: ow was your day today

Teacher: great

The analysis also showed social talks were observed through the use of emojis. In
the example below, the instructor inserted the smiling face emoji in the interaction below
after the use of confirming incorrect, feedback incorrect, and confirming correct.

Teacher: Can you tell me why you would divide?

Student: 1 would divide because you are trying to get the t by itself
Teacher: Well, we are not solving fort ©

Teacher: We would do that with an equation ©

Teacher: Will t be the same amount in all the expressions?

Student: So what am | supposed to do to see how it is equal to the other
expression]

Student: I don't think it will be the same
Teacher: Well, t will be the same in all the expressions ©
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Teacher: What are we multiplying t by in both expressions?
Student: 8
Teacher: Yes ©

Finally, the analysis also revealed that while social talks were frequently
observed, most of the interactions were used in response to students’ tendency to
socialize. In the following example, the instructor continues to probe the students, and
socialize, as he responds to the student questions:

Student: I need help with this problem and I know we should not be talking
about this but it is my birthday

Teacher: Hello!

Teacher: Happy Birthday!!

Teacher: If we had 3.482, what would it become when rounded to the
hundredth?

Closing. Closing appeared within 1.3% of the coded interactions. The analysis of
group interactions revealed that closing tended to occur when the instructor needed to
determine whether the student could solve the problem independently and/or confirms
with the student that he feels adequately prepared for independent practice. This strategy
was most commonly observed at the end of the interaction. In addition, the analysis of the
interactions showed that all closing episodes tended to appear in the form of automated
messages, as shown below.

Teacher: Do you have any questions before you continue on your own?
Student: NO! Thanks for helping me
Teacher: Please come back if you need more help. Have a nice day!

Motivation. While motivation appeared the least (0.6%), it appeared in the form

of verbal praises. While the analysis of interactions between students and instructors

showed that motivation appeared infrequently, instructors used verbal praises to engage

and motivate students to respond to probing and diagnosing. The excerpt below shows
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the instructor’s use of the phrase “Keep up the awesome work!” to motivate the student
and acknowledges his accomplishment towards the end of the episode.

Teacher: Is Sean right or wrong?

Student: thank you for your assistance bye bye

Teacher: | think you have it from here! Keep up the awesome work!

Teacher: Please come back if you need more help. Have a nice day!
Soft Scaffold Strategies Based on Students’ Performance Levels

The purpose of this section is to discuss the patterns of the scaffold strategies in

relation to students’ performance levels; far below basic, below basic, basic, proficient,
and advanced. As stated in the methods section, we excluded the advanced group from
the analysis because students who performed at the advanced level tended not to seek
help from online instructors. In fact, only three students had interactions, and as a result,
were excluded from the qualitative analysis. The 400 interactions were analyzed in
relation to students’ performance levels to identify the frequency of the soft scaffold
strategies in regard to students’ performance levels. As Table 15 shows, 6,643 soft
scaffold strategies were the combined strategies across the four performance levels: 1,759
occurred in the far below basic interactions; 1,907 were in below basic; 1,277 were in
basic; and 1,700 were in proficient. While the frequency of the overall soft scaffold
strategies appeared to be distributed almost equally across the four groups, the analysis
revealed that the occurrence patterns of specific strategies were not distributed equally

across these groups’ performance levels. Next, | will discuss the patterns in which these

strategies occurred in relation to students’ performance levels.
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Table 16

Frequency of Types of Soft Scaffold Strategies Per Performance Levels

Code Basic Below Basic Far Below basic Proficient
Closing 20 23 19 27
Confirming 205 308 272 287
Confirming Correct 185 265 227 256
Confirming Incorrect 20 43 45 31
Direct Instruction 161 227 153 148
Using Examples 21 14 24 24
Whiteboard 8 6 6 10
Feedback 53 74 94 107
Feedback Correct 37 50 44 73
Feedback Incorrect 16 24 50 34
Hinting 6 9 18 21
Invitation to Engage 72 95 86 85
Prompting 16 31 3 12
Motivation 2 23 7 7
Probing and Diagnosing 405 596 564 509
Social Talk 75 156 134 89
Totals 1277 1907 1759 1700

Considering performance levels, the analysis revealed that the basic group had the
least amount of soft scaffolds strategies except in direct instruction and closing. The low
frequency of the scaffold strategies may be explained by the notion of students’ prior skill
level in this group. Students in the basic group are expected to exhibit success when
instructed on their level. This argument could also be supported by the low frequency of
feedback correct, which implies students answered correctly to most probing questions.

In addition, the low frequency of the use of the hinting strategy also supports this
argument. If students are performing successfully, the use of other strategies, such as

hinting or motivation, may not have been necessary.
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An interesting observation regarding the pattern of the interactions within groups
is the close distribution between confirmation incorrect and feedback incorrect amongst
the basic, far below basic, and proficient groups. This pattern suggests that instructors
provided feedback almost every time the students answered incorrectly. While students in
the below basic group received less feedback when they answered incorrectly, the
analysis revealed that they in return received more direct instruction compared to the
other groups.

Similarly, the analysis also revealed that students in the proficient and below
basic group tended to receive more confirmation correct and feedback correct than
students in the remaining groups. This behavior could be explained by the increased use
of direct instruction for these groups. The results imply that the more often instructors
employed the direct-instruction strategy to scaffold problem-solving, the more often
students tended to answer probing questions correctly, which led to the increased use of
confirmation correct and feedback correct.

Other noticeable patterns of the interactions within this strategy were exhibited in
the distribution of direct instruction, invitation to engage, motivation, probing and
diagnosing, and social talks in the below basic group. First, these strategies appeared to
occur more frequently in the below basic group when compared to the remaining groups.
Second, when connecting these strategies together, the analysis revealed that because of
the lack of engagement in this group, instructors may have employed the motivation
strategy to engage students to complete tasks. Also, the high frequency of motivation in

this group could also explain the increased use of social talks. We also tend to believe
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that the increased motivation and social talks created a better environment for direct
instruction as the frequency suggests.

Finally, the analysis revealed that the frequency of the soft scaffold strategies of
hinting, confirming correct, feedback correct, and closing appeared to be related in the
interactions of the proficient group. While these strategies occurred more frequently in
the proficient group, the patterns suggest that the increased use of feedback correct may
be attributed to two factors. First, students in the proficient group are more likely to
answer probing questions correctly due to their high-performing level. Therefore, they
received more confirming correct. Second, hinting occurred more frequently for this
group, which may have informed students’ correct answers leading to increased use of
feedback correct.

Summary

In summary, the second research question focused on what types of soft scaffold
strategies online math instructors provided to students during problem-solving lessons in
a computer-based adaptive learning program. First, ten types of soft scaffold strategies
were investigated by analyzing 400 soft scaffold sessions between online teachers and
students. The most observed soft scaffold strategies were probing and diagnosing,
confirming, direct instruction, prompting, feedback, and social talks. The remaining soft
scaffold strategies were hinting, motivation, and closing. Online teachers provided these
scaffold strategies with certain goals, which were identified as: (a) probing students’
reasoning and thinking, (b) acknowledging students’ arguments either by confirming

correct or correct, (¢) explaining and simplifying tasks, and (d) providing elaborative
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instruction and constructive feedback. Second, the atmosphere of the interactions and the
pattern of the soft scaffold strategies were analyzed to determine how these strategies are
related to each other. The analysis of the interactions revealed that all interactions started
with teachers probing and diagnosing students. Probing and diagnosing was usually
followed by confirming correct or incorrect, followed either by feedback or direct
instruction. Finally, the soft scaffold strategies were analyzed in regards to students’
performance levels. The highest number of soft scaffold strategies were exhibited in the
below basic group interactions, followed by far below basic and proficient groups
respectively. Interactions within the basic group exhibited the fewest soft scaffold

strategies.
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CHAPTER FIVE: DISCUSSION

Introduction

The purpose of this study is: (a) to determine the relationship between situational
soft and hard scaffolds in problem-solving lessons and students’ achievement scores in a
mathematics computer-based adaptive learning program, and (b) to gain a comprehensive
understanding of the soft scaffold strategies instructors used to support students on
problem-solving lessons in a mathematics computer-based adaptive learning program.
This chapter presents a discussion on the findings of the study. First, the results of the
research questions are discussed and interpreted in relation to the literature reviewed.
Second, the implications and contributions to research and practice are presented. Finally,
the limitations of the study are identified.

Research Question 1A: Does incorporating soft scaffolds in a math computer-based
adaptive learning program impact students’ achievement scores controlling for
frequency of soft scaffolds?

The constructs examined in this overarching research question were: (a) the
relationship between soft scaffolds and students’ achievement scores while controlling
for frequency of soft scaffolds, (b) the relationship between soft scaffolds and students’
achievement scores while controlling for frequency of hard scaffolds, and (c) the
relationship between soft scaffolds and students’ achievement scores while controlling

for BOY benchmark. The results pertaining to each issue are discussed in sequence.
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Relationship between soft scaffolds and students’ achievement scores while
controlling for frequency of soft scaffolds. An analysis of the quantitative results
indicated that soft scaffolds had a significant effect on students’ achievement scores with
a small effect size. Also, the results indicated that when frequency of soft scaffolds was
entered into the equation, the contribution showed a small effect size. One important
point related to the findings from the standardized coefficients is that the frequency of
soft scaffolds was the most significant predictor of students’ achievement scores. These
results are consistent with previous research that found that increased interactions with
instructors are effective in promoting students’ content knowledge while engaged in
problem-solving lessons (Belland, 2010; Graesser & McNamara, 2010; Walker &
Zeidler, 2007). This implies that for students in this study, increased interactions with
online instructors may have enhanced their performance on problem-solving tasks. This
finding is also supported by the patterns identified from the qualitative analysis, which
revealed that instructors used soft scaffolds to aid students in comprehending the content
and problems.

These findings are similar to previous research, which found that soft scaffolds
have the potential to aid students in problem-solving tasks by (a) providing direct
instruction in which the instructor continually clarifies logistics and provides
explanations (Kim & Hannafin, 2011; Sharma & Hannafin, 2007; Puntambekar &
Kolodner, 2005), (b) providing probing and diagnosing in which the instructor asks the
student questions to better determine his level of understanding and the types of

scaffolding he requires (Wu et al. 2002; Palincsar & Herrenkohl, 2002), and (¢) providing
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feedback in which the instructor provides elaborative information as a strategy used in
response to a student’s particular performance on a task or questions during problem-
solving lessons to diagnose their own learning and identify venues for challenging their
thinking (Pata et al., 2006). The results of this study suggest that the more students seek
help from instructors while working on computer-based adaptive learning programs, the
more likely they are to gain higher problem-solving skills. This has important
implications for educators and practitioners alike when considering computer-based
adaptive learning programs in public schools. For computer-based adaptive learning
programs that do not afford soft scaffolds from online instructors, educators need to be
aware that they may still need to provide more teacher support to fill this gap.

Although the frequency of soft scaffolds seems to be a significant predictor of
students’ achievement scores, soft scaffolds alone—once the frequency of soft scaffolds
was removed from the equation--may have only partially influenced students’
achievement scores. This suggests that although soft scaffolds had a significant small
effect on students’ achievement scores, the frequency of soft scaffolds may have
contributed more to students’ achievement scores. This may be because some students
sought help from online instructors more frequently than others. While instructors
answered questions asked by students seeking help, qualitative data gathered in this study
suggested that students in the below basic, and far below basic levels tended to have more
interactions with instructors. While 50 soft scaffold sessions were selected from each
group, sessions from the below basic and far below basic groups had more frequent

interactions with instructors than the basic and proficient groups did. This finding
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supports the argument of Choi et al. (2005) that students with high performance levels
tend to engage in a more meaningful manner with instructors and raise thoughtful and
personalized questions. As a result, they may have not needed to interact frequently with
online instructors. Therefore, they had less frequent interactions compared to students in
the below basic and far below basic groups.

Given that the frequency of soft scaffolds can be influenced by students’
performance levels, the frequency of students’ responses while interacting with
instructors may vary as well. As a result, students with high performance levels are more
likely to benefit from instructor support more than students with low performance levels.
This suggests that soft scaffolds may not have been as effective with students in the
below basic, and far below basic, groups compared with their peers in the basic and
proficient groups. This finding is also similar to the findings of Kim and Hannafin (2011)
in which they found that students with low performance levels may face cognitive
challenges during problem-solving tasks. Therefore, their interactions may be different
than those with high performing peers.

Relationship between frequency of soft scaffolds and students’ achievement
scores while controlling for frequency of hard scaffolds. The second research question
examined the relationships among soft scaffolds and frequency of hard scaffolds on
students’ achievement scores. In this research question, we excluded all students who did
not seek help from online instructors. An analysis of the results revealed that soft
scaffolds had a significant effect with a medium effect size on students’ achievement

scores. While soft scaffolds had a medium effect contribution to students’ achievement
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scores, frequency of hard scaffolds was a more significant predictor of students’
achievements. Few studies have investigated the effectiveness of hard scaffolds in light of
soft scaffolds (Liu & Tsai, 2008). These results are somewhat consistent with previous
studies, which found that frequency of hard scaffolds is effective in developing students’
problem-solving skills. Additionally, the findings support the argument of Kim et al.
(2007) that the use of embedded hard scaffolds in computer-based adaptive learning
programs tend to alleviate difficulties in problem-solving tasks. This implies that for
students in this study, hard scaffolds (e.g., previously solved examples within the
computer-based adaptive learning program), may have also improved their problem-
solving skills. It also implies that students may have found hard scaffolds to be sufficient
for most problem-solving tasks; as a result, they sought help from online instructors less
frequently.

In this study, two different types of hard scaffolds were embedded into the
computer-based adaptive learning program; conceptual hard scaffolds (Hannafin et al.,
1999; Jackson et al., 2000; Saye & Brush, 2002) and strategic hard scaffolds (Hmelo-
Silver & Barrows, 2006; Pederson & Liu, 2002). By extension, the benefits of conceptual
hard scaffolds and strategic hard scaffolds are exhibited in the findings of this study.
According to Simons and Klein (2007), these hard scaffolds may have the potential to aid
students in better understanding the concepts and problem-solving tasks by: (a) providing
students with definitions of new terms or linking to web-based resources to help students
understand the content or the task, and (b) providing students with embedded expert

advice in the form of text-based responses and contextual information in which it helped
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students to access their prior knowledge. These results also suggest that the more likely
students are to access strategic and conceptual hard scaffolds, the more likely they are to
gain higher content knowledge and improve their problem-solving skills through
computer-based adaptive learning programs.

This aligns with Hannafin’s (2007) argument that integrating hard scaffolds into
contexts using hyperlinked text, and a variety of scaffolding formats (e.g., graphics, texts,
charts) that meet different learner needs will enhance students’ problem-solving skills.
Furthermore, according to Lee and Calandra (2004), this process makes scaffolds
immediately available and relevant to the learning content. Finally, the above findings are
consistent with the findings of previous research (Lee & Calandra, 2004; Walker &
Zeidler, 2007) which found that hard scaffolds in web-based multimedia can augment
multiple perspectives and instructional support (e.g., text, visual, and audio) to promote
students’ cognitive flexibility.

Relationship between soft scaffolds and students’ achievement scores while
controlling for BOY benchmark. The third research question examined the
relationships among soft scaffolds and BOY benchmark on students’ achievement scores.
In this research question, we excluded all students who did not seek help from online
instructors. When controlling for BOY benchmark, the analysis revealed that BOY
benchmark was a significant predictor of students’ achievement scores. This finding is
consistent with previous research demonstrating that students’ proficiency impact the
frequency soft scaffolds and problem-solving skills (Land, 2000; Law, 2012). In addition,

it has been reported that high performing students are more likely to find soft scaffolds
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beneficial in terms of promoting problem-solving skills (Cho & MacArthur, 2010; Cho &
Schunn, 2007; Hovardas et al., 2014). Additionally, findings from the qualitative analysis
suggest that students from the basic and proficient groups can receive, and engage in,
meaningful scaffolding and respond to instructor scaffolding more than students in the
below basic, and far below basic, groups. Hogan (2002) argued that low performing
students not only tend to remain novices to the community, but also tend to yield
superficial solutions to problems. Given that, in this study, the computer-based adaptive
learning program provided students with lessons in their ZPD (which assumes that
students are given content that is most relevant to their performance level), students’
performance levels may have been a factor that influenced students’ achievement scores
and may have shaped the nature of the soft scaffold interactions as reported in the
qualitative analysis.
Research Question 2: What types of soft scaffold strategies do instructors use to
support students’ problem-solving lessons in a math computer-based adaptive
learning program?

The second research question involved identifying the types of soft scaffold
strategies instructors used to support students during problem-solving tasks. Next, the
results of the patterns of soft scaffold strategies are discussed, followed by a discussion

on the patterns of these strategies in relation to students’ performance levels.
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Patterns of Soft Scaffold Strategies

Researchers have identified several soft scaffold strategies to foster problem-
solving tasks and support students to develop new ways of thinking. Hmelo-Sliver et al.
(2007) proposed that teachers should make their scaffolding “visible through questions
that scaffold student learning” (p.10). This pattern of soft scaffolds occurred during soft
scaffold sessions when teachers pushed students to explain their thinking so that they
supported their arguments and provided explanations. The findings in this study
corroborate the above research by suggesting that the overall patterns of soft scaffolds
revealed that the most frequently observed soft scaffold strategy was probing and
diagnosing—which is centered on task-related questions in which the instructor
determines the students’ level of understanding and the types of scaffolding they require.
Furthermore, instructors provided soft scaffolds during problem-solving lessons to help
students build claims and evidence. The frequency of soft scaffold strategies implied that
students may experience a cognitive burden while solving problems in the math
computer-based adaptive learning program. Therefore, they seek help from instructors to
develop new knowledge and build new claims. Land (2000) suggested that when students
have limited problem-solving skills, they face difficulties in solving ill-structured and
complex problems. This appeared true when examining the frequency of probing and
diagnosing in the below basic and far below basic groups. All instructors used the
probing and diagnosing strategy almost equally between below basic and far below basic
groups. While this finding confirms Land’s (2000) suggestion that students can benefit

from soft scaffolds, the finding somewhat contradicts some of her findings in which she
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concluded that learners’ soft scaffolds may have different patterns that vary according to
students’ performance levels.

Additionally, this study confirms that in addition to probing and diagnosing,
online instructors utilized other strategies such as social talks, direct instruction, and
feedback. These findings concur with previous research (e.g., Cho & Jonnasen, 2002;
Pedersen & Lui, 2002) which found that in computer-based adaptive learning programs,
students can experience a heavy cognitive load due to the complexity of problem-solving
processes. Similarly, this finding contributes to research that addresses the promising
effects of soft scaffolding that is needed to alleviate students’ cognitive burden
(Kirschner, Pass, & Kirschner, 2011). In fact, Sweller (2010) found that the cognitive
load can be avoided by incorporating social interactions, an information-processing
system, in which students can work with a more knowledgeable other (instructor or tutor)
to expand their information and processing capacity. Additionally, Zhang et al. (2016)
found that students may have benefited from increased soft scaffold interactions by
reducing their cognitive load. Thus, from this perspective, instructors who incorporate
soft scaffold strategies (e.g., probing and diagnosing, direct instruction, feedback, and
confirmation) during problem-solving tasks can also alleviate students’ cognitive burden.

The analysis of the interactions revealed that instructors employed all of the
remaining strategies with varying frequency and tended to assist students and help them
organize information and claims focusing on problem-solving. For example, the
instructors commonly used confirmation and feedback to either acknowledge their

responses or provide elaborative statements to reinforce students’ answers. In addition,
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when engaging with students using soft scaffolds, instructors tended to ask students to
elaborate on their thoughts and provided direct instruction to pose new ideas or model the
problem. In this study, through soft scaffolds--such as probing and diagnosing--students
can close gaps in their knowledge and enhance their problem-solving skills. These
findings are also consistent with previous research in K-12 settings, which found that
feedback and direct instruction enhance problem-solving skills. For instance, Choi et al.
(2005) observed that students, when provided with meaningful feedback and direct
instruction, were able to understand and revisit their responses and ideas in a way that led
them to reach the answers on their own. Considering that the soft scaffold strategies
observed across all performance levels involved statements in which instructors
challenged students’ responses and ideas, provided feedback, direct instruction, or social
talks, these soft scaffold strategies may have emerged or been shaped by students’
responses. While the majority of soft scaffold strategies have been shaped by students’
responses, instructors always initiated scaffolding with the probing and diagnosing
strategy. Although there was not a consistent pattern of the strategies within sessions,
these strategies may have facilitated the process of evaluating students’ background
knowledge and understanding, of forming new ideas, and of finding solutions to the
problems. Based on the findings of the quantitative analysis, these soft scaffold strategies
may have contributed to the increased variability in students’ performance when
frequency of soft scaffolds was entered into the equation. Findings from the quantitative
analysis, and the frequency in which instructors exhibited soft scaffold strategies, may

highlight the important dimension of incorporating meaningful soft scaffolds, which may
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enable students to solve problems using different approaches and incorporate different
viewpoints as essential components of computer-based adaptive learning programs. This
finding concurs with that of Walker and Zeidler (2007) who concluded that students,
without additional guidance, produced hasty conclusions during problem-solving skills.
Soft Scaffold Strategies Based on Students’ Performance Levels

Another important finding of this study is that students’ performance levels may
have had an impact the frequency of soft scaffold strategies. According to previous
research, soft scaffolds require a certain level of domain knowledge and metacognitive
skills from students (Choi et al., 2005; Land, 2000). Furthermore, some studies on soft
scaffolds (e.g., Choi et al., 2005; Palincsar & Brown, 1984) have reported that engaging
in simple questions and answers between instructors and students can provide positive
environments for learning. However, as observed through the qualitative analysis, if
students cannot engage with instructors beyond question-answer exchanges or if they do
not understand instructors’ scaffolds, they are limited from successfully achieving tasks
and impeded from making progress towards critical engagement with instructors.
Previous studies (Kim & Hannafin, 2011; Kirschner, Sweller, & Clark, 2006) found
similar behavior in which instructors were not able to provide meaningful scaffolding due
to students’ limited skills in problem-solving processes.

The findings of this study also indicated that soft scaffold strategies used with
below basic, and far below basic, groups tended to exhibit interactions centered around
feedback. According to Brush and Saye (2008), low performing students can benefit from

receiving procedural assistance which focuses on supporting students during probing and

138



diagnosing. Although students in the below basic, and far below basic, groups received
other strategies related to problem-solving, the nature of their interactions with online
instructors during soft scaffolds appeared to be surface level and did not extensively go
deeper into the central issues of problem-solving. This finding is similar to previous
research, which found that in order for students to engage in meaningful soft scaffolds,
they need to have a certain level of problem-solving skills because effective scaffolding is
linked to students’ performance level (Land, 2000).

On the other hand, the analysis of the patterns of the soft scaffold strategies used
with students in the basic and proficient groups revealed that instructors may have been
able to engage students in deeper discussions during problem-solving sessions.
Accordingly, for students in the below basic, and far below basic, groups, instructors may
have experienced difficulties interacting with them in a thoughtful and meaningful
manner. According to Kim and Hannafin (2011), due to the characteristics of students
with limited problem-solving skills, they require significant scaffolding in order to work
through problem-solving tasks. In this study, students in the far below basic group may
not have been equipped with adequate skills prior to interacting with instructors. In
addition, instructors may not have had the knowledge about students’ levels and their soft
scaffolding was similar in rigor to all students, particularly on lessons that required them
to develop new claims and support arguments. This suggests that providing and receiving
soft scaffolds may require students to have a certain proficiency level on problem-solving

tasks to foster quality soft scaffolds that are sufficient to enhance students’ thinking.
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The findings of this study indicate that the patterns of direct instruction and
confirmation correct strategies may have also been influenced by students’ performance
levels. For example, the analysis of these strategies suggest that instructors may have
been able to engage in more robust interactions when providing direct instruction, which
may have benefitted the group’s performance as implied by the frequency of
confirmation correct. Previous studies have reported that proficient and advanced
students tend to outperform peers on problem-solving tasks whether they worked with
instructors or not (Fuchs, Fuchs, Hamlett, & Karns, 1998). These results expand existing
research about how students’ performance levels may influence soft scaffold strategies
and students’ achievements. As such, instructors need to be aware of students’ different
levels of abilities to be able to provide elevated soft scaffolding to enhance students’
performance on problem-solving lessons in mathematics within computer-based adaptive
learning programs.

Implications and Suggestions for Future Research

According to previous research (Belland, 2010; Kim & Hannafin, 2011a; Raes et
al., 2012), soft and hard scaffolds are pivotal components to enhance students’ problem-
solving skills in computer-based adaptive learning programs. From this perspective, the
current study demonstrates a theoretical scaffolding framework, which empirically
confirmed that soft and hard scaffolds positively impact students’ achievement scores on
problem-solving tasks within computer-based adaptive learning programs. The findings

of this study have important implications for research and practice.
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Implications and Recommendations for Research

Although previous research has addressed the impact of hard scaffolding on
problem-solving skills, few studies have examined how both hard and soft scaffolding
functions when embedded in computer-based adaptive learning program influence
students’ problem-solving skills (Lee & Calandra, 2004; Reiser, 2004). The results of this
study extend the scope of previous research by suggesting that when students utilize hard
scaffolds and seek help from instructors, they gain analytical knowledge that will
enhance their problem-solving skills in technology-enhanced classrooms.

According to Kim et al. (2007), students use embedded scaffolding tools to
alleviate difficulties when working on problem-solving tasks. By extension, students may
have perceived and benefited from soft scaffolds as the most critical component to
enhance academic achievements in problem-solving lessons. In addition, embedding hard
scaffolds within the computer-based adaptive learning program may have benefited
individual students to gain domain knowledge, particularly when coupled with soft
scaffolds. This contribution significantly adds to the work of Hmelo-Sliver and Barrows
(2006), which proposed that scaffolding features such as hints and prompts can be used to
support different learning activities including problem-solving tasks.

Additionally, the findings in this study highlight the importance of the dynamic
relationships between soft and hard scaffolds and the different roles each type plays in
problem-solving in the computer-based adaptive learning program. For example, hard
scaffolds, as augmented in audio, text, and visuals in computer-based adaptive learning

programs can represent different viewpoints (Lee & Calandra, 2004; Oliver & Hannafin,
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2000). Although this type of scaffold in computer-based adaptive learning programs can
be beneficial to students during problem-solving tasks, students sometimes appear
frustrated due to the complexities of the technology itself and/or due to the ill-structured
task of problem-solving, and therefore tend to seek help from a source outside of the
environment—from an instructor (Shin et al., 2003). This study leads to a suggestion that
coupling soft scaffolds with hard scaffolds can alleviate students’ cognitive burden
during problem-solving tasks in computer-based adaptive learning program. While the
findings of this study suggest that soft scaffolds may be an effective approach to enhance
students’ problem-solving skills in computer-based adaptive learning programs, this
study also provides new empirical evidence that students in the below basic, and far
below basic, groups may have only benefited partially from instructors’ rigorous
scaffolding. This finding suggests that students’ with low performance levels may benefit
from different types of scaffolds within computer-based adaptive learning programs.
Thus, further research is needed to investigate what types of soft scaffolds can be most
beneficial to these types of students.

Researchers have identified several soft scaffold strategies to foster problem-
solving skills (e.g., Hmelo-Sliver et al., 2007; Kim & Hannafin, 2011). The second
research question investigated the types of soft scaffold strategies instructors used with
students during help-seeking sessions while working on problem-solving tasks within a
mathematics computer-based adaptive learning program. The results draw instructors’
and practitioners’ attention to the types of soft scaffolds strategies that need to be

considered in order to effectively enhance students’ performance on problem-solving
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tasks. Despite the substantially varied frequency of soft scaffold strategies identified in
this study, these strategies add to the previously identified strategies by Kim and
Hannafin (2011). Specifically, this study found that probing and diagnosing questions
constitute the majority of the soft scaffold strategies. This finding leads to the suggestion
that soft scaffolds may have enabled instructors to alleviate students’ cognitive burden
during problem-solving tasks—an important consideration for developing students’
arguments. During soft scaffold interactions, instructors challenged students to explain
and support their arguments. Additionally, this consistent pattern implies that probing and
diagnosing may have a pivotal role in terms of providing a contextual environment to
keep students’ attention on the task. More research is needed to specifically determine
whether probing and diagnosing, compared to other soft scaffold strategies, is more
effective in scaffolding problem-solving tasks and whether it can be used as a standalone
framework for scaffolding within computer-based adaptive learning programs.
Additionally, since the qualitative data gathered for this study only focused on the
analysis of written soft scaffold interactions, and excluded the audio of the verbal
interactions from instructors, constitutes another implication for research. These verbal
soft scaffold strategies may have been beneficial to certain students such as those with
limited reading abilities, but were not captured in the analysis in this study. Thus, future
research should be conducted on the interactions between instructors and students using
written and verbal interactions of the soft scaffolds in order to fully capture the interplay

of soft scaffolds in computer-based adaptive learning programs.
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A number of studies have emphasized that instructor scaffolding may enhance
students’ problem-solving skills (Hmelo-Sliver et al., 2007; Kim et al., 2007; Raes et al.,
2012; Simons & Klein, 2007). These studies showed that students, who received soft
scaffolding, improved their problem-solving skills, suggesting that instructor scaffolding
may be a pivotal component to facilitate students’ learning. This study found similar
results to the findings of the previous studies, which suggested that seeking help from
instructors allows students to gain deeper understanding of problem-solving processes
and enhances students’ achievement scores (Hmelo-Sliver et al., 2007; Kim et al., 2007;
Raes et al., 2012; Simons & Klein, 2007). Given that this study only investigated soft
scaffolds provided by online instructors without observing soft scaffolds in the
classroom, (e.g., classroom teacher or peer support), this study may not have depicted a
comprehensive picture of the types of soft scaffolds in blended learning environments.
This is important because previous studies have found that peer soft scaffolds can also be
effective in enhancing peers’ problem-solving skills. For example, Gan and Hattie (2014)
investigated whether peer questioning and feedback can enhance problem-solving skills
during group activities. The researchers argued that thoughtful questions from peers can
lighten the cognitive load and prompt students to construct new knowledge (Gan &
Hattie, 2014). Future research is needed to investigate the interplay between soft
scaffolding from all sources such as online instructors, classroom instructors, and peers,
and to determine the interplay between these types of scaffolds and their impact on

students’ achievement scores in blended classroom settings.
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While a soft scaffold framework was developed based on previous research (e.g.,
Choi et al., 2005; Kim & Hannafin, 2011; Land, 2000; Pata et al., 2006), most studies
focused on soft scaffolds such as instructor feedback, direct instruction, and probing.
However, other soft scaffold strategies have not been thoroughly investigated. To better
understand soft scaffolds in computer-based adaptive learning programs, we identified
these strategies and the definitions were revised during the preliminary analysis to fit the
context of this study. The research team met regularly to discuss these strategies and
defined the new types of soft scaffold strategies for the framework of this study.
Although we followed a rigorous process to ensure accurate classification of each soft
scaffold strategy, these strategies should be studied in different research contexts and
different classroom settings to further validate the soft scaffold framework. This research
can be helpful especially because of the increased variety of technological resources
found in classrooms.
Implications and Recommendations for Practice

Researchers have examined the integration of hard scaffolding to support
students’ during problem-solving tasks (Lee & Calandra, 2004; Saye & Brush, 2002).
However, no studies have examined how soft scaffolds build on hard scaffolds in
computer-based adaptive learning programs. An implication of the findings is related to
the design of hard scaffolds as a prerequisite to fostering soft scaffolds. The findings
suggest that there is a dynamic interplay between soft and hard scaffolds and suggest that
instructional designers should take into consideration how to make hard scaffolds more

accessible to students, specifically in the form of probing and diagnosing to help students
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pose ideas and viewpoints prior to seeking help from instructors. For example, given that
probing and diagnosing was the most frequently used strategy by instructors across all
performance levels, new computer-based adaptive learning programs should incorporate
this strategy in the form of progressive hints to expose students to probing and diagnosing
strategies prior to seeking help from online instructors. This is important because the
patterns of the soft scaffold strategies suggested that instructors commonly referred
students to hard scaffolds, a situation that was observed when students answered probing
questions incorrectly across all performance levels. This suggests that students may not
have been able to respond to probing questions because they did not utilize hard scaffolds
efficiently. Therefore, in order to maximize students’ benefits from meaningful soft
scaffolds it would be important to incorporate different types of hard scaffolds in advance
before allowing students to seek help directly from instructors. Additional research is
needed to examine how students can maximize the use of hard scaffolds prior to seeking
help from online instructors.

Sharma and Hannafin (2005) suggested that students’ perceptions toward soft
scaffolds is based on their interpretation of the scaffolding available to them, which
ultimately influences their effective use of the soft scaffolds. Additionally, students’
perception of scaffolding is associated with their learning outcomes after utilizing soft
scaffolding (Lee, Srinivasan, Trail, Lewis, & Lopez, 2001). The findings of this study,
however, adds to previous research by giving insights on soft scaffold strategies only
found in instructors’ scaffolding statements. Analyzing only instructors’ scaffolding

statements may not be sufficient to demonstrate how soft scaffolds impact the dynamics
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of soft scaffolds in the computer-based adaptive learning program nor to show how
students may have perceived soft scaffolds interactions. Given that students’ responses
may change the pattern of soft scaffolds, students’ responses may be a pivotal factor and
need to be considered when analyzing soft scaffold strategies in computer-based adaptive
learning programs. For example, instructors may need to adopt different strategies
depending on students’ needs to enhance their problem-solving skills. In this case, soft
scaffold strategies could have been exhibited in different patterns—which may have
occurred in this study—»but could not be captured. Thus, future research should be
conducted on the interactions exhibited by instructors and students to fully capture the
interplay of soft scaffolds in computer-based adaptive learning program.

The findings of the study offer instructional designers and practitioners alike
recommendations to incorporate effective soft scaffolds when designing and
implementing computer-based adaptive programs to assist with problem-solving tasks in
K-12 settings. A number of researchers have emphasized that instructor scaffolding is
essential to enhancing students’ problem-solving skills (Hmelo-Sliver et al., 2007; Kim et
al., 2007; Raes et al., 2012; Simons & Klein, 2007), but has not explored how instructors
can facilitate the use of soft scaffolding based on secondary data such as students’
performance levels (Kim & Hannafin, 2011). To foster students’ engagement, instructors
need to be aware of students’ performance levels when providing soft scaffolds. The
results of the current study imply that students in the basic and proficient groups may
have not only been responsive to instructors’ probing, but also more receptive to direct

instruction than those in the below basic and far below basic groups. This behavior may
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have created a favorable and constructive environment for providing soft scaffolds that
holds promise to enhance students’ performance during problem-solving tasks. This
study also suggests that it would be a mistake for instructors to start soft scaffolds with
probing questions without knowing students’ performance levels; proficient students may
seek further support from instructors to evaluate their arguments and support their claims,
whereas far below basic students may seek assistance related to directions or steps to
solve specific tasks. Thus, when implementing computer-based adaptive learning
programs in a K-12 classroom setting, instructors need to be provided with professional
development on how to properly diagnose students’ performance levels so they can
personalize scaffolding to each student’s need.

In regard to professional development, there is a need for ongoing training on how
to effectively scaffold students’ learning within computer-based adaptive learning
programs within blended learning settings. This professional development could involve
providing teachers with specific examples of previously used soft scaffold sessions that
were proven to be effective. Additionally, the professional development could involve
modeling students’ seeking from instructors to help in shaping the nature of soft scaffold
strategies relevant to students’ needs.

Lastly, the findings of this study suggest that some soft scaffolds strategies (e.g.,
social talks, invitation to engage, and closing) can appear in the form of machine-
automated statements. This brings our attention to whether these strategies were effective
or not. In addition, it points up the question of what role artificial intelligence could play

in soft scaffolds within computer-based adaptive learning programs. Thus, future research
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is needed to consider to what extend can artificial intelligence contribute to soft scaffolds
and whether it can effectively replace human interactions in computer-based adaptive
learning programs.

Limitations

The limitations of this study included transferability, non-random assignment, and
test measures. First, since this study did not randomly select students for the first research
question, the analysis may yield different results. Without random assignment, it is
unclear whether the different types of scaffolds had effects on students’ achievement
scores. For example, students who received soft scaffolds and gained high scores on the
EOY benchmark may not have been successful because of soft scaffolds alone. It could
be that students may have also benefited from hard scaffolds as well. In addition, the
implementation was conducted in a natural classroom setting without any controlled
treatment. Classroom dynamics may also have affected the outcomes.

Second, this study was situated in a single school district utilizing the computer-
based adaptive learning program without specifying the demographics of students who
used the program. Without knowing learners’ individual differences such as habits or
motivation, the results will not be consistent across groups. As a result, students’
achievement scores and the pattern of soft scaffold strategies may have occurred
differently during implementations at other sites and it may be difficult to generalize the
findings.

Third, the notion of students working within their ZPDs constitutes another

limitation—that is, the number of lessons completed and the frequency of soft and hard
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scaffolds are not the same for every student. The selection criteria involved every student
who accessed hard and soft scaffolds and took BOY and EOY benchmark regardless of
the number of lessons completed. For example, some students completed ten lessons but
only accessed soft and hard scaffolds twice. Although the outcomes could have been
positive for those students, it would be difficult to contribute the gains to the use of hard
and soft scaffolds in isolation of the actual learning happened during the lessons. Thus,
further research is needed to examine the effects of scaffolding types and the lessons
completed.

Fourth, the soft scaffold sessions selected for the qualitative data analysis
involved written interactions between instructors and students during problem-solving
tasks. The fact that this study did not incorporate audio statements from instructors
constituted another limitation of this study. Without access to these audio interactions
between instructors and students, it would be difficult to get detailed insights into the
verbal soft scaffold strategies that instructors exhibited during help-seeking. Having
access to instructors’ recorded soft scaffolding statements may shed new light on the
patterns of soft scaffold strategies and how instructors may have utilized verbal soft
scaffolding to facilitate students’ problem-solving tasks in computer-based adaptive
learning.

Finally, the researcher did have access to the actual environment in which
students worked on the computer-based adaptive learning programs. While it is known
that the computer-based adaptive learning program was used in a blended-learning

environment that incorporated the station rotation model, no other observations were
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gathered. This limits the study because the researcher did not get a full picture of the
classroom environment in which other types of soft scaffolds may have been
incorporated. For example, some students may have chosen to seek help from their peers
instead of seeking help from online instructors. Other students may have sought help on
problem-solving lessons directly from their classroom instructor because they may have
felt comfortable to do so. Without observing these soft scaffold interactions in addition to
online soft scaffolds, it would be difficult to attribute all of the positive impact of the soft
scaffolds found in this study to online instructors soft scaffolds found in the computer-
based adaptive learning during help-seeking sessions.
Delimitations

A number of choices made by the researcher may have limited the boundaries of
this study. First, the study was limited by its focus on the experiences and interactions of
students rather than teachers. Online teachers or the classroom teachers were not
interviewed or observed during this study. Second, data inclusion was limited to those
who chose to interact with an online teacher while working on the computer-based
adaptive learning program. Third, this study used a convenience sampling technique from
a single school district population. Only middle schools were included in the sample. The
case study was delimited to a specific computer-based adaptive learning program for a
group of middle schools in the 2017-2018 school year. The researcher delimited the study
to students who interacted with online teachers to allow for in-depth analysis. These
factors delimited the generalizability of the study to other groups of students, other

computer-based interventions, or other classroom environments.
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Conclusions

The purpose of this study was to investigate the relationship between soft and
hard scaffolds and students’ achievement scores (e.g., EOY benchmark) and identify the
types of soft scaffold strategies that instructors use with students during help-seeking
within the computer-based adaptive learning program. First, the findings empirically
confirmed that soft scaffolds followed by hard scaffolds were the most significant
variables to predict students’ achievement scores. These findings empirically highlight
the positive relationships between soft and hard scaffolds and their positive impact on
enhancing students’ problem-solving skills in computer-based adaptive learning
programs. Second, this study sheds new light on research investigating the types and
patterns of soft scaffold strategies that instructors employ during help-seeking sessions
from students on problem-solving tasks. Accordingly, this study demonstrates how
instructors use different types of soft scaffolds and helped students with problem-solving
tasks within the computer-based adaptive learning program. Identifying what types of
soft scaffold strategies were used to assist students on problem-solving tasks will provide
instructors and practitioners alike with recommendations to consider when working with
students within computer-based adaptive learning programs. Additionally, the results of
this study may inform instructional designers with best practices when designing and
implementing soft and hard scaffolds in computer-based adaptive learning programs to

enhance students’ problem-solving skills.
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