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THE INTERDISCIPLINARY JOURNAL OF
PROBLEM-BASED LEARNING

ARTICLE

Scaffolding for Optimal Challenge
in K-12 Problem-Based Learning

Nam Ju Kim (University of Miami), Brian R. Belland (Utah State University), and Daryl Axelrod (University of Miami)

Abstract

Establishing optimal challenge enhances intrinsic motivation, interest, and the probability of success in the learning activity.
In K-12 problem-based learning (PBL), students may struggle to address associated tasks that are beyond their current abil-
ity levels. This paper suggested learner-centered scaffolding systems (LSS) to improve K-12 students’ perception of optimal
challenge by addressing their learning issues in PBL. LSS enhances students’ experience in autonomy and competence by
providing multiple types of scaffolding in accordance with students’ different needs and difficulties in PBL. Students can
control the nature and frequency of scaffolding by themselves according to their needs and ability, and it plays a role in
improving their self-directed learning skills. Last, peer scaffolding between students with similar abilities satisfies students’

needs for relatedness.
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Introduction

Establishing optimal challenge is the practice of balancing
each individual learner’s skill levels with appropriate task dif-
ficulty in order to maximize learning (Shernoft, 2013). Each
student who is optimally challenged experiences high levels
of intrinsic motivation, interest, and success in the learning
activity because task difficulty is matched to the individual
student’s current ability (Renninger & Hidi, 2015). Whether
or not a task is optimally challenging is also dependent, in
part, on how students perceive their own mastery of the skills
needed to complete the task (Durik, Hulleman, & Harack-
iewicz, 2015). In teacher-directed classrooms, educators are
responsible for moderating task difficulty via the development
of course sequence and problem selection (Sungur & Tekkaya,
2006). However, in problem-centered and/or student-centered
constructivist curricula, teachers lose much of their ability to
effectively set an optimal level of challenge for each student
because students need to address ill-structured tasks through
self-directed learning (Hmelo-Silver & Barrows, 2015).

For example, problem-based learning (PBL) is character-
ized by ill-structured tasks, which require self-directed learn-
ing processes, during which students are confronted with

many different types of rigor brought on by deficiencies in their
knowledge or skills (Dolmans & Gijbels, 2013). Much of their
success will depend on whether they find the right amount of
personalized support and whether or not they believe that they
can overcome their deficits with that support (Smith & Cook,
2012). This has led some researchers (Kirschner, Sweller, &
Clark, 2006) to label instructional approaches such as PBL as
instructionally ineffective. To the contrary, other researchers
(Hmelo-Silver, Duncan, & Chinn, 2007) have argued that cor-
rectly implemented PBL curricula include extensive student
support in the form of scaffolding, which helps students expe-
rience success even when facing learning difficulties.

Scaffolding is defined as support from experts or more
knowledgeable peers, which allows students to engage in,
and gain skill through, given tasks that would otherwise be
beyond the students’ existing capabilities (Wood, Bruner, &
Ross, 1976). The concept of scaffolding, which theoretically
originated from Vygotskian sociocultural perspectives and
the Zone of Proximal Development (Verenikina, 2003), can
help students address challenges related to a lack of content-
knowledge, transfer of knowledge, and motivation that can
be experienced during PBL (Schmidt, Rotgans, & Yew, 2011;
Simons & Klein, 2007).
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However, a recent synthesis of problem-centered edu-
cational models including PBL showed a large difference
between learning gains of different age groups despite all
groups receiving support (Kim, Belland, & Walker, 2018).
One possible explanation is that PBL originated in medical
schools, which serves a highly motivated and highly self-
directed student population and also has a relatively homo-
geneous set of domain-specific knowledge and advanced
problem-solving skills (Barrows, 1996). In contrast to medi-
cal students, middle and secondary students not only lack
requisite knowledge and skills, but also may not be moti-
vated by their curriculum nor experience adequate support
from their teachers (Torp & Sage, 1998). PBL depends on
students’ perceptions both of task difficulty and their own
ability to tackle the given task successfully. In this sense,
although the difficulty level of PBL tasks can be optimized
based on students’ level, optimal challenge alone may not
guarantee success if implemented in isolation. Optimal
challenge in PBL is not only about moderating a task to
students’ current ability, but also about moderating student
self-efficacy. Thus, in order to have K-12 students experi-
ence success at the same level as their older counterparts,
they must receive additional scaffolding supports so as to
experience optimal challenge. The purpose of this paper is
to put forth a design of scaffolding system to help K-12 stu-
dents overcome the specific issues they face in PBL such asa
lack of domain-specific knowledge, problem-solving skills,
self-direction, and collaborative skills.

The Concept of Optimal Challenge

Optimal challenge maximizes learning by balancing learner
skill level and task difficulty (Soltani, Roslan, Abdullah, &
Jan, 2011). If tasks do not correspond well to students’ abil-
ity levels, various side effects can occur (Shernoft, 2013). For
instance, when a high difficulty task is assigned to a lower-
achieving student, the student can become anxious and dis-
engaged (Willingham, 2009). Assigning a low difficulty task
to a higher-achieving student leads to boredom and apathy
(Rheinberg & Vollmeyer, 2003; Tozman, Magdas, Mac-
Dougall, & Vollmeyer, 2015). The importance of providing
students optimal challenge is that it can keep stimulating
and maintaining their intrinsic motivation toward, and the
chance of success in, their learning.

The impact of optimal challenge has been demonstrated by
previous studies. When the challenge of the learning task was
optimally suited for each student’s particular ability, students
from elementary school to adults spent more time on their
learning (Mandigo & Holt, 2006), improved understanding
of content knowledge, and actively engaged in their learning
(Durr, 2009; Harter, 1978; Liu, Li, & Santhanam, 2007) in the

various subjects within diverse learning environments. In
addition, when students had the authority to choose the task
difficulty, most selected a difficulty level aligned with their
current abilities, which in turn allowed them to successfully
finish their learning tasks (Sit et al., 2010). The effectiveness
of optimal challenge on students’ better learning perfor-
mance can be explained by self-determination theory (SDT).

Self-determination theory (SDT) emphasizes the impor-
tance of intrinsic motivation on cognitive and social devel-
opment through active engagement in learning (Deci &
Ryan, 2000). From the perspective of SDT, human beings
practice self-determination as they proactively respond with
interest to environmental challenges with their social groups
(Deci & Vansteenkiste, 2004). SDT, therefore, emphasizes
that optimal learning in educational contexts is achieved
when extrinsic motivation is transformed into intrinsic
motivation, which enables the student to better self-regulate
(Niemiec & Ryan, 2009). Typically, students who are self-
regulated experience a greater level of intrinsic motivation,
which helps them to maintain their interest and effort (Ryan,
Connell, & Grolnick, 1992).

It is important to consider the fact that though a given task
may satisfy students’ current abilities and needs, it may not
always connect with students’ intrinsic motivation. To opti-
mally and effectively develop students’ potential and enhance
intrinsic motivation, Deci and Ryan (2002) highlighted three
essential psychological needs: (a) need for autonomy, (b)
need for competence, and (c) need for relatedness. Auton-
omy can be achieved as students control their own behavior,
and competence can be achieved when students experience
success at tasks that they perceive to be difficult. Further-
more, students experience relatedness when they perceive a
sense of belonging to the community (Deci & Ryan, 2000).
By addressing these three needs students can experience an
internalization process from external regulation to inter-
nal regulation, as well as sustain their intrinsic motivation
toward the learning activities (Deci, Koestner, & Ryan, 1999;
Deci & Ryan, 2000, 2010).

However, not all learning environments have the requi-
site characteristics to foster autonomy, competence, and
relatedness in students. Learning curricula that are more
teacher-centered will impede the development of the poten-
tial intrinsic motivation, whereas curricula that are more
social, problem-centered and student directed such as prob-
lem-based learning provide students space in which they
can develop greater self-determination. In addition, scaf-
folding can play a pivotal role in maintaining and enhancing
students’ perception of optimal challenge in that it can help
students (a) increase the expectation for success, (b) realize
the value of tasks, (c) reflect their learning process, and (d)
perceive belongingness (Belland, Kim, & Hannafin, 2013).
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Problem-Based Learning

Problem-based learning is a learner-centered and problem-
centered instructional model, in which students engage in
authentic and ill-structured problems (Savery, 2015). Stu-
dents acquire new knowledge by identification of knowledge
gaps between their current level of knowledge and the level
of knowledge it would take them to address the given prob-
lem (Barrows, 1996). Barrows and Myers (1993) defined PBL
as a multistep approach, in which small groups composed of
five students work with one tutor who is assigned exclusively
to a single group. After students are presented with a prob-
lem, students discuss the problem, generate hypotheses, and
develop learning goals. Next, they collect needed informa-
tion and through discussions with their small group evaluate
the usefulness of their collected information and resources
to determine whether more information is required to confi-
dently make a supported claim. This process is repeated until
the group arrives at a refined problem solution.

Theoretically, ill-structured problems in PBL are a possible
way to strike a balance between task difficulty and individual
ability in that they have multiple potential solution paths
(Jonassen, 2000). Students must be able to devise a solution
path according to their abilities, and sometimes choose one
path out of many in order to solve a problem. In addition,
the design of PBL fosters student self-determination by satis-
tying the aforementioned psychological needs of autonomy,
competence, and relatedness (Miiller & Louw, 2004).

PBL enhances students’ autonomy, in that students need
to take the initiative in learning (Chirkov & Ryan, 2001).
This happens in PBL as the teacher’s role is relabeled as one
of a facilitating tutor, which minimizes a teacher’s control
over the learning process and allows students to experience a
greater level of autonomy. This new teacher-student relation-
ship requires students to assume greater responsibility over
their learning than in teacher-led instruction (Mills, Tre-
agust, & others, 2003; Reeve, Jang, Hardre, & Omura, 2002).
Group collaboration is also an essential feature of PBL that
fosters relatedness (Hmelo-Silver & Barrows, 2015). If the
quality of teacher-student and student-student relationships
in PBL collaboration is positive, then students will feel safe
and their need for relatedness will be satisfied (Ferrer-Caja &
Weiss, 2000). Additionally, PBL can also enhance competence
as students experience success in tackling the rigor of ill-
structured problems on their own (Chirkov & Ryan, 2001).
As students satisfy their psychological needs for autonomy,
competence, and relatedness in PBL, they will experience
internalization of their motivation (Deci & Ryan, 2000).

Furthermore, when intrinsically motivated, students
will want to engage with tasks for longer periods and will

experience pleasure while doing so (Pelletier et al., 1995). For
this to be achieved the given tasks in PBL should be opti-
mally challenging, but this may prove to be difficult, espe-
cially in younger grade levels where students work in groups
that have a much greater level of proficiency disparity (Cela,
Sicilia, & Sanchez-Alonso, 2015; Kaufman, Felder, & Fuller,
1999). Originally PBL was designed for medical students, but
the model has been revised for use among various age ranges,
subjects, and educational institutions, including business,
educational psychology, K-12 (e.g., science, engineering,
technology, and mathematics), and higher education (e.g.,
undergraduate disciplines and vocational education) (Del-
isle, 1997; Hmelo-Silver, 2004; Torp & Sage, 1998).

Meta-analyses by Gijbels, Dochy, Bossche, and Segers
(2005) and Leary, Walker, and Shelton (2012) have shown
that PBL improved understanding of content knowledge
and self-directed learning. Nevertheless, some scholars
questioned the effectiveness of PBL on K-12 students who
do not have much experience in self-directed learning and
reflective thinking (e.g., Koh, Khoo, Wong, & Koh, 2008).
For example, it might be difficult for younger students to be
deeply immersed in a certain activity in PBL that simultane-
ously requires them to improve their content knowledge and
problem-solving skills in addition to their self-regulation
and intrinsic motivation (Salam et al., 2009).

To address this issue, scaffolding can be utilized to enhance
students’ engagement and to build their higher-order skills
in complex learning contexts (Belland, 2014). However, it
is not clear how scaffolding can affect students’ perception
of, and engagement through, optimal challenge in PBL by
enhancing their intrinsic motivation toward learning due to
a lack of studies.

Students’ Challenges in PBL and Scaffolding
Design for Addressing Their Challenges

PBL requires students’ diverse skills such as effective prob-
lem-solving skills, self-directed learning skills, and interper-
sonal skills, as well as flexible knowledge (Gallagher, Sher,
Stepien, & Workman, 1995). Thus, it is possible for students
to experience several types of difficulties during PBL because
of students’ different levels of background knowledge, learn-
ing skills, and motivation. Although this challenge exists in
myriad forms of differentiated learning settings, the greater
agency over learning PBL affords students increases the
importance of a cohesive group dynamic. There is less of a
singular, linear progression for the task as well as less teacher
involvement to redirect the learning if a group is struggling.
If students experience any difficulties in PBL, their immer-
sion in learning is hindered, and their recognition of optimal
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Problem-based Learning

Students’ Difficulties

Complicated Process

Learner-centered Scaffolding
System (LSS)

Various Types of Scaffolding

A Lack of Qualified
Facilitator Teacher and Computer-based Optimal Challenge
Scaffolding
Self-directed Learning Fading & Adding

Collaborative Learning

Computer Supported
Collaboration Learning

Figure 1. Students’ challenges in PBL and scaffolding design for addressing their challenges.

challenge worsens due to a lack of intrinsic motivation by the
reduction of autonomy, competence, and relatedness (Wij-
nia, Loyens, Derous, & Schmidt, 2015).

As seen in Figure 1, this paper suggests using a learner-
centered scaffolding system (LSS) to address several learn-
ing difficulties in PBL (i.e., complicated learning process,
self-directed learning, collaborative learning, and a lack of
qualified facilitators). LSS includes several characteristics of
scaffolding (i.e., various types, sources, fading/adding func-
tion, and computer-supported collaboration learning and
can enhance students’ intrinsic motivation through the sat-
isfaction of three psychological needs (i.e., autonomy, com-
petence, and relatedness), leading to students’ perception of
optimal challenge.

Complicated Learning Process in PBL

Students’ difficulties. Students in PBL face ill-structured prob-
lems that are intertwined with their real lives (Hmelo-Silver,
2004). Students solve real-life problems that they can experi-
ence, and they actively engage in learning activities to generate
various reasonable solutions by connecting new information
to their existing knowledge (Jonassen & Hung, 2008). When
students try to solve these types of problems by themselves,
they can perceive the given tasks as personally meaningful,
which can improve their intrinsic motivation (Loyens, Magda,
& Rikers, 2008). However, one issue is the complicated and
unfamiliar problem-solving process in PBL (Savery, 2015).
The process of PBL consists of four major steps: (a) defin-
ing problems, (b) determining information for address-
ing the problems, (c) finding, evaluating, and utilizing

information as evidence for their solutions, and (d) generat-
ing an argument in support of the solution (Belland, Glaze-
wski, & Richardson, 2011). Each step is intimately connected
to the another, and if students cannot accomplish the task
from a certain step, it will be increasingly difficult to suc-
cessfully complete subsequent steps. Furthermore, at each
step students have to deploy different abilities and skills. For
example, students need domain and structural knowledge
to understand and define the problems in the first step of
PBL (Barrows, 1994). Additionally, they must use high levels
of metacognition as they consider where and when domain
knowledge can be utilized as they devise their own strategies
for problem solving (Hmelo-Silver & Barrows, 2015).

This means that K-12 students, who quickly solve well-
structured problems with information provided by teachers,
could have difficulty adjusting to the ill-structured problems
of PBL which require advanced problem-solving skills. Stu-
dents who have previously experienced success in teacher-led
classrooms may experience much more difficulty solving PBL
problems as they confront deficits in their content knowledge,
problem-solving skills, self-determination, and motivation.
For all these reasons, students with larger deficits may need a
greater level of support to experience success.

Suggested scaffolding. The original definition of scaffold-
ing focused on developing students’ problem-solving skills
by providing just-in-time support (Wood et al., 1976). But
recently, the role of scaffolding has been expanded into
enhancing content knowledge and other skills such as self-
determined learning and argumentation skills (Belland,
2010; Kek & Huijser, 2011; Leary et al., 2012). Moreover, to
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promote the perception of optimal challenge, scaffolding
should also play a role in enhancing motivation, including
self-efficacy (Belland et al., 2013; Bixler, 2007; Tuckman,
2007). Students motivation and confidence can be enhanced
or weakened for a variety of reasons, and various types of
scaffolding should be provided to students according to their
current situation (Belland et al., 2013). For example, scaffold-
ing that arouses interest can be used to enhance motivation
among students who often exhibit low interest in academic
tasks. On the other hand, for students who have a difficulty
in solving problems, scaffolding to enhance content knowl-
edge understanding is needed (Hannafin, Land, & Oliver,

Table 1. Examples of Various Types of Scaffolding

1999). In this sense, scaffolding can be divided into four
types—conceptual, metacognitive, strategic, and motivation
scaffolds (Collins, Brown, & Newman, 1989; Hannafin et al.,
1999; Tuckman & Schouwenburg, 2004) (see Table 1).
Conceptual scaffolding provides hints and prompts about
the content (Hannafin et al., 1999), and it helps to structure
and problematize tasks (Reiser, 2004). Conceptual scaffold-
ing often incorporates such strategies as concept mapping
and other visualization strategies. It helps students feel that
the given problem is worth attempting by providing the rea-
son the given problem is important to their life and by link-
ing the problematic situation with their own experience. It,

Type of scaffolding

Examples

References

“If you are trying to calculate the
weight and the gravitational
acceleration along an axis, here  (Vanlehn et al., 2005, p. 155)

Conceptual scaffolding

is a general formula that always

works: Let eV be the angle as
you move counterclockwise
from the horizontal .. ”

“Did you write your goal state-
ment as planned?”, “How are

(Molenaar, Boxtel, & Sleegers,
2011, p. 801)

Metacognitive scaffolding

Strategic scaffolding

Motivational scaffolding

you going to choose the coun-
try?”

“Why did you feel feature x was
important in coming to a di-
agnosis?”, “What feature(s) do
you think is the most crucial in
coming to the diagnosis of this
case?”

“Draw a model for the structural
formula of C_5 H_8 you sug-
gested”, “Write the structural
formula of propylene glycol—a
product of a reaction between
propane, KMNO,, and water.”

“You're feeling less overwhelmed
now that you've found it’s not
hard at all?”

“Very nice. And I think that’s
a difficult thing for lots of
students to achieve in their
writing.”

(Roll, Aleven, McLaren, & Koed-
inger, 2007, p. 28)

(Kaberman & Dori, 2009, p. 606)

(Mackiewicz & Thompson,
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Problem-based Learning

Beginning

» End

Scaffolding

Conceptual
Scaffolding

Metacognitive

Motivational
Scaffolding

Strategic
Scaffolding

Learner-centered Scaffolding System (LSS)

Figure 2. Four types of scaffolding in LSS.

in turn, enhances students’ intrinsic motivation and makes
it for students to easily adjust to authentic problems in PBL.
Metacognitive scaffolding invites students to reflect on
their learning process and encourages students to consider
possible problem solutions (Hannafin et al., 1999; Oliver &
Hannafin, 2000). In PBL, students’” recognition of what they
already know, and should know, is important to establish
their learning plan and strategy. In this sense, metacognitive
scaffolding provides students the chance to define the prob-
lem based on their prior experience and knowledge.
Strategic scaffolding focuses on processes to solve prob-
lems and provides guidance about problem-solving strate-
gies such as providing the information of resources utilized
in solving the problems (Hannafin et al., 1999). The key to
success in PBL depends on students determining the more
effective information for evidence of their own solution and
generating reasonable solutions based on evidence. Strate-
gic scaffolding in PBL can be a systematic procedure of PBL,
which helps students’ problem-solving process.
Motivational scaffolding plays a role in enhancing students’
interest, confidence, and collaboration (Rebolledo-Mendez,
Boulay, & Luckin, 2006; Tuckman & Schouwenburg, 2004).
There is a lack of research utilizing motivational scaffolding
in PBL, but students’ motivation is an important factor in the
enhancement of students’ perception of optimal challenge in
PBL (Belland, 2014). Certainly, as students accomplish their
tasks using supports from conceptual, metacognitive, and
strategic scaffolding, their motivation can improve. However,
it is clear that motivational scaffolding is required to directly

improve students ability to persist confidently as they face
the difficulties proceeding from their learning.

In PBL, students often struggle due to a lack of content-
knowledge, metacognition, learning strategy, and interest in
PBL. Unless appropriate and just-in-time supports for address-
ing these various difficulties are provided, students may not
perceive an optimal challenge. This LSS can provide different
types of scaffolding according to students’ current learning
difficulties and needs regardless of PBL steps. For example, as
seen in Figure 2, when ill-structured/authentic tasks are given
at the beginning of a lesson, students can struggle to under-
stand and define the given problems due to a lack of content
knowledge. At this moment, conceptual scaffolding among
various types of scaffolding can be intensively provided to help
students structure their content knowledge (Barrows & Tam-
blyn, 1980; Belland, 2008; Hmelo-Silver, 2004). On the other
hand, in the case of students who lack passion and interest in
learning from the beginning, motivational scaffolding can play
arole in enhancing students” willingness to complete the given
task through motivational supports such as “expectancy for
success” and “the value of the completed task” (Koenig, 2008;
Lin & Lehman, 1999). This enables students to enhance their
“competence” that is required for self-determination learning
skills, leading to the perception of optimal challenge.

Lack of a Qualified Facilitator

Students’ difficulties. Lack of a qualified facilitator also causes
K-12 students’ learning difficulties in PBL. The role of PBL
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facilitators (a) helps students recognize the problematic situ-
ation by themselves, (b) stimulates students” advanced think-
ing processes and knowledge integration skills, (c) informs
the learning process, and (d) induces the evaluation of group
members’ opinions and work through active interaction
(Dolmans et al., 2002; Johnston & Tinning, 2001). These
scaffolds from facilitators can improve students’ autonomy,
competence, and relatedness for enhancing their intrinsic
motivation, which ultimately results in students’ perception
of optimal challenge (Belland et al., 2013). However, in the
context of K-12 PBL, teachers have a great deal of difficulty
performing the role of facilitator for the following reasons.

First, K-12 teachers often lack mastery of the skills
required to effectively fulfill the role of facilitator due to a lack
of professional training in PBL (Johnston & Tinning, 2001).
Second, according to a meta-analysis to investigate the effec-
tiveness of scaffolding in the context of K-12 PBL (Kim et al,,
2018), more than 92% of empirical research conducted PBL
in K-12 classrooms where the number of students was more
than 25. These issues make it difficult for teachers as facilita-
tors to provide suitable scaffolding to address each student’s
current needs, which occur during PBL. If teachers do not
respond quickly and effectively to students” difficulties, stu-
dents can lose sight of the learning goals and how to achieve
them. Furthermore, in PBL that requires students’ advanced
problem-solving skills and self-directed learning, students
could be put off learning itself by a lack of qualified facilita-
tors. Therefore, students need additional sources of scaffold-
ing beyond what a teacher is able to provide.

Suggested scaffolding. The source of scaffolding indicates what
type of scaffolding can be delivered to students (Belland,
2014). Typically, scaffolding can be provided by teachers,
computer systems, and peers. Teacher scaffolding consists of
one to one support for student learning, often in the form of
probing questions, prompts to action, or illustrations that help
students organize their thinking (Belland et al., 2013; Zhang,
2013). Computer-based scaffolding is often categorized as
hard scaffolds (Saye & Brush, 2002), which are designed to
address predictable difficulties presented by the embedded
systems within a certain software. Intelligent tutoring systems
can provide more individualized and just-in-time supports
by addressing the issues of the existing computer-based scaf-
folding such as an inherent lack of immediate adaptability to
student needs. However, intelligent tutoring systems often are
ill-equipped to differentiate between students’ deep and shal-
low learning (Koedinger & Aleven, 2007).

Collaboration with peers who have better knowledge and
ability can be an effective scaffolding source to improve stu-
dents’ higher order skills and motivation (Bruner, 1986; Gil-
lies, 2008; Oh & Jonassen, 2007; Vygotsky, 1986). However, in

the case of peer scaffolding, it may be unreasonable to expect
peers who have a similar level of knowledge and ability to
provide sophisticated scaffolding of all types to each other.
That is, peer scaffolding might not be suitable as the main
delivery method for metacognitive and strategic scaffolding,
which may be beyond the ability of a peer to explain or cor-
rectly apply. In this sense, both teacher and computer-based
scaffolding are preferred to effectively deliver the diverse
types of scaffolding. Peer-scaffolding is handled as an effec-
tive means for collaborative learning in the next section.

Scaffolding provided by teachers, as opposed to comput-
ers, might fit well when respect for authority is part of the
student’s culture, epistemic belief system, or gender prefer-
ence (Pata, Lehtinen, & Sarapuu, 2006; Van de Pol, Volman,
& Beishuizen, 2010). In addition, teachers can exactly diag-
nose students’ current needs and learning status, thereby
providing more effective scaffolding to students. However,
one teacher cannot provide immediate feedback to every stu-
dent when classrooms contain 20-30 students (Wu, 2010).
Computer-based scaffolding, therefore, can play a role in
supporting teacher-based scaffolding through generic or
context-specific supports (Wu, 2010).

Computer-based scaffolding can provide immediate
feedback based on students’ performance (Belland, 2014).
Intelligent tutoring systems (ITS) use artificial intelligence
technology to recognize students’ different ability levels,
and provide immediate feedback based on students’ cur-
rent understanding (Anderson, Corbett, Koedinger, & Pel-
letier, 1995; Fletcher, 2003; Ma, Adesope, Nesbit, & Liu, 2014;
Plano, 2004). But ITS can elicit surface approaches to learn-
ing in that students often try to receive as much help includ-
ing hints as possible to solve the problem faster, disregarding
their learning progress (Koedinger & Aleven, 2007). There
is no method to control for students’ unconditional requests
for scaffolding within ITS because current computer sys-
tems are unable to judge whether the requested scaffolding is
absolutely essential for learning. Thus, it cannot help but pro-
vide undifferentiated and simple help (Jonassen & Reeves,
1996). This means that computer-based scaffolding cannot
completely replace teacher scaffolding in PBL.

If teacher scaffolding with just-in-time and elaborated
supports and computer-based scaffolding with immediate
supports can be well combined, scaffolding can be delivered
to students more efficiently and effectively. For example, as
seen in Figure 3, in LSS, computer-based scaffolding can
recognize the steps that students are performing and pres-
ent various types of scaffolds (i.e., conceptual, metacognitive,
strategic, and motivational) to students that correspond to
their learning process. If computer-based scaffolding does
not fully address students’ current learning issues, teachers
then can provide individualized and sophisticated supports.
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Figure 3. The sources of scaffolding in LSS.

In this case, teachers can greatly reduce their burden as a
scaffolding provider because they only handle students who
need more advanced supports.

Multiple sources of scaffolding (e.g., teacher-provided and
computer tools) have been provided in the existing empiri-
cal research (Kajamies, Vauras, & Kinnunen, 2010). This
research provided generic supports from computer systems
and the more specific individualized supports from teachers
as needed. The results showed that students who got teacher-
and computer-based scaffolding as needed showed better
problem-solving skills than those who received the teacher’s
help or computer-based supports alone.

Self-Directed Learning in Problem-Based Learning

Students” challenges. One of the characteristics of problem-
based learning is that learning is done through self-direction
(Hmelo & Lin, 2000; Loyens et al., 2008). Knowledge acqui-
sition is always the product of self-directed learning with
authentic problems according to the constructivist perspec-
tive (Leask & Younie, 2001). Thus, if learning is an active and
constructive process, the role of learners should establish the
learning goal and strategies in knowledge construction activi-
ties. Learners self-directedness becomes the precondition
for learning but is also a requirement to encourage transfer.
Self-direction allows learners to participate more actively in

the learning process and take responsibility for their learning
(Rieber, 1991). Specifically in PBL, self-directed learning can
boost metacognitive skills and intrinsic motivation to further
encourage the learners’ efforts in understanding the given
problematic situation, the organization of information, gener-
ation of multiple solutions, and self-evaluation (Loyens et al.,
2008). Therefore, if learners are given control over their learn-
ing, they will be able to improve self-directed learning skills to
take alead and reflect on their learning and performance. This,
in turn, leads to students’ perception of optimal challenge due
to the improved autonomy and confidence of their learning.

However, it might be difficult to expect that K-12 students
will easily adjust to self-directed learning in PBL. When K-12
students, who are familiar with the learning objectives and plan
decided by teachers, first attempt to self-direct learning in PBL,
they experience a lot of difficulties (Loyens et al., 2008). This
can reduce students’ confidence in accomplishing the tasks and
motivation. It makes it difficult for students to proceed in their
learning with the recognition of optimal challenge.

Suggested scaffolding. Three kinds of scaffolding customiza-
tion (i.e., fading, adding, fading/adding supports) consider-
ing students’ self-directed learning are required to maintain
optimal challenge. There are three bases of scaffolding fad-
ing, adding, and fading/adding: fixed-time interval, perfor-
mance, and self-selection. Fixed time interval means that
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fading, adding, and fading adding occurs after a predefined
number of events or after a fixed time interval. The frequency
and nature of scaffolding can be changed by students’ cur-
rent learning performance and status. Lastly, students can
decide to request fading, adding, and a combination of both
by mentioning or clicking buttons labeled “I don’t need this
help anymore” or “I need more supports.”

Fading. If scaffolding worked successfully, students should
eventually be able to reach the desired goal without scaffold-
ing (Collins et al., 1989; Fretz et al., 2002; Hoffman, Wu, Kra-
jcik, & Soloway, 2003). By effectively controlling the timing and
degree of scaffolding, students can take the responsibility for
their learning processes (Chang, Sung, & Chen, 2002), which
can lead to self-directed learning (Loyens et al., 2008). It is very
difficult, in computer-based instruction, to diagnose students’
state of understanding, motivation, and metacognition (Aze-
vedo, Cromley, & Seibert, 2004; Clarebout & Elen, 2006; Lee,
Lee, Leu, & others, 2008; Ruzhitskaya, 2011). Most computer-
based scaffolding that incorporates fading employs fixed fad-
ing, in which scaffolds are removed after a fixed time interval
and are thus not completely adapted to student ability. Many
intelligent tutoring systems and advanced learning analytics
implement performance-adapted fading based on assessment
of student performance (Cope & Kalantzis, 2015; VanLehn,
2008; West, 2012), but many scholars criticized the use of fading
by computer systems due to inaccurate diagnosis of students’
behavior, intention, and learning progress (Jackson, Krajcik, &
Soloway, 1998; Jonassen & Reeves, 1996; Madaio, 2015).

In the case of fading based on teachers’ judgment, teachers
need to determine the timing of fading as a result of examining
each student’s learning process. So, teacher-controlled fading
tends to be performance-adapted based on students” perfor-
mance (Chin, 2007). In the case of performance-adapted fad-
ing by teachers, it might not be feasible for one teacher in the
classroom to identify the degree to which each student has
mastered the target content due to the number of students in
the class (Wu & Pedersen, 2011). Considering optimal chal-
lenge, it is important to base fading decisions on the exact
diagnosis of students’ current understanding because the suit-
able timing of fading must maintain the balance between the
difficulty of the task and students’ ability. However, it is very
difficult for computers and teachers to determine the timing
of fading based on an ongoing diagnosis of students’ current
understanding due to the limitations of technology and cur-
rent classroom environments. Therefore, one alternative fad-
ing method for optimal challenge should be considered.

In PBL, students have ownership of their learning (Wood,
2015) and take responsibility for their learning process and
strategy (Hoffman & Ritchie, 1997). This indicates that PBL
requires self-directed learners who can exercise control over

their learning by autonomously selecting learning materi-
als and the strength or frequency of supports (Loyens et al.,
2008; McLoughlin & Lee, 2010). In this sense, self-selected
fading can be one method of fading for optimal challenge.
Certainly, it is possible that students misjudge their under-
standing of learning, and make poor instructional deci-
sions (Aleven & Koedinger, 2002; Hadwin & Winne, 2001);
however, self-confidence and motivation may be enhanced
through the use of self-selected fading because in this way,
students can control their own learning (Ryan & Deci, 2000).

Students can maintain a state of optimal challenge through
self-selecting fading and conduct learning efficiently by
eliminating unnecessary scaffolding. Considering the goal
of fading for optimal challenge is to help students reach the
final learning goal using their own learning strategies, self-
selected fading is a good method to improve students’ con-
fidence in their ability to successfully accomplish tasks. This
claim has been proven by a Bayesian meta-analysis on the
effectiveness of computer-based scaffolding in PBL in which
self-selected scaffolding customization was the best choice
to directly improve students’ learning performance, rather
than the change of scaffolding by performance-adapted and
fixed-time interval (Kim et al., 2018). Therefore, if the limita-
tion of self-selected fading mentioned above (i.e., students’
insufficient ability to diagnose their learning process and to
figure out whether scaffolding is still needed or not) can be
overcome, self-selected fading can be helpful for students to
maintain the perception of optimal challenge in PBL.

The possible solution to overcome the aforementioned limita-
tions is that teachers and computers can play a role in supporting
self-selected fading. In other words, students can fade scaffold-
ing by themselves, but when their decision of fading is prob-
lematic, computers and teachers can invite students to reflect
on their decisions. For example, as seen in Figure 4 (see next
page), in LSS, computer systems can recognize students’ current
learning progress based on their learning stage, performance,
and time. Currently, research has demonstrated the possibility
of automatic evaluation of students’ learning status and progress
through learning analytics techniques and machine learning
algorithms (Kim, Belland, & Kim, 2017; Martin & Ndoye, 2016;
Park & Jo, 2015). If computers judge that students’ decision for
fading is not effectively timed, students will be provided reflec-
tive questions such as “Are you certain that you do not need help
anymore?” In this case, computers play a supportive role in help-
ing students’ judgment about the decision of fading and such
questions can raise the likelihood that self-selected fading pro-
ceeds at the right time. In addition, it is possible for students to
ignore computers’ messages about their fading to finish the tasks
as soon as possible. In this case, teachers can identify whether
students stop receiving scaffolding with an exact understand-
ing of content knowledge after a fixed time interval. So, in this
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Figure 4. Fading systems to improve self-directed learning in LSS.

instance, teachers can effectively control students™ self-selected
fading by providing questioning and prompts.

Adding supports. Studies of problem-based learning in which
scaffolding is added by intelligent tutoring systems are not
numerous (Belland, Walker, Kim, & Lefler, 2017). In intelli-
gent tutoring systems, adding is typically initiated by students
pushing a hint button to request more support (Girault &
d’Ham, 2014; Rouinfar et al., 2014). In addition, as supports
are added, the characteristics of scaffolding can be changed
from generic to context-specific to help students solve a spe-
cific learning issue at the step or process during which they
experience the challenge (Koedinger & Aleven, 2007).

In intelligent tutoring systems, scaffolding can be added
repeatedly until the correct answer is finally given (Koed-
inger & Aleven, 2007). However, in PBL, there is no one
right answer because the problems are ill-structured. There-
fore, even though students keep asking for more scaffolds,
scaffolding will just keep providing more specific guidance
to solve the problem, not the right answer. This means that
unlike fading, students are unlikely to make poor deci-
sions about adding supports because they can easily rec-
ognize that scaffolding never tells the right answer by trial
and error, and if they want to finish learning quickly, they
tended not to request more scaffolding. So, in the case of
adding support during PBL, guidance by computers and
teachers concerning students” decisions like fading might
not be required.

The strategy for adding supports in this paper is as fol-
lows (see Figure 5, next page). First, when the initial scaffold-
ing with various sources and types cannot satisfy students’
needs in learning in LSS, pushing an embedded button such
as “more help” provides immediate, more specific scaffold-
ing from the computer systems. Such added support systems
have been utilized in empirical research, and the positive
effects on students’ learning performance have been demon-
strated (Kajamies et al., 2010; Mendicino, Razzaq, & Heffer-
nan, 2009). Second, although the supports from computer
systems are continuously added by students’ requests, if
students are not satisfied by this help, they can directly ask
teachers for other help. In this case as well, students would
push the button “ask teachers,” and then teachers can eas-
ily identify who wants more scaffolding through the network
between students and teachers’ computers. After teachers
diagnose students” current learning status, they can add the
suitable types and sources of scaffolding with more specific
supports rather than the initial scaffolding. Teachers do not
need to take care of all students; rather, the teacher can focus
on students who request more help. Therefore, this might
be possible in a classroom situation in which teachers are in
charge of scaffolding customization for all students.

Considering the above-mentioned roles of fading and add-
ing supports, it is possible to design a singular scaffolding system
that uses a combination of fading and adding scaffolding. Figure
6 suggests the fading and adding scaffolding system as combin-
ing the above-suggested fading and adding scaffolding designs.
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According to a meta-analysis that synthesized the results

Collaborative Learning in Problem-Based Learning

of individual studies regarding the effectiveness of scaffold-

ing in PBL (Kim et al., 2018), there was a significant differ-
ence in cognitive outcomes among scaffolding customization

types (i.e., no fading or adding, fading,

adding). Scaffolding that included both adding and fading
functions (g = .59) showed the highest effect size compared

to scaffolding with no fading/adding
(g = .42), and only adding (g = .44).

Students’ challenge. In PBL, collaborative learning makes the
problem-solving process more effective and efficient (Bar-
rows, 1996). Making Fractions Visual, a PBL multimodal
math group project, has students take on the role of profes-
sionals whose jobs require using fractions (Intel Teach Pro-
gram, 2010). The students work collaboratively to publish
newsletters, conduct presentations, and create wikis that

adding, and fading &

(g = .16), only fading
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incorporate digital mediated communication. By dividing
roles between students, many diverse problem-solving meth-
ods can be created. Students can perform the tasks while
watching the problem-solving execution process of other
students (Belland, 2014), which can lead to students’ reflec-
tion on their own problem-solving processes and strategies.
Therefore, students can engage in the learning activities by
collaborative learning. The collaboration results in improved
student autonomy and relatedness, which are the important
factors that lead to perceived optimal challenge (Benson,
1996; Du, Ge, & Xu, 2015; Fan & others, 2015).

Despite the aforementioned advantages, collaborative
learning often suffers from issues caused by group composi-
tion. Groups often include one or two students who show a
passive attitude to learning due to a lack of motivation, learn-
ing goals, and abilities (Kaufman et al., 1999). At first, these
students make a superficial attempt to engage in the group
activity, but shortly afterward, they negatively affect group
members’ collaboration due to disturbance and off-task
behavior. In the opposite case, there might be a student who
has more advanced knowledge and leadership than other
group members, but this student accidentally or deliberately
tends to ignore the opinions of group members who were
regarded as the obstructers from the leader’s perspective.

Furthermore, a progression to the next step in PBL can
be delayed by other students’ slow learning paces, and it, in
turn, decreases the group’s level of immersion in learning.
This type of student prefers to learn alone due to the effi-
ciency of learning (Cela et al., 2015). The tasks in PBL, which
require active collaborative learning, might not be optimally
challenging from this student’s perspective. Unequal partici-
pation and a lack of discussion in the group, which consists
of students with different abilities and learning paces, make it
hard for students to psychologically experience optimal chal-
lenge if there are few proper supports to balance the different
abilities of group members.

Suggested scaffolding. In PBL, group work is critical to com-
plement individual students’ lack of skills by allowing them
to obtain more reasonable solutions and further information
from peers (Hommes et al., 2014). Therefore, collaborative
learning systems, which enable the exchange of informa-
tion through close interaction between learners, should be
established to overcome the individual differences in PBL
(Savery, 2015). To address this, research related to computer-
supported collaborative learning (CSCL) has been exten-
sively carried out. Learners create learning communities in
the CSCL environment and show the following cognitive
growth through the experience of forming and developing
knowledge within the groups (Okada, 2005). First, learners
can develop the skills to pursue and construct knowledge.

Second, learners can improve their communication skills
through discussion among the other group members. Third,
learners can experience higher-order skills such as critical
thinking, reflective thinking, and creative thinking. In this
regard, many studies have utilized CSCL in PBL and demon-
strated the effects of CSCL on enhancing the group activities
in PBL (Hmelo-Silver & Eberbach, 2012). However, students
in K-12 do not naturally know how to collaborate effectively.
CSCL in K-12 often incorporates collaboration scripts,
which guide students in such important tasks as distributing
tasks, balancing group member perspectives, responding to
groupmates’ articulations, and synthesizing results (Atmatzi-
dou & Demetriadis, 2012; Erkens, Bodemer, & Hoppe, 2016;
Kollar, Fischer, & Hesse, 2006). In addition, CSCL has not
yet fully considered the different patterns of behavior seen
in active and passive students (Kwon, Liu, & Johnson, 2014).
The passive or active nature of students has a strong influ-
ence on success in CSCL. Generally, students who display a
passive attitude toward their learning lack content knowl-
edge, learning skills, and motivation (Benware & Deci, 1984;
Huang & Chiu, 2015). If CSCL focuses on the development
of collaboration skills without consideration of individual
supports, which help the passive students actively engage in
learning, it merely facilitates superficial group interaction. In
this sense, the results of meta-analysis, which analyzed and
synthesized the effects of CSCL from 175 articles, indicated
that CSCL had a large effect (d = 0.63) on enhancing col-
laborative skills, but a small effect (d = 0.26) on improving
students’ domain-specific knowledge in the context of K-12
education (Vogel, Wecker, Kollar, & Fischer, 2016). This is
due to a lack of content-related individual supports in CSCL
(Kollar et al., 2014).

To address this weakness, this paper suggests advanced
CSCL in which the different roles are assigned by consid-
ering the different ability levels of each student in relation
to those of the rest of the students in the group. This way,
each student enhances the group’s motivation by purpose-
tully conducting the learning task in accordance with each
individual’s specific ability. In other words, this type of CSCL
can overcome the learning differences between students in
the group. Moreover, this provides immediate scaffolding to
students in order to move across individual learning and col-
laborative learning in PBL (Jeong & Hmelo-Silver, 2016).

As seen in Figure 7, the above model explains collabora-
tive learning systems in LSS, which are composed of individ-
ual and collaborative learning. At the beginning, the proper
role and subtasks are assigned to each student through dis-
cussion between group members and the advice of teachers.
Students proceed in their individual learning according to
their learning ability and pace. The difficulties occurring dur-
ing individual learning can be addressed by the previously
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Figure 7. Collaborative learning system in LSS.

discussed types and sources of scaffolding and the fading/
adding supports of scaffolding. The learning outcomes from
each student’s research can be uploaded into the CSCL sys-
tem. Then, the students come back together to review one
another’s results. They come to a consensus about inconsis-
tent evidence and claims for solutions through discussion,
and their conclusion becomes the final group claim.

In addition to scaffolding in individual learning, group
learning needs scaffolding to enhance group interaction, to
evaluate the resources each student gathered, and to draw a
consistent conclusion. “Help My Friend,” “Q&A,” and “FAQ”
play a role in scaffolding in the suggested CSCL. The students
have differences in their degree of prior knowledge as well
as interests and attitudes about their current learning goals.
These differences manifest themselves in the varied roles stu-
dents play, such as leaders who have excellent learning skills
or as assistants who help their peers.

“Help My Friend” enables peer scaffolding. A student who
requires help in CSCL is connected with peers who have sim-
ilar levels of individual learning and current learning pace.
Figure 8 (see next page) shows how to provide peer scaf-
folding among students with similar ability. The gray block
indicates students’ current steps in PBL. The solid line means
possible peer scaffolds between students who have the simi-
lar abilities (e.g., A and D, B and C, C and D). However, it
is possible that peer scaffolding between similar-ability stu-
dents does not work well (Vygotsky, 1986). If this is the case,

supportive peer scaffolding (the dotted line) from a slightly
more advanced student can be utilized.

Unlike potential connections between students who have
slightly different learning levels, the network between stu-
dents who have a big gap in terms of learning pace and abili-
ties is not provided. This supports Csikszentmihalyi’s (1996)
claim that collaborative learning among students with similar
ability improves intrinsic motivation by raising their interests,
which in turn leads to students’ perception of a great chal-
lenge. The reason for greater connection with students who
have similar abilities and pace is that they can better under-
stand one another’s difficulties by sharing their experience in
solving similar issues. One potential problem with this system
is that the peer scaffolding between students who have a low
level of ability might be superficial and shallow, resulting in
intensifying the students’ confusion. In this sense, for effective
peer scaffolding to occur, it is necessary to have a guideline to
explain how and when peer scaffolding should be provided.
Table 2 (see next page) shows guidelines for the use of peer
scaffolding to elicit the perception of optimal challenge.

“FAQ” provides immediate scaffolding that facilitates
individual learning without waiting for the time period
by posting the answers to the anticipated questions on the
board. On the other hand, it is difficult to anticipate the ques-
tions learners want to ask. If students are not satisfied with
the scaffolding provided by peers or computer systems, they
can directly request additional help from teachers through a
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Figure 8. Peer scaffolding in CSCL.

Q&A board. Teachers who are monitoring students’ learning
status can provide more detailed and just-in-time supports
to students independently.

Limitations

Several limitations to this approach have been identified and
require further research. Little is known about the effective-
ness of the combination of timing, types, sources, and custom-
ization of scaffolding. In addition, the complicated scaffolding
system this paper suggests has the potential to cause cognitive
overload (Mayer & Moreno, 2003). Therefore, more empirical
research to address the above issues is required.

This paper suggests self-selected fading as one method
of fading to enhance students’ self-directed learning skills
and responsibility of learning, but in the case of less confi-
dent and dependent students, self-selected fading may even
be counterproductive, resulting in lack of self-control and
self-determination.

Continuous monitoring of student progress may
become burdensome to the scaffolding provider who is
less acquainted with the many sources of scaffolding types.
Making decisions about timing, type, levels, and sources of
scaffolding imply a variety of options about which a teacher

needs to be informed and prepared. Additionally, algorithms
upon which computer-based support of student scaffolding
decisions are made may be difficult to design.

Discussion

According to self-determination theory (Deci & Ryan, 2000),
if students can enhance their intrinsic motivation toward
their learning through the satisfaction of the following psy-
chological needs: (a) autonomy, (b) competence, and (c)
relatedness, they can perceive the given task as optimally
challengeable (Mandigo & Holt, 2006). Problem-based learn-
ing provides a learning environment to experience these psy-
chological needs, in that students take responsibility for their
learning, conduct their research with peers, and experience
success in independently tackling the rigor of ill-structured
problems (Savery, 2015). However, the complicated prob-
lem-solving process, a lack of self-directed learning, and a
lack of cooperative learning and qualified facilitators make
it difficult for K-12 students to experience optimal challenge
by accomplishing the given tasks in PBL (Wijnia et al., 2015).

In order to address the above-mentioned learning
issues, this paper suggests learner-centered scaffolding sys-
tems (LSS), which utilize the multiple types and sources of
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Table 2. Guidelines for peer scaffolding that promotes the perception of optimal challenge.

Guideline of Peer Scaffolding

The Effect of Peer Scaffolding on Per-
ception of Optimal Challenge

la. Describe tasks by providing narratives of peers that show Peer scaffolding allows students to iden-

the accomplishment of other students with similar prob-

lems (Belland et al., 2013).

tify the difficulty of tasks, and help them
perceive tasks as manageable.

1b. Enable students to search and access peers’ evaluation
about previous works (Saavedra & Kwun, 1993; Trivedi, Kar,

& Patterson-McNeill, 2003).

2a. Embed discussion between peers to enhance motivation
(Kear, 2004; Slavin, 1987; Suh, Kim, & Kim, 2010).
2b. Enable students to improve motivation through coopera-

Peer scaffolding can motivate students
toward their learning, and students can
be immersed in their learning

tive learning including peer interaction (Slavin, 1987).
2c¢. Provide immediate peer feedback to students for main-

taining motivation (Carrico & Riemer, 2011).

2d. Assign suitable roles according to ability (Soller, Good-

man, Linton, & Gaimari, 1998).

3. Embed peer-questioning to help students understand their

current ability (Choi, Land, & Turgeon, 2005).

4. Enable students to experience the internalization process
of learning through peers’ learning (Damon, 1984).

Peer scaffolding can instill self-confidence
about the achievement of tasks, and it
can make students successfully accom-
plish their tasks.

Students can experience the internaliza-
tion process through peer scaffolding,
and this can lead them to self-determi-
nation as an essential factor in perceiv-
ing optimal challenge.

scaffolding, fading, and adding function, and the advanced
CSCL, which considers the interaction of students’ individ-
ual learning abilities. To be successful in PBL, a student needs
to handle all the types of rigor brought on by deficiencies
in knowledge or skills (Belland et al., 2017). Many scaffolds
have been suggested and implemented to support students’
difficulties in problem-centered instructional models, but
their roles were limited to addressing only one or a few areas
of difficulty such as domain knowledge, learning strategies,
and collaborative learning.

To solve this issue, distributed scaffolding suggested
by Puntambekar & Kolodner (2005) is consistent with
the intended purpose of multiple types of scaffolding, in
that various types of scaffolding are provided according to
each student’s current needs, understanding, interest, and
motivation. However, the limitation of Puntambekar and
Kolodner (2005)’s study is that they did not mention how
scaffolding can be effectively delivered to students who have
different ability levels. In this sense, LSS suggested by this
paper can enhance students’ perception of optimal challenge

by addressing all kinds of students’ difficulties in PBL and
enhancing students’ intrinsic motivation for learning.

As LSS supports students” diverse difficulties that occur
during PBL with various types of scaffolding—conceptual,
metacognitive, strategic, and motivational scaffolding—
it can help students handle difficulties in many contexts.
Regardless of students’ levels (Hannafin et al., 1999), it can
lead to improvement of students’ competence in the accom-
plishment of tasks that is one of the psychological needs for
intrinsic motivation (Deci & Ryan, 2000; Gormley, Colella,
& Shell, 2012).

Moreover, the effective delivery of several types of scaf-
folding can be operated by the combination of teachers and
computer systems in LSS. The role of computer-based scaf-
folding is to provide a generic and immediate response to
the broad range of student needs that occur during learn-
ing, while teacher scaffolding can provide more advanced
and sophisticated supports to students (Belland, 2014). In
this system, teachers do not need to monitor every student’s
learning status, and it is possible for one teacher to effectively

| www.ijpbl.org (ISSN 1541-5015)

March 2019 | Volume 13 | Issue 1



Kim, N. ], Belland, B. R., & Axelrod, D.

Scaffolding for Optimal Challenge in K-12 PBL

facilitate individualized scaffolding for 25+ students in one
classroom. In this situation, several types of scaffolding can
be delivered to students more efficiently and effectively by
addressing students’ needs immediately and in greater detail.
This allows students to learn how well they performed the
activities, and what they can do to improve.

A lack of students’ skills regarding self-directed learning
can be addressed through self-selection of the fading/adding
of scaffolding (Collins et al., 1989; Van de Pol et al., 2010).
Fading by self-selection can allow students to take respon-
sibility for their learning, and it can enhance students’ moti-
vation, self-determination, and confidence (Savery, 2006).
Moreover, teachers and computers support students’ deci-
sions on fading in order to prevent students from making
rash or wrong decisions on scaffolding customization. Add-
ing supports by self-selection can also improve students’ self-
directed learning skills by changing the nature of scaffolding
from generic to context-specific according to their own deci-
sions (Koedinger & Aleven, 2007; Koedinger & Corbett,
2006). Students’ requests to add scaffolds means they have
taken an initiative in learning as well as have a passion for,
and expectation of, success—“autonomy, which leads to
their perception of optimal challenge (Deci & Ryan, 2000).

Another important activity in PBL is collaborative learn-
ing, which allows students to arrive at more reasonable and
valuable solutions by sharing their experiences, information,
and learning strategies (Barrows, 1994; Hmelo-Silver, 2004).
However, K-12 students have diverse learning skills, back-
ground knowledge, and motivations, so a composition of
group members who have unbalanced abilities might result
in a reduction of interests and confidence (Moos & Azevedo,
2009). Therefore, CSCL in LSS, as suggested in this paper,
considers individual work according to each student’s ability
and the utilization of peer scaffolding between students with
similar learning abilities and pace. Within this system, group
members figure out that the whole group cannot proceed
with their learning if each group member does not finish the
tasks assigned them. Therefore, they participate in individual
learning and collaborative learning, as well as peer scaffold-
ing, to support students who have lower ability and work at
a slower pace. This can enhance students’ responsibility and
autonomy for successful learning (Du et al., 2015; Miller &
Hadwin, 2015). The proposed LSS design may seem too com-
plex, but recently, some intelligent tutoring systems have par-
tially adopted the above-suggested scaffolding (Beal, Arroyo,
Cohen, Woolf, & Beal, 2010; Woo et al., 2006). The effects of
scaffolding (e.g., increased intrinsic motivation, engagement,
perception of optimal challenge in PBL, etc.) have practical
implications including, but not limited to, increased teacher
effectiveness, more effective individual supports for stu-
dents with disabilities, increased incorporation of students’

cultural and linguistic diversity, and increased presence of
authentic assessment and achievement.

Conclusion and Implication

Learner-centered scaffolding systems (LSS) suggested in
this paper can enhance students’ experience of autonomy
and competence by providing multiple types of scaffolding
in accordance with students’ different needs and difficulties
in PBL. It can also effectively and efficiently deliver these
scaffolds through a combination of teachers and computer
systems. In addition, students can control the nature and fre-
quency of scaffolding by themselves according to their needs
and ability, which plays a role in improving their self-directed
learning skills. Finally, peer scaffolding between students
with similar abilities satisfies students’ needs for relatedness.
Students’ autonomy, competence, and relatedness, which
were improved by LSS, directly connected students’ immer-
sion with intrinsic motivation for their learning. Through all
the supports from LSS, students can improve the perception
of optimal challenge in the given tasks in PBL.

There are many positive implications when using LSS
scaffolding to achieve optimal challenge. Teachers are sup-
ported in their attempt to provide help for all students and
can be assured that struggling students effectively receive
needed help (Tabak, 2004). Self-directed learning in PBL can
be amplified when students control not only to whom they
turn for help, but also the selection of the type and quan-
tity of help they need when confronted by challenges beyond
their abilities (Dahlgren & Dahlgren, 2002; Hmelo-Silver
& Barrows, 2015). As a consequence, student confidence to
take on the ill-structured nature of PBL will increase and stu-
dent problem-solving abilities will grow (Guglielmino, 2008;
Lefever-Davis & Pearman, 2015).
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