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Understanding Learners’ Challenges  
and Scaffolding their Ill-structured  
Problem Solving in a Technology-Supported  
Self-Regulated Learning Environment

Victor Law, Xun Ge, and Kun Huang

 Introduction

It has been nearly three decades since Sinnott (1989) published her influential book 
Everyday Problem Solving. Everyday problems are also known as ill-structured 
problems that we encounter every day in our life, which are situated, complicated, 
and intertwined. Ill-structured problems may involve multiple paths to multiple 
solutions, or they may not have solutions at all (Jonassen, 2004). Ill-structured prob-
lems are distinguished from well-structured problems that have clearly defined 
goals and can be solved by following step-by-step procedures, as often found in 
school textbooks (Jonassen, 1997). Whether we recognize it or not, ill-structured 
problems permeate every aspect of our life.

As a key twenty-first-century skill, problem solving is gaining increasing atten-
tion in education and workforce development (e.g., Bulu & Pedersen, 2010; Casner- 
Lotto & Barrington, 2006; Chen, 2010; Milbourne & Wiebe, 2017). Arguably, if we 
fail to prepare learners to become effective problem solvers today, we would fail to 
cultivate a generation of creative thinkers and innovative problem solvers that could 
contribute significantly and dynamically to tomorrow’s world. Today’s educators 
generally agree that it is insufficient to focus on rule-based, well-structured  problems 
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only; we need to invest more effort on providing learners with rich and authentic 
learning experiences that help to cultivate their everyday problem-solving skills 
(Kim & Hannafin, 2011). Yet, conventional school curricula and instructional 
approaches often do not adequately prepare learners to solve ill-structured prob-
lems. As a result, learners are often unable to transfer their knowledge, that is, 
they often cannot apply what they have learned from school to solve problems in 
real- world situations (Feltovich, Spiro, Coulson, & Feltovich, 1996).

Although the disconnection between the school and the outside world was noticed 
decades ago, this situation has not been significantly improved. While today’s school 
curricula have incorporated key problem-solving skills (e.g., reasoning, reflection, 
decision making) and adopted more student-centered learning approaches (e.g., 
problem-based learning, project-based learning, guided inquires), there are still dis-
crepancies between the ideal of instructional design and the reality of actual instruc-
tional practices. Numerous factors can affect the execution of student- centered 
learning focusing on ill-structured problem-solving, including both teacher factors 
and learner factors (e.g., learners’ internal processes and external factors, Ge & 
Hardre, 2010). Most literature on ill-structured problem solving anchored on an 
understanding of the expert model (i.e., the knowledge schema of an expert), with the 
hope of providing scaffolding to learners (Jonassen, 1997), while little research has 
attempted to understand learners’ difficulties in the process of solving ill-structured 
problems. In order to effectively scaffold ill-structured problem solving, it is 
important that we understand both the expert model and the learner model. Apart 
from understanding learner challenges in cognition and metacognition, it is also 
essential to understand those issues concerning learners’ other internal processes 
(e.g., motivation and beliefs) involved in solving ill-structured problems (Ge & 
Chua, In Press; Ge & Hardre, 2010).

 Purpose

The purpose of this chapter is to understand learners’ challenges in ill-structured 
problem solving and identify effective strategies and tools to scaffold their problem- 
solving processes. The following goals serve to organize the chapter: (1) presenting 
an updated expert model of ill-structured problem solving by critically synthesizing 
the literature on self-regulation and problem-solving models (e.g., Ge, Law, & 
Huang, 2016; Robertson, 2017), (2) identifying learner challenges in the ill- 
structured problem-solving processes by comparing their performance with the 
expert model, (3) proposing a scaffolding framework with strategies and tools to 
address learner challenges. In achieving the third goal, we present the scaffolding 
framework in two separate parts. Part 1 focuses on the design of scaffolding that 
addresses key stages of problem solving, the iterative self-regulation processes 
within the stages, and learners’ motivation and beliefs. Part 2 focuses on facilita-
tion, that is, the dynamic scaffolding provided by the teacher, facilitator, or peer 
learners. In other words, Part 1 focuses on hard scaffolding (Saye & Brush, 2002) 
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such as pre-defined, pre-designed, or pre-planned scaffolding (e.g., prompts, 
templates, canned feedback), while Part 2 focuses on soft scaffolding (adaptive, 
just-in- time scaffolding afforded by the teacher, facilitator, or peers). Finally, an 
example is provided to illustrate how to incorporate both hard and soft scaffolding 
tools in an ill-structured problem-solving task.

 Expert Model of Self-Regulated, Ill-Structured Problem 
Solving

Research on how experts solve problems provides insights into the nature of cogni-
tive processes in problem solving (Bransford, Brown, Cocking, 2003). There is a 
wealth of literature on how experts solve problems (i.e., expert model) (e.g., Lajoie, 
1993; Shute & Psotka, 1996). The expert problem solving is compared with a nov-
ice’s problem solving (i.e., student model) in order to identify gaps and effective 
strategies to bridge the gaps (Lajoie, 1993; Shute & Psotka, 1996). In this section, 
we begin by reviewing and comparing a few prominent expert models in ill- 
structured problem solving, which then lead into the updated expert model, with a 
particular focus on self-regulated, iterative nature of problem solving while taking 
into consideration the roles of learners’ epistemic beliefs and motivation (see Ge, 
Law, & Huang, 2016).

Ill-structured problems often have a vague initial state or unclear goals, and the 
means and paths to solve the problems are not clearly defined, which require 
problem solvers to identify and determine unstated goals and constraints in the 
problem- solving process (Jonassen, 1997). Since the 1980s, researchers proposed 
various models to capture how experts solve ill-structured problems (Ge & Land, 
2003; Jonassen, 1997; Sinnott, 1989; Voss & Post, 1988). Table 1 summarizes the 
key problem-solving processes described in some ill-structured problem-solv-
ing models:

Although the key processes vary in different models, all the models include two 
main processes: problem representation and solution generation, with essential 
components such as monitoring and evaluation. In the problem representation stage, 
solvers explore the problem space and connect their prior knowledge in an attempt 
to develop an understanding of the problem. In the solution generation stage, learn-
ers develop, implement, and justify plausible solutions. All of the models suggest 
that problem solvers have to engage in both cognitive and metacognitive processes, 
but only one model (Sinnott, 1989) pointed out motivation and emotion as impor-
tant non-cognitive processes in ill-structured problem solving.

Recently, Ge, Law, and Huang (2016) proposed an updated ill-structured 
problem- solving model by highlighting the iterative nature of ill-structured problem 
solving. The model depicts ill-structured problem solving as a series of self- 
regulation processes that feed from one stage to another (see Fig. 1). Problem solv-
ers are required to self-regulate themselves throughout the problem representation 
and solution generation stages. Moreover, the evaluation and judgment of their 
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Table 1 Key expert models on ill-structured problem solving

Author(s)/year Problem-solving processes

Voss & Post 
(1988)

Problem representation
Problem solution

Sinnott (1989) Construction of problem space
Generation of solution
Monitors
Memories
Non-cognitive elements

Jonassen (1997) Articulate problem space and contextual constraints
Identify and clarify alternative opinions, positions, and perspectives of 
stakeholders
Generate possible problem solutions
Assess the viability of alternative solutions by constructing arguments and 
articulating personal beliefs
Monitor the problem space and solution options
Implement and monitor the solution
Adapt the solution

Ge & Land 
(2003)

Problem representation
Problem solution
Making justification
Monitoring and evaluation

Fig. 1 An updated self-regulated ill-structured problem-solving model

problem representation or solution generation will trigger problem solvers to move 
between stages. For instance, when problem solvers find a solution unsatisfactory 
upon evaluation, they may revisit and further redefine the problem representation. 
Expert problem solvers frequently regulate and refine their problem representations 
and solutions throughout the problem-solving process.
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In addition to highlighting the iterative nature of ill-structured problem solving, 
motivation and beliefs have been integrated as essential components in the Ge, Law, 
and Huang (2016) model (Fig. 1). Motivation and beliefs in learning have gained 
increasing recognition in recent educational research (Boekaerts, 1997; Muis, 2007; 
Pintrich, Marx, & Boyle, 1993). Accumulating evidence suggests that motivation 
and beliefs play essential roles in learning, which we address in the next section as 
we analyze and discuss learners’ challenges in ill-structured problem solving.

 Learners’ Challenges in Solving Ill-Structured Problems

Following the discussion on the expert model of ill-structured problem solving, we 
now direct our attention to the student model (Lajoie, 1993; Shute & Pskota, 1996), 
which is grounded in learners’ difficulties or challenges in solving ill-structured 
problems. Based on a review of the literature, we first present five challenges learn-
ers commonly experience within the two problem-solving stages: problem represen-
tation and the solution generation; next, we identify learners’ challenges in their 
navigation between the two stages.

 Learners’ Challenges Within Problem Representation 
and Solution Generation Stages

 Challenges in Applying Prior Knowledge

When faced with an ill-structured problem, learners draw on prior knowledge as a 
frame of reference to help with problem representation, and later, solution genera-
tion (Ertmer et al., 2008). A part of prior knowledge is the existing schema in the 
problem domain, which learners are often lacking (Rumelhart & Norman, 1978). 
For example, if learners need to design a training plan while having little prior 
knowledge about teaching and learning, they may have difficulties identifying key 
aspects of the problem. Similarly, in the solution generation stage, due to a lack of 
procedural knowledge in instructional design, learners may not execute the instruc-
tional design task effectively. Furthermore, they may not be able to identify appro-
priate resources and strategies to facilitate the process, which may eventually impact 
the solution, that is, the training plan.

When domain knowledge is lacking, learners often fill in with another part of 
their prior knowledge—personal experience that may bear certain resemblance with 
the problem, in an effort to make sense of the problem and generate solutions. In 
some cases, the personal experience may help steer toward an initial problem repre-
sentation that acts as a springboard for further development. For instance, teachers 
who are new to instructional design often use their past lesson-planning experience 
to interpret and perform an instructional design task (Ge, Chen, & Davis, 2005). 
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In other cases, prior experience may lock learners in fixed problem representations 
or solutions without necessary updates to a more appropriate version. For example, 
when faced with the problem, “How to handle expired food?” A learner who always 
throws away expired food may interpret the problem as a need to find evidence to 
support his personal experience, and thus directs his solution generation effort 
accordingly (Huang, Law, Ge, & Yu, 2017).

 Challenges in Cognitive Processing

To develop a precise representation of a problem, problem solvers need to engage in 
articulating problem space and constraints, synthesizing information, and identifying 
the relationships among issues in the problem (Jonassen, 1997). However, learners 
often do not engage in all or some of the cognitive processes (Ertmer & Stepich, 2005). 
As a result, they often cannot identify all the relevant constraints nor understand the 
relationships among different variables of a problem (Dörner, 1987). Due to problems’ 
complexity and ill-structuredness, learners often have difficulties predicting the devel-
opment of complex problems which may grow exponentially (Dörner, 1987), which, in 
turn, can lead to high cognitive loads (Marcus, Cooper, & Sweller, 1996). To cope with 
the cognitive loads, some learners may choose to focus on salient surface features of a 
problem while filtering out less salient but more important and relevant information, 
which may subsequently affect the solution generation stage (Ertmer et  al., 2009; 
Jonassen, 2007). For example, when designing instructions, some learners may focus 
only on the content of the training, while disregarding other important information such 
as learners and the context of learning, even though they are required to analyze learn-
ers and context of the instruction. As a result, they are not able to synthesize all the 
relevant information when designing instructions.

 Challenges in Regulative Thinking

Regulative thinking is critical in ill-structured problem solving. Shin, Jonassen, and 
McGee (2003) found that regulation of cognition predicted ill-structured problem 
solving in astronomy simulations. At the problem representation stage, regulative 
thinking focuses on the monitoring, justification, and adoption of a plausible prob-
lem representation. However, many learners go through the stage rather quickly, 
without taking time to consciously monitor the coordination among several interre-
lated components at this stage: the information about the problem, the recall of prior 
knowledge, and the emerging problem representations. For example, upon reading 
task materials, it is common that problem solvers do not activate all the relevant prior 
knowledge at once. Yet, some learners do not consciously revisit the task information 
to determine whether they have missed recalling any relevant information. 
Furthermore, upon formulating an understanding of the problem, learners often do 
not consciously examine their understanding against the task information and their 
prior knowledge. As such, they miss the opportunity to identify and fill any gaps, 
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which could otherwise lead to an enriched problem representation. Similar challenges 
exist in the solution generation stage, where regulative thinking can help learners to 
monitor the solution progress iteratively and evaluate, select, and justify solutions. 
Learners often approach the solution stage in a linear manner and settle on a solution 
without evaluating its effectiveness or considering alternative solutions (Quintana 
et al., 2004).

 Challenges of Unproductive Epistemic Beliefs

In addition to cognitive factors, learners’ epistemic beliefs have an important bear-
ing in how they conceptualize a learning task (Muis, 2007). As an important ante-
cedent of learning, epistemic beliefs refer to our beliefs about the nature of 
knowledge and knowing (Hofer & Pintrich, 1997). Schraw, Dunkle, and Bendixen 
(1995) found that learners’ epistemic beliefs are related to their performance in ill- 
structured problem solving. Epistemic beliefs can be a reason underlying the afore-
mentioned learners’ challenges in solving ill-structured problems. For example, 
over-reliance on personal experience to interpret a problem while discounting or 
rejecting new information is likely due to unproductive epistemic beliefs about the 
construction of knowledge (Huang, Law et al., 2017). Furthermore, the lack of regu-
lative monitoring and coordination among one’s prior knowledge, task information, 
and problem representation is also likely due to epistemological standards origi-
nated from immature epistemic beliefs (Muis, 2007). As such, learners do not see 
potential misalignment among the three, which can lead to an inaccurate judgment 
of the plausibility of a problem representation. Epistemic beliefs can also influence 
the solution generation stage. For example, learners of immature epistemic beliefs 
may seek information and resources to support their planned solution, while not 
willing to seek or to ignore the information that may challenge their original solu-
tion plan (Chinn & Brewer, 1993; Huang, Ge, & Law, 2017).

 Challenges in Learners’ Motivation

In addition to learners’ fundamental beliefs, their motivation also plays a role in 
problem representation and solution generation. For example, in solving an infor-
mation problem, those learners whose goal was to avoid showing incompetence 
may represent the problem as the search for a perfect website that contains the 
answer to the problem (Wallace, Kupperman, Krajcik, & Soloway, 2000). At the 
solution generation stage, these learners tend to use ineffective search strategies 
(Zhou, 2013b). In addition to achievement goals, learners’ adopted identity in a 
problem situation can affect how they approach a problem. For example, in working 
on the same software design project, some learners positioned themselves as soft-
ware developers working for a client, while others took on the role of learners who 
were trying to earn a course grade; the identities, in turn, affected how they repre-
sented and approached the problem-solving task (Ge, Huang, & Dong, 2010).
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 Learners’ Challenges Navigating Between Problem 
Representation and Solution Generation

A critical process in ill-structured problem solving is the navigation between two 
stages: problem representation and solution generation (Ge, Law, & Huang, 2016). 
The navigations between the processes are precisely where learners experience 
great challenges. The challenges are centered on three key areas. First, learners 
often do not judge or misjudge the plausibility of a problem representation and 
move hastily to the solution stage (Ertmer & Stepich, 2005). This is likely due to the 
lack of domain knowledge (e.g., applicable domain standards), lack of elaboration 
of thoughts, lack of regulative monitoring (between problem representation, prior 
knowledge, and problem information), as well as immature epistemic beliefs, which 
can lead to the lack of monitoring of one’s problem representation.

The second challenge lies in the alignment between problem representation and 
solution generation. In a study that examined ill-structured problem solving in 
learners’ handling of instructor’s qualitative feedback, Huang, Ge et  al. (2017) 
found that some students’ solutions were not aligned with their problem representa-
tion, that is, their understanding of instructor’s feedback. While this case shows a 
clear lack of regulative monitoring, Huang, Ge et al.’s (2017) findings suggested 
that immature epistemic beliefs might be the root cause.

The third challenge for learners is the multiple iterations between problem repre-
sentation and solution. Ill-structured problems can rarely be solved with a single 
iteration from problem representation to solution generation. Often, challenges and 
new information surfaced in the solution stage may prompt problem solvers to ques-
tion their existing problem representation. Consequently, they may revisit the prob-
lem representation stage and develop an updated problem representation in light of 
the new information. However, many learners do not go through the iterative pro-
cesses. For example, in Huang, Ge et  al.’s (2017) study on information problem 
solving, a learner had only one iteration and one updated problem representation 
before reaching his final solution. The underlying factors behind the lack of itera-
tions may include immature epistemic beliefs (Huang, Law et al., 2017) or negative 
emotion (Zhou, 2013a).

 Designing Technology-Supported Learning Environments 
to Support Ill-Structured Problem Solving

Understanding learners’ challenges in solving ill-structured problems provides us 
with a concrete starting point to create a conducive learning environment that leads 
to productive problem solving. Such learning environments need to be open-ended 
in supporting learners’ goals and means to achieve their goals in problem solving 
(Hannafin, Land, & Oliver, 1999; Jonassen, 1999). We start by discussing the design 
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of problem scenarios as the first step in building such an environment. We then 
move on to discuss the design of hard scaffolding strategies and tools that can help 
learners to overcome challenges in ill-structured problem solving.

 The Design of Problem Scenarios

Problem scenarios can orient learners to a need or problem and situate them in an 
interpretive perspective (Hannafin, Land, & Oliver, 1999; Jonassen & Hung, 2008). 
The scenarios act as the driving force to motivate and engage learners in solving 
problems. Several dimensions need to be considered in the design of problem sce-
narios: the complexity of problems, the size of the problem space, level of ill- 
structuredness or authenticity, and student autonomy. Problems can vary in levels of 
complexity and student autonomy, providing contexts that range from externally 
imposed, externally induced, to internally generated, which afford different levels 
of autonomy to learners (Hannafin et al., 1999). The 3C3R model by Hung (2006) 
provides guidelines for developing problem scenarios to assure learners’ autonomy 
and cognitive flexibility and to immerse them in scenarios. Problem scenarios 
should include (1) well aligned and appropriately scoped content, (2) valid context 
for the instructional goal and appropriate degree of contextualization, (3) explicit 
connections between the concepts of the domain (Hung, 2006).

A well-designed problem scenario can help to activate learners’ schema, which 
will guide them to identify what is known and unknown, what information is needed, 
and what skills they need to learn, all of which can prepare learners for problem 
solving by addressing their challenges in applying prior knowledge and experience. 
Furthermore, well-designed problem scenarios can afford needed problem space 
and level of complexity, which can engage learners to self-regulate their cognition 
and metacognition as they work on problem representation, solution generation, and 
the navigation between the two stages. Meanwhile, authentic and complex prob-
lems can situate learners in appropriate social and cultural contexts, which prompt 
them to reflect on their epistemological perspectives or stances through constructing 
arguments and making justifications in the problem-solving processes.

 Scaffolding and Tools

Besides providing problem scenarios that orient and engage learners in problem- 
solving activities, it is also important to design scaffolds and tools to support learn-
ers’ move from the novice to the expert model. In this section, we use learner 
challenges as lenses to explore how scaffolds and tools can effectively support ill- 
structured problem solving.
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 Scaffold Activation of Prior Knowledge

For learners who do not have sufficient prior knowledge, the 4CID model advocates 
the provision of just-in-time information (van Merriënboer, Clark, & de Crook, 
2002). As learners acquire necessary knowledge in the process, the just-in-time 
information should be faded away. For students who have difficulty activating prior 
knowledge pertaining to the current problem, Land (2000) suggested multiple ways 
to prompt and guide them to see the connection with prior knowledge, including the 
use of learners’ familiar experience, diagrams, or analogies. Technology can pro-
vide learners with necessary background information of a problem. For instance, in 
inquiry-based learning, Reid, Zhang, and Chen (2003) presented learners with 
multiple- choice questions before the inquiry to activate their prior knowledge in 
physics in a simulation-based learning environment.

 Scaffold Cognitive Processing

Prompts and visualization tools are two ways to scaffold cognitive processing. 
Prompts can elicit elaboration and explanation of a problem (e.g., Ge & Land, 2003, 
2004; Lin, Hmelo, Kinzer, Secules, 1999). Learners can be prompted to articulate 
problem representations, which makes visible their thinking and help learners to self-
regulate themselves. Visualization tools are other means to scaffold cognitive pro-
cessing (Land, 2000). For example, concept mapping can help learners visualize 
hard-to-see concepts, which have been used extensively in various learning contexts 
as conceptual scaffolds to support students’ articulation of thoughts. In addition, 
model-centered learning environments (Seel, 2003) using system dynamic tools have 
been designed to facilitate meaningful learning in complex problem-solving contexts 
(Milrad, Spector, & Davidsen, 2003; Shute, Jeong, Spector, Seel, & Johnson, 2009; 
Spector, Christensen, Sioutine, & McCormack, 2001).

 Scaffold Regulative Thinking

Regulative prompts encourage students to reflect on their own learning processes 
and outcomes (Hannafin, Land, & Oliver, 1999). For instance, Ge and Land (2003) 
designed metacognitive prompts to guide learners in justifying their solutions and 
evaluating their problem-solving processes. Lin and Lehman (1999) found that 
metacognitive prompts helped students to develop an understanding of science 
inquiry processes. Besides using regulative prompts, instructional designers often 
use expert modeling to scaffold regulative thinking (Ge, Planas, & Er, 2010; Lajoie 
& Azevedo, 2000). Expert modeling can trigger learners’ reflection by allowing 
them to see the differences between their own thinking and expert thinking. 
Technologies can be used to support reflections. For instance, Google Classroom 
and Flipgrid (asynchronous videos) allow students to journal their reflections and 
progresses over time. The tools can also help learners to capture how their beliefs 
and motivation evolve over time during the problem-solving processes.
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 Scaffold Motivation

Belland, Kim, and Hannafin (2013) proposed a framework to scaffold learner moti-
vation. Drawing from motivation theories, such as goal theories (e.g., Elliott & 
Dweck, 1988; Miller & Brickman, 2004), expectancy theories (Wigfield & Eccles, 
2000), and self-determination theories (Ryan & Deci, 2000), Belland et al. (2013) 
proposed scaffolds to promote learners’ task values, mastery goals, belonging, 
expectancy, and autonomy. Instructional designers can prompt students to set appro-
priate short-term and long-term goals (Miller & Brickman, 2004; Quintana, Zhang, 
& Krajcik, 2005). For instance, Quintana et al. (2005) guide students in setting mas-
tery goals in inquiry learning by using prompts that were open-ended, deep, and 
interesting. Prompts can also guide students to reflect and articulate the values of 
their learning outcomes (Kolodner et al., 2003). Besides prompting, expert model-
ing is often used to illustrate the authentic values of a problem-solving task (e.g., 
Lajoie & Azevedo, 2000).

 Scaffold Epistemic Beliefs

Besides cognitive, metacognitive and motivational functions in a scaffolding system 
(Narciss, 2008, 2013), learners’ epistemic beliefs are an important instructional 
design consideration in ill-structured problem solving. Epistemic beliefs and self- 
regulated learning are reciprocal in relationships (Muis, 2007). When a learning 
environment continuously provides learners the opportunity to purposely examine, 
monitor, and reflect on their problem representations, solutions, and the alignment 
between the two, learners are likely to garner feedback from these mental activities, 
which then feeds into their belief schema. Over time, learners’ beliefs will undergo 
changes, especially when they are prompted to become aware of the changes.

As a belief construct, epistemic beliefs are hard to scaffold through direct inter-
ventions. Few studies addressed the relationship between epistemic beliefs and ill- 
structured problem solving, especially empirical studies. Yet, it does not mean that 
beliefs cannot be nurtured or enculturated. Self-regulated learning plays a role in the 
development of epistemic beliefs (Muis, 2007). Indeed, a few studies found that 
some dimensions of students’ epistemic beliefs improved through interventions that 
emphasized self-regulation and metacognition (Huang, Ge, & Eseryel, 2016; Smith, 
Maclin, Houghton, & Hennessey, 2000).

 Scaffold Navigation Between Problem Representation and Solution 
Generation

In designing learning environments that help learners to overcome challenges in 
various aspects of ill-structured problem solving, it is important to understand how 
various strategies and scaffolds interact and work together to facilitate the whole 
problem-solving process. The purpose of this chapter is to advocate a holistic 
approach in designing scaffolds for ill-structured problem solving. An integral 
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aspect of the holistic approach is to help learners navigate between two key problem- 
solving stages so that solutions can be refined and optimized. In this section, we 
discuss various scaffolds that help guide learners to navigate between problem- 
solving stages.

To avoid situations where novice learners misjudge the plausibility of problem 
representations and leap prematurely to solutions, we can guide them to spend more 
time and effort on problem representations by prompting them to explore relevant 
prior knowledge with just-in-time information (van Merriënboer et al., 2002). We 
can also prompt learners to reflect on the quality of their problem representations 
(Ge & Land, 2003).

Besides prompting learners to consider the plausibility of problem representations, 
instructional designers should also prompt students to be mindful of the alignment 
between their problem representations and solutions. Furthermore, we may prompt 
learners to articulate how their solutions address the original problem according to their 
understanding of the problem (Lin et al., 1999). In the articulation process, learners 
may see the dissonance between their problem representations and solutions, which 
can subsequently prompt them to revisit their problem representations.

Feedback is another effective strategy to encourage iterative self-regulative 
thinking. Feedback can take different forms. It can be canned feedback provided by 
a technology system or adaptive feedback from a face-to-face instructor or other 
digital channels. In the case of longitudinal problem solving, multiple rounds of 
feedback can be provided requiring learners to showcase process products or submit 
progress reports (Huang, Ge et al., 2017).

 Facilitating Ill-Structured Problem Solving 
in Technology- Supported Learning Environments

 Expert/Instructor Facilitation

Facilitation is a critical and integral part of dynamic scaffolding, as opposed to the 
predesigned, hard scaffolding discussed in the previous section (Hmelo-Silver & 
Barrows, 2006; Jonassen, 1997). Facilitators can be experienced teachers, trainers, 
or teaching assistants who are trained and skillful in facilitating ill-structured prob-
lem solving. Schmidt and Moust (2000) suggest that facilitators should have a 
“suitable knowledge base regarding the topic under study, a willingness to become 
involved with students in an authentic way, and the skill to express oneself in a 
language understood by students” (p. 47). Facilitators can play an essential role in 
facilitating each process of ill-structured problem solving by adaptively employing 
strategies and tools to guide learners in achieving problem-solving goals (Hmelo- 
Silver & Azevedo, 2006).

In the process of facilitation, it is critical that a facilitator understand the individ-
ual characteristics learners bring into the learning environment, such as their prior 
knowledge, motivation, beliefs, emotion, and their zone of proximal development. 
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Understanding learner characteristics helps a facilitator to pinpoint specific needs 
and address learning challenges with appropriate strategies and tools. Facilitators 
should identify who needs support, what kind of support, when to provide support, 
and how to provide support, based on an understanding of learners’ characteristics. 
In addition, facilitators need to keep in mind the learning goals of problem solving. 
These learning goals go beyond specific problems to include a broader conceptual 
space as well as relevant situations, which enable facilitators to provide dynamic 
scaffolding and address various challenges learners may encounter as they engage in 
iterative self-regulated problem solving (Barrows, 2000).

Hmelo-Silver and Barrows (2006) found that facilitators scaffold learners’ prob-
lem solving in both cognitive and sociocultural aspects. Facilitators can scaffold an 
organized and coherent approach to reasoning and inquiry (Frederiksen, 1999), 
which can address learners’ challenge in cognitive processing and reflective think-
ing. A facilitator also plays an important role in creating a culture where learners 
can engage in social discourse on the ill-structured problems to be solved, work 
together to reach a consensus, validate each other’s ideas, and establish norms 
(Palincsar, 1999). The sociocultural scaffolding can help address issues associated 
with low motivation and unproductive epistemic beliefs.

Empirical studies provide some insight into effective strategies facilitators can 
adopt to steer the problem-solving process toward a productive direction (Hmelo- 
Silver & Barrows, 2006). Reflective toss (van Zee & Minstrel, 1997), an effective 
strategy to scaffold deep thinking in inquiry-based learning, can be used to facilitate 
ill-structured problem-solving processes. A reflective toss is defined as a particular 
kind of questioning strategy, which typically consists of a student statement or ques-
tion, teacher question, and additional student statements, which could carry on in 
more than one cycle. During this process, the facilitator takes the meaning of a 
student statement or question and throws the responsibility of elaboration back to 
the student in a way that influences his/her thinking. van Zee and Minstrel (1997) 
found that the discourses afforded by reflective tosses help learners to make their 
meanings clear, consider a variety of perspectives, and monitor their own thinking. 
Given its cognitive and metacognitive nature, the reflective toss strategy can be used 
to address a variety of learner challenges in the context of ill-structured problem 
solving, for example, activating learners’ prior knowledge, prompting them to elab-
orate thoughts and make connections, challenging them to monitor and reflect on 
their thinking, and encouraging them to articulate underlying beliefs to identify any 
confusions or misconceptions.

Coaching and modeling (Brown & Campione, 1994; Collins, Brown, & Holum, 
1991; Collins, Brown, & Newman, 1989; Jonassen, 1999) through teacher–student 
conferencing can help learners to brainstorm ideas, activate prior knowledge, and 
represent problems. This strategy helps to address cognitive challenges by helping 
students develop or execute their problem-solving plans. Feedback from the facilita-
tor can help learners to monitor, evaluate, confirm, or reconsider their plan of actions 
and move forward in the problem-solving process. This process makes the thinking 
of both the facilitator and students visible (Collins, Brown, & Holum, 1991; Collins, 
Brown, & Newman, 1989) or transparent (Hmelo-Silver & Barrows, 2006).
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Expert feedback in written format is another strategy commonly used by facili-
tators, especially in online problem-based learning. Huang, Ge et al. (2017) found 
that instructor’s feedback served to guide small groups to refocus on the problem 
under discussion, prompt them to articulate or elaborate their thoughts, clarify mis-
conceptions and issues, and summarize the outcomes of a discussion for further 
problem solving or decision making. More importantly, the instructor can follow 
up some valuable discussion threads with further thought-provoking questions, a 
strategy similar to the previously discussed reflective toss in the classroom setting 
(Van Zee & Minstrel, 1997). The instructor can also prompt learners to navigate 
out of an immediate problem space into the larger problem space where they can 
consider such issues as alignment and coherence. While expert feedback can be a 
helpful strategy, Huang, Ge et al. (2017) found that students processed the same 
feedback at different levels, which necessitates additional scaffolding to maximize 
the benefits of expert feedback. For instance, the instructor could have provided a 
“revise and resubmit” template and asked the students to describe how they had 
responded to each feedback and summarized the changes they had made (or not 
made) based on the feedback. This strategy may help students to process the feed-
back at a deeper level.

 Peer Facilitation

In addition to the facilitation by an expert or instructor, we also need to consider the 
facilitating role of peers and intentionally promote peer interactions, social dis-
courses, and self-reflections in facilitating ill-structured problem solving (Belland, 
Glazewski, & Richardson, 2008; Ge & Land, 2003). It is essential that we first 
examine the affordances of peer facilitation in addressing learner challenges in solv-
ing ill-structured problems.

When students are placed in groups, they are given the opportunity to share knowl-
edge and ask questions that elicit explanations from peers, the process of which can 
help them engage in deeper cognitive processes such as clarifying thinking, reorganiz-
ing information, correcting misconceptions, and developing understanding (Webb & 
Palincsar, 1996). Obviously, peer facilitation may help to address the challenge of 
cognitive processing. King (1992) argued that the amount of available prior knowl-
edge of any group is larger than that of individuals, which means that the elaboration 
of the pooled knowledge would lead to a more comprehensive problem representation 
space than that of an individual problem solver. Empirical evidence supports the role 
of peer facilitation in building collective knowledge for subsequent problem solving. 
For instance, Canadian students who had prior experience with online discussions 
successfully facilitated the students in Hong Kong to complete their collaboration 
tasks (Lai & Law, 2006). In addition, co-regulation among peers promotes self-regu-
lation of individual students during problem- solving processes (DiDonato, 2013). 
Successful peer interactions can help learners facilitate each other’s problem-solving 
processes toward productive solutions. This process allows peers to challenge one 
another’s thinking and provides a venue for constructing arguments and making 
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justifications (King, 1992, 1994; King & Rosenshine, 1993). In justifying their solu-
tions or decisions, learners often need to examine and share their underlying beliefs. 
The peer interaction process also enables learners to see each other’s views while 
interpreting the problem or the solution.

Therefore, peer facilitation can help to address the challenge of lacking prior 
knowledge in ill-structured problem solving. Furthermore, peers may explain diffi-
cult concepts to each other in familiar terms or language understandable to them-
selves (Brown & Palincsar, 1989). Peers can also direct each other’s attention to 
relevant features and meaningful patterns of the problem. In a technology-supported 
environment, peer questioning can be effective in facilitating problem-solving pro-
cesses (Choi, Land, and Turgeon, 2005). By helping learners to co-regulate their 
problem-solving processes, peer facilitation addresses learner challenges in both 
cognitive processing and regulative thinking. Peer facilitation can also motivate 
learners to be more engaged at a deeper level in the problem-solving process while 
helping them to shape their epistemic beliefs.

However, just as Ge and Land (2003) noticed, students do not necessarily engage 
automatically or fully in productive peer facilitation. Thus, effective scaffolding 
strategies and tools are needed to maximize the benefits of peer facilitation. Example 
of scaffolding strategies or tools for peer facilitation includes providing question 
prompts or templates (Ge & Land, 2003, 2004). Moreover, learners often need train-
ing to become effective and productive facilitators. For example, learners often need 
help generating higher level, thought-provoking questions in order to stimulate 
challenging and in-depth problem-solving dialogs. We have seen some teacher pro-
fessional development on guided inquiry-based learning or problem-based learning, 
which included asking higher level questions as one of the major components (e.g., 
Kuhlthau, Maniotes, & Caspari, 2012). This type of professional development can 
equip teachers or facilitators with useful conceptual tools for facilitating effective 
peer interactions.

Peer facilitation can be supported with online collaboration platforms such as 
online discussion boards; yet online discussions need to be structured to be produc-
tive. The instructor may provide a structure that requires students to interact with 
each other by asking elaboration or reflective questions and providing feedback to 
each other (e.g., Huang, Ge et al., 2017; Law, Ge, & Eseryel, 2011). Furthermore, 
the written discourses in online discussions make students’ thinking transparent, 
which enable facilitators (both instructor and peers) to understand individuals’ epis-
temic beliefs, clarify misconceptions, and shape beliefs and processes for produc-
tive solutions. In recent years, there has been some interest and effort in developing 
online collaboration and facilitation tools to support ill-structured problem solving 
for both individuals and groups. HOWARD (Hogaboam et al., 2016) is one such 
tool that features two components serving two main intentions: (1) a student envi-
ronment in which students engage in problem-solving activities and (2) an instruc-
tor dashboard which condenses and visualizes student activities. HOWARD not 
only helps students to monitor and facilitate problem-solving discussions but also 
helps the instructor to evaluate individual and group progress and performance by 
identifying learner challenges and analyzing regulation patterns in collaborative 
problem solving.
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 Tying Together: An Illustration of Holistic Scaffolding

In a college digital media class, students are asked to develop an app with the goal 
to identify, research, and address certain real-world needs or issues while also gain-
ing valuable knowledge and skills. Undoubtedly, as an ill-structured problem, the 
app development project presents a variety of challenges for students and their 
instructor. Both hard and soft scaffolding can be incorporated to guide students’ 
activation of prior knowledge, cognitive processing, regulative thinking, motivation, 
epistemic beliefs, and the navigation between problem presentation and solution. 
Hard scaffolding is provided through templates and question prompts delivered 
through a course management system (CMS, e.g., Canvas) and shared document 
(e.g., Google document or form, or Google Classroom). Soft scaffolding is provided 
through the facilitation of an instructor who assumes the role of an expert and peer 
interactions.

Students’ lack of prior knowledge can be addressed by providing just-in-time 
information in a technology-supported environment. For example, the instructor 
shows a video that documents the development process of a popular app among the 
students. The instructor then asks students to research other resources that explain 
the development process. During this time, the students are provided a template 
with key elements, such as stakeholders, the objectives and goals of the app, and the 
system requirements (hard scaffold), and asked to fill out the search information 
about what they find about the development processes. After that, the instructor asks 
the students to outline an app development process (e.g., ideation, planning, design, 
app creation, testing, and launch) using visuals (e.g., a diagram). The instructor uses 
some examples to illustrate the visual processes to scaffold student thinking. The 
visual representation of the development process can then serve as a hard cognitive 
scaffold for the rest of the project.

One of the major tasks of ill-structured problem solving is problem representa-
tion. To help address oversimplified problem representations, the instructor can 
invite students to share their experience as app users (a template can be provided to 
ensure necessary aspects are covered; for instance, students may consider user inter-
face design, compatibility issues, performance issues, etc.). With peer scaffolding, 
students may see that app development is driven by user needs, not just to satisfy an 
instructor.

To help students go beyond their own app experience, the instructor guides them 
to brainstorm and identify factors and parties involved in the app development 
(stakeholders, business purpose, system requirements, etc.) in the discussion forum. 
The instructor also asks students to interview different stakeholders using a pre- 
designed template with guiding questions such as “who are the users and project 
sponsor of the project” (hard scaffold). Then, the instructor asks the students to 
share their interviews in the discussion forum or the Google Classroom and leads 
them in a face-to-face class discussion to compare, contrast, and reflect on how dif-
ferent stakeholders’ needs converge or differentiate, especially how the findings 
differ from their personally perceived needs. The discussion guides students to 
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reflect on their understanding of the problem and the alignment between their prob-
lem representation and solution, which the students need to journal according to the 
weekly reflection template and submit to the online system (Google Classroom or a 
CMS). Question prompts such as “does my app satisfy the user requirements and 
business needs?” are provided. As a result, students may update their problem rep-
resentation as needed. In addition, through the self-regulation process and multiple 
perspectives that they observe, students’ epistemic beliefs may be changed as they 
see the malleability of knowledge.

To scaffold the solution generation stage, the instructor’s feedback as well as 
resources and tools are provided. The instructor provides iterative feedback to stu-
dents’ project-in-progress in various formats, such as written format delivered to 
students through the technology platform, or one-to-one, in-class conferencing. In 
addition, just-in-time information is provided regarding available tools, estimated 
development time when students have no prior knowledge, etc. When students 
move too hastily to the design phase (solution) without a clear problem  representation, 
the instructor would question the students’ readiness. For example, when students 
suggest some content to be incorporated in their app, the instructor can ask, “which 
menu link would this content belong to?” In addition, the instructor provides a 
checklist (hard scaffold) for the students to perform an initial self- evaluation. This 
way, students would be prompted to revisit their problem representation to develop 
a better idea.

While motivation may not be an issue at the beginning, students’ motivation 
often declines and thus needs to be sustained as a project progresses. The instructor 
may scaffold students to research how applications make an impact on people’s 
lives to reaffirm the values students can make in society. A progress report such as 
a Gantt chart (hard scaffold) can be an effective motivator that engages students to 
complete smaller goals, highlights the competence that they developed, and aligns 
their goals for the project.

 Discussion and Conclusion

In this chapter, we have synthesized key ill-structured problem-solving models and 
presented an updated model that highlights two important characteristics of self- 
regulated, ill-structured problem solving: its iterative nature and the roles of motiva-
tion and beliefs. The existing body of literature mostly focuses on the cognitive and 
metacognitive dimensions of problem solving (e.g., Ge & Land, 2003; Jonassen, 
1997; Sinnott, 1989; Voss & Post, 1988) while leaving out such equally important 
aspects as motivation, beliefs, and the iterative navigations between problem- solving 
stages (Ge, Law, & Huang, 2016). Based on the updated model, we have identified 
major learner challenges and discussed how those challenges can hinder learners’ 
problem-solving processes. Then, we propose designing scaffolding strategies 
with a holistic perspective to support learners through the self-regulated problem- 
solving processes informed by the updated model (Ge, Law, & Huang, 2016), with 
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a particular focus on the learner challenges identified earlier. In addition to designing 
hard scaffolds, we also address the design of soft scaffolding dynamically provided 
by instructors and peers (Saye & Brush, 2002). We hope that the challenges and 
strategies discussed in this chapter can shed light on the effort of instructional design-
ers and classroom instructors in supporting learners’ endeavor to solve ill-structured 
problems.

Although scaffolding strategies and tools have been developed in the last few 
decades, the effects of scaffolding and tools are mixed (e.g., Belland, Walker, Kim, 
& Lefler, 2017; Cheung & Slavin, 2013; Reeves & Oh, 2017), which warrants addi-
tional research in the field of educational technology. The complex nature of the 
ill-structured problem-solving process makes the design of scaffolding even more 
challenging. In designing scaffolding for ill-structured problem solving, we advo-
cate a holistic approach because scaffolding in one area or process may help to 
scaffold another area or process of problem solving. Furthermore, the complicated 
problem-solving process often requires more than one scaffolding strategy or tool. 
Yet, there have been limited inquiries regarding holistic or multiple scaffolds. Future 
research should continue to explore how to design a holistic scaffolding framework 
that supports self-regulated, ill-structured problem solving. Another important issue 
for a technology-supported learning environment for ill-structured problem solving 
is the assessment of ill-structured problem-solving processes and outcomes. 
Methodologies, such as “Dynamic Enhanced Evaluation of Problem Solving” 
(Gogus, Koszalka & Spector, 2009; Spector & Koszalka, 2004), are developed to 
assess learners’ problem representations of ill-structured problems. New techniques 
such as data mining are used to directly or indirectly assess ill-structured problem- 
solving (Ifenthaler, 2014; Kim & Clariana, 2017). A comprehensive review of the 
assessment issues in ill-structured problem-solving is needed for future research in 
ill-structured problem solving.
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