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A B S T R A C T

This study proposes that learning is a process of transitioning from one stage to another stage within a
knowledge base that features concepts and relations. Drawing on the theories of expertise, this study
explored two different models of learning progress (i.e., three- and two-stage models) in the context of
classroom learning and identified a model that was a good fit to the data. Participants in this investiga-
tion included 136 students and 7 professors from six different universities in the United States. In order
to detect and validate stages of learning progress in participants’ written responses to an ill-structured
and complex problem scenario, this study utilized Exploratory Factor Analysis (EFA) and the Continu-
ous Log-Linear Cognitive Diagnostic Model (C-LCDM) method (Bozard, 2010). The results demonstrate
that the three latent classes matched the three stages of the three-stage model. This study provides an
account of a diagnostic model of learning progress and associated assessment methods, yet further studies
are required to investigate different conditions.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Learning is fundamentally about the change in knowledge and
skills needed to solve problems (Bransford, Brown, & Cocking, 2000;
Spector, 2004). Over the past few decades, many studies have ad-
dressed how people learn through complex problem solving in
diverse disciplines, including cognitive psychologies (Sinnott, 1989),
applied psychologies (Zsambok & Klein, 1997), and educational psy-
chologies (Jonassen, 1997; Spiro, Feltovich, & Coulson, 1996), yet
understanding changes in the ability to solve a problem within the
context of classroom teaching remains a challenge due to the un-
certain and complex nature of problems (Choi & Lee, 2009) and
changes that take place in the short term.

The theories of mental models and expertise development can
help address these issues. The theory of mental models explains that
problem solving involves a process of building mental representa-
tions of a problem situation (Johnson-Laird, 1983). Mental models
are holistic structural representations of the facts, concepts, vari-
ables, objects, and their relationships within a problem situation
(Dochy, Segers, Van den Bossche, & Gijbels, 2003; Jonassen, Beissner,
& Yacci, 1993; Segers, 1997). Cognitive change takes place when
learners confront unfamiliar and challenging situations (diSessa,

2006; Festinger, 1962; Piaget, 1964) or a pre-structural lack of knowl-
edge (Biggs & Collis, 1982). When striving to resolve problem
situations, learners experience changes in their mental represen-
tations whereby the problem situations are recognized, defined, and
organized (Seel, 2003, 2004).

Learners possibly experience qualitatively different levels of
knowledge structure when engaged in problem solving. In line with
the idea that children experience qualitatively distinct but sequen-
tial knowledge states (Piaget, 1964), developmental psychologists
have seen that learning and development evolve as the learner con-
structs a qualitatively distinct knowledge structure (Alexander, 2003,
2004; Flavell & Miller, 1998; Siegler, 2005; Siegler, Thompson, &
Opfer, 2009; Vygotsky, 1934/1978; Werner, 1957). A number of ex-
perimental studies have demonstrated that qualitatively different
cognitive stages take place when learners respond to problems in
both the short term and the long term (e.g., Alexander & Murphy,
1998; Chen & Siegler, 2000; Opfer & Siegler, 2004; Siegler et al., 2009;
Vosniadou & Vamvakoussi, 2008).

Expertise studies have sought evidence to explain the develop-
ment of expertise. As Fig. 1 illustrates, traditional expert-novice
studies define an expert as one who consistently and successfully
performs in a specific, selected domain due to a highly enhanced,
efficient, and effective long-term memory (Ericsson & Kintsch, 1995;
Flavell, 1985; Simon & Chase, 1973). In addition, contemporary
studies of expertise do not restrict expertise development to chunk-
ing and pattern recognition. For example, Ericsson (2003, 2005, 2006)
suggested that expertise is developed by deliberate practice in which
learners engage in appropriate and challenging tasks carefully chosen
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by masters, devote years of practice to improve their perfor-
mance, and refine their cognitive mechanisms through self-
monitoring efforts, such as planning, reflection, and evaluation. From
this point of view, expertise development in a particular domain
requires long-term devotion (e.g., ten or more years) to disci-
plined and focused practice (Ericsson, 2003, 2005, 2006).

This study addresses two major limitations often found in the
traditional approach. One is that traditional studies tend to con-
trast two extremes, experts and novices, resulting in “lack of
developmental focus” (Alexander, 2004, p. 278). Missing accounts
of the middle stages leave the developmental process somewhat
unclear. Furthermore, Alexander (2004) argued that the educators
cannot confidently apply the findings of research conducted in a
non-academic setting.

In response to these problems, Alexander (2003, 2004) devel-
oped a Model of Domain Learning (MDL) to explain multiple stages
of expertise development in the educational context and vali-
dated the model (Alexander & Murphy, 1998; Alexander, Sperl, Buehl,
Fives, & Chiu, 2004). In spite of the unique value of the model, it
still assumes that long-term changes during schooling are re-
quired to master a domain.

The current study shifts the focus of expertise development to
problem-solving situations (i.e., task level) in the classroom and ex-
amines how short-term changes can lead to expertise. Several studies
(e.g., Chi, 2006; Newell & Simon, 1972) have suggested that an ind-
ividual’s understanding of a problem situation reflects levels of
expertise in solving that problem. Based on the same idea, Gobet
and Wood (1999) tested an explicit knowledge model of learning
and expertise for the design of computer-based tutoring systems.
Concerning problem solving in the classroom, recent studies have
investigated differences between and changes in expertise (Ifenthaler,
Masduki, & Seel, 2009; Schlomske & Pirnay-Dummer, 2008; Spector
& Koszalka, 2004). For example, Ifenthaler et al. (2009) investi-
gated longitudinal changes using hierarchical linear modeling (HLM)
techniques. However, a common limitation of these studies is a “lack
of developmental focus” (Alexander, 2004, p. 278), either simpli-
fying the difference to “expert vs. novice” or falling short of explicitly
modeling stages of expertise development.

Using confirmatory analysis, the current study explored poten-
tial models of learning progress in solving ill-structured, complex
problem situations in a classroom setting. A valid model can provide

better insight into the cognitive development associated with solving
complex problems, insight that is essential to adapt teaching and
learning to individual differences in learning with precision and con-
fidence (Grow-Maienza, Hahn, & Joo, 2001; Hattie, 2009; Stigler &
Stevenson, 1991). The following research questions guided the study:

1. Which theories explain learning progress as expertise develop-
ment in solving a complex problem?

2. What are some potential models of learning progress that are
both theoretically rigorous and viable?

3. Which model best explains the stages of learning progress?

2. Learning progress in solving ill-structured and
complex problems

2.1. Ill-structured and complex problems

Problems in professional and daily life are often characterized
by their uncertainty and complexity. Ill-structuredness refers to the
vagueness and unknown features of a problem, while complexity
refers to the large number of problem variables and the dynamic
relationships among them (Chi & Glaser, 1985; Eseryel, Ifenthaler,
& Ge, 2013; Jonassen, 1997; Kitchner, 1983; Sinnott, 1989; Wood,
1983). According to Alexander (1997), who distinguished topical
knowledge from domain knowledge, an ill-structured and complex
problem situation, especially in the context of teaching, can be as-
sociated with both. The topical knowledge of a complex problem
situation might be specific and deep in a particular context (e.g.,
identifying the complex nature of global warming and its connec-
tion to frequent wild fires in California), while its domain knowledge
might cover a wide range of knowledge within a field (e.g., ecology)
(Schraw, Dunkle, & Bendixen, 1995; Shin, Jonassen, & MaGee, 2003).
The context of the problem might be unknown or vague to a certain
degree. Due to the problem’s ill-defined and complex nature and
the different levels of topical and domain knowledge among the stu-
dents, responses to the problem could reveal diverse perspectives
and conflicting solutions (Chi & Glaser, 1985; Jonassen, 1997, 2000;
Kitchner, 1983; Shin et al., 2003; Wood, 1983).

Many models have accounted for ill-structured problem solving
as a procedural mental activity (Jonassen, 1997; Pretz, Naples, &
Sternberg, 2003; Sinnott, 1989). Pretz et al. (2003) identified seven

Fig. 1. The focus of expertise development studies.
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