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Introduction  
Learning usually involves the enrichment of prior knowledge and constructive approaches to learning and 

instruction emphasize the activation of prior knowledge so that the new information can be productively 

integrated into what is already known.  What happens however when the new, to-be-learned, information is 

highly counter-intuitive and contradicts what is already known?  What are the instructional interventions that 

can be used to help students restructure what they already know and achieve conceptual change?  The problem 

of belief revision in the process of conceptual change is one of the most important problems in learning and 

instruction research and a problem that unfortunately has not received adequate attention so far. 

The purpose of the present symposium is to present current theoretical analyses of this problem and to discuss 

constructivist instructional approaches that attempt to deal with it. Researchers coming from different 

perspectives will present new empirical evidence as well as new theoretical accounts of the processes involved 

in conceptual change and the instructional interventions that can facilitate it. A number of different proposals 

will be presented and their implications for the design of curricula and instruction will be discussed. Attention 

will be given to the role of implicit learning, to explicit hypothesis testing, to the importance of integrating 

students’ ideas, to the deliberate use of instructional analogies, and finally to productive use of collaboration and 

classroom discussion. 

Even though the problem of conceptual change is fundamental for a theory of learning it has had little presence

so far in the conferences of the International Learning Science Society. The aim of this symposium is to bring 

some of the current discussions and different perspectives on instructional interventions to promote conceptual 

change to the attention of the learning science audience. All the speakers are key developers of the different 

approaches and have led their development.  

Explicit and Implicit Processing in a Laboratory Model of Conceptual Change  

Stellan Ohlsson and David D. Cosejo.

Conceptual change is a temporally extended process with infrequent and course-grained expression in 

observable behavior. Developmental psychologists, educational researchers and historians of science work with 

temporally scarce data that provide scant information about the processes involved. To study these processes 

under controlled conditions, we have developed a laboratory model of conceptual change that we call re-

categorization. In a re-categorization paradigm, participants learn an unfamiliar category, to criterion, at which

point the target category is re-defined. The participants are not informed of this but continue the standard 

categorization cycles of stimulus presentation, categorizations, and feedback until the revised category has been 

learned to criterion. The question is how, by what processes, the initially acquired category – the 

“misconception” – is unlearned, and the revised, target category is acquired. We present some preliminary data 

obtained with this paradigm that supports the view that conceptual change (in this paradigm) is an interaction 

between explicit and implicit processing. Explicit processing such as deliberate hypothesis testing is sequential 

and hence strongly impacted by the complexity of the category to be learned, while implicit processing (e.g., 

automatic updating of association strengths) occurs in parallel and hence is less affected by category 
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complexity. The relation of the laboratory model to naturalistic conceptual change is raised, and the question of 

how the model can be improved to capture more of naturalistic processes is discussed.

Using instructional analogies to promote the comprehension of counter-
intuitive text

Stella Vosniadou

Learning science often requires children to radically restructure their naïve explanations of physical phenomena.  

Are children successful in engaging in such restructuring processes and can instructional analogies help in this 

process? For sometime now we have been investigating primary and secondary school students’ comprehension 

of counter-intuitive text in science and mathematics with and without the use of verbal analogies and/or 

dynamic visual models. Our results showed that students fail to understand even the most fundamental ideas in 

counter-intuitive science and math texts. In addition, the students often generate erroneous inferences which 

reveal intrusions from prior knowledge and which are similar in many respects to the misconceptions, or 

synthetic conceptions, revealed in cross-sectional and longitudinal developmental studies. 

We hypothesized that analogies would have the potential to help in the restructuring process because they draw 

upon students’ existing knowledge from a different but familiar domain to facilitate the understanding of a new 

and unfamiliar explanation. We also hypothesized that the presence of a dynamic visual model would facilitate 

the comprehension of the scientific explanation not only because it draws on familiar past knowledge but also 

because it can make more explicit the structure and function of the explanatory mechanism.  Results confirmed 

both hypotheses showing significant gains for the analogies and dynamic models groups compared to the 

controls.  They also showed that the interventions were not equally successful for all students but had the 

greatest effect on the children who were in the transition to understanding the scientific explanation and had 

rejected some of the presuppositions of their naïve theories that constrained their understanding of the scientific 

explanations. In general, the students who were able to understand the analogies were also able to use them to 

restructure their physical explanations.

Synergies in conceptual change perspectives

Marcia Linn & Doug Clark

Seeking similarities between varied perspectives on conceptual change helps to clarify the field and offers a 

foundation for future research (Clark & Linn, in press). We identify synergies between framework (Vosniadou, 

2008) and elemental (Clark, 2006; diSessa, 2008; Linn & Eylon, 2011) perspectives. Researchers offer differing 

perspectives about whether students’ understandings in science are better characterized as a coherent unified 

scheme of theory-like character or an ecology of quasi-independent elements or ideas. But the disagreement is a 

matter of degree. To identify synergies we consider a graduated spectrum for the magnitudes of influence that 

elements may exert on one another. We draw on research exploring knowledge integration to clarify the 

synergies. 

An examination of the diverse, creative, and unique ideas that students formulate has led researchers to argue 

for a constructive process of knowledge generation and change. When students are asked to explain scientific 

phenomena in an abstract de-contextualized frame, they often respond quite differently from when asked to 

explain an observed phenomenon. Analyzing the conceptual change processes involves explaining how students 

make sense of ideas when they occur in a new situation. Students’ methods for grappling with new observations 

strengthen the view that students engage in a creative process of trying to make sense of their world (Hatano & 

Inagaki, 2003).

Many researchers have focused on the diversity and character of student ideas. These ideas have been referred to 

as “misconceptions,” “alternative conceptions,” “beliefs,” “intuitive ideas,” and “constructed ideas.” Any theory 

of conceptual change needs to explain the emergence of these views, as well as their role in conceptual change. 

A large body of evidence has led researchers to argue that students construct multiple, contradictory, and 

fragmented ideas that stem from their interactions with the material and social world. Many researchers have 

shown that the ideas students generate arise from observations, analogies with related events, cultural practices, 

or colloquial uses of language. 
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The knowledge integration perspective on conceptual change has emerged through a series of empirical studies. 

It was spurred by evidence of the impact of context on student reasoning (Linn, 1983). It celebrates the ideas 

students generate and views these ideas as intellectual accomplishments rather than intellectual constraints (Linn 

& Hsi, 2000). Important evidence for this view comes from a longitudinal study carried out over five years that 

gives insight into student lifelong learning (Clark, 2006; Clark & Linn, 2003; Linn & Hsi, 2000).

This longitudinal study illustrated how students maintain conceptual ecologies involving multiple conceptual 

elements and ideas at various levels of sophistication, connection, and conflict. These conceptual elements and 

ideas include cultural and observational information and beliefs spanning both epistemological and ontological 

aspects of knowing and learning. As with Vosniadou et al.’s (2008) framework theory perspective and diSessa’s 

knowledge in pieces perspective (1993), the knowledge integration perspective acknowledges that ideas can be 

introduced (through schooling and other experiences) that result in conflicts, fragmentation, or integration.

Learning occurs through a process of restructuring and reorganizing these ideas.  

These studies reveal underlying (although often unarticulated) ideas that shape students’ thinking, explanations, 

and predictions. Students use these multiple ideas to interpret the phenomena they encounter in their everyday 

lives. The particular ideas students consider and connect depend on contextual cues. Some connections arise 

from experience (e.g., metals feel cold), some connections are situationally specific and less broadly useful (e.g., 

cooling on the stove is different from heating), some are imported from another domain such as electricity and

may or may not be useful or accurate in the new domain (e.g., glass is not a conductor of electricity so it will be 

a poor thermal conductor), and some have their roots in classroom instruction (e.g., metals have heavier 

molecules). Some connections that students make are spontaneous and ephemeral, whereas some connections 

are much more durable and persistent. As students learn, they reorganize, reconnect, and sort through their 

ideas. Some ideas become much more central and pivotal as a student uses them as focal points around which to 

integrate other ideas, while other ideas are demoted in priority and centrality. 

The knowledge integration framework emphasizes creating opportunities so students can productively 

distinguish among their ideas to achieve conceptual change and coherent understanding. Researchers have 

shown that the ideas students articulate to make sense of school and everyday situations illustrate students’ 

capabilities to sort out confusing observations rather than illustrating developmental constraints (e.g., Gilbert & 

Boulter, 2000; Redish, 2003). For example, students often argue that metal must be a naturally “colder” material 

because metal feels cold at room temperature. Some researchers see these efforts as evidence for powerful 

reasoning ability that can be guided by instruction. More specifically, when students make an effort to sort out 

ideas, even if the view they formulate is not supported by all the empirical data, they are engaging in the sort of 

reasoning that can lead to understanding. 

In summary, the knowledge integration framework calls for capitalizing on students’ ability to make sense of 

scientific phenomena by empowering them to consider new ideas, distinguish among existing and new ideas, 

and promote the most promising ones. Students generate a broad range of ideas about any scientific 

phenomenon. These ideas represent multiple types of explanations, vary across contexts, and may not be 

recognized as applying to the same topic. The knowledge integration framework takes these ideas as building 

blocks and mobilizes the same processes that generated them to focus the learning trajectory on coherent 

understanding.

Synthesizing framework theory perspectives with the knowledge integration perspective and other elemental 

perspectives reveals overlaps and consistencies. In particular, the magnitude of influence of certain ideas from 

framework theory perspectives can mesh well with the focus on the rich interactions within conceptual 

ecologies highlighted by elemental perspectives. These synergies clarify and strengthen the accounts of 

conceptual change collected across studies. This integrated perspective also supports the value of instructional 

sequences, such as the knowledge integration pattern, that scaffold students in refining and consolidating their 

conceptual ecologies around productive focal ideas. Essentially, highlighting the magnitude of influence of 

certain ideas in students’ conceptual ecologies clarifies systematicities in student explanations while respecting 

the rich range of ideas and interactions between ideas. This approach clarifies the nature and process involved in 

the fragmentation of ideas and emergence of synthetic models. It also sheds light on the difficulties students 

have when grappling with the abstract formal ideas introduced in science classes. 

Designs and analyses of multi-person constructive interaction in real 
classrooms for adaptive conceptual change
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Naomi Miyake The University of Tokyo

This presentation aims at clarifying structures of successful classroom discussion that support learners to change 

their folk knowledge into scientific understandings.  It has been suggested that sequential, cumulative discussion 

across classes has strong positive effects to help learners expand their understandings adaptively (e.g., Hatano & 

Inagaki, 1991).  Yet, the details of such classroom discussion have rarely been analyzed fully to explore whether 

there is some specific structure leading to adaptive conceptual change. In this talk I report the results of our 

analyses of two types of classroom discussions, the Hypothesis-Experiment Instruction (henceforth HEI; 

Itakura, 1997) and the Knowledge Constructive Jigsaw classes (henceforth KCJ; Miyake, 2011).

To analyze these two types of classroom activities, I adopt the frameworks from previous research on 

collaborative conceptual change (Roschelle, 1992) and two-person, constructive interaction for the abstraction 

of levels of understanding (Miyake, 1986). The combined framework requires that there occur interaction, or 

role exchange, between the task-doer engaged in explaining or externalizing the on-going problem solving at 

hand and the monitor who watches over such development and tries to integrate her/his own understanding.  It 

also suggests that the progression of the aimed conceptual change could be analyzed in terms of levels of 

understanding, from more directly related to every-day, mundane understanding to more abstract, scientifically

acceptable understanding.  Choosing classrooms where the students succeeded in attaining primitive yet 

scientific understandings, I analyzed their discussion patterns to see whether there occurred the role-exchange 

and if so in what forms.  The relationship between the shifts of the identified patterns and the levels of

understandings of the students, exhibited in forms of their conversations, class presentations, and the end-of-the-

class written reports.  

For the HEI, four classes of third graders were analyzed (Saito & Miyake, 2011).  The topic was to understand 

physical identity of objects, or to understand that “two objects like air and water cannot share the identical 

physical space” to be specific.  Overall, our analyses show that the kids’ discussion represents the socially 

expanded version of two-person, constructive interaction, where not only an individual student but also small 

groups of students could serve the role of task-doing while the rest of the class monitors.  The proportion of the 

two roles differs from class to class, but more group-based interaction tended to lead to changes of 

understandings.

The class design framework of the KCJ involves a shared question to be answered and some relevant learning 

materials from different perspectives that are distributed among the different groups first in expert groups, to be 

later exchanged and integrated to answer the question in the jigsaw groups (Miyake, 2011). The design naturally 

requires each student become a task-doer in the jigsaw group, yet the proportion of the two roles could differ 

from individual to individual.  We have analyzed data from several classes of different grade levels from 

elementary to middle school on different topics of science.  The analyses of three classes of middle schools on 

different topics have revealed that there is little correlation between the achievement levels and the proportion of 

the role exchange.  Rather, the monitors, who could spend almost the entire class without “speaking up,” tended 

to learn a lot from just attending to others’ talks and inwardly working to integrate such inputs to their own 

understandings. I will report some evidence for this silent yet active learning identifiable from the memos taken 

during the class by such monitors.
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