
Events of Instruction!
Figures 3 and 4 below shows my initial proposal in terms of designing 
the events of instruction (pivotal case, communication through 
blogging, etc.) Mathematization will be promoted through social 
interactions. Blogging is being considered because of geographic, 
time, and coming together constraints.  
 

Next Steps!
Using the theoretical lenses presented in this framework and the 
findings from my pilot study, I will continue to refine the learning 
environment design along with narrowing down my research focus. I 
am planning to utilize post-intentional phenomenology (Vagle, 2010) to 
investigate students’ experience and design-based research to continue 
refining the design. 
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Introduction/Purpose   

This poster integrates multiple-perspective conceptual change 
(CC) approaches, drawing on Tyson, Venville, Harrison, & 
Treagust (1997) and Duit and Treagust’s (2003) multiple 
theoretical perspectives of CC with Realistic Mathematics 
Education (RME) design principles. In addition, Leach & Scott's 
(2008) framework for attending to classroom level CC design 
principles will be utilized. The conceptual/theoretical framework 
presented is intended to support the design of learning 
environments focused on developing middle school learners’ 
geometric and spatial reasoning.  
 

Problem!
Dismal geometry scores: 
•  Geometry is referred to as the forgotten strand (Lappan, 1999) 

and a tad off to the side (Shaughnessy, 2011).  
•  The Trends in International Mathematics and Science Study 

(TIMSS) over recent years (1999, 2003, 2007) shows the grade 
8 geometry and measurement strand as weakest 

•  The TIMSS Advanced 1995 Assessment, the most recent year 
in which the U.S. participated, shows high school seniors were 
near the bottom in mathematics and last compared to all 
participating nations in geometry (Mullis et al., 1998). 

Evidence of misconceptions in mathematics/CC in science 
education rarely applied to mathematics education: 
•  Students hold similar limited or (mis)conceptions in 

mathematics (e.g., Battista, 1999; Clements, 2003; Greer & 
Verschaffel, 2007; Nitabach & Lehrer, 1996; Tsamir & Tirosh, 
2007; Vamvakoussi & Vosniadou, 2004, 2007) 

•  K-8 mathematics curriculum materials in the U.S. pay little 
attention to geometry concept development (AAAS, 1999; 
NCTM, 2000).  

Many CC theories are not applicable to the design of learning 
environments 

The U.S. needs to seriously consider increased attention to 
geometry in the middle grades in order to change these dismal 
trends.  

Terms   

Geometric Reasoning – “consists, first and foremost, of the 
invention and use of formal conceptual systems to investigate 
shape and space” (Battista, 2007, p. 843)  
Spatial Reasoning - “the ability to “see,” inspect, and reflect on 
spatial objects, images, relationships, and transformations” (2007, 
p. 843)  
Limited Conceptions – “students’ conceptions relative to what 
teachers would like them to be…in mathematics, limited 
conceptions are not just the result of early experience, but are also 
produced in the course of formal instruction” (Greer, 2004, pp. 
542–543)  
Conceptual Change – “conceptual change can refer to both the 
process by which the concept takes on new meaning and to the 
resulting change in meaning” (Dole & Sinatra, 1998, p. 111)  
Conceptual Change in Spatial Reasoning – “overlapping 
waves” of development…characterized then by which “waves” or 
forms of reasoning are most dominant at any single period of time, 
without necessarily implying the extinction of other 
forms” (Lehrer, Jenkins, & Osana, 1998, p. 163) 
Mathematization - Cobb, Zhao, and Visnovska (2008) write that 
mathematization supports students learning through guided 
reinvention – “a process in which students formalize their 
informal understandings and intuition” (p. 2)  
 

Type of Conceptual Change!
There is disagreement as to what should qualify as CC (Clement, 2008). 
Clement builds on Thagard’s (1992) spectrum of types of CC, presenting 
eight types of CC. He orders these from weak restructuring, the minor 
model revision, up to strong revisions, the replacement of concepts with 
an ontologically different type of concept (see Figure 1). I refer to CC as 
those changes lying anywhere on this spectrum from weak restructuring 
to the radical replacement of concepts. 
 
  

Realistic Mathematics Education   

Realistic Mathematics Education (RME) is a domain-specific theory of teaching and 
learning mathematics. RME includes six principles as described by van den Heuvel-
Panhuizen and Wijers (2005) among others (Cobb et al., 2008; Figueiredo, van Galen, 
& Gravemeijer, 2009; Gravemeijer, 1998; Gravemeijer & Terwel, 2000), and is 
rooted in Freudenthal’s didactical phenomenology work (1968, 1973, 1983). The 
principles and brief summary can be found in Table 2. These principles seem a good 
fit with designing conceptual change learning environments in mathematics 
education. 

Table 2 

Realistic Mathematics Education Design Principles 

Activity principle •  Learning as doing 
•  Students are active participants in learning process – they develop tools 

and insights 
•  Students are confronted with problem situations  

Reality principle •  Learning mathematics originates in mathematizing reality 
•  Starts with rich contexts 
•  Enables students to apply mathematics 
•  Recognized as the starting point (source) and end point (application)  

Level principle •  Students pass through levels of understanding 
•  Students move to next level by reflecting on activity; interacting 
•  Models bridge the gap between informal (model of) and formal (model 

for) i.e., the number line 
•  Focuses on relations between what has been learned earlier and what 

will be learned later  
Intertwinement 
principle 

•  Mathematics domains are linked within and between 
•  Rich context problems means applying a range of tools and 

understandings  

Interaction 
principle 

•  Learning mathematics is a social activity 
•  Opportunities to share strategies and inventions with others 
•  Interaction can evoke reflection, increasing understanding 
•  Students have their own trajectories; differentiation 
•  Learning is social process of developing mathematical knowledge 
•  Means to support students’ progressive reorganization of mathematical 

reasoning  
Guidance 
principle 

•  Students are guided to re-invent mathematics 
•  Students have room to construct mathematical insights and tools 
•  Teacher provides environment for this construction process 
•  Teachers anticipates students understandings and skills 
•  Always includes the perspective of long-term learning process based on 

goals 
•  The how and what meet each other 
•  Provides students with suitable tasks  

Multiple Theoretical CC Approach!
Many theories of conceptual change have been posited in an attempt to 
describe the various processes, influences, and outcomes of change. 
Seminal frameworks focus on the revisionist-epistemological perspective 
(Posner, Strike, Hewson, & Gertzog, 1982), the ontological category 
perspective (Chi, Slotta, & De Leeuw, 1994), the affective/motivational 
perspective (Dole & Sinatra, 1998; Pintrich, Marx, & Boyle, 1993), the 
intentional perspective (Sinatra & Pintrich, 2003), the framework theory 
and mental model perspective (Vosniadou, 1994), or draw on multiple CC 
perspectives (Duit & Treagust, 2003; Leach & Scott, 2008; Tyson et al.,
1997). In figure 2 below, I show the various processes and factors involved 
when designing learning environments for geometric and spatial reasoning, 
incorporating many factors from Dole and Sinatra’s (1998) Cognitive 
Reconstruction of Knowledge Model.  

 

Large and Fine Grain !
In order to design a learning environment which support conceptual change, both large 
and fine grain theories are considered. Both influence the focus in terms of content and 
pedagogy (Leach & Scott, 2008). In Table 1 below, examples are given for each focus 
and grain size. 

Table 1 

 
CC Process! Example of 

Author!
Outcome and Degree of Change!

Paradigm Shift! Kuhn! Collection of ideas that differs 
drastically from original in multiple 
ways!

8. Branch Jumping 
and Tree Switching!

Thagard, Chi! Replace concept with ontologically 
different type of concept!

7. Fundamental 
Concept 
Differentiation or 
Itegration!

Carey, Wiser! Fundamental Concept split or 
concepts united!

6. Construct New 
Initial Model!

Mayer! Initial Model formed, with 
assumption that it has not grown out 
of an earlier model!

5. Synthesis of 
Combination!

Vosnaidou, 
Collins, and 
Gentner!

Conjoined Models!

4. Major Model 
Modification!

Clement, 
Steinberg!

Add, remove, or change element to 
produce Modified Model!

3. Abstraction! Gentner, 
Holyoak, 
Nersessian!

General Schema formed from 
exemplars!

2. Change in 
Domain of 
Applicability!

diSessa! Model with new applicability 
conditions and exemplars!

1. Minor Model 
Revision!

Rumelhart and 
Norman’s 
“tuning”!

Adjusted Model!

R
adical!

W
eak!

Figure 1. Types of conceptual change adapted from Clement (2008, p. 433). 

Focus and Grain Size Adapted from Leach and Scott (2008, p. 648)  

Focus Grain size Description  Example 

Aims of 
teaching 

Large Larger domain which 
organizes specific content 

Mathematizing students’ informal 
understandings about space  

Fine Specific conceptual content Identified limited conceptions from 
geometry research 

Pedagogical 
approaches 

Large General learning approaches The RME interaction principle – 
students share strategies and 
inventions with others 

Fine Specific instructional 
strategies 

Stein, Engle, Smith, and Hughes’s 
(2008) five practices for 
orchestrating productive 
mathematics conversations 

Ontological!
Shifts (strong 
restructuring)!

Social Context!
•  Persuasiveness !
•  Teacher!
•  Communication with 

others          !

Revisionist Theory 
(anywhere on scale 
to minor revisions)!

Process/
Outcomes of 

Change!

Factors influencing Change!

Nature of Existing 
Conceptions!

•  Strength!
•  Coherence!
•  Commitment!

New Content Being:!
•  Developmentally 

appropriate!
•  Comprehensive!
•  Coherent!
•  Plausible!
•  Persuasive!

Learner! Learning Environment         !

Motivation/Intentions!
•  Degree of 

dissatisfaction with 
current conception!

•  Personal Relevance!
•  Need to change  !
 

Pilot Study Findings!
•  Flatland: The Movie served the role of what Linn (2008) refers to 

as a pivotal case or what The Cognition and Technology Group at 
Vanderbilt (1992) refer to as a video anchor.   

•  Middle school students experienced various degrees of conceptual 
change with dimensional relationships. Some students talk about 
ontological categorical shifts, while others talk about varying 
degrees of concept revision. 

•  Student felt motivated to learn about dimensional relationships, 
especially after seeing the film and engaging in classroom 
discussions about the possibility of a fourth dimension. 

•  One student made the connection between dimensions and the 
abstract coordinate grid notation for dimensions (x,y,z,a) – 
demonstrating the mathematization process which the RME 
principles highlight. 

These findings will inform the next design study focused on 
promoting students’ conceptual change. The focus will be on spatial 
reasoning targeting investigations that support students’ investigation 
of dimensional relationships. 
 

Figure 2. Processes and factors involved when designing learning environments for 
geometric and spatial reasoning.  

 

Figure 4. Guide for dimensional task creation. 

Figure 3. General timeline of instructional sequence. 


