
 

Proceedings of the 41st Conference of the 

International Group for the Psychology of 

Mathematics Education 

 

Editors 

Berinderjeet Kaur 

Weng Kin Ho 

Tin Lam Toh 

Ban Heng Choy 

 

Volume 4 

 

PME 41, Singapore, 17-22 July 2017 

 



 

____________________________________________________________________ 

Cite as: 

Kaur, B., Ho, W.K., Toh, T.L., & Choy, B.H. (Eds.). (2017). Proceedings of the 41st 

Conference of the International Group for the Psychology of Mathematics Education 

(Vol. 4). Singapore: PME. 

 

Website: http://math.nie.edu.sg/pme41 

Proceedings are also available via http://www.igpme.org 

 

Copyrights © 2017 left to the authors 

All rights reserved 

 

ISBN: 978-981-11-3742-6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cover design: Mohamed Fadzli Ibrahim, National Institute of Education, Singapore. 

Printed by Welon Printing Co. Pte Ltd 



 

________________________________________________________________________________________________________________________

PME 41 – 2017 4-i 

Table of Contents 

Volume 4 

 

RESEARCH REPORTS (P-Y) 

 

Pearn, Catherine; Pierce, Robyn; Stephens, Max 4-1 

REVERSE FRACTION TASKS REVEAL ALGEBRAIC THINKING 

 

Perez, Miguel 4-9 

VALIDATING THEORETICAL SEEDING TO SUPPORT  

TRANSFORMATION OF MATHEMATICS TEACHING 

 

Peterson, Blake E.; Van Zoest, Laura R.; Rougee, Annick O. T.;  4-17 

Freeburn, Ben; Stockero, Shari L.; Leatham, Keith R. 

BEYOND THE “MOVE”: A SCHEME FOR CODING TEACHERS’  

RESPONSES TO STUDENT MATHEMATICAL THINKING 

 

Pigge, Christoph; Neumann, Irene; Heinze, Aiso 4-25 

WHICH MATHEMATICAL PREREQUISITES DO UNIVERSITY  

TEACHERS EXPECT FROM STEM FRESHMEN? 

 

Pino-Fan, Luis R.; Font, Vicenç; Breda, Adriana 4-33 

MATHEMATICS TEACHERS’ KNOWLEDGE AND COMPETENCES  

MODEL BASED ON THE ONTO-SEMIOTIC APPROACH 

 

Pino-Fan, Luis; Gordillo, Wilson; Font, Vicenç; Larios, Víctor;  4-41 

Castro, Walter F. 

THE ANTIDERIVATIVE UNDERSTANDING BY STUDENTS IN THE  

FIRST UNIVERSITY COURSES 

 

Pinto, Eder; Cañadas, María C. 4-49 

GENERALIZATION IN FIFTH GRADERS WITHIN A FUNCTIONAL 

APPROACH 

 

Pittalis, Marios; Pitta-Pantazi, Demetra; Christou, Constantinos 4-57 

UNPACKING YOUNG CHILDREN’S FUNCTIONAL THINKING 

 

Planas, Núria 4-65 

MULTILINGUAL MATHEMATICS TEACHING AND LEARNING:  

LANGUAGE DIFFERENCES AND DIFFERENT LANGUAGES 

 

 

 



 

________________________________________________________________________________________________________________________

4-ii PME 41 – 2017 

Pöhler, Birte; Prediger, Susanne; Neugebauer, Philipp 4-73 

CONTENT-AND LANGUAGE-INTEGRATED LEARNING: A FIELD 

EXPERIMENT FOR THE TOPIC OF PERCENTAGES 

 

Ratnayake, Iresha; Thomas, Mike; Kensington-Miller, Barbara 4-81 

CONFIDENCE AND COLLABORATION IN TEACHER DEVELOPMENT  

OF DIGITAL TECHNOLOGY TASKS 

 

Rausch, Attila; Pásztor, Attila 4-89 

EXPLORING THE POSSIBILITIES OF ONLINE ASSESSMENT OF  

EARLY NUMERACY IN KINDERGARTEN 

 

Reinhold, Frank; Hoch, Stefan; Werner, Bernhard; Richter-Gebert, Jürgen;  4-97 

Reiss, Kristina 

MANIPULATING FRACTIONS: EFFECTS OF IPAD-ASSISTED  

INSTRUCTION IN GRADE 6 CLASSROOMS 

 

Rowland, Tim; Turner, Fay 4-105 

WHO OWNS A THEORY? THE DEMOCRATIC EVOLUTION OF THE 

KNOWLEDGE QUARTET 

 

Ruwisch, Silke 4-113 

REQUESTS FOR MATHEMATICAL REASONING IN TEXTBOOKS FOR 

PRIMARY-LEVEL STUDENTS 

 

Safrudiannur; Rott, Benjamin 4-121 

TEACHERS’ BELIEFS AND HOW THEY CORRELATE WITH  

TEACHERS’ PRACTICES OF PROBLEM SOLVING 

 

Salinas-Hernández, Ulises; Miranda, Isaias; Moreno-Armella, Luis 4-129 

HOW THE TEACHER PROMOTES AWARENESS THROUGH THE USE  

OF RESOURCES AND SEMIOTIC MEANS OF OBJECTIFICATION 

 

Salle, Alexander; Schumacher, Stefanie; Hattermann, Mathias;  4-137 

Heinrich, Daniel 

MATHEMATICAL COMMUNICATION AND NOTE-TAKING IN DYADS 

DURING VIDEO-BASED LEARNING WITH AND WITHOUT PROMPTS 

 

Scheiner, Thorsten 4-145 

CONCEPTION TO CONCEPT OR CONCEPT TO CONCEPTION? FROM  

BEING TO BECOMING 

 

 



  

________________________________________________________________________________________________________________________

PME 41 – 2017 4-iii 

Schindler, Maike; Lilienthal, Achim J. 4-153 

EYE-TRACKING AND ITS DOMAIN-SPECIFIC INTERPRETATION.  

A STIMULATED RECALL STUDY ON EYE MOVEMENTS IN  

GEOMETRICAL TASKS. 

 

Schukajlow, Stanislaw 4-161 

ARE VALUES RELATED TO STUDENTS’ PERFORMANCE? 

 

Schüler-Meyer, Alexander 4-169 

MULTILINGUAL STUDENTS’ DEVELOPING AGENCY IN A  

BILINGUAL TURKISH-GERMAN TEACHING INTERVENTION ON 

FRACTIONS 

 

Shabtay, Galit; Heyd-Metzuyanim, Einat 4-177 

TEACHERS’ DISCOURSE ON STUDENTS’ CONCEPTUAL  

UNDERSTANDING AND STRUGGLE 

 

Shahbari, Juhaina Awawdeh; Tabach, Michal 4-185 

THE COMMOGNITIVE FRAMEWORK LENS TO IDENTIFY THE 

DEVELOPMENT OF MODELLING ROUTINES 

 

Shinno, Yusuke 4-193 

RECONSTRUCTING A LESSON SEQUENCE INTRODUCING AN 

IRRATIONAL NUMBER AS A GLOBAL ARGUMENTATION  

STRUCTURE 

 

Shriki, Atara; Lavy, Ilana 4-201 

MATHEMATICS AND SCIENCES TEACHERS COLLABORATIVELY  

DESIGN INTERDISCIPLINARY LESSON PLANS: A POSSIBLE  

REALITY OR A WISHFUL THINKING? 

 

Spiegel, Hadar; Ginat, David; 4-209 

DECOMPOSITION CONSIDERATIONS IN GEOMETRY 

 

Staats, Susan  4-217 

POETIC STRUCTURE CHAINING IN A PROBLEM-SOLVING 

CONVERSATION 

 

Surith, Dhanya 4-225 

MATHEMATICAL KNOWLEDGE IN UNIVERSITY LECTURING: AN 

IMPLICIT DIMENSION 

 

 



 

________________________________________________________________________________________________________________________

4-iv PME 41 – 2017 

Symons, Duncan Craig; Pierce, Robyn 4-233 

MATHEMATICAL LANGUAGE EXPOSED ONLINE 

 

Tabach, Michal; Apkarian, Naneh; Dreyfus, Tommy; Rasmussen, Chris 4-241 

CAN A REGION HAVE NO AREA BUT INFINITE PERIMETER? 

 

Tan, Hazel; Ng, Kit Ee Dawn; Cheng, Lu Pien 4-249 

TOWARDS A CONCEPTUAL FRAMEWORK FOR ASSESSMENT  

LITERACY FOR MATHEMATICS TEACHERS 

 

Tan, Saw Fen; Lim, Chap Sam 4-257 

ENHANCING TEACHERS' REFLECTION THROUGH LESSON STUDY:  

IS IT FEASIBLE? 

 

Thurm, Daniel 4-265 

PSYCHOMETRIC EVALUATION OF A QUESTIONNAIRE MEASURING 

TEACHER BELIEFS REGARDING TEACHING WITH TECHNOLOGY 

 

Tjoe, Hartono 4-273 

THE RELATIONSHIP BETWEEN LANGUAGE COMPLEXITY AND 

MATHEMATICS PERFORMANCE 

 

Tran, Dung; Chan, Man Ching Esther 4-281 

EXAMINING MATHEMATICAL SOPHISTICATIONS IN  

COLLABORATIVE PROBLEM SOLVING 

 

Tzur, Ron; Johnson, Heather Lynn; Norton, Anderson; Davis, Alan; 4-289  

Wang, Xin; Ferrara, Michael; Jorgensen, Cody; Wei, Bingqian 

CONCEPTION OF NUMBER AS A COMPOSITE UNIT PREDICTS  

STUDENTS’ MULTIPLICATIVE REASONING: QUANTITATIVE 

CORROBORATION OF STEFFE’S MODEL 

 

Van Dooren, Wim; De Wortelaer, Hannelore; Verschaffel, Lieven 4-297 

ARE YOU JOKING? OR IS THIS REAL? INCREASING REALISTIC  

RESPONSES TO WORD PROBLEMS VIA HUMOR 

 

Way, Jennifer; Harding, Ciara 4-305 

NUMBER LINES: OBSERVED BEHAVIOURS AND INFERRED  

COGNITION OF 8 YEAR-OLDS 

 

 

 

 



  

________________________________________________________________________________________________________________________

PME 41 – 2017 4-v 

Weigand, Hans-Georg; Greefrath, Gilbert; Oldenburg, Reinhard;  4-313 

Siller, Hans-Stefan; Ulm, Volker 

ASPECTS AND BASIC MENTAL MODELS  

(“GRUNDVORSTELLUNGEN”) OF BASIC CONCEPTS OF CALCULUS 

 

 

Weingarden, Merav; Heyd-Metzuyanim, Einat 4-321 

ZOOMING IN AND OUT - ASSESSING EXPLORATIVE INSTRUCTION 

THROUGH THREE LENSES 

 

Wilkie, Karina; Ayalon, Michal 4-329 

EXPLORING STUDENTS’ APPROACHES AND SUCCESS WITH  

GROWING PATTERN GENERALISATION AT YEARS 7 TO 12 

 

Yeo, Joseph B. W. 4-337 

SPECIALISING AND CONJECTURING IN MATHEMATICAL  

INVESTIGATION 

 

INDEX OF AUTHORS 4-347



 

 

4-145 
2017. In Kaur, B., Ho, W.K., Toh, T.L., & Choy, B.H. (Eds.). Proceedings of the 41st Conference of the International 

Group for the Psychology of Mathematics Education, Vol. 4, pp. 145-152. Singapore: PME. 

CONCEPTION TO CONCEPT OR CONCEPT TO CONCEPTION? 

FROM BEING TO BECOMING 

Thorsten Scheiner1,2 

1University of Hamburg, Germany; 2Macquarie University, Australia  

 

Previous approaches to mathematics knowing and learning have attempted to account 

for the complexity of students’ individual conceptions of a mathematical concept. 

Those approaches primarily focused on students’ conceptual development when a 

mathematical concept comes into being. Recent research insights indicate that some 

students give meaning not only to states/objects that have a being but also to 

states/objects that are yet to become. In those cases, conceptual development is not 

meant to reflect an actual concept (conception-to-concept fit), but rather to create a 

concept (concept-to-conception fit). It is argued that the process of generating a 

concept-to-conception fit, in which ideas that express a yet to be realized state of the 

concept are created, might be better referred to meaning-making than sense-making. 

INTRODUCTION 

Consideration of mathematical concept formation has a long history in, and is certainly 

an important branch of, cognitive psychology in mathematics education (see Skemp, 

1986). Previous research has focused on the complexity of students’ conceptions and 

their conceptual development when a mathematical concept comes into being. 

Students have been regarded as active sense-makers in mathematical concept 

formation (von Glasersfeld, 1995), that is, students actively seek comprehensibility of 

a mathematical concept. Students might, in this process, develop conceptions (from 

Latin concipere, ‘to conceive’) of a mathematical concept that are construed by a 

researcher (or educator) as a way a mathematical concept is perceived (or regarded) as 

it seems to be (for a discussion on conception and concept, see Simon, 2017). Recent 

research, however, suggests that students not only activate conceptions to make sense 

of how they perceive (or regard) a mathematical concept that comes into being in a 

certain context but also to imagine (or envision) a mathematical concept that is yet to 

become. In those cases, conceptual development is not meant to reflect an actual 

concept, but rather to create a concept.  

The purpose of this paper is to clarify in which respects this act of creation differs from 

sense-making construed as an act of comprehension. In doing so, a theoretical 

background is briefly outlined that orients the general discussion of concept formation 

and sense-making. Afterward, key insights from recent research are summarized that 

foreground the act of creation in concept formation. Then, critical differences between 

two different states that a mathematical concept can have (‘making it being’ and 
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‘making it becoming’) are discussed which allow to conclude that the act of creation 

might be better understood as meaning-making than sense-making.  

THEORETICAL BACKGROUND: ON CONCEPT AND CONCEPTION   

The work presented here is framed in theoretical assertions made by Scheiner (2016) 

with regard to mathematical concept construction. In Scheiner’s (2016) view, the 

meaning of a mathematical concept comes into being in the ways that an individual 

interacts with the concept; or more precisely, in the ways that an individual interacts 

with objects that in a Fregean (1892a) sense fall under a concept. (A mathematical 

concept might be best described as an organic, multidimensional, structured gestalt, 

whose dimensions emerge from an individual’s interactions with it.)  As such, a 

concept does not have a fixed meaning. Rather, the meaning of a concept is relative (a) 

to the sensesF that are expressed by representations that refer to objects coming under a 

concept and (b) to an individual’s system of ideasF (the subscript F indicates that these 

terms refer to Frege, 1892b). Frege (1892b) revealed the fundamental distinction 

between reference and senseF as two semantic functions of a representation (an image, 

sign, or description): a reference of a representation is the object to which a 

representation refers, whereas a senseF of a representation describes a certain state of 

affairs in the world, namely, the way that some object is presented. Thus, it seems to 

follow that we may understand Frege’s notion of an ideaF in the manner in which we 

make sense of the world. IdeasF can interact with each other and form more 

compressed knowledge structures, called conceptions. A general outline of this view is 

provided in Fig. 1.  

object

S
E

N
S

E
F

ideaF

ideaF

R
E

F
E

R
E

N
C

E
ID

E
A

F

concept

object ...

conception

...

conception

...

ideaF

ideaF

...

C
O

M
P

R
E

S
S

IO
N

  

representation representation ... representation representation ...

 
Fig. 1: On reference, senseF, ideaF, and compression  

(reproduced from Scheiner, 2016, p. 179) 
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There are several ways that individuals can make sense of a mathematical concept; the 

focus here is on extracting meaning and giving meaning (Pinto, 1998). Pinto and Tall 

(1999) stated with respect to sense-making of a formal concept definition, 

“Giving meaning involves using various personal clues to enrich the definition with 

examples often using visual images. Extracting meaning involves routinizing the 

definition, perhaps by repetition, before using it as a basis for formal deduction.” (p. 67)  

Tall (2013) explicated that these two approaches are related to a ‘natural approach’ that 

builds on the concept image and a ‘formal approach’ that builds formal theorems based 

on the formal definition. Scheiner (2016) broadened the original conceptualization 

provided by Pinto (1998), emphasizing that individuals can extract meaning from 

objects and give meaning to objects; or more precisely, extract meaning from their 

interactions with objects and give meaning to their interactions with objects. Further, 

extracting meaning was linked to the manipulation of objects and reflections of 

instances that appear in sensesF when objects are manipulated – a phenomenon often 

discussed in terms of reflective abstraction, that is, abstraction of actions on mental 

objects (see e.g., Dubinsky, 1991). Giving meaning was related by Scheiner (2016) to 

attaching meaning to instances of objects that appear in sensesF – a phenomenon that 

has been considered in terms of structural abstraction, that is, abstraction of “the 

richness of the particular [that] is embodied not in the concept as such but rather in the 

objects that falling under the concept […]. This view gives primacy to meaningful, 

richly contextualized forms of (mathematical) structure over formal (mathematical) 

structures” (Scheiner, 2016, p. 175). Scheiner (2016) offered a theoretical grounding 

for coordinating extracting meaning and giving meaning by putting in dialogue 

reflective abstraction and structural abstraction. Earlier, Tall (2013) discussed the 

relations of structural and operational abstraction and the natural and formal approach 

that evolve into a wider framework of the long-term development in mathematical 

thinking. (Structural abstraction focuses on the structure of objects, and operational 

abstractions on actions that become operations that are symbolized as mental objects 

(Tall, 2003).)  The research presented in this paper has built on these theoretical 

interpretations of extracting meaning and giving meaning, and the assumed 

relationship between them.  

RESEARCH BACKGROUND: GIVING MEANING REVISED 

Recently, Scheiner and Pinto (2017a, 2017b) reanalyzed students’ reasoning and 

sense-making of the limit concept of a sequence using theoretical innovation that 

involved contextuality, complementarity, and complexity of knowledge, plus 

knowledge development, and knowledge usage when giving meaning.  

In their case study, Scheiner and Pinto (2017a) discussed giving meaning as a 

sense-making strategy in which ideasF are activated to give meaning to instances of an 

object that are actualized in certain, or even new, contexts. They described that the 

context in which an object is actualized might trigger the activation of ideasF; however, 

it seems that it is not the context but the knowledge system that determines what is 
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activated. (This does not mean that a knowledge system determines the meaning of a 

mathematical concept nor the form of interaction with objects that fall under a 

concept.)  This is to say, it is not the context that determines the interpretation or 

meaning of an object, but the ideasF that are attached to instances of an object that 

orient an individual in giving meaning when making sense of certain contexts. As 

such, individuals do not construct a mental image of an ‘external reality’ that appears 

in the sensesF, but rather they give meaning to a senseF of an instance by attaching an 

ideaF to it. Scheiner and Pinto’s (2017a) analysis also suggests that this attachment is 

highly context dependent, that is to say, individuals might attach different ideasF to the 

same object that is actualized in different contexts.  

In a cross-case analysis, Scheiner and Pinto (2017b) foregrounded that the attachment, 

however, seems to take place in such a way as to create and maintain coherence in a 

student’s reasoning. However, the authors did not interpret coherence within the 

meaning of an established body of knowledge, but rather in the meaning of a student’s 

usage. As such, coherence is not so much an attribution of the interconnectedness of 

the pieces of a created knowledge system, but of activity: students, who give meaning, 

activate ideasF that are coherent with their reasoning. This suggests that what seems to 

matter are coherence in reasoning and functionality of an individual’s knowledge 

system, rather than any sort of correctness that mirrors a pre-specified ‘reality’ of the 

mathematical concept. This leads one to suppose that students are not concerned with 

creating a knowledge system that best reflects a given reality, but they are concerned 

with creating a reality that best fits with their knowledge system.  

The most remarkable issue, however, is that Scheiner and Pinto’s (2017a, 2017b) 

analyses point to the idea that students might even give meaning to states that are yet to 

become. This means though an object does not appear in a senseF, an individual might 

create an ideaF of a potential instance of that object. That is, students might give 

meaning beyond what is apparent. It is proposed that the creation of such ideasF is of 

the nature of what Koestler (1964) described as ‘bisociation’, and Fauconnier and 

Turner (2002) elaborated as ‘conceptual blending’.  

Koestler’s (1964) central idea is that any creative act is a bisociation of two (or more) 

unrelated (and seemingly incompatible) frames of thought (called matrices) into a new 

matrix of meaning by way of a process involving abstraction, analogies, 

categorization, comparison, and metaphors. More recently, Fauconnier and Turner 

(2002) elaborated and formalized Koestler’s idea of bisociation into what they called 

conceptual blending. The essence of conceptual blending is to construct a partial 

match, called a cross-space mapping, between frames from established domains 

(known as inputs), in order to project selectively from those inputs into a novel hybrid 

frame (a blend), comprised of a structure from each of its inputs, as well as a unique 

structure of its own (emergent structure).  

The point to be made here is that unrelated ideasF can be transformed into new ideasF 

that allow ‘setting the mind’ (see Dörfler, 2002) not only to actual instances but also to 

potential instances that might become ‘reality’ in the future. In those cases, conceptual 
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development is not merely meant to reflect an actual concept, but rather to create a 

concept (see Lakoff and Jonson (1980) on the power of (new) metaphors to create a 

(new) reality rather than simply to give a way of conceptualizing a preexisting 

reality:”changes in our conceptual system do change what is real for us and affect how 

we perceive the world and act upon those perceptions” (pp. 145-146.)). It is reasonable 

to assume that students transform ideasF to express a yet to be realized state of a 

concept.  

DISCUSSION: ON ‘MAKING IT BEING’ AND ‘MAKING IT BECOMING’  

The research insights outlined in the previous section assert construing two different 

states that a mathematical concept can have: (1) a mathematical concept is given and 

comes into being in the dialogue of extracting meaning and giving meaning (in short, 

making it being) and (2) a mathematical concept is created and comes into becoming in 

the process of transforming ideasF (in short, making it becoming).   

    

(represented) 

objects

ideas

extracting 

meaning
by manipulating 

objects and 

reflecting on their 

actual instances

giving

meaning
by activating or 

transforming ideas  

that give rise to new   

or potential instances 

being becoming
conception-to-

concept fit

concept-to-

conception fit
 

Fig. 2: From being to becoming 

In making it being, extracting meaning and giving meaning can occur simultaneously: 

an individual might extract meaning by manipulating objects and reflecting on the 

actual instances of such objects, while at the same time an individual gives meaning to 

the instances that appear in the sensesF by activating and attaching ideasF (see Fig. 2). 

With respect to giving meaning, an individual might either activate already available 

ideasF to attach meaning to instances or an individual might create new ideasF in the 

moment by transforming ideasF to gain new insight that allows attaching new meaning 

to an object of consideration.  

In making it becoming, giving meaning means not only attaching ideasF to actual 

instances of an object but also creating new ideasF for potential instances. As such, 

ideasF can also be transformed in order to give meaning to instances that are yet to 
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become (see Fig. 2). This means an individual might set her or his mind to future 

possibilities in which the object might be realized. In such cases, the mind would shape 

the future in a way that individuals might work to move the present to an intended 

future. That is, rather than creating conceptions that reflect a seemingly given concept, 

individuals might create a meaning of a concept that best reflects their conceptions of 

the concept. That is, individuals might create new forms of meaning, suggesting that 

the meaning of a mathematical concept varies on its actual use and intentions, rather 

than having an inherent meaning. 

The differences between “making it being” and “making it becoming” can be 

discussed around at least three related issues:  

(1) Different states of the meaning of a mathematical concept  

In making it being, students treat objects that fall under a concept as states that have a 

being. Here students seem to understand the meaning of a mathematical concept as 

given. As such, an individual might extract meaning from manipulating objects and 

give meaning to actual instances of such objects. The meaning of a concept, then, 

emerges (from Latin emergere, ‘to become visible’) in the dialogue of extracting 

meaning and giving meaning.   

In making it becoming, students create new ideasF by transforming previously created 

ideasF that are directed to objects that are yet to become. They transform ideasF to 

create future possibilities. Here the meaning of a mathematical concept is created that 

is to say, the meaning evolves (from Latin evolvere, ‘to make more complex’) in 

transforming various ideasF.  

(2) Different functions of sensesF  

In making it being, sensesF are construed as bearers of actual instances of an object that 

seems to have a being prior to students’ attempts to know it. That is, the seeming 

‘objectivity’ of an object appears in such sensesF.  

In making it becoming, objects are not seen as preceding students’ attempts to know 

them. SensesF are not construed as bearers of instances of an object but rather as 

triggers to transform ideasF to create new, potential instances of an object.  

(3) Different directions of fit  

Making it being is meant to reflect the concept as it is actualized, suggesting a 

conception-to-concept direction of fit: students extract meaning that reflects the 

concept and give meaning that fits the concept as it is assumed to be.  

Making it becoming is meant to create the concept, suggesting a concept-to-conception 

direction of fit: students express a yet to be realized state of the concept, that is, they 

express a way that the concept can, or should, be. Students create the meaning of a 

concept that fits their conceptions.  
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CONCLUSION: ON SENSE-MAKING AND MEANING-MAKING  

Sense-making was discussed in this paper in terms of extracting meaning and giving 

meaning. Extracting meaning and giving meaning were construed as interactions with 

objects to seek comprehensibility of a mathematical concept when it is actualized. 

Individuals can make sense if their conceptions fit the concept as it is assumed, or 

pre-specified, to be. As such, sense-making is an act of comprehension that consists of 

creating conceptions that best reflect a given concept. 

Recent research, however, prompts one to rethink how students give meaning in the 

immediate context. In addition to attaching activated ideasF (already existing in the 

knowledge system) to actual instances of a mathematical concept, ideasF can also be 

transformed to attach new meaning to potential instances of a mathematical concept 

that, in this process, comes into becoming.  

While with respect to the former it is assumed that students might make sense of the 

objects that fall under a particular concept primarily within their existing knowledge 

system, the latter allows an individual to journey toward a new meaning of a concept. It 

is asserted that this might be better referred to as meaning-making.  

In consequence, sense-making is here understood as an act of comprehension, while 

meaning-making is construed as an act of creation. In a nutshell:  

(1) A student might intend to comprehend a meaning of a mathematical concept in a way 

that best reflects the concept as it is. The meaning of a concept emerges (comes into being) 

by a continuous dialogue of the sense-making of extracting meaning and giving meaning.  

 (2)  A student might intend to create a meaning of a mathematical concept that best fits 

student’s conceptions. The meaning of a concept evolves (comes into becoming) by 

meaning-making via transforming ideasF.   

It is hoped that this distinction better brings to light critical issues and underlying 

cognitive processes in students’ sense-making and meaning-making. The research 

insights outlined above and the theorizing provided here allow one to sharpen the 

distinction between making sense when the meaning of a mathematical concept comes 

into being and making meaning when the meaning of a mathematical concept comes 

into becoming. This nuance of sense-making and meaning-making might better 

highlight the critical differences of ‘making it being’ and ‘making it becoming’ with 

respect to the different states of the meaning of a mathematical concept, the different 

functions of sensesF, and the different directions of fit. 
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