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ABSTRACT 

Computer Supported Collaborative Learning (CSCL) recently set the trend towards the study 

of intersubjective meaning-making (Suthers, 2006). This research addresses the processes of 

meaning-making through paths established from the Collaboration Interaction Model (CIM) 

(Wee & Looi, 2007), a proposed model used to analyse chat transcripts. Meaning-making 

paths, as defined by the CIM consist of pivotal contributions that play an important role in 

shaping the discourse. The selection process of the pivotal contributions is described using 

the CIM, which plays a significant role in integrating the analysis of the chat transcript. This 

paper proposes a method to evaluate meaning-making paths as a unit of analysis, building 

upon the works of conversation analysis, group cognition and uptakes and further defining 

the process of meaning-making in a discourse. Contribution theory (Suthers, 2005, 2006; 

Clark & Brennan, 1991) informs how common understanding is achieved between two 
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participants. However analysis based on it alone does not illustrate in the depth the processes 

leading to this shared understanding. This work also analyzes how participants attempt to 

interpret contributions and construct mathematical knowledge collaboratively within the 

premise of meaning-making paths.  
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INTRODUCTION 

Collaboration often requires dialogue where participants work in groups to socially negotiate 

a shared understanding of the approaches they use to accomplish any given tasks (Jonassen et 

al., 1999). The integration of technology into classroom teaching in the 21st century (Lee, 

2003) affords the concept of using conversation as a tool for knowledge construction (Stahl, 

2005). Computer mediated environments such as the synchronous text chat is developed in 

the field of education to facilitate meaningful learning. Text chat interaction is a common tool 

used in computer mediated communication. The text chat affords the participants a social 

sense of the conversation (Looi, 2005) and supports the building of collaborative knowledge 

(Stahl, 2006).In the process, learning takes place as participants actively make meaning of the 

situation (Osborne & Freyberg, 1985) through negotiations, leading to the sharing of ideas 

with their fellow participants within the same group (Coombes, 2004). Participants learn in 

conversation because they socially interact (Duffy & Cunningham, 1996; Christiansen & 

Dirckinck-Holmfeld, 1995) to keep their end of the dialogue. This process enables learners to 

construct meaning and relate experiences into knowledge construction (Baker, Jensen & 

Kolb, 2002). For the purpose of this study, the term knowledge construction is used 

interchangeablely with the term learning. Social constructivists have defined knowledge 

construction as the learners create perception and understanding of the world surrounding 
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them (Vygotsky, 1978). Collaborative Knowledge Construction is well understood as having 

learners to actively participate in small groups to share knowledge (Weinberger et al., 2003), 

but what is more important is that the meaning-making is embedded in the interaction (Stahl, 

2006). The concept of common understanding is defined to be achieved between participants 

when they agree and understand one and another (Clark & Brennan, 1991), however analysis 

based on such shared understanding is not sufficient to justify the process of knowledge 

construction. 

  

In order to understand the knowledge construction process mediated by small groups, a unit 

of analysis must be properly assigned to measure the phenomena of knowledge construction.  

Traditionally, the analysis of transcripts was based on the concepts of conversation analysis 

and discourse analysis (Denzin & Lincoln, 2000). One such example is to draw inferences on 

chat interactions, code the utterances into categories and the counting of the quantity of 

occurrences of such categories (Cakir et al, 2005). This is insufficient to help researchers 

understand how participants interact and construct knowledge. Suthers (2005) defined 

knowledge construction as “the composition of interpretations of a dynamically changing 

context” and notation of interpretation consists of the analysis of an aggregate of utterances 

which may not be necessarily adjacent in the discourse. In an online environment, 

interpretations are translated into textual representations and the measurement of knowledge 

construction is based on any change in textual representation (interpretation) resulting from 

conversation that is intended to develop an idea, resulting in the emergence of new 

representations to facilitate this intention. More information can be gathered if the utterances 

are classified into segments according to their semantic features (Chi, 1997). The objective of 

this research is to attempt to understand learning embedded in such interactions between 

participants, particularly in area of mathematics. A deeper analysis on the process of dialectic 
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knowledge construction can be based on individual segments and cross segment analysis. 

Such a method of analysis traces the paths of knowledge construction of concepts, ideas or 

methods embedded in the interactions of small groups, possibly showing researchers an 

alternative approach to analyze complex online mathematical discourse. 

 

ONLINE DISCOURSE ENVIRONMENT 

The study was conducted using a quasi-synchronous chat environment, VMT Chat. Virtual 

Maths Team (VMT) Chat supports several chat rooms. Each chat room consists of a shared 

whiteboard, message box and message display panel. The problem is written on the shared 

whiteboard by the instructor. The message box displays the representation typed by 

individual participants but this representation is not visible to other participants until the enter 

key is pressed. The message display panel shows all representations entered by the 

participants during the discourse.  

 

TRAINING SESSION 

The participants were grouped into their teams consisting of three or four persons. They 

worked through five VMT functionality examples designed to train them using the tools in 

the chat environment. The instructor emphasized the appropriation of the tools to construct 

the representations and to facilitate an effective collaboration.  

 

PARTICIPANTS  

The participants have a basic foundation in mathematics and are among the top 20% of the 

cohort in terms of academic ability. They have gone through two major standardized 

examinations, the Primary School Leaving Examination and Singapore-Cambridge General 

Certificate of Education (Ordinary Level) Examination. The two major examinations have 
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provided the participants with a rigorous foundation in mathematics problem solving. The 

students have received sufficient mathematical training to the extent that the level of 

mathematical background knowledge assumed in any contribution is compatible with the 

expertise of the participants (Stahl, 2006; Stahl, 2007).  

 

DESIGN OF THE COLLABORATION INTERACTION MODEL (CIM) 

The design of CIM is based on the concept of grounded theory (Glaser & Strauss, 1967; 

Charmaz, 2000). Transcripts extracted from the chat environment are coded into 

contributions. Contributions contained one or more representations constructed by the 

participants. Representations are utterances expressed by the participants. The contributions 

are mapped diagrammatically to form an interaction model. Interactions between the 

contributions are illustrated through a series of uptakes arrows. Uptake arrows are coded, 

categorized and analysed. Meaning-making paths contain series of uptakes and contributions 

and are defined in this study as the unit of analysis of knowledge construction. A key 

technique used in grounded theory is the constant comparative method (Glaser, 1978, 1992) 

where data derived from the observation are constantly being compared and revisited for 

patterns and emerging trends (Hewitt-Talyor, 2001). The CIM compares meaning-making 

paths within chat transcripts and across chat transcripts, identifying patterns and emerging 

trends in mathematical online discourse.  

 

Uptakes of Contributions 

The concept of uptakes is defined as situations where participants are manipulating previous 

contributions (Suthers, 2007) which are either theirs or belonging to other participants. 

Uptake is a function of the following variables. (1) Participants must interpret contributions 

that are related somehow to their prior understanding, making a connection between a prior 
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understanding and the current interpretation in order to construct a new contribution. (2) Prior 

understanding is achieved from previous contributions or knowledge constructed prior to the 

discourse. Intersubjective and Intrasubjective uptakes resulting in knowledge constructed 

from previous contributions form the basis of interpretation but knowledge constructed prior 

to the discourse such as previous encounters with similar types of problem also contribute 

actively to the interpretation. (3) Language and cultural representations are mutually 

dependent and they form the vehicle of communication in the discourse. Language and 

cultural representations are embedded in the contribution, forming part of the interaction and 

affording a meaning-making process similar to that of another group of a different cultural 

and language background. Uptakes encompass not only information related to the tasks but 

also language and culture of the participant. This study further defines the meaning of 

uptakes into nine types of uptakes subcodes: query, reply, uncertain reply, propose, develop, 

agree, elaborate, amend and disagree. Table 1 shows the definition of the above mentioned 

sub codes.  

Uptakes Sub Codes 
 

Definition 
 

Query An uptake that represents an act of asking or seeking for information. 

Reply An uptake that represents a brief answer the immediate subject of discourse. 
Uncertain Reply An uptake that represents a doubt of the subject of discourse. 
Propose An uptake that represents an offer of an idea, thought related to the subject of discourse. 
Develop An uptake that facilitates the progress of the problem solving in terms of conceptual development. 
Agree An uptake that represents an acceptance of an idea presented by another member in the group. 
Elaborate An uptake that represents greater details of an idea that was initially discussed. 
Amend An uptake that represents a correction to an earlier mentioned contribution. 
Disagree An uptake that represents the non-acceptance of an idea presented by another member. 

 
Table 1: Definition of Uptakes Subcodes 

 

Table 2 shows a further classification of sub codes into four main codes: intersubjectively 

communicative, intrasubjectively communicative, intersubjectively generative and 

intrasubjectively generative. The term intersubjectively illustrates a situation where 

participants are manipulating contributions by other participants while the term 
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intrasubjectively involves the situation where participants are manipulating contributions of 

their own. The nature of the uptake is further described to be communicative or generative. 

The former does not directly influence the conceptual development but plays an important 

role in motivation, familiarization and administration of the functionality of the group during 

the discourse. The latter directly influences the conceptual development of the problem 

solving process.  The sub codes are counted within each meaning-making path and sorted 

into the respective main codes. The concept of meaning-making path will be elaborated in the 

following sections. "XXX" shows the counts of the each sub code categorised into the four 

main codes. "ZZZ" shows the total counts of each individual sub code and "YYY" shows the 

total counts of each individual main code.  The tabulation and analysis of the data will be 

illustrated in subsequent sections. 

Uptakes Coding Table 
 

Uptake Main Codes 
 

 
Uptakes 

Sub Codes 
 

Intersubjectively 
Communicative 

Intrasubjectively 
Communicative 

Intersubjectively 
Generative 

Intrasubjectively 
Generative 

 
∑ Rows 

Query XXX XXX XXX XXX ZZZ 

Reply XXX XXX XXX XXX ZZZ 
Uncertain 

Reply 
XXX XXX XXX XXX ZZZ 

Propose XXX XXX XXX XXX ZZZ 
Develop XXX XXX XXX XXX ZZZ 
Agree XXX XXX XXX XXX ZZZ 

Elaborate XXX XXX XXX XXX ZZZ 
Amend XXX XXX XXX XXX ZZZ 

Disagree XXX XXX XXX XXX ZZZ 

∑ Columns YYY YYY YYY YYY Total Count 

 
Table 2: CIM Uptakes Coding Table 

Pivotal Contributions 

These contributions are platforms where knowledge construction can be created. (Wee & 

Looi, 2007).They are newly constructed mathematical concepts, symbols or formulas that 

play a significant role in the problem solving process. Without Pivotal Contributions, the 

discourse could not proceed onto a new meaning-making path. The role of a Pivotal 
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Contribution is to act as an anchor contribution where the emergence of meaning-making 

paths leading to the construction of the Pivotal Contribution and paths of knowledge 

construction diverging from the Pivotal Contribution forms the basis for analyzing how 

meaning-making is achieved at a group level rather than at an individual level. 

 

Constructing the Collaboration Interaction Model (CIM) 

The Collaboration Interaction Model is constructed using the chat transcript of three students 

engaging in mathematical discourse. The transcript was collected during a pilot study of the 

VMT chat environment in June 2006. Figure 1 shows the Collaboration Interaction Model for 

the chat transcript. The participants are differentiated by object shapes. The numbered arrows 

indicate the uptakes of the contributions. Each shape consists of a contribution and a 

contribution number. Taking for example "C1" is placed inside the oval shape shows that 

participant NCO constructed Contribution 1. The list containing chat utterances coded into 

contributions can be found in Annex A. There are two states defined in CIM: Directional 

Convergence and Meaning-Making Path. The latter will be explained in the next section. 

Roschelle (1992) argued that convergence is realized through several iterative rounds of 

illustration, agreement and amendment of shared meaning. Directional Convergence captures 

the participant's moment to moment interaction during inter-states transition (Wee & Looi, 

2007), illustrating how participants uptakes textual representations during the chat discourse 

leading to the construction of significant representation such as the pivotal contribution.  
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Figure 1: Collaboration Interaction Model - Chat Transcript 
 
 

Table 3 shows the VMT chat Transcript. Column 1 shows the time when the representation 

was constructed. Column 2 shows the names of the participants. Column 3 shows the 
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discourse made up of textual representations and Column 4 shows the contribution number 

assigned to textual representations. 

Time Participant Chat Transcript Contribution Number 
09.51.46 NCO let start C1 
09.52.11 WAH k C2 
09.53.56 LXY so which one we solving first C3 
09.54.10 NCO part a la C4 
09.54.18 NCO eh.. C4 
09.54.23 WAH ? C5 
09.54.56 NCO c e 2222=2+20+200+2000 C6 
09.55.03 LXY ya C7 
09.55.13 NCO so a+2 C8 
09.55.13 LXY so it is 10 times of the next term right C9 
09.55.19 NCO a=2 C10 
09.55.24 LXY yup C11 
09.55.34 NCO n=10 C12 
09.55.38 WAH r = 10 C13 
09.55.43 WAH nt n C13 
09.55.50 NCO ya..sori C14 
09.56.08 WAH so ia 2(10^n-1) ? C15 
09.56.32 LXY eh? C16 
09.56.38 NCO juz use e sum of terms forula la C17 
09.56.43 WAH ya C18 
09.57.58 WAH 2(10^n-1 - 1 ) / 10^n-1 - 1 izzit C18 
09.58.14 WAH er wrong formular C19 
09.59.15 WAH 2(10^n - 1) / 10 -1 C19 
09.59.36 NCO shld b 2/9(10^n -1) C20 
09.59.43 NCO correct ma C20 
09.59.50 LXY should be C21 
10.00.02 WAH den b liao C22 
10.00.28 LXY must use Sn minus the S n-1 right C23 
10.00.36 WAH yes C24 
10.00.38 LXY to find the constant independent of Tn C25 
10.00.54 WAH har? C26 
10.01.12 LXY not meh C27 
10.01.14 WAH Sn - S(n-1) = Tn C28 
10.01.27 LXY isnt that what i typed C29 
10.01.28 WAH den tn - t(n-1) = common ratio C30 
10.01.41 LXY is supposed to be divide wad C31 
10.01.45 WAH oops C32 
10.01.49 WAH ya divide ps C32 
10.01.50 NCO u will den get 1/3 as common diff la C33 
10.01.58 LXY yup C34 
10.04.14 LXY for S n-1 C34 
10.04.38 LXY sub n -1 into Sn C34 
10.04.47 NCO ya C35 
10.05.55 NCO s n-1=3-3^(2-n) la C35 
10.06.27 LXY it is 3-3^(2-n) C36 
10.06.28 WAH Sn - Sn-1 = 3 - 3^(1-n) - 3 + 3^(2-n) C37 
10.06.32 LXY for S n-1 C38 
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10.06.53 NCO so.. tn= 6/ 3^n la C39 
10.07.12 LXY yes C40 
10.07.18 WAH den C41 
10.07.25 WAH express in the for ar^(n-1) C41 
10.08.39 LXY then t n-1 is = 6/3^n-1 C42 
10.08.52 WAH har? C43 
10.09.03 LXY wrong ar C44 
10.09.22 NCO ya.. so common ratio is tn? t n-1 C45 
10.09.32 WAH tn/tn-1 C46 
10.09.34 LXY it is supposed to be divide C47 
10.09.35 NCO tn- t n-1 C48 
10.09.41 LXY by mATHS, IT IS 1/3 C49 
10.09.41 LXY HAHA C49 
10.09.43 NCO ya C50 
10.09.54 LXY solve le C51 
10.10.24 NCO since common ratio is constant so e series is a gp 

la 
C52 

10.10.29 NCO agree? C52 
10.10.32 WAH yes C53 
10.10.35 LXY yup C54 
10.10.45 LXY goon to part c then C54 
10.10.46 NCO part c le C55 
10.10.57 WAH den to do the c we must express become ar^(n-1) 

so that we know what is a.. 
C56 

10.11.25 WAH izzit? C57 
Table 3: VMT Chat Transcript 

 
The uptakes within each meaning-making path are coded (see table 4). The first column 

shows the uptake number which is indicated beside the uptake arrows in the CIM (see figure 

1). The second column represents the relationship between contributions. The relationships 

are indicated by the arrows in the CIM (see figure 1). The uptakes were assigned uptake sub 

codes and further categorized into the uptake main codes. An uptake may be assigned more 

than one sub code.  

 

 Uptake Number 
Relationship of 
Contributions Uptakes Sub codes Uptakes Main code 

8 C6-C9 Develop Intersubjectively Generative 
9 C6-C7 Agree Intersubjectively Communicative 

10 C7-C8 Propose Intersubjectively Generative 
11 C7-C9 Elaborate Intrasubjectively Generative 
12 C6-C8 Develop Intrasubjectively Generative 
13 C8-C10 Amend Intrasubjectively Generative 
14 C10-C11 Agree Intersubjectively Communicative 
15 C10-C12 Develop Intrasubjectively Generative 
16 C12-C13 Amend Intersubjectively Generative 
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17 C13-C14 Agree Intersubjectively Communicative 
18 C14-C15 Propose Intersubjectively Generative 
19 C15-C16 Uncertain Reply Intersubjectively Communicative 
20 C16-C17 Propose Intersubjectively Generative 
21 C17-C18 Agree Intersubjectively Communicative 
21 C17-C18 Propose Intersubjectively Generative 
22 C17-C19 Propose Intersubjectively Generative 
23 C17-C20 Amend Intersubjectively Generative 
23 C17-C20 Propose Intersubjectively Generative 
24 C18-C19 Amend Intrasubjectively Generative 
25 C19-C20 Amend Intersubjectively Generative 
29 C23-C24 Agree Intersubjectively Communicative 
30 C23-C25 Elaborate Intrasubjectively Generative 
31 C24-C25 Elaborate Intersubjectively Generative 
32 C25-C26 Uncertain Reply Intersubjectively Communicative 
33 C26-C27 Disagree Intersubjectively Communicative 
34 C27-C28 Propose Intersubjectively Generative 
35 C28-C29 Disagree Intersubjectively Communicative 
36 C29-C30 Elaborate Intersubjectively Generative 
37 C30-C31 Disagree Intersubjectively Generative 
38 C31-C32 Agree Intersubjectively Communicative 
39 C32-C33 Elaborate Intersubjectively Generative 
40 C33-C34 Agree Intersubjectively Communicative 
40 C33-C34 Elaborate Intersubjectively Communicative 
41 C34-C37 Elaborate Intersubjectively Generative 
42 C34-C35 Agree Intersubjectively Communicative 
42 C34-C35 Elaborate Intersubjectively Generative 
43 C35-C36 Agree Intersubjectively Generative 
44 C35-C37 Develop Intersubjectively Generative 
45 C36-C37 Develop Intersubjectively Generative 
46 C36-C38 Elaborate  Intrasubjectively Generative 
47 C37-C39 Propose Intersubjectively Generative 
48 C39-C40 Agree Intersubjectively Communicative 
49 C39-C41 Query Intersubjectively Communicative 
50 C40-C41 Query Intersubjectively Communicative 
51 C42-C43 Uncertain Reply Intersubjectively Generative 
52 C41-C42 Reply Intersubjectively Generative 
52 C41-C42 Develop Intersubjectively Generative 
53 C43-C44 Query Intersubjectively Communicative 
54 C43-C45 Query Intersubjectively Communicative 
55 C42-C45 Query Intersubjectively Generative 
56 C42-C44 Query Intrasubjectively Communicative 
57 C44-C45 Agree Intersubjectively Generative 
57 C44-C45 Elaborate Intersubjectively Generative 
58 C45-C48 Elaborate Intrasubjectively Generative 
59 C46-C48 Develop Intersubjectively Generative 
60 C45-C46 Propose Intersubjectively Generative 
61 C47-C48 Reply Intersubjectively Generative 
61 C47-C48 Propose Intersubjectively Generative 
62 C47-C49 Propose Intrasubjectively Generative 
63 C45-C47 Propose Intersubjectively Communicative 

Table 4: Coding of Uptakes from the Collaboration Interaction Model 
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MEANING-MAKING PATH AS A UNIT OF ANALYSIS  

There have been several definitions by various researchers in the field of study of CSCL as to 

the choice of unit of analysis. Henri (1992) proposed using an idea within a message as a unit 

of analysis while another possible unit of analysis could encompass an entire message 

constructed by an individual at a certain time during the discourse (Gunawardena et al., 1997; 

Rourke et al., 2001).  The choice of the unit of analysis is based on the situation in which it is 

used (Wever et al., 2006) and the granularity of the content to be analysed (Chi, 1997). In this 

study, we define the unit of analysis as one meaning-making path instead of per unit posting 

(Cakir et al, 2005). Such paths are made up contributions from different participants, where 

any contribution may contain a series of utterances and the contributions are cascaded 

through a series of uptakes. The boundaries are established by pivotal contributions. 

Meaning-making paths are used to analyze deeper into the processes of meaning-making, 

building on the works of using conversation analysis: turn-taking, repair, adjacency pair 

(Stahl, 2005; Tan & Tan, 2006) and uptakes (Suthers, 2006). Meaning-making paths are 

established from the Collaboration Interaction Model (CIM) and the criterion for the selection 

such paths as a unit of analysis are: (1) The paths consist of various patterns of interaction 

containing valuable information how groups achieve shared understanding in the discourse. 

(2) The paths consist of several uptakes of contributions, where participants construct their 

contributions based on interpretation (Suthers, 2007) of previous contributions. (3)  

Knowledge constructed at any point along the meaning-making path is distributed throughout 

the path, enabling participants to interpret the new knowledge for further knowledge 

construction.  
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ANALYSIS AND RESULTS 

This section will discuss how the process of analysis is undertaken to understand the effect of 

uptakes within meaning-making paths. Table 5, Table 6 and Table 7 shows the counts of 

uptake sub codes and main codes.  

 
Uptakes Coding Table: Meaning-making Path A 

 
Uptake Main Codes 

  
 

Uptakes 
Sub Codes 

 
Intersubjectively 
Communicative 

Intrasubjectively 
Communicative 

Intersubjectively 
Generative 

Intrasubjectively 
Generative 

 
∑ Rows 

Query 0 0 0 0 0 

Reply 0 0 1 0 1 
Uncertain 

Reply 
1 0 0 0 1 

Propose 0 0 6 1 7 
Develop 0 0 1 2 3 
Agree 0 5 0 0 5 

Elaborate 0 0 0 1 1 
Amend 0 0 3 2 5 

Disagree 0 0 0 0 0 

∑ Columns 1 5 11 6 23 

Table 5: Meaning-making Path A Uptakes Coding Table 
 

Uptakes Coding Table: Meaning-making Path B 
 

Uptake Main Codes 
 

 
Uptakes 

Sub Codes 
 

Intersubjectively 
Communicative 

Intrasubjectively 
Communicative 

Intersubjectively 
Generative 

Intrasubjectively 
Generative 

 
∑ Rows 

Query 0 0 0 0 0 

Reply 0 0 0 0 0 
Uncertain 

Reply 
1 0 0 0 1 

Propose 0 0 2 0 2 
Develop 0 0 2 0 2 
Agree 4 0 1 0 5 

Elaborate 1 0 6 1 8 
Amend 0 0 0 0 0 

Disagree 2 0 1 0 3 

∑ Columns 8 0 12 1 21 

Table 6: Meaning-making Path B Uptakes Coding Table 
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Uptakes Coding Table: Meaning-making Path C 
 

Uptake Main Codes 
 

 
Uptakes 

Sub Codes 
 

Intersubjectively 
Communicative 

Intrasubjectively 
Communicative 

Intersubjectively 
Generative 

Intrasubjectively 
Generative 

 
∑ Rows 

Query 4 1 1 0 6 

Reply 0 0 2 0 2 
Uncertain 

Reply 
0 0 1 0 1 

Propose 1 0 3 0 4 
Develop 0 0 2 0 2 
Agree 1 0 1 0 2 

Elaborate 0 0 1 1 2 
Amend 0 0 0 0 0 

Disagree 0 0 0 0 0 

∑ Columns 6 1 11 1 19 

Table 6: Meaning-making Path C Uptakes Coding Table 
 

The codes were tabulated according to their distribution within each meaning-making path. 

Figure 2 shows the distribution of the uptake main codes. It can be seen that the code 

intersubjectively generative has the highest distribution. The purpose of each meaning-path is 

to construct knowledge through negotiation. Intersubjectively Communicative main codes 

have a 38%-43% distribution in path B and path C compared to a 4.3 % distribution in path 

A.  In path B, LXY was explaining to WAH that his answers were typed by her and path C, 

there was a clarification between LXY and WAH on common ratio. Such instances increased 

the communicative element in uptakes. In path A, the Intersubjectively Communicative main 

codes were on the low count as the discourse was not disrupted by clarification seen in path B 

and C. Intrasubjectively generative main codes have a distribution of 26.1% in path A 

compared to 3%-6% in path B and C because the participants were attempting to construct 

representations. Examples include, NCO stated the values of the terms a and n evaluated from 

the representation 2222=2+20+200+2000 and WAH attempting to repair his representation 

2(10^n-1 - 1) / 10^n-1 - 1.  The participants were more actively negotiating with one another 

in path B and C, indicating the low count of the intrasubjectively generative main codes. Path 
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A indicated the highest count of intrasubjectively communicative main codes followed by 

path C and zero count for path B. Intrasubjectively communicative main codes are based on 

participants attempting to illustrate a concept or amending the representation constructed in 

manner. One such example shows NCO constructing the representation 2/9(10^n -1) and 

asking the group whether his representation was correct. 
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Figure 2: Distribution of the Uptakes Main codes in meaning-making paths 

 
 

There is generally a higher distribution of generative elements compared to communicative 

elements in meaning-making paths (See Figure 3). This can be explained that the objective of 

a meaning-making path is to construct knowledge. The discourse itself must operate towards 

the generation of concepts to solve the problems. Figure 4 shows the distribution of uptake 

subcodes across the three meaning-making paths. The subcodes amend, elaborate, agree, 

propose and query distributions are 20% and above. Not all meaning-making paths share a 

common highest sub code. The subcodes elaborate, agree, develop, propose and uncertain 

reply are common to all path A, B and C, forming a baseline for understanding the moment to 

moment interaction process taking place. 
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Figure 3: Aggregate distribution of communicative and generative properties 
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Figure 4: Distribution of uptake sub codes across meaning-making paths 

DISCUSSION 

The proposed evaluative methods enable researchers to identify the characteristics of 

interaction within each meaning-making path, complementing the CIM qualitative analysis. 

Figure 2, 3 and 4 illustrate the approaches to evaluate the process of meaning-making in a 

discourse through the distribution of uptake subcodes and maincodes. Figure 2 compares the 

distribution of uptake subcodes within and across meaning-making paths while figure 3 

compares the aggregate composition of communicative and generative elements within each 

meaning-making path. Figure 4 shows the distribution of the nine individual uptakes 
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subcodes across the meaning-making paths. This distribution provides information on the 

characteristic of the interaction about the paths.   

 

1. Communicative and Generative Properties 

There are generally two types of properties present in uptakes: (1) Communicative (2) 

Generative. The selection of meaning-making paths should contain more generative elements 

than communicative elements in order to facilitate the construction of knowledge. Figure 3 

represents a tabulation of generative and communicative properties describing one of the 

characteristics of meaning-making paths.  

 

2. Intersubjective and Intrasubjective Nature 

Meaning-making paths consist of contributions that are uptaken by the participant themselves 

or other participants. The terms “intersubjective” and “intrasubjective” are used to describe 

the nature of the uptakes. The study of the construction of meaning-making paths is built on 

the concept of moment to moment interaction between participants and self. Intersubjective 

and intrasubjective nature assists researches in gauging the interaction level between 

participants (see figure 2) within each meaning-making path. 

 

3. Design and Type of Problem 

The study was carried out using the traditional problem solving approach and the maths 

problem selected was a closed end. Alternative problem designs and types are being explored 

to investigate their effects on the distribution of the uptake subcodes as well as the uptake 

main codes: intrasubjectively generative, intersubjectively generative, intrasubjectively 

communicative and intersubjectively communicative.  
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4. Constructs to Measure and Complement Qualitative Analysis   

It is important but it is insufficient to describe the discourse qualitatively. The approach used 

in this study codes the representations into constructs (uptake sub codes) and quantitatively 

measures the outcome of these constructs. This serves to reinforce and complement the 

qualitative analysis of the meaning-making paths.   

 

The analysis gathered from this study is preliminary proposal to the use of meaning-making 

path as a unit of analysis. In further research, we are exploring how meaning-making paths 

are affected by problem types and problem solving approaches. Moreover, we are constantly 

reviewing our uptake subcodes and uptake main codes to improve the efficiency of the 

analysis of meaning-making paths.   
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