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The aim of the study reported in this paper was to explore online interactions of twenty 

five high-school students in an asynchronous forum that accompanied a face-to-face 

course in linear algebra. The forum generated a considerable number of mathematical 

post-exchanges, the vast majority of which came from a small group of six students. 

The data analysis revealed a positive correlation between thread-initiation and 

achievements of students in the course. Students’ activity in their self-initiated threads 

correlated with their activity in the threads initiated by their peers, which attests to the 

collaborative nature of the forum. In about half of the threads students sought verifi-

cations for their solutions to the assigned problems. The paper ends with a discussion 

on what one’s online activity might indicate in terms of her course learning. 

INTRODUCTION 

In recent years, online asynchronous forums have become a common occurrence in 

university education. Explanations for this trend can be found in the evolvement of 

educational theories and practices. Indeed, social constructivism, that seems to dom-

inate in our field, calls for a radical shift in our approach to teaching and learning, when 

technology is positioned as a powerful tool for facilitating this shift. From a practical 

perspective, online forums allow for more sharing, reflecting and retaining of ideas 

produced by learners than in a typical face-to-face instruction.  

Online asynchronous forums (OAFs) seem particularly advantageous in undergraduate 

courses, where syllabi are dense, learning is mostly lecturer-centered and hundreds of 

students with different mathematical backgrounds are enrolled. Moreover, freshmen 

frequently lack the necessary skills for learning mathematics in a new academic set-

ting. Accordingly, OAFs become a possible venue for mathematical interactions, in 

which these skills can be shaped (e.g., Jacob & Sam, 2008; Perkins & Murphy, 2006). 

In many universities online forums accompany face-to-face courses in undergraduate 

mathematics. Some of these course accompanying online asynchronous forums 

(CAOAFs) mainly serve the course staff in making organizational announcements, 

while others comprise multiple threads with rich mathematical discussions where stu-

dents seek and provide help with course materials to one another. The study reported in 

this paper is a part of a larger ongoing project on the mathematics learning that occurs 

in CAOAFs (see Kontorovich, 2018 for a first report). The data for this study comes 

from a particularly replete forum that accompanied a face-to-face course in linear al-

gebra for high-school students. 
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BACKGROUND AND CONCEPTUAL FRAMEWORK 

Mathematical OAFs 

Research in mathematics education has been mainly concerned with rewarding and 

open OAFs. By rewarding, I refer to the learning settings where a percentage of a final 

grade is assigned to students’ participation in online discussions (e.g., Jacob & Sam, 

2008). Accordingly, a rewarding interaction is structured by the assignment that was 

given to the learners and their participation is monitored and assessed by course in-

structors. While rewarding interactions occur in specially developed platforms, such as 

Canvas, HighLearn, Piazza, Moodle etc., open interactions take place in the World 

Wide Web. In open forums the participation is voluntary, anonymous, and not restric-

ted to any particular course and theme. Van de Sande (2011) described open inter-

actions as a mathematical help exchange between seekers and providers. Table 1 

shows that some characteristics of CAOAFs are similar to rewarding forums while 

others are in common with open forums. 

Types of participation in OAFs 

Educational research has been concerned with various aspects of learners’ participa-

tion in OAFs. Perkins and Murphy (2006) explored individual engagement in a re-

warding OAF in the context of education. The categories that the researchers used for 

classifying participants’ posts consisted of: clarification, which refers to all aspects of 

stating, clarifying and defining the discussed issues; assessment, which is concerned 

with evaluation of the argumentation in the discussion; inference, which is concerned 

with making generalizations and drawing connections; and strategies, which account 

for discussing possible actions and predictions of their outcomes. Perkins and Murphy 

(2006) found that the majority of students’ posts were concerned with clarification and 

assessment. 

In the context of a mathematical open OAF, van de Sande (2011) suggested that the 

posted queries are mostly concerned with textbook problems, and that the participants 

seek help with construction of a solution, verification of a solution constructed by 

them, and construction of an explanation for a solution taken from another source. In 

her study, van de Sande examined the mathematical activity of a help-seeker and as-

sociated it with a publication of full or partial solutions. As a result of the analysis, the 

researcher found out that help-seekers were active in nearly 60% of their posts. 

Other studies identified patterns in learners’ posts and used them for constructing parti-

cipants’ online profiles. For instance, in a course on programming languages, Shaw 

(2012) distinguished among four profiles: askers who mostly asked questions about 

the course contents and problems but avoided participating in discussions initiated by 

other learners; repliers who tended to enrich the discussions with solutions; watchers 

who browsed questions and solutions of other participants but the number of their posts 

was small; and no action who did not follow forum discussions. A statistically signi-

ficant correlation was found between learner’s participation type and their achieve-
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ment. Specifically, repliers scored higher than askers, who scored higher than wat-

chers, who scored higher than no action type.  

Characteristics Open OAFs CAOAFs Rewarding OAFs 

Participants registered members learners who study the course 

Participants’ 

identity 
anonymous usually a full name is displayed 

Participation driven by participants interests and needs  
driven by course 

assignments 

Relevance of 

online discus-

sions 

relevant to participants 

with similar interests 

and needs 

usually relevant to all 

students in the course 

depends on the 

assignment 

Table 1: Similarities and differences of OAFs 

The intensity of participation in OAFs has been also addressed (Jacob & Sam, 2008). 

For example, van de Sande (2011) distinguished between core participants of the fo-

rum who post frequently and peripheral participants who post occasionally. 

RESEARCH GOAL 

The goal of the study reported in this paper was to explore students’ interactions in an 

online asynchronous forum and their relations to achievements in the face-to-face 

course in linear algebra. The three questions that instigated the investigation were: (1) 

How does students’ posting intensity correlate with their achievements in the course? 

(2) How do posting intensity in self-initiated and peer-initiated threads correlate? (3) 

What kind of help did the students seek and provide in their post-exchanges?    

METHOD 

Setting and data collection 

As a part of a larger project, twenty-five ninth-graders were selected to participate in a 

prestigious three-year program at the renowned technological university in Israel. The 

selection was made based on students’ interest in undergraduate education, recommen-

dations of their teachers, and school achievements. The program was aimed at pre-

paring for and engaging high-school students in undergraduate education in parallel 

with their regular school studies. The data for the present study was collected during 

the first program year in a preparatory course for linear algebra.  

The course consisted of twenty-one weekly lessons, each of which lasted for two and a 

half hours. The course syllabus encompassed three central topics: (i) polynomials, (ii) 

matrices and equation systems, and (iii) vector spaces. After each lesson the course 

teacher provided students with a list of problems to solve at home. The solutions were 

not intended for submission, but variations of some of the problems appeared in a quiz 

in the following lesson. At the end of the course the final exam was assigned. Ac-
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cordingly, the data on students’ achievements came from the weekly quizzes and the 

final exam. 

A CAOAF was opened in a popular social networking site in order to provide students 

with a platform for collaboration on homework assignments. The students came from 

different schools situated in different parts of Israel, and it was expected that a con-

siderable portion of students’ discussions would take place in the forum. The students 

were encouraged to use the forum for sharing and addressing each other questions and 

difficulties regarding the learned topics. The published posts comprised the data on 

students’ online interactions.     

Data analysis 

The data was approached with a computer-mediated data analysis (CMDA) method to 

researching online behaviors. The method operationalizes the phenomena under con-

sideration (in this case, students’ online interactions) by creating coding catego-ries 

and exploring the relations between them with statistical means. Opposed to other 

studies where the explored number of posts was rather small (Jacob & Sam, 2008; Van 

de Sande, 2011), the forum under discussion contained thousands of posts-exchanges, 

a comprehensive analysis of which is still ongoing. In this study, Questions (1) and (3) 

were associated with thread-initiation, question (2) was explored in the Polynomials 

Unit. Overall, the analysis was conducted with posts in which the students explicitly 

addressed the mathematical content of the course.   

In Questions (1) and (2) the correlations were examined in the IBM SPSS STATIS-

TICS 23 software with Spearman’s rho coefficient. The test is useful for analyzing a 

relation between ordinal variables, such as the number of initiated threads and achieve-

ments. Content analysis was used in Question (3) for revealing the type of help that 

students sought and provided in their thread-initiating posts. The analysis was ap-

proached with partially predefined categories that were presented in the second section 

of the paper (Krippendorff, 1980).  

FINDINGS 

Thread-initiation and course achievements 

The explored CAOAF consisted of 334 mathematical threads. The average number of 

thread-initiating posts was 14.13 per course student (SD=25.09). A large SD indicates 

considerable differences in students’ posting behaviors. Six students who posted the 

most intensively can be addressed as core participants of the forum, and together they 

initiated about 85% of all threads (see Table 2). Table 2 also shows that the 

thread-initiation intensity of almost all the course students was relatively stable during 

the year. For example, S2 and S3 were the most active in all the three units of the 

course; the participants that were peripheral in the first unit of the course remained in 

this status until the end of the course. Overall, the core group outperformed the pe-

ripheral group in the quizzes and in the final exam. 
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 S1 S2 S3 S4 S5 S6 Total 

Polynomials Unit 13.6% 18.6% 22% 17% 6.8% 3.4% 81.4% 

Matrices and Equation 

Systems Unit 
9.8% 24.8% 25.6% 15% 5.3% 7.5% 88% 

Vector Spaces Unit 9% 37.6% 24.8% 0.8% 6.8% 5.3% 84.3% 

Course total 10.2% 28.9% 24.6% 9.5% 6.2% 5.8% 85.2% 

Table 2: Proportions of threads initiated by core participants in the course 

A strong and positive correlation was found between the total number of threads ini-

tiated by a student in the course and her achievements in the final exam (see Table 3). 

In the Vector Space Unit the correlation between the initiated threads and weekly 

quizzes was positive and moderate, and in the Matrices Unit it was positive and strong. 

In the Polynomial Unit the correlation was insignificant. The number of threads gen-

erated by the students in each unit moderately correlated with their achievements in the 

final exam.   

Thread-initiating posts Quizzes 
Final Exam 

(range of scores: 15%-100%) 

Polynomials Unit 
 

(range of scores: 43%-90%) 
 

Matrices Unit 
 

(range of scores: 25%-98%) 
 

Vector Spaces Unit 

 

(range of scores: 

33%-100%) 

 

Total course account   

Table 3: Correlations between students’ thread-initiation and course achievements 

Thread-initiation and participation in peer-initiated threads 

The relations between students’ thread-initiation and participation in each other’s 

threads were explored in the Polynomials Unit. The findings are summarized in Table 

4 and they show a moderately strong and positive correlation between the number of 

threads initiated by a course student (w) and the number of her peers’ threads in which 

she participated (x). Also a moderately strong positive correlation was indicated be-

tween the number of students’ posts in their self-initiated threads (y) and in the threads 

initiated by other students (z). In the other words, the more active a student was in her 

own threads the more actively she participated in the threads initiated by her peers. 

This finding indicates the collaborative nature of students’ interactions in the CAOAF 

under scrutiny. 
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   - 

    

Table 4: Correlations between students’ posting behaviors   

Help sought and provided in the threads 

The content analysis of thread-initiating posts resulted in seven categories:  

(1) Problem formulations – where thread-initiators sought for clarifications on formu-

lations of homework problems (e.g., “In question 1 it says that ( ) ( )|q x p x . What does 

this | mean?”) 

(2) Full solutions – where thread-initiators sought for help with problems without ac-

tive contribution to their solution (e.g., “Did anyone solve Question 2? I can’t think of 

anything.”) 

(3) Partial solutions – where thread-initiators provided some ideas for problem solu-

tions and sought for help with their development (e.g., “I found that  is a root of 

 with the multiplicity of 6. How do I find the remaining two roots?”). 

(4) Verification of full solutions – where complete solutions were posted by thread-ini-

tiators (e.g., “Hey, guys! Here are my answers. If you find any mistakes, please let me 

know”). 

(5) Clarification on classroom material – where thread-initiators sought for explana-

tions of the material discussed in the class (e.g., “Can you explain the Rank-nullity 

theorem to me again? I didn’t get it in the lesson”). 

(6) Problem-solving strategies – where thread-initiators sought for strategies that are 

applicable to sets of problems (e.g., “How should I approach problems asking to 

construct a mapping when the image of the base is given?”). 

(7) Inference – where thread-initiators shared their conjectures that were not discussed 

in the classroom (e.g., “I think that complex numbers are neither positive or negative, I 

think that they are sign-less.”  

In the case of core participants, the proportions of the threads in each category are 

shown in Table 5. Two remarks can be made on the table: First, nearly half of their 

thread-initiating posts were concerned with verification of complete solutions. Con-

sidering this category together with (3) and (7), it can be suggested that core partici-

pants of the forum were mathematically active (in the sense of van de Sande, 2011) in 

at least two thirds of their threads. Second, the posting profiles of students S4 and S6 

are similar and they can be addressed as solution verifiers, as about 90% of their 

thread-initiation posts belonged to this category. The profiles of S1 and S3 are also 

similar, but their posting behaviors were spread among various categories. 
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 S1 S2 S3 S4 S5 S6 Total 

(1) Problem formulations 6% 9.6% 12.5% 3.2% 20% 5.3% 9.5% 

(2) Full solutions 6% 6.4% 10% 9.7% 20% 0% 8.6% 

(3) Partial solutions 15.2% 10.6% 10% 0% 15% 5.3% 9.2% 

(4) Verification of full 

solutions 
33.3% 68.1% 36.3% 87% 25% 89.4% 52% 

(5) Clarification of 

classroom material 
12.1% 1% 13.8% 0% 5% 0% 7.7% 

(6) Problem-solving 

strategies 
18.2% 1% 5% 0% 15% 0% 6.5% 

(7) Inference 9% 3.2% 12.5% 0% 0% 0% 6.5% 

Table 5: Categorization of thread-initiating posts 

SUMMARY AND DISCUSSION 

A hand full of studies have been concerned with online mathematical interactions (e.g., 

van de Sande, 2011). This study contributes to the emerging body of knowledge by 

focusing on a forum that accompanied a face-to-face course in linear algebra for 

high-school students. The data showed that the forum generated a considerable amount 

of mathematical post-exchanges between the students, when the vast majority of posts 

came from a small group of six students. Notably, in the study of Jacob and Sam 

(2008), who explored rewarding OAFs with hundreds of participants, the number of 

core participants was also around ten. Hence, comes the question “what does an in-

tensive participation in an online discussion indicate in terms of one’s learning?  

While the reported findings are limited by the specificity of the explored setting, they 

allow making conjectures for investigations in further research. The technological plat-

form that contained the explored forum, indicated that the posted threads were attended 

by all the course students. In informal conversations, peripheral participants indicated 

that they regularly read online discussions and the discussions were rich enough to 

fulfil their academic needs; consequently, they did not initiate threads of their own. 

This argumentation is typical to the ‘lurking’ participants of online communities 

(Preece, Nonnecke, & Andrews, 2004). On the one hand, the idea that an online in-

teraction that occurs between a small group of core participants suffices for the whole 

course seems reasonable and entails practical recommendations. On the other hand, a 

positive correlation was found between the number of students’ posts and their course 

achievements. Also, core participants outperformed their peripheral peers in quizzes 

and the final exam. This finding is also in line with Shaw (2012), who revealed in the 

context of language programming that the achievements of core participants were 

higher that the achievements of peripheral ones.  
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A possible interpretation for the achievement gap can be based on Moore and Kears-

ley’s (1996) notion of transaction distance that was introduced for capturing students’ 

involvement in distance courses. The researchers argued that more dialogue between a 

student and instructor indicated a smaller transaction distance, which is a signal of 

students’ greater involvement. In our case, the dialogue occurred between the students, 

but it still seems to indicate an engagement with the course contents.  

Another interpretation for the achievement gap can be based on the considerable body 

of knowledge on students’ interactions in collaborative learning settings. The connec-

tions of online interactions to this body of knowledge can be illustrated with Leikin and 

Zaslavsky (1997) who found that when divided into small groups, students helped one 

another with mathematical explanations and error detection. The students in this study 

also sought and provided help of a similar type. The positive relations between 

providing face-to-face help and achievements has been well-documented. The re-

searchers explain that help-providing necessitates students to recall, reorganize and 

articulate the learned material in the new ways, which contribute not only to the 

help-seekers but also to help-providers. Possibly, help-providers go through similar 

processes when the call for help comes from online. The question that remains, is what 

makes some students answer such a call. 

References 

Jacob, S. M., & Sam, H. K. (2008). Measuring critical thinking in problem solving through 

online discussion forums in first year university mathematics. Proceedings of the IMECS. 

Kontorovich, I. (2018). Why Johnny struggles when familiar concepts are taken to a new ma-

thematical domain: Towards a polysemous approach. Educational Studies in Mathematics, 

97(1), 5–20.  

Krippendorff, K. (1980). Content analysis: An introduction to its methodology. London: Sage 

publications. 

Leikin, R., & Zaslavsky, O. (1997). Facilitating student interactions in mathematics in a co-

operative setting. Journal for Research in Mathematics Education, 28(3), 331–354. 

Moore, M. G., & Kearsley, G. (1996). Distance education: A systems view. Belmont, CA: 

Wadsworth. 

Perkins, C., & Murphy, E. (2006). Identifying and measuring individual engagement in cri-

tical thinking in online discussions: An exploratory case study. Educational Technology 

and Society, 9(1), 298–307. 

Preece, J., Nonnecke, B., & Andrews, D. (2004). The top five reasons for lurking: improving 

community experiences for everyone. Computers in Human Behavior, 20, 201–223. 

Shaw, R. S. (2012). A study of the relationship among learning styles, participation types, and 

performance in programming language learning supported by online forums. Computers & 

Education, 58, 111–120. 

Van de Sande, C. (2011). A description and characterization of student activity in an open, 

online, mathematics help forum. Educational Studies in Mathematics, 77(1), 53–78. 


