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Abstract— Successful online collaboration demands 
coordination among all the group members. This can be achieved 
through socially shared regulation of learning. Most studies deal 
with social shared regulation focusing on collective individual 
regulations during collaboration and absence of one of these 
processes would affect mathematical problem solving during 
collaborative learning. This study contributes to the emerging 
research on social shared regulation in collaborative learning 
where collaborative groups are analyzed as the unit of analysis. 
Participants include 21 students who are learning mathematics at 
a vocational training institution in an online collaborative 
learning setting. Students’ discussion scripts were collected and 
analyzed to identify the group strategies to regulate learning 
during solving Mathematics problem based on a coding scheme. 
Preliminary findings indicated that content-monitoring, content-
evaluation and task-planning were the most frequent applied 
regulation strategies during online collaborative learning. Online 
collaborative learning results in socially shared regulation in 
groups however co-occurrence of self-, co- and shared regulation 
in online collaborative learning varies in relation to the type of 
regulation strategies implemented by the group. Future study 
should investigate on the ways to encourage all forms of 
regulation to co-occur during online collaborative learning. Also, 
investigation on the quality of socially shared regulation (based 
on acquisition of mathematical knowledge and content of 
discussion) during online collaborative learning in relation to 
group learning performances should be carried out.  

Keywords—e-learning; regulated learning; collaborative 
learning; metacognition; Mathematics education. 

I. INTRODUCTION 
Collaborative learning involves a coordinated effort to 

solve a problem together [1]. To achieve coordination, it is 
important for group members to have their thinking visible to 
each other. This can be done by sharing and explaining to 
members of the group which in return allows individual group 
members to activate and strengthen their own understanding 
about the learning context and task [2]. Online collaborative 
learning in mathematics has become more common as more 
studies have reported the benefits of learning mathematics with 
collaboration. Students are able to increase their ability to 
generalize mathematical problems by negotiating with each 

other their ideas during collaboration [3]. They were also found 
to have improved understanding of mathematical concepts as 
they shared and exchanged knowledge with each other during 
collaborative problem solving and making their thinking 
visible to others [4]. Although a lot of studies reported on the 
benefits of collaborative learning for learning mathematics, 
more in-depth research is necessary to discover how online 
collaborative learning contributes to their learning success 
particularly based on students’ regulation strategies of how 
they plan, monitor and evaluate their collaboration to finally 
solve mathematics problems in an online learning setting. 
Orientation, planning, monitoring, evaluating and reflecting are 
processes involved during learning regulation [5]. The ways 
students regulate their collaboration have a significant impact 
for knowledge acquisition and improved understanding about 
mathematic knowledge [4]. Most research in studying learning 
regulation in online collaborative learning setting emphasize on 
the collective individual learning regulation to represent group 
regulation. According to [6], group regulation cannot be 
reduced to individual regulation as the dynamics of group elicit 
different characteristics. As such, in collaborative learning, 
understanding the regulation processes requires information 
about self- and socially formed regulation (based on interaction 
with others during collaboration) [7]. This is because a handful 
of studies described online collaborative mathematics learning 
results in more social talks [4, 8] where content-related talks 
were mostly demonstrated by teachers [8] and absence of 
socially shared regulation processes would affect students’ 
mathematics problem solving process during collaboration [9]. 
Understanding group regulation process would provide insights 
on how students coordinate group activities when learning 
mathematics through orientation to task, planning the group 
process, monitor group progress, and evaluate group products. 
This study explores how students socially shared their 
knowledge and regulate their learning to solve mathematics 
problems based on the perspective that the collaboration 
process is a result of regulation of students’ interacting 
socially.  

2015 IEEE Conference on e-Learning, e-Management and e-Services

978-1-4673-9437-6/15/$31.00 ©2015 IEEE 1



II. BACKGROUND OF PROBLEM 

A. Collaborative Learning in Learning Mathematics 
In Malaysia, students undertaking engineering courses are 

required to learn calculus as a requirement to complete the 
course. Reference [10] stated that ‘calculus is one of those 
topics in mathematics where the algorithmic manipulation of 
symbols is easier than understanding the underlying concepts’. 
Learning calculus requires students to solve ‘real life’ problem 
that demands them to first understand the problem by 
translating the ‘context of the problem’ to an abstract level of 
calculus. Next, students solve the identified abstract calculus 
and finally translate the abstract calculus solution back to the 
problems’ context [11]. A lack of conceptual understanding 
about calculus leads students to face difficulties in translating 
the real life problems into calculus formulation [12]. Learning 
calculus becomes less problematic when students are 
introduced to the mathematical rules of differentiation and 
integral as the inverse process. However, some students have 
difficulties to select the correct mathematical representation of 
the problem [12]. As a result students tend to memorize the 
mathematical rules to arrive at the answer. Mathematical 
problem solving processes is proven to be important for 
students’ improved understanding of mathematics as a process 
of thinking rather than the rote memorization of steps [13]. 

Reformation of teaching strategies shows that learning in 
groups can improve students’ mathematical problem-solving 
processes [7]. Learning collaboratively in groups allows 
students to have access to each other’s understanding and 
perspectives about the problem. They gain more insight about 
the mathematical problem by negotiating each other’s ideas 
and thus increasing the ability to generalize the given 
mathematical problem [3]. Collaborative learning is important 
particularly to stimulate students’ metacognitive knowledge. In 
[4], students solving problems collaboratively were found to 
use metacognitive knowledge and metacognitive judgements 
during mathematics learning. That is, through collaborative 
discussions, students were more aware about their own 
mathematical knowledge. It encourages the students to have 
improved understanding about mathematics. It is particularly 
important for learning mathematics because students who 
know about the different strategies for solving a problem are 
more likely to use them [14]. Also, being aware about their 
own cognitions (metacognitive knowledge) promotes transfer 
of knowledge or strategies into different context of 
mathematical problem [14]. Students in collaborative learning 
discover various strategies to solve problems that increase their 
metacognitive knowledge thus helping them to be able to apply 
various strategies to solve various mathematical problems.  

High quality collaboration requires group member to 
employ self-regulation strategies effectively to obtain 
synergistic mutual understanding from all group members and 
thus generating socially shared regulation [15]. It is important 
that during socially shared regulation, the group response and 
act on the strategize plan rather than exchanging ideas about 
the plan [16]. As a result, a synergy group can be formed which 
works collaboratively to understand the task and strategized 
plan to complete the task by involving active participation from 
all the group members [15,17]. 

B. Socially Shared Regulation during Collaboration of 
Mathematics Learning 
In an online collaborative learning environment, the 

challenge for self-regulation increases [18]. As collaborative 
learning requires joint individuals to share and negotiate ideas 
to co-construct knowledge [19], the self-regulation of 
individuals can potentially affect the group process 
respectively. Reference [17] stated that during collaboration, 
three forms of regulated learning co-occur; self-regulated 
learning, co-regulated learning and shared regulation. Effective 
collaborative learning should be acknowledged based on 
socially shared regulation of the interacting students in a group 
rather than understanding individual self-regulation processes 
because regulation process to achieve shared understanding 
during collaboration is a result of group’s shared cognition [1]. 
Self-regulation and socially shared regulation differs as self-
regulation involves students constructing individual personal 
goals and alter individual strategies to achieve the personal 
goal while socially shared regulation occurs when collective 
goals are established within a group where all group members 
negotiate and adapt a regulation processes towards achieving 
the collective goals set by the group [17]. In turn, a 
collaborative group demands coordination and thus would 
suffer as a result of the different goals and regulation processes 
set by different individuals [17].  

Research on the role of shared regulation for online 
collaborative learning is currently expanding with very little 
attention about acknowledging the ‘collaborative group’ as the 
regulating agent. In most empirical studies, socially shared 
regulation was investigated from the perspective of collective 
individual regulation as a result of group socially shared 
regulation [7].  Based on the assumption that collaborative 
learning is a social construction of knowledge [20], knowledge 
construction process is synergistic where the group processes 
shapes the individual group members. That is, collaborative 
learning group processes should be assessed based on the 
group as a whole [21]. Reference [9] described the role of 
socially shared regulation in mathematical problem solving 
where they found that individual students would monitor their 
own thinking during collaboration and thus adopted others’ 
thinking of the group towards own thinking development. 
Hence, it is very important that collaborative learning occurs in 
a fashion that includes all the necessary socially shared 
regulation processes. The absence of several phases of 
regulation during collaborative learning would jeopardize 
students’ learning. For example, lack of evaluation process 
during regulation of learning would lead to students applying 
incorrect strategies during mathematical problem solving [9]. 
Until now, little is known about how groups devise strategies 
and when cognition is shared to give us more information 
about the effect of socially shared regulation process on both 
collaborative learning and students’ acquired knowledge during 
collaboration. Information on group regulated strategies 
(orientating, planning, monitoring, and evaluating) will help to 
draw conclusions on the quality of constructed knowledge [22] 
and inform teachers on how to improve group performance by 
acknowledging the regulation strategies that promotes or 
inhibits cognitive activities during online collaborative learning 
[7]. It is also important for providing instructional designing 
ideas and propose the necessary support for groups to regulate 
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online learning. Hence, this study will explore group regulation 
strategies during online collaborative mathematics learning 
based on the perspective that shared regulation operates when 
groups construct shared goals in solving Mathematic problems. 
In specific, this study will answer the following research 
question: 

• How do students socially share regulation during online 
collaborative mathematics learning? 

III. RESEARCH METHODOLOGY 
This study is part of a larger exploratory study about group 

regulation in a computer-supported collaborative learning 
environment. In this study, both qualitative and quantitative 
approaches were applied to explore how groups regulate 
strategies during online collaborative mathematics learning. 

A. Participants 
The participants of this study were 21 students studying 

Mathematic course at a vocational education training 
institution. All the students have to attend all the learning 
sessions as part of completing their Mathematic course. They 
are familiar with online learning platform as part of their 
learning resources to download notes, exercises and to receive 
updates about the course. However, online learning discussion 
in groups is relatively new for all the students. Students were 
divided into small groups consisting of three students in every 
group. Group formation was based on their previous semester 
CGPAs where more successful students were grouped with the 
less successful students. A heterogeneous group of high-
achiever and low-achiever was form based on the assumption 
that regulation would most likely triggered by the high-
achiever of the group. There were altogether 7 groups formed 
in this study. However, one group participation (Group 3) was 
dropped from the study as two of three of the group members 
were absent during the data collection process. 

B. Research Procedure 
Throughout the semester, the Mathematic course consists of 

calculus topics such as Differentiation, Integration and Limit. 
For this research, experimentation was carried out during 
students’ learning about the topic Integration. The whole 
research spanned 5 lessons (Lesson 1-Lesson 5) where all the 
lessons required students to solve four related integration 
problems. Each lesson lasted for 75 minutes. The first 30 
minutes was a teaching session where teacher explained the 
related mathematical concept to be learnt. Another 30 minutes 
was allocated for the students to access the online collaborative 
learning environment to solve the given mathematic problem. 
They have to post their group’s result and the steps they took to 
come up with the answers on the online learning discussion 
board. For the purpose of this preliminary study, we report on 
the preliminary findings of Lesson 2.  

C. Instrumentation 
Participants in this study have to complete a collaborative 

Mathematics task called ‘Predicting Jobless People in 
Malaysia’ about the learning content ‘Integration’. This task is 
about estimating the number of jobless people in Malaysia in 

the year 2015 based on the available data. During lesson 2, this 
content was still new among the students thus the teacher 
began the lesson by explaining the steps to solve the problem. 
Next, the students performed some exercises and then carried 
out the online collaborative task. The students’ discussion 
thread in the online collaborative learning was collected to 
analyze the regulation processes during mathematic problem 
solving.  

D. Data Analysis 
Since regulation in online collaborative learning is 

understood from the perspective that students ‘socially’ 
regulate, a group represents the social entity as compared to 
collective individual regulation processes. Hence, analysis of 
discussion threads was carried out by observing how students’ 
jointly regulate the discussion towards a common goal. We 
adopted steps taken by [7] who defined ‘episode’ as a set of 
turns taken by students during discussions. An ‘episode’ starts 
when a student triggers the conversation to start regulating (a 
turn) and in return, another student reacts to the first ‘turn’. An 
‘episode’ consists of at least two turns and an ‘episode’ ends 
when a student starts regulating about other regulation 
processes. All the episodes were analyzed qualitatively using 
the combination of coding scheme developed by [5] and [23] 
which are related to regulation strategies in online learning 
(Table 1).  

The coding scheme divides regulation strategies into task-
oriented and content-oriented. Task-oriented regulation 
strategy involves ‘orientation’, ‘task-planning’, ‘task-
monitoring’, and ‘task-evaluation’. Content-oriented strategy 
involves ‘content-planning’, ‘content-monitoring’, and 
‘content-evaluation’. The unit of analysis used for content 
analysis is ‘meaning’ of every identified episode. There were 
altogether 173 messages posted by the students during 
collaborative discussions. Analysis and coding of these 
messages result in 48 episodes. Two coders first decide on the 
number of episodes. The episodes were then coded 
independently and a comparison between the codes indicates 
an 87% agreement of the coded episodes.  

TABLE I.  CODING SCHEME 

Regulation 
Strategy 

Definition 

Orientation Orientation on prior knowledge, task demands, and 
feelings about task 

Planning Reading and interpreting task directions, designating 
task assignments, setting task goals, evoking relevant 
prior knowledge 

 Content 
planning 
  

Discussing shared goals related to conceptual 
understanding 
Evoking task relevant content knowledge 

 Task 
planning 

Discussing the shared task plans, such as role 
assignments and how to go about answering the task 
questions 

Monitoring Assessing content understanding, the developing 
product, assessing progress or plan for completing the 
task 

 Content 
monitoring 

Monitoring content contribution or checking accuracy of 
task responses 

 Task 
monitoring 

Verifying the progress toward or completion of each 
task prompt 
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Evaluation Assessing content understanding, goal attainment, task 
completion and the final product 

 Content 
evaluation 
  

Checking whether the group met initially set goals 

Evaluating accuracy of the final task solution 

 Task 
evaluation 

Checking the completion of all the task prompts, 
evaluating having met task directions 

 

Based on the coded episodes, frequencies and percentages 
were counted and calculated to provide an overview about the 
quantity of regulation episodes.  

IV. RESULTS 
During collaboration all group members participated in the 

discussion except for members of Group 3 who discussed the 
task with the instructor (two members of Group 3   were 
absent). Table 2 shows the description of posted messages that 
were scrutinized as ‘episodes’ generated from the online 
collaborative discussions. Based on Table 2, most episodes 
were content-oriented rather than task-oriented. Generally, 
groups spent more time to arrive at the correct answer for the 
task by planning which algorithm they should perform 
(Content planning), checking if they calculated correctly 
(Content monitoring) and deciding within the group the final 
correct answer (Content evaluation). They rarely regulated 
learning by monitoring and evaluating whether they have met 
the task demand although at first, some of the groups 
determined how to carry out the task (Task planning). Table 2 
shows that Group 4 (G4) did not apply any of the task-oriented 
strategies and thus their collaboration was more about 
exchanging and checking answers. One of Group 4’s members 
said the following:  

Amir: “Guys, I do the calculation first, then all of you check 
whether my answer is correct.” 

After doing the calculation, other group members check 
whether they got the same answer. During the discussion, none 
of the group members pointed out if they follow the steps 
correctly, instead same answer was perceived as having the 
correct answer. 

None of the groups applied all the regulation strategies 
during solving the problem. The most frequent regulation 
strategy applied by the groups was ‘content evaluation’ where 
the group members discussed  whether they have made the 
correct calculation, deduced the correct integrated model or 
substitute the correct value in their equation. An example of 
‘content evaluation’ episode in Group 6 is shown as follows: 

Mike  : “Guys…what should we do now?” 

Nasir : “t = 4 because it’s given for t = 2. Add another 2 for 
2008 until 2010”. 

Ali : “Correct. Back our answer. The question asks for the 
year 2015. So, t for 2015, t = 9. I calculate J and get J 
= 25781.4. To find the value of c, use t = 4. So c value 
c = - 15318”. 

 [Mike write the whole calculation in the discussion].  

Mike : “Is it okay guys? Anything else?” 

Ali : “Yes...that’s the answer”. 

TABLE II.  DESCRIPTIVE FREQUENCIES OF STUDENTS’ REGULATION 
STRATEGIES FOR SOCIALLY SHARED REGULATION 

Regulation 
Strategy 

Frequency Total   % 

G1 G2 G4 G5 G6 G7 
Orientation 2 1 0 0 2 1 6 12.5 

Planning  

 Content 
planning 

0 0 1 1 0 1 3 6.3 

 Task 
planning 

1 1 0 3 1 1 7 14.6 

Monitoring  

 Content 
monitoring 

2 2 1 2 1 2 10 20.8 

 Task 
monitoring 

1 0 0 0 0 0 1 2.1 

Evaluation  

 Content 
evaluation 

5 3 2 0 7 2 19 39.6 

 Task 
evaluation 

0 1 0 0 1 0 2 4.2 

Total 
Episodes 

11 8 4 6 12 7 48 100 

 

As a group, Group 6 (G6) gave feedback on each other’s 
findings and found fault in their previous calculations. Another 
group member made an effort to list all the iterative steps in 
order to double check their answer. In another group, 
regulation is not clearly shared within the group during 
‘content evaluation’. For example in Group 1, every group 
member calculated independently and checked answers with 
each other. An example of the ‘content evaluation’ episode for 
Group 1 is demonstrated as follows: 

Khalis : “The c value is – 29, 163. Didi, what did you get 
for c? Can you calculate and see if we get the same 
answer?” 

Didi: “Khalis, my c is -15318”. 

Opi: “I also got a negative value for c”. 

Didi: “Yup..” 

Didi: “Khalis, I replace t with 4 so that is why I get that 
answer..”. 

The ‘content evaluation’ episode diversified in Group 1 and 
Group 6. Group 1 evaluated the content by one member trying 
to explain to another member about her personal understanding 
(co-regulation) to finally arrive at a mutual understanding 
(socially shared regulation). In Group 6, the group members 
had established mutual understanding and thus together, they 
socially regulated by evaluating the content.   

During ‘Content Monitoring’ most of the groups were able 
to ‘socially’ share regulation. In Group 7, the regulation of 
content monitoring was carried out as follows: 

Ahmad: “I think the parameter is J”. 
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Aiman: “Then when we integrate dJ/dt to get a general 
model right? We integrate and get J = 254.4t2/2 + 
3421.8t”. 

Amin : “I think that is correct Aiman but we have to add c 
to the equation. It becomes like this J = 254.4t2/2 + 
3421.8t + c. Right? Ahmad, what do you think?” 

Ahmad : “Hahaha...yes... that is correct Amin”. 

Group 7 first monitored each other’s understanding about 
the decision to integrate dJ/dt. They monitored group 
members’ contribution by identifying the mistake the group 
have made and then decided together the correct answer. 
Similarly, Group 5 regulated learning socially by monitoring 
content as shown in the following example: 

Hamid : “2015 – 2008 we get 7. 7 x 2 we get 14. So, t value 
for the year 2015 is 14... t =2 is for the year 2008. 
Then substitute the value t”. 

Haziq : “Hamid, I think t = 4...”  

Udin : “I think t = 5 because 2015 – 2010 = 5”.  

[After several minutes] 

Udin : “The new t value is 7 + 2 = 9. Not by multiplying but  
add the value” 

Haziq : “The new t value is correct Udin. The first t value is 
incorrect because in 2008, t = 2, so for 2010, we 
have to add 2… then we get t = 2+2 = 4” 

 [Hamid wrote the whole calculation for new t value as 
previously discussed] 

Haziq : “Yes…that is right...we only made mistake when 
calculating the t value” 

Udin : “Good job. Yup correct”. 

Group 5 was negotiating their understanding about the t 
value. Although initially Udin suggested a new t value, Haziq 
further justified Udin’s answer. Hamid then took the initiative 
to write the whole calculations based on the discussion, which 
was further approved by the group. In Group 5, all group 
members contributed their understanding. Group 5 achieved 
mutual agreement based on their discussions rather than only 
one member contributing and making decisions about the 
correct answer.  

‘Task planning’ is another regulation strategy that was quite 
frequently used during online collaborative learning (14.6%). 
All groups applied this regulation strategy except for Group 4. 
Group 4 kicked off their discussion with ‘content planning’. 
They know that they have to integrate the equation and 
substitute the given value into the equation. Task planning was 
mostly demonstrated by Group 5. They discussed on what they 
have to do first and how they should proceed upon knowing. 
The example of task planning Episode 1 by Group 5 is shown 
below: 

Haziq : “Hello guys..any of you remember how do we 
solve this problem?” 

Hamid : “The parameter is J” 

Udin : “Yup correct the parameter is J. Ok, so we have to 
find the value of J.” 

Hamid : “If we want to find what is the parameter, we have 
to integrate J.” 

Haziq : “Ohh really? So after we identify the parameter 
then only we can integrate right?” 

As shown in the discussion, Group 5 made it clear on what 
they should do first before doing the calculation. Although 
some of the mathematical concepts were incorrect (such as 
‘integrate J’ instead of ‘’integrate dJ/dt), they basically know 
what they should do first. Compared to content planning 
strategy, socially shared regulation is more transparent during 
task planning. During content planning, some students tend to 
provide the answer rather than discussing about the answer 
such as the following discussion by Group 7 in Episode 4: 

Ahmad : “Now how??” ;( [sad emoticon] 

Aiman : “Insert the value t=2 and the value 404.4 in the 
equation right?” 

Amin : “That is correct Aiman.. substitutes the value 404.4 
in J.. 2 substitute in t.. understand? Because now 
we want to find the value of c.” 

V. DISCUSSIONS 
From the perspective of socially shared regulation, as a 

result of group’s shared cognition, this study attempted to 
investigate the co-occurrence of self-, co-, and shared 
regulation in online collaborative learning. Generally, online 
collaborative discussions during mathematical problem solving 
resulted in more content-oriented regulation strategies as 
compared to task-oriented regulation strategies. This is 
consistent with findings by [25] who also found that for 
socially shared regulation, students were found to elicit more 
content-related strategies as compared to the socio-emotional 
aspect of the task. Regulating task is rather time consuming 
and in this study we observed that students demonstrated more 
content-regulation strategies. Reference [24] highlights the 
importance of having a shared plan so that groups can always 
refer to their plan and ensure they have covered every aspect in 
the shared plan. However, most groups preferred to proceed 
with content-planning which focus on having the task done 
rather than spending some time to properly plan the steps they 
should take to ensure the task is completed correctly. Lack of 
task-orientation strategies could cause collaborative groups to 
be less efficient as they have lack of understanding of the task 
and more time would be needed to have all group members to 
understand the task by revisiting the task.  

Reference [17] stated that for effective collaboration, three 
forms of regulated learning co-occur; self-regulated learning, 
co-regulated learning and shared regulation. In this study, not 
all of the three forms of regulation co-occur during 
collaboration. This aligns with the findings by [24] who 
pointed out that it is irregular for collaboration to fluctuate 
among the three forms of regulation. In this study, the forms of 
regulated learning that co-occur is related to the type of 
regulation strategies that the groups applied during online 
collaboration. It was found that three regulation strategies 
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which were mostly applied by the groups were content-
evaluation, content-monitoring and task-planning. In one of the 
groups, content-evaluation only involved the occurrence of 
self-regulation and co-regulation where group members solved 
problem individually (self-regulation) and checked each other’s 
answers for clarification (co-regulation). Reference [15] 
indicated that this is an example that the group was not 
collaborating. Instead they were only sharing and exchanging 
opinions and findings, which affects the quality of the 
discussions.   

In some groups, fluctuation of the three forms of regulation 
was observed during the application of content-evaluation 
strategy. In Group 6, the group checked individual 
understandings and together, took the initiative to list down the 
product based on the discussion and re-checked the group 
understanding of the answer. This is an important step for 
online collaborative learning because effective collaboration 
requires coordination before the shared goal can be achieved 
[1]. Not only Group 6 focused on solving the problem, they 
made joint effort to ensure all group members understood the 
group process.  

Other than content-evaluation, ‘content-monitoring’ 
strategy was observed in all groups under study. It was found 
that during content-monitoring, self-regulation, co-regulation 
and socially shared regulation were also more likely to co-
occur. This is possibly because monitoring requires the group 
to monitor content contribution and checking the accuracy of 
task responses [23] which cannot be achieved by simply self-
regulating and co-regulating. For example, in Group 7, firstly, 
individuals self-regulate by monitoring one’s own 
understanding, then individuals co-regulate by monitoring each 
other’s understanding. When one of the group members 
identified the group’s mistake, they socially regulate and the 
new information was again regulated at the individual level 
(self-regulation). Group 7 demonstrated how other’s thinking 
were adopted to individual knowledge building. However, it is 
also more important to verify the adopted knowledge is the 
correct content knowledge.  

This study also found that ‘task planning’ is another 
important regulation strategy that promotes more shared 
regulation during collaboration as compared to self- and co-
regulation. Task planning marks the direction and the layout of 
the collaboration as the group makes clear indication about 
what they should do. During planning, decisions were made 
together as a group rather than one person directing another 
person. Collaboration becomes more synergistic when a group 
engages in early collaboration phases such as dividing labors, 
and identifying tasks [26]. In groups where ‘task planning’ was 
absent, collaboration was less coordinated as they act 
individually and gather their individual product to form the 
group product (Group 4). In this case, metacognition is very 
unlikely to be shared especially when they reached similar 
answer to the mathematics problem as collaboration will be 
immediately terminated. 

An important aspect of the study was the level of students’ 
understanding about mathematical concept during online 
collaborative learning for mathematical problem solving. This 
study found that when students tried to explain mathematical 

concepts to their friends, they tend to misinterpret the 
mathematical concept. However, no group members paid 
attention to the details of the mathematical content during 
discussion. This is consistent with findings by [4] who found 
that mathematical concept explanation was less transparent in 
students’ utterances but more social talks were observed 
because they paid more attention to just solving the problem 
rather than solving the problem correctly. This scenario affects 
both the quality of discussion and the quality of knowledge 
being constructed. It is the similar concern raised by [9] who 
stated that students might leave the discussion with incorrect 
understanding about the mathematical content knowledge. This 
is mostly because of lack of content knowledge and discussions 
were built upon incorrect assumptions while correct answers 
were ignored during regulation. It further clarified the need to 
enforce students to repeatedly ‘monitor’ and ‘evaluate’ the 
collaboration that is still lacking in most groups as shown in 
this study. In this study, there were evidences of other’s 
thinking being adopted to individual knowledge development 
(for example Group 7) but verification of the content 
knowledge has to be further made by the teacher.  

In summary, not all regulation strategies were socially 
shared and applied during online collaborative learning. 
Content monitoring (CM), content evaluation (CE) and task 
planning (TP) were the most frequent shared regulation while 
content planning, orientation and task evaluation were 
frequently absent in most groups. Although CM, CE and TP 
were observed, these regulation strategies influenced the 
quality of discussions. That is, lack of content knowledge 
(mathematics) leads to students adopting incorrect 
understanding into building own thinking. It reaffirmed the 
need of task monitoring and task evaluation to assess the 
overall group product that were absent in most online 
collaborative groups due to urgency to complete the task. 

Methodologically, the findings of the content analysis of 
online collaborative discussions using episodes to describe 
socially shared regulation gives more information about forms 
of regulation that co-occurs. The students discussed 
mathematical knowledge at self-, co- and shared regulation 
although the co-occurrence of these regulation forms differed 
when different regulation strategies were implemented. It 
informs us that not all regulation strategies results in co-
occurrence of all forms of regulation. Social shared regulation 
appears to be the case that it depends on the type of regulation 
strategies operationalized by the group. 

VI. CONCLUSION 
Effective online collaboration requires co-occurrence of 

self-, co- and shared regulation. This preliminary study 
demonstrated the co-occurrence of different forms of 
regulation by groups that signifies (but remains insufficient) 
effective collaboration. However the form of regulations varies 
in relation to the types of regulation strategies applied during 
online collaboration and thus presents future needs to 
investigate the intertwining role between self- and co- for 
shared regulation. This study is far from sufficient to generalize 
to the population due to small samples. However, it adds to the 
understanding about socially shared regulation in online 
collaborative learning based on the analysis of discussions 
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from social perspectives. This study highlights the importance 
of nurturing shared regulation for more effective online 
collaboration despite co-occurrence of many methodological 
challenges. The domination of self-regulation during online 
collaboration not only demolishes collaboration between group 
members but also affect the quality of discussion. Although 
almost all groups were able to reach conclusions and solve the 
collaborative task, the mathematical knowledge of the students 
was mostly at the superficial level as they used incorrect terms 
to refer to several mathematical operations. It reflects the level 
of students’ understanding about mathematical knowledge and 
thus requires further investigation. A further study should also 
focus on the quality of shared regulation (for example, do 
students explain their opinions?) in online collaborative 
learning as aiming at solving the problem might undermine the 
quality of the content of the discussions. 

ACKNOWLEDGMENT 
The authors would like to thank Universiti Teknologi 

Malaysia (UTM), Ministry of Education (MoE) Malaysia, and 
Radboud University Nijmegen, The Netherlands for their 
support in making this project possible. This work was 
supported by Instructional Development Grant (4J129) initiated 
by UTM and MoE. 

REFERENCES 
[1] J. Roschelle, and S. D. Teasley, "The construction of shared knowledge 

in collaborative problem solving," In Computer supported collaborative 
learning, pp. 69-97. Springer Berlin Hei delberg, 1995. 

[2] N. M. Webb, “Information processing approaches to collaborative 
learning”  In C. E. Hmelo-Silver, C. A. Chinn, C. K. K. Chan, & A. 
O’Donnell. Eds., The International Handbook of Collaborative 
Learning. Taylor & Francis, Inc. 2013, pp. 19-40. 

[3] J. Moss, and R. Beatty, "Knowledge building in mathematics: 
Supporting collaborative learning in pattern problems," International 
Journal of Computer-Supported Collaborative Learning vol 1, no. 
4,2006,  pp. 441-465. 

[4] T-R. Hurme, and S. Järvelä, "Students’ activity in computer-supported 
collaborative problem solving in mathematics," International Journal of 
Computers for mathematical learning 10, no. 1, 2005, pp. 49-73. 

[5] I. Molenaar, It’s all about metacognitive activities: Computerized 
scaffolding of self-regulated learning. Ipskamp Drukkers BV, 2011. 

[6] S. Volet, M. Vauras, and P. Salonen. "Self-and social regulation in 
learning contexts: An integrative perspective," Educational psychologist 
44, no. 4, 2009, pp.215-226. 

[7] T. Iiskala, M. Vauras, E. Lehtinen, and P. Salonen. "Socially shared 
metacognition of dyads of pupils in collaborative mathematical problem-
solving processes." Learning and instruction 21, no. 3, 2011, pp. 379-
393. 

[8] T. R. Hurme, T. Palonen, & S. Järvelä. “Metacognition in joint 
discussions: an analysis of the patterns of interaction and the 
metacognitive content of the networked discussions in 
mathematics.” Metacognition and learning, 1(2), 2006, 181-200. 

[9] T-R. Hurme, S. Järvelä, K. Merenluoto and P. Salonen. "What makes 
Metacognition as Socially Shared in Mathematical Problem Solving? ". 
Metacognition: Fundaments, Applications and Trends, 2015, pp. 259-
276. Springer International Publishing. 

[10] M. Doorman, and J. van Maanen. "A Historical Perspective on Teaching 
and Learning Calculus." Australian Senior Mathematics Journal 22, no. 
2, 2008, pp. 4-14. 

[11] D. Tall, "The psychology of advanced mathematical thinking." In 
Advanced mathematical thinking, pp. 3-21. Springer Netherlands, 1991. 

[12] D. Tall, “Students’ difficulties in calculus,” In proceedings of working 
group, 1993, Vol. 3, pp. 13-28. 

[13] Y.M. Yusof, and D. Tall, "Changing attitudes to university mathematics 
through problem solving." Educational Studies in Mathematics 37, no. 1, 
1998, pp. 67-82. 

[14] P. R. Pintrich, "The role of metacognitive knowledge in learning, 
teaching, and assessing." Theory into practice 41, no. 4, 2002, pp. 219-
225. 

[15] T. K. Rogat, and L. Linnenbrink-Garcia. "Socially shared regulation in 
collaborative groups: An analysis of the interplay between quality of 
social regulation and group processes." Cognition and Instruction 29, no. 
4, 2011, pp. 375-415. 

[16] T-R. Hurme, K. Merenluoto, and S. Järvelä. "Socially shared 
metacognition of pre-service primary teachers in a computer-supported 
mathematics course and their feelings of task difficulty: a case study." 
Educational Research and Evaluation 15, no. 5, 2009, pp. 503-524. 

[17] S. Järvelä, and A. F. Hadwin. "New frontiers: Regulating learning in 
CSCL." Educational Psychologist 48, no. 1, 2013, pp. 25-39. 

[18] R. Azevedo, Roger, and A. F. Hadwin. "Scaffolding self-regulated 
learning and metacognition–Implications for the design of computer-
based scaffolds." Instructional Science 33, no. 5, 2005, pp. 367-379. 

[19] P. Dillenbourg, "What do you mean by collaborative learning?." 
Collaborative-learning: Cognitive and Computational Approaches. 1999, 
pp. 1-19. 

[20] M. Scardamalia, and C. Bereiter. "Knowledge building: Theory, 
pedagogy and technology" in K. Sawyer, Cambridge Handbook of the 
Learning Sciences, New York: Cambridge University Press, 2006, pp. 
97-118 The Cambridge 2006.  

[21] R. M. Mayordomo and J. Onrubia,  “Work coordination and 
collaborative knowledge construction in a small group collaborative 
virtual task". The Internet and Higher Education 25, 2015, pp.96-104 

[22] U. Cress, and F.  Hesse, “Quantitative methods for studying small 
groups,”  In In C. Hmelo-Silver, C. Chinn, C. Chan & A. O’Donnell  
Eds.The International Handbook of Collaborative Learning, New York: 
Routledge.2013, pp. 93-111.  

[23] A. Lee, A. M. O’Donnell, and T.K. Rogat. "Exploration of the cognitive 
regulatory sub-processes employed by groups characterized by socially 
shared and other-regulation in a CSCL context," Computers in Human 
Behavior, 2014 [in press]. 

[24] V. Grau, and D. Whitebread. "Self and social regulation of learning 
during collaborative activities in the classroom: The interplay of 
individual and group cognition." Learning and Instruction 22, no. 6 
2012, pp.  401-412. 

[25] M. Vauras, T. Iiskala, A. Kajamies, R. Kinnunen, and E. Lehtinen. 
"Shared-regulation and motivation of collaborating peers: A case 
analysis." Psychologia 46, no. 1, 2003, pp. 19-37. 

[26] K. Kwon, Y-H. Liu, and L. P. Johnson. "Group regulation and social-
emotional interactions observed in computer supported collaborative 
learning: Comparison between good vs. poor collaborators." Computers 
& Education 78, 2014, pp. 185-200. 

2015 IEEE Conference on e-Learning, e-Management and e-Services

978-1-4673-9437-6/15/$31.00 ©2015 IEEE 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


