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Abstract
Scaffolds establish a cognitive connection with the students and what they want to express. 
Supporting the collaborative knowledge building process with scaffolds is crucial for the 
participation and continuity in the online discussions. In this research, where a quasi-
experimental design is used, the contributions of the students in the online collaborative 
knowledge building process are examined in terms of role assignment, sentence opener 
scaffolds, and self-determination. 77 teacher candidates, who are registered to Computer 
II course, are assigned to 4 groups, in three of which scaffolds are used, and in the remain-
ing one of which scaffolds are not used. The students contribute to the knowledge build-
ing process in the first group by using the sentence openers, in the second group by being 
assigned with roles, in the third group by both being assigned with roles, and using the 
sentence openers appertaining to the respective roles, and in the fourth group by not mak-
ing use of any scaffold. Using content analysis and MANOVA, the research results reveal 
that using scaffolds, especially the combination of sentence openers and role assignment 
scaffolds encouraged higher cognitive levels of knowledge building. Significant differences 
with high effects were found between the groups for the dimensions of self-determination: 
self-awareness and perceived choice. The research points out some suggestions for future 
research.

Keywords  Knowledge building · Online collaborative learning · Scaffolds · Role 
assignment · Sentence openers · Self-determination

Introduction

Various technologies have been developed in the recent years, which support new learning 
and teaching procedures in the educational process. Web 2.0 technologies among those 
give chance to the communication and interaction between the users. Some researchers 
indicate that, the students reshape the social nature of the knowledge, and thereby gain 
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easy access to the information centers by way of making use of these technologies (Hickey 
et al. 2011). Following the introduction of Web 2.0 technologies in the educational process, 
the “community” concept has gained prominence (Cesareni et al. 2016). Attending a learn-
ing environment as a community means to activate, and contribute to the development of 
this learning environment. Learning environments, known as online collaborative learning 
environments and online learning communities, which go on developing throughout the 
educational process, have thereby been formed.

“Knowledge Building Community”, having been developed by Scardamalia and Bere-
iter (1994, 2003, 2006, 2010) towards constructivist learning perspective, is one of these 
learning environments. In this model, collaborative cognitive responsibility is emphasized 
throughout the knowledge progression process among the learning communities. It is 
thereby intended to maintain continuity of the development of ideas. In this community, 
the participants add up, elaborate, and analyze the knowledge, and assume a collaborative 
cognitive responsibility, by virtue of which they are to know and improve not only their 
own responsibilities, but also those of the other members. In this model, the participants 
are encouraged to produce knowledge products by way of focusing on creating knowledge, 
rather than uttering it. These knowledge products are subject to the review of the com-
munity so as to be developed later on. These knowledge products are shared in the form 
of online messages over the knowledge building environments. The community thereupon 
assumes the responsibilities of developing the knowledge products by means of multiple 
resources, and to discuss over the shared ideas. Scardamalia (2002) has suggested 12 socio-
cognitive and technological knowledge building principles so as to facilitate the develop-
ment of the knowledge building communities, and to bring the ideas to the center of the 
class life. Scardamalia (2002) has indicated that, these ideas are interconnected, applying 
any one of them is to bring along another one of them, so that these principles operate 
together as a system.

The main purpose of the Knowledge Building Community is to realize, and maintain 
the continuity of the in-depth collaboration between the students. New knowledge shall 
thereby be built, and develop the community. Development of the community is realized 
by the active participation of the students in the respective learning process. However, 
maintaining active participation in the online collaborative learning environments is not 
easy as it seems. Besides, nowadays, web-based courses supported by such new-genera-
tion digital learning technologies as Web 2.0 require stronger active participation of the 
students (Cesareni et  al. 2016). There are studies in the literature pointing to the exist-
ence of “lurker” participants, who read the message in the community, but do not post any 
message, in other words who anonymize themselves (de Waard et al. 2011; Mason 1994; 
Taylor 2002). According to Morris and Ogan (1996), the main risk in the students’ partici-
pation to an online learning environment is that, they limit themselves with only reading 
the incoming messages without posting one to the online environment. Such students are 
weak in the discussion process, and passive in the collaboration process. These students 
have little contributions, consisting of simple expressions in the process of either creating, 
or building new knowledge. Not only they cast a cloud on the knowledge sharing process 
of the community in the discussion environment, but also the continuity of the discussion 
environment may therefore not be maintained. An online community may not last long if 
very few, or no message is shared therein. Even a well-designed discussion environment 
shall remain ineffective as long as the students neither assume any responsibility, nor play 
any active role in the knowledge building process. Strategies that shall not only encour-
age the active participation of the students, but also sustain such a participation should 
therefore be developed while designing an online course (Cesareni et  al. 2016). Certain 
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scaffolds are applied for supporting, directing, and enriching the students’ knowledge 
building processes, so as to maintain this expected active participation. In view of the lit-
erature, while these scaffolds appear as sentence openers in some of the studies, they may 
also appear as role assignments in some other studies. Intended use of both sorts of scaf-
folds is to structure, support, and enrich the knowledge building processes, to maintain 
an in depth collaboration among the students, and to cause the community members gain 
collaborative cognitive responsibility, which are expected to be realized in the course of 
the course. It is possible to come by current studies in the literature that reveal the different 
reflections of the various scaffolds to the educational process in the course of the knowl-
edge building process (Ak 2016; Cesareni et al. 2016; De Wever et al. 2010; Gašević et al. 
2015; Rienties et al. 2012). However, the studies within the literature are seen to focus on 
only one scaffold. It draws one’s attention that, there is no study examining the contribution 
of both separate and combined use of scaffolds, which support, and bring activation in the 
knowledge building process.

Recent studies highlighted that the degree of students’ self-determination, which can 
affect the type of course contributions detailed by students, has a strong impact on learn-
ing behaviour in online learning environments and online learner support (Ak 2016; Chen 
and Jang 2010; Chen et al. 2010; Giesbers et al. 2013; Rienties et al. 2009). The individu-
als should be aware of their needs and interests, their present strength and limitations to 
meet them, that is, they should have access to “self-awareness”. Also, individuals should 
feel that they have “perceived choice” to choose among the available options in order to be 
aware of the needs of the situation in the decision-making phase. Therefore, the environ-
mental conditions are influential on self-determination. Hence, feeling to be aware of their 
own wishes and right to choose in their behavior is shaped by self-determination (Deci 
and Ryan 2000; Ryan and Deci 2000; Sheldon et al. 1996). Recent research of Jang et al. 
(2010) on self-determination indicated that providing autonomy support, guidance and 
scaffold may positively influence student participation. According to Rienties et al. (2012) 
the degree of students’ self-determination might explain why some learners contribute 
more to the knowledge building environment than others. Optimizing self-determination 
and scaffolding support in collaborative knowledge-building environments might have a 
major impact on the quality and the progress of the learning process. Also, it can be seen 
how scaffolds used in the collaborative knowledge building process are related to the self-
determinations of students.

Research questions

Reviewing the literature reveals that there are researches that examine the knowledge build-
ing process and use various scaffolding types in this process. However, it can be seen from 
the suggestions of these studies that some of the questions mentioned below have not been 
answered yet and suggested to be investigated. In addition, there is also a lack of research 
using a combination of various scaffolds to support knowledge building. It is also empha-
sized that students’ self-determination is important in the process of knowledge building 
and needs to be examined.

Rienties et al. (2012) re-designed an authentic CSCL environment supported by a more 
explicit scaffolding based on the principles of Problem-Based Learning and investigated 
its effect. As a result of their research, they stated that providing the balance between guid-
ance and support to facilitate learning processes according to self-determination of stu-
dents is a complex issue. Similarly, Ak (2016) examined the effects of technology-based 
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scaffolding (message labels and sentence openers) in an online asynchronous discussion 
process structured with problem-based learning strategy. The results generally showed that 
using technology-based scaffolding might be an effective way to enhance students’ task-
related learning activity. According to those researchers, however, there is a need for stud-
ies examining self-determination, which may affect the type of contributions elaborated 
by students. De Wever et al. (2010) focused on encouraging social knowledge building in 
e-discussions in their study and focused on the impact of the roles given to students in 
this process. The results showed that roles can be included at the beginning of the discus-
sions and can be eliminated towards the end. Even students without a role in role-supported 
groups benefit from the introduction of roles. They suggested that a control condition of 
role versus no-role assignment could be useful to compare the impact for future researches. 
According to Cesareni et al. (2016), having a special role of students in a group can lead 
them to the exercise collective cognitive responsibility for collaborative knowledge build-
ing. Therefore, they investigated the relationship of role taking to participation in a blended 
course. They found that role takers were more likely to differentiate their contributions 
than non-role takers by suggesting more problems, synthesizing the discourse, reflecting 
on the process and the activity organization. According to the researchers, it is useful to 
understand how the existence of roles can change the dynamics of knowledge building. 
In future studies, the researchers suggested that whether role taking would bring benefits 
to the group knowledge building generally compared to those without roles and therefore, 
further research was needed to examine the role-taking perspective.

It is intended in this study to examine the contributions of four groups, which are either 
non-scaffolded, or make use of the scaffolds of sentence opener and role assignment in 
combination and separately, to the knowledge building process comprehensively in a quasi-
experimental design. Self-determinations of these groups, which contribute to the knowl-
edge building process, and make use of different scaffolds, are further examined hereunder. 
In this context, the current study focused on three main research questions:

•	 What are the differences in contributions of knowledge building process among dis-
cussion groups scaffolded with sentence openers, role assignment, combination of sen-
tence openers & role assignment, non-scaffolded? Do high cognitive contributions dif-
fer among the groups in knowledge building process?

•	 What is the detailed analysis of the high cognitive contributing group?
•	 Are there any differences among the groups in terms of their self-determinations?

Background

Knowledge building in online collaborative learning environments

In the twenty-first century, throughout which the societies and economies have been shaped 
on the basis of knowledge, learning is seen to occupy a central position (ET, O. D. C. 2008; 
Pârgaru et al. 2009). In parallel to these developments we have been living through, stu-
dents, too, have to possess the skills that may make them face various complex situations. 
Creating and building knowledge among these skills play a critical role. In the International 
Society for Technology in Education (ISTE) (2016) report, which emphasizes the skills 
and qualities required from the students in order to enable them to interact with the digi-
tal world, and to develop themselves, knowledge building is referred among the standards 
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determined for the students. In the ISTE report, the students are required to be Knowledge 
Constructor individuals. The students have to build knowledge critically, produce creative 
works, and organize various resources in order to bring about meaningful learning experi-
ences not only for themselves, but also for the others. According to the report, the students 
have to be able to utilize effective research strategies in order to access the knowledge and 
digital resources for their intellectual or creative pursuits. Students have to be able to assess 
the accuracy, standpoint, reliability, and suitability of the knowledge, media, data, and such 
other resources. Students have to be able to organize knowledge from digital resources by 
making use of various tools and methods in order to create such unique works as e-portfo-
lios, multimedia presentations, projects, reports, video displays that put forth meaningful 
connections or outcomes. Students have to be able to build knowledge by way of actively 
researching the actual issues and problems of the world, developing ideas and theories, and 
seeking after answers and solutions.

Educators find it critical to develop the students’ skills of creativity, innovativeness, 
critical thinking, problem solving, communication, collaboration, etc. that are related with 
knowledge building in order to overcome the new challenges being encountered in the 
knowledge-based societies (Sun et al. 2010; Zhang and Sun 2011; Wu and Wang 2016). 
Knowledge building has come out in line with these needs (Scardamalia and Bereiter 1994; 
Scardamalia et al. 1989), and has been integrated with numerous technology-aided learning 
environments nowadays. What is emphasized with knowledge building is to point out the 
importance of expanding the limits of the collective creation of knowledge, and those of 
the knowledge itself within a community. Knowledge building involves an in depth percep-
tion, which requires collaborative inquiry, continuous elaboration of the ideas, establishing 
dialogue, and maintaining interaction over a certain subject. Throughout the knowledge 
building process, the students are told of what their communities should do to elaborate 
their ideas, and create knowledge, and students largely assume responsibility for their own 
learnings (Scardamalia 2002; Scardamalia and Bereiter 2006).

Sentence openers and role assignment scaffolds

Enabling the students to make use of scaffolds in online collaborative learning environ-
ments facilitates them in forming and discussing, arranging, organizing, and progressing 
their individual ideas (Law et al. 2011; Scardamalia and Bereiter 1994; Woo and Reeves 
2007; Yücel and Usluel 2016). Sentence openers, which consist of short sentences, are 
utilized for making the student define and initiate his/her idea. They are, in this respect, 
described as the predetermined ways of initiating the contribution. It is indicated that, 
using sentence openers is an effective strategy, since they not only improve the quality of 
the discussion between the students, but also bring along more comprehensive and supe-
rior cognitive discourses (Ak 2016; Lazonder et al. 2003; Scheuer et al. 2013). Students 
may thereby assess their learnings throughout the discussion processes more positively. 
Role assignment is defined as one of the scaffolds that encourages the community members 
to play several written roles within an online discussion environment, and thereby makes 
them adopt the knowledge building process (Cesareni et al. 2016). Roles are the functions 
or responsibilities that direct the individual behaviour, and arrange the group interaction 
(Strijbos and Weinberger 2010). Role assignment is an effective approach that is intended 
for improving the content and structure of the knowledge, and the level and quality of dis-
cussion within the discussion environments. The productive interaction and the interde-
pendence based on the speaking functions and collaboration throughout the discussion 
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process may thereby be enhanced (Wise et al. 2012). Role assignment gives hope towards 
the enhancement of the level of cognitive presence in the research communities (Gašević 
et al. 2015).

Methodology

Research design and participants

The study is based on a quasi-experimental design. It is participated by a total of 77 teacher 
candidates, 70 of whom are females, and 7 of whom are males. These students with an 
average age of 21 (SD: 3.222) ranging between 18 and 33 study at a university in Turkey. 
The same instructor gives course with similar content to this group consisting of 4 differ-
ent classes, who are assigned to him/her readily. All students voluntarily participate in the 
knowledge building environment, which is carried out in the course process and this is 
considered as a part of the course, since their participation takes long period of the course. 
However, the students are told that, the main purpose of the process is to enrich their learn-
ing process by sharing.

Students may attend the knowledge building environment both face to face at the course 
time, and online as being independent from both time and space. Since it is hard to build 
knowledge within large groups, the students are divided randomly into 8 discussion groups 
consisting of 8–11 students according to the population of their classes so as to organ-
ize this process well, and to create an environment of knowledge building (Cesareni et al. 
2016; Hmelo-Silver and Barrows 2008). Scaffolds (roles and sentence openers) are ran-
domly assigned to each group. The instructions for the content of the scaffolds and their 
intended use are given in detail in the discussion environment. The student who does not 
take any scaffolds could be transferred to the unscaffolded group. When determining the 
roles, 1–3 students are asked to take a role randomly in each group. Students were free 
about how they can enact their roles. If the student declined a role, other student is asked 
to accept the role. Students who did not take any role could pass to different groups. No 
rotation was performed between the groups or role assignments. Students participated in 
eight discussion forums during 8 weeks. No significant group difference is found (p > 0.05) 
according to their genders, ages, and background information (basic computer skills—
frequency, level, and experience of use); in other words, the characteristics of all groups 
resemble each other at the beginning of the course.

Course design and procedure

This study is carried out in the second semester of 2016–2017 within the scope of Com-
puter II course. The content of the course involves the computer-aided educational pro-
cess, based on the utilization of the multimedia applications in the learning process. Its 
content consists of the subjects namely Tutorials, Drills, Hypermedia, Simulations, Edu-
cational Games, Tools, and Open Ended Learning Environments. Students review relevant 
cases regarding one of the subjects from Turkey and Worldwide every week, and share 
these reviews in the knowledge building environment. Besides, each student learns a Web 
2.0 tool within the scope of the respectively determined subject (i.e., Tutorials), and pre-
pares an application in relation with his/her field of study by making use of this tool. While 
they use Powtoon for Tutorials, they use Kahoot for Drills, Wikispace for Hypermedia, as 
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well as ToonDoo and Storybird for Tools and Open Ended Learning Environments. While 
they create animated presentation via Powtoon, they create quiz and jumble via Kahoot, 
encyclopedia via Wikispace, cartoons via ToonDoo, and digital stories via Storybird. They 
carry out all the shares and reflections throughout this process in the knowledge building 
environment. The experimental process is shown in Fig. 1.

The students had no previous experience in course content and knowledge building pro-
cess. That is why they make use of Modular-Object-Oriented-Dynamic-Learning-Environ-
ment (MOODLE), which is one of the Learning Management Systems (LMS), while they 
are informed of the course’s content and the learning process for the first 2 weeks. Moo-
dle’s discussion platform was used in this study. The reasons why Moodle is preferred in 
this study are that, it is open-source, manages and utilizes the course and content easily, 
provides access free of charge, but above all, it facilitates the learning activities, allows 
monitoring, and carries out reporting. The groups other than the group not supported with 
scaffold are told of which scaffold (sentence openers (SO), role assignment (RA) and 
SO&RA) they are to use, and how they are to make use of that scaffold, in order to partici-
pate in the discussion environment. For the following 8 weeks, the inter-group knowledge 
building activities are carried out in Moodle discussion platform. The instructor taught 
the subjects (Tutorials, Drills, Hypermedia, Simulations, Educational Games, Tools and 
Open Ended Learning Environments) to all groups at the first hour of every week. How-
ever, the instructor does not interfere in the knowledge building discussions. In the period 
of 8 weeks, students bring in the domestic and foreign multimedia application examples, 
as well as the digital materials they created to the discussion platform. The course is com-
pleted, and the data are collected in the last 2 weeks.

Last two weeks

For eight weeks 

First two weeks

To introduce the knowledge building discussion pla	orm, course 
content, learning process and system test

Random 
Assignment

Experimental 
Group 1 (EG1)

21 students 

Sentence 
Openers

Experimental 
Group 2 (EG2) 

22 students

Role 
Assignment

Experimental 
Group 3 (EG3)

17 students 

Sentence 
Openers & Role 

Assignment

Control Group 
(CG)

17 students

Unscaffolded

Online knowledge building discussions about multimedia 
applications, tools, examples and digital multimedia materials

Reflections about knowledge building activities and data collection 

Fig. 1   Procedure of the experiment process
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A knowledge building environment appertaining to each discussion group is created 
over Moodle every week regarding the relevant subject. While only the sentence open-
ers are integrated in the discussion environment for EG1 group, and only information 
regarding the role of each member, and regarding the tasks of the roles is integrated for 
EG2 group, both the information regarding the role of each member, and regarding the 
tasks of the roles, as well as the sentence openers that may be used with the roles are 
integrated for EG3 group (Appendix 1). CG group is given only the detailed instruc-
tion. Besides, in the discussion environment, all groups are given detailed instructions 
regarding the relevant subjects to be discussed every week (Fig. 2). While the students 
are to seek also for examples worldwide, they are given search words in English as leads 
in each instruction.

In this study, a detailed literature review is carried out while determining sentence 
openers and roles to be adapted to the experimental process. When determining the 
sentence openers, attention is paid to be in accordance with the knowledge building 
approach, to be used in all roles with different kinds and meanings and to assist students 
in giving explanations, questioning, and argumentation (Chan 2001; Lazonder et  al. 
2003). Five roles are specifically designed to enable students to implement and config-
ure knowledge building: Starter, Supporter, Moderator, Source Searcher & Theoretician, 
and Summariser. These roles are designed to create socio-cognitive conditions to scaf-
fold collective cognitive responsibility in the process of knowledge building (Cesareni 
et al. 2016). While determining roles, it is tried to link with specific 12 socio-cognitive 
and technological knowledge building principles, which are inseparable from each other 
and work together as a whole in a community. Whichever sentence openers are suitable 
for which role was decided by reviewing the literature and sometimes a sentence opener 
could integrate with more than one role. In the first 2 weeks of the process, discussion is 
finalized by taking the suggestions of the students for sentence openers. Roles and sen-
tence openers are listed in the Moodle discussion pages for each groups. The students 
started their discussions by writing the sentence openers they wanted. An example of 
the LMS logs of the EG3 group is shown in Fig. 3.

Fig. 2   The example of instruction
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Data collection tools

Self‑determination scale

Self-determination scale, which was adopted in Turkish by Kart and Güldü (2008), was 

Fig. 3   An example of the LMS logs of the EG3 group
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designed to assess individual differences of students for the tendency of people to function 
in their self-determined way. It is thus considered (1) to better understand their feelings and 
self-perceptions and (2) to feel a sense of choice according to their behavior. This scale 
consisting of 2 dimensions (5 items in the self-awareness, and 4 in the perceived choice) 
and 9 items was applied to 232 university students. The reliability coefficient (Cronbach 
Alpha-α) of the “self-awareness” and “perceived choice” subscales were 0.67 and 0.71 
respectively. Self-determination scale was developed by Sheldon and Deci (1996) to assess 
individual differences in autonomous decision making. Participants were asked to deter-
mine the most accurate appearance according to them from pairs of expressions given on 
the scale. For example, against the expression “My emotions sometimes seem alien to me”, 
the expression “My emotions always seem to belong to me” refers to the “self-awareness” 
dimension and the expression “ I am free to do whatever I decide to do” against the expres-
sion “what I do is often not what I’d choose to do” refers to the “perceived choice” dimen-
sion. Participants made this determination based on a five-point likert-type scale ranging 
from “only A is completely correct” to “only B is completely correct”. At the end, the total 
scores of self-determination and the scores of the two sub dimensions could be obtained. 
In many samples where the original scale was applied, the distribution of alpha values 
between 0.85 and 0.93 indicated that the scale had good internal reliability. In this study 
the Cronbach Alpha (α) was found 0.85 for self-determination, 0.75 for self- awareness 
dimension and 0.81 for perceived choice dimension.

Content analysis of groups

The coding scheme developed by Veerman and Veldhuis-Diermanse (2001) is used in 
this study. According to Schellens and Valcke (2005), the coding scheme developed by 
Veerman and Veldhuis-Diermanse (2001) shows a clear relationship between collabora-
tive activity types and knowledge building. It differentiates between task-related and non 
task-related communication and behavior. For this reason, they pointed out that this content 
analysis scheme is the most appropriate for students who are new in the knowledge build-
ing process. It is also considered as a proof of its validity as it is a scheme that has been 
used in previous studies (Ak 2016; Rienties et al. 2012; Schellens and Valcke 2005; Tim-
mers et al. 2008; Zhu 2012). Their model’s theoretical background is based on social con-
structivism and knowledge construction. Their scheme is divided into two message catego-
ries: non task-related (planning, technical, social and nonsense) and task-related messages 
(new facts, experience/opinion, theoretical ideas, explication and evaluation).

Content analysis was used to reveal evidence about learning details in knowledge build-
ing from the online discussion activities. The complete message has been selected as a 
unit of analysis so that encoders can agree consistently on the total number of coding units 
(Rourke et al. 2001; Schellens and Valcke 2005). At the end of 8 weeks there were a total 
of 4251 messages (Cronbach Alpha (α) = 0.833) from 77 students. Second expert coder 
coded approximately three quarters of the total messages to be randomly selected from 
all weeks and group discussions according to the coding scheme. Cohen’s Kappa analysis 
was performed to measure the level of agreement between the two coders on the same data 
set for inter-rater reliability. Kappa coefficients were 0.76 for EG1, 0.78 for EG2, 0.82 for 
EG3 and 0.80 for CG. Cohen’s Kappa has a value between − 1.0 and + 1.0. Kappa is close 
to + 1 means that the two coders agreed on the same data in a perfect and consistent man-
ner (Wood 2007).
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Statistical analyses

SPSS 18 was used for statistical analyses. Multivariate analysis of vari-
ance (MANOVA) was used to analyse the hypotheses, thus type I error (α) was controlled. 
Bonferroni’s correction for multiple comparisons was applied and 0.0125 threshold was 
determined to be statistically significant. The distribution of data was checked for normal-
ity before proceeding to statistical analysis. Natural log (loge) transformation was used to 
deal with  non-normality (Gašević et  al. 2015; Keene 1995). Eta squared (η2), the most 
commonly reported estimate of effect size for the ANOVA was used (i.e., 0.01-small, 
0.06-medium and 0.14-large) (Cohen 1988; Green et al. 2000). Moreover, the presence of 
a moderate correlation between dependent variables showed that there is no problem of 
multicollinearity.

Results

Comparing contributions to knowledge building process

Firstly, the number of messages view and add, which may be a quantitative indicator of stu-
dents’ participation in Moodle, was examined. Students with the EG3 group (Role Assign-
ment & Sentence Openers) were the most active in terms of message view (7040) and mes-
sage add (1411). Students with the Supporter role were the most active in terms of message 
add (394) and Starter role were the second, Summariser role were the third, Moderator role 
were the fourth and Theoretician/Source searcher role were the fifth. Summariser role were 
the most active in terms of message view (1784).

According to content analysis, on avarage, EG1 group students contributed 4.08 
(SD = 0.41), EG2 group students contributed 3.70 (SD = 0.50), EG3 group students con-
tributed 4.48 (SD = 0.37), CG group students contributed 4.13 (SD = 0.59) messages dur-
ing knowledge building process. While the average message contributions of the students 
seem to be similar, the contribution of the EG3 group seems to be highest.

Before the detailed analysis, the assumptions of MANOVA analysis were checked. The 
homogeneity of variance–covariance matrices assumption was not met based on the results 
of Box’s test (Box’s M = 374.95, F = 1.646, p  <  0.05). The results of Levene’s test of vari-
ance homogeneity were indicated that assumption was not met only in three of the nine 
categories (p <  0.05), while it was met in the other six categories. The results of Levene’s 
test were found (F = 13.70, p = 0.000) for Nosense, (F = 4.24, p = 0.008) for Explication 
and (F = 17.72, p = 0.000) for Evaluation. Due to the absence of these assumptions, Pil-
lai’s trace is considered as the multivariate index. “If homogeneity of variance–covariance 
is violated and when working with unequal sample sizes, a more robust multivariate test 
statistics, Pillai’s Trace in place of Wilk’s lambda, can be selected when interpreting the 
multivariate results” (Mertler and Reinhart 2016, p:130; Tabachnick and Fidel 2012).

When examining in detail according to all categories of Veerman and Veldhuis-
Diermanse (2001), MANOVA results indicated the evidence of significant differences 
among the groups (Pillai’s trace = 1.459, F(36, 192) = 5.051,  p   <   0.0125) with the 
exception of planning category (C1). Although the CG group students posted more 
non-task-related messages, the difference among the groups seemed not to be very 
high. The students in EG2 group posted significantly fewer non-task-related messages 
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and the students in EG3 group posted significantly most task-related messages. The 
CG group posted the most non-task-related messages (Table 1). There was no signifi-
cant difference among the groups in the planning category (C1) because the students 
made almost equal contributions in all categories. While students in the EG2 group 
contributed significantly fewer to the technical (C2) and social categories (C3) than 
other groups, CG students have contributed more to the nosense category (C4). EG3 
students contributed significantly more in the new facts (C5), own experience (C6) 
explication (C8) and evaluation (C9) categories. Particularly in the C8 and C9 cat-
egories, it was seen that the EG3 students made significantly more contributions than 
all other groups. A significant difference was found among the groups in the theoreti-
cal ideas (C7) category and it was seen that the CG students had fewer contributions 
in this category than the EG1 and EG3 students. Considering the average in this cat-
egory it was seen that EG3 is the most contributing group in this category. The results 
of univariate ANOVAs indicated significant differences with large effect sizes (eta-
square) in task-related contributions to knowledge building process, especially in C8, 
C9 categories.

According to the Schellens and Valcke (2005), in the Veerman and Veldhuis-Dier-
manse (2001)’s model, it is seen that the groups with higher knowledge building activi-
ties have higher contributions in the explication (C8)  and  evaluation (C9)  categories. 
According to Rienties et al. (2012), theoretical ideas (C7), explication (C8) and evalu-
ation (C9) categories can be specified as high cognitive messages. Thus, when examin-
ing higher cognitive processing messages (C7, C8 and C9 categories) on average, EG1 
contributed 1.99 (SD = 0.51), EG2 contributed 1.73 (SD = 0.39), EG3 contributed 2.63 
(SD = 0.59), CG contributed 1.42 (SD = 0.36) messages. Significant differences were 
found in the higher cognitive contributions among the groups. EG3 students had higher 
cognitive contributions more than EG1, EG2 and CG students, with a large effect size 
(eta-square, η2). When examining students’ basic cognitive processing messages (C5 
and C6) on average EG3 contributed the most.

Detailed analysis of EG3 (scaffolded with sentence openers and role assignment) 
students’ contributions

EG3 students were examined for their role-based participation because of their higher 
cognitive contribution (Table 2). As shown in Table 2, it is observed that the students in 
the starter role were most active in planning and technical. The students in the modera-
tor role were most active in social and nosense categories. The students in the modera-
tor role was shown the highest participation in non-task-related categories.

Students in the starter role were most active in new facts and own experience catego-
ries. Students in the theoretician/source searcher role most participated in theoretical 
ideas as expected and followed by summariser. Students in the supporter role most par-
ticipated in explication, followed by theoretician/source searcher and summariser role 
students were most active in evaluation categories followed by supporter. The modera-
tor was the least contributing role in the explication and evaluation categories. In task-
related categories, while all roles were close together, the students in starter role were 
most participated, followed by supporter. So sentence openers (e.g. new information, to 
begin with, my opinion, I agree because, the reason is, for example) used by starters and 
supporters were also the most used.
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Comparing students’ self‑determinations

The results of Box’s test (Box’s  M = 8.437, F = 0.890, p > 0.05) was indicating that the 
assumption of homogeneity of covariance was satisfied. The results of Levene’s test was 
not statistically meaningful for all the categories (p > 0.05). The results of Levene’s test 
were found (F = 1.488, p = 0.225) for self-awareness, (F = 0.209, p = 0.890) for perceived 
choice. Therefore, Wilks’ Lambda was used as the test statistic. The MANOVA showed 
a significant difference among groups for the self-determination of students (Wilks’ 
Lambda = 0.784, F (6,144) = 3.100, p = 0.007, η2 = 0.114). Univariate F tests showed signif-
icant differences with high effects (Cohen, 1988) between the groups for the dimensions of 
self-determination: self-awareness (η2 = 0.147) and perceived choice (η2 = 0.177) (Table 3). 
The self-determination of EG2 students was significantly lower than EG1 students. EG1 
group had higher self-determination scores than the other groups.  In other words, the 
self- awareness and perceived choice of students who used sentence opener scaffolds in 
the knowledge building process were higher. EG3 group students’ self-determinations were 
found to be higher than EG2 and CG students.

Table 2   Contributions to knowledge building process with different roles in EG3

Experimental Group 3 (EG3), Sentence Openers and Role Assignment

Starter Supporter Moderator Theoreti-
cian/Source 
searcher

Summariser

n M SD n M SD n M SD n M SD n M SD

Non-task-related 4 3.22 0,23 4 2.76 0.45 3 3.29 0.46 3 2.01 0.26 3 2.35 0.50
Planning (C1) 4 2.46 0.27 4 1.04 0.40 3 2.11 1.06 3 0.23 0.40 3 1.00 0.53
Technical (C2) 4 1.86 0.38 4 1.43 1.11 3 1.81 0.82 3 1.13 0.46 3 0.92 0.40
Social (C3) 4 1.54 0.41 4 1.56 0.73 3 1.71 0.53 3 0.46 0.40 3 0.88 0.99
Nonsense (C4) 4 0.45 0.54 4 0.40 0.80 3 0.83 0.73 3 0.23 0.40 3 0.73 0.63
Task-related 4 4.46 0.28 4 4.37 0.73 3 3.99 0.04 3 4.16 0.40 3 4.16 0.03
New facts (C5) 4 3.31 0.35 4 2.48 0.41 3 2.70 0.19 3 2.19 0.11 3 2.83 0.06
Own experience (C6) 4 3.86 0.29 4 3.82 1.09 3 3.43 0.13 3 3.25 0.27 3 3.34 0.28
Theoretical ideas (C7) 4 1.24 0.46 4 0.62 0.46 3 1.19 1.04 3 2.79 0.87 3 1.46 0.71
Explication (C8) 4 1.59 0.42 4 2.18 0.60 3 0.73 0.63 3 1.83 0.86 3 1.29 0.56
Evaluation (C9) 4 0.75 0.66 4 1.07 0.52 3 0.37 0.63 3 0.96 1.12 3 2.00 0.82

Table 3   MANOVA results for students’ self-determination in knowledge building process

ANOVA F-test for EG1 (n = 21), EG2 (n = 22), EG3 (n = 17) and CG (n = 17)
CG control group, EG1 experimental group 1, EG2 experimental group 2, EG3 experimental group 3
*Coefficient is significant at the 0.0125 level

EG1 (1) EG2 (2) EG3 (3) CG (4)

M SD M SD M SD M SD F-value Post hoc tests η2

Self-awareness 21.6 2.75 17.8 3.91 20.0 4.02 18.8 4.12 4.21* 2 < 1 0.147
Perceived choice 17.4 2.89 13.8 3.25 15.8 2.94 15.8 3.05 5.22* 2 < 1 0.177
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Discussion

At the end of this study, participation in the knowledge building process seems to vary 
among the groups. It is further found that, making use of different scaffolds altogether and 
in a more detailed manner in the knowledge building process is found to have a signifi-
cant influence particularly on the higher cognitive contribution (higher cognitive process-
ing messages) of the students. In other words, using scaffolds especially the combination 
of sentence openers and role assignment scaffolds encourage higher cognitive levels of 
knowledge building. These students not only contribute to the knowledge building process 
with theoretical knowledge relevant to the context of the discussion, but also explain, inter-
pret, explicate, and evaluate the available knowledge. It may be said that, the students in 
the knowledge building environment, which is not supported by scaffolds, have hardly any 
contribution to this process. Students making use of scaffolds are seen to make less non-
task related contributions. The students (EG3) who make use of two particular scaffolds 
(sentence opener and role assignment) altogether are seen to make task-related contribu-
tions even more than those of the groups (EG1 and EG2) making use of the other scaffolds. 
It is further seen that, EG3 students’ basic cognitive (processing) contributions (New Facts 
and Own Experience) are higher than those of the other groups. EG3 group is also found to 
be the group posting no-sense messages the least.

Upon review of LMS logs, EG3 group students are found to be the most active ones in 
adding and reading messages, and among them, those who are in the supporter role are 
found to be the most active ones in adding messages, and those who are in the summarizer 
role are found to be the most active ones in reading messages. EG3 group is also found to 
be contributing the most in the knowledge building environment. Significant differences 
are found between the groups in all categories, except planning. While the communications 
of the students in the knowledge building environment not supported by scaffold focus on 
more technical, or off-topic messaging, those in the knowledge building environment sup-
ported by scaffold focus on creating new information, putting forth individual experiences 
and theoretical knowledge, and on explicating and evaluating the available knowledge.

Upon detailed review of the contributions of EG3 group, which use the scaffolds of sen-
tence openers and role assignment altogether, moderator is found to be most active in the 
non-task-related categories, and starter is found to be most active in the task-related catego-
ries. As it is expected, Theoretician/Source searcher is found to be most active in the theo-
retical ideas category, supporter in the explication category, and summarizer in the evalu-
ation category. In this respect, supporter and summarizer are found to be the roles with the 
highest, and moderator to be the role with the lowest higher cognitive contribution in the 
knowledge building process. In view of the task definition of supporter, it is seen to be in 
charge with resuming the discussions by ways of giving examples, making descriptions, 
and with presenting causes and evidences. Explication is to enhance and elaborate any 
knowledge already indicated in the discussion (Veerman and Veldhuis-Diermanse 2001). 
In view of the task definition of summarizer, it is seen to be in charge with summarizing 
the solutions, indicating the different ideas and contradictions, explicating the knowledge 
more by way of logical and critical thinking, and with reasoning. Putting forth new and 
high-level of knowledge by way of unifying the discussion contents is also among its main 
tasks. Evaluation is to discuss the previous contributions firmly in line with the task defi-
nition with a critical point of view. Evaluation is more than “yes, it is a good idea”, and 
generally involves the processes or motives of reasoning. It is evident that, there is a very 
close relation with the task definitions and functionality of these two roles. It may therefore 
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be said that, it would be a better approach to construct the knowledge building process by 
the role assignment scaffold. That is so, because the students may decide for the type of the 
contribution they would like to make in the knowledge building environment, approach this 
process by a more comprehensive manner, and be more reflective and elaborative by means 
of the scaffolds of sentence openers (Fujita and Teplovs 2010; Pifarre and Cobos 2010; 
Verdú and Sanuy 2014). However, when the role assignment scaffold is supported with a 
sentence opener being in relation with the task definition, such a combination is seen to 
have a significant effect on the task oriented and higher cognitive contribution.

Self-determination is an important variable that has an effect on the knowledge build-
ing, and therefore on the learning process of the students (Chen et al. 2010; Rienties et al. 
2012). According to Vansteenkiste et  al. (2006), self-determination may provide a quite 
helpful theoretical framework in order to understand the motivation in the context of edu-
cation. That is so, because it is indicated that, social and environmental factors affect the 
motivation in self-determination. These factors are available in the active and collabora-
tive learning with the group, in which social interaction, knowledge building and sharing 
particularly play a pivotal role. According to Serrano-Cámara et al. (2014), motivation is 
an important factor that affects a successful learning process particularly in the collabora-
tive learning environments. The differences between the students’ self-determinations may 
affect the type of the contributions that is elaborated by the students, as well as the sustain-
ability and quality of the online discussion. That is why it is suggested to optimize the scaf-
folding in the knowledge building environments (Rienties et al. 2012). Benefiting from the 
scaffolds in order to facilitate the motivation in the knowledge building process may lead to 
positive outcomes. Hence a significant difference is attained among the groups in terms of 
self-determination within the scope of this research. This significant difference is between 
EG1 and EG2 groups, which make use of two different scaffolds. The self-determination 
of the group scaffolded with role assignment (EG2) was lower than the group scaffolded 
with sentence openers (EG1). There were two dimensions of students’ self-determinations; 
self-awareness and perceived choice. Self-awareness and perceived choice of students 
scaffolded with sentence openers (EG1) and the follow-up EG3 students were found to be 
higher than the other groups. Significant differences between the self-determinations of the 
students in the groups may also affect their motivations. Low self-determinations of the 
students in group EG2 may be one of the reasons that their social interactions are found 
to be lower than those of the other groups as a result of the content analysis. While this 
result may cause positive outcomes for the task-related knowledge building process, it may 
also cause negative outcomes for the learning processes that require social interaction. The 
group that has the highest self-determinations is not found to be the one that makes use of 
both two scaffolds as a result of this research. However, it is evident that, self-determina-
tion is a variable that is influential on the collaborative knowledge building process. Espe-
cially in online learning environments, students have a great autonomous freedom and can 
decide their own learning paths. When students internalize the reasons for demonstrating a 
certain behavior, they become more self-determined (Legault et al. 2006). It is important to 
be motivated in this decision-making process. This indicates students’ self-determination. 
According to Hänze et al. (2018), the self-determined behavior fosters intrinsic motivation. 
The knowledge building experience that supports students’ experiences of both compe-
tence and autonomy should have a significant impact on the students’ intrinsic motivation. 
According to Deci and Ryan (2000), not only students but also all people need support-
ive methods to improve their motivation. It is emphasized that students’ self-determined 
and autonomous experiences such as knowledge building process have a strong impact on 
their learning behaviour (Rienties et al. 2012). In this context, the connection between the 
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students’ self-determination degrees and the scaffolding used in the knowledge building 
process may explain why some students contribute more (Rienties et al. 2009).

Limitation, conclusions and future research

Findings of this research are limited by the sample group, and the number of the participant 
group may affect its generalizability. Besides, despite the discussion groups are created by 
random assignment in this study, and that the groups are found to possess similar charac-
teristics, random assignment is out of question for the classes, since they are assigned to 
the instructor as being previously determined.

Quantity and quality are seen to be the two important criteria that have to be taken into 
consideration for facilitating the development of the ideas in a knowledge building commu-
nity (Hong et al. 2016). Increasing the quantity of the ideas within a community is to bring 
along perpetual generation and diversification of ideas. Thus, the students in the commu-
nity have to check out how to contribute to the ideas and how the ideas may be shared 
or changed, in order to increase their quantity. However, increasing the quality of ideas 
is to require the development and integration of the ideas by way of articulating them to 
one another, and giving details about them as well. The students in the community should 
therefore collaborate in order to deliver, clarify, or to elaborate their ideas (Hong and Sul-
livan 2009). Knowledge sharing is the key to this collaboration. Drawing the ideas together 
in the solution of a given problem, both quality and quantity has to be addressed jointly 
and closely. A progressive knowledge building process may thereby be realized. Although 
quantity is shown to be an indicator of the quality, rather than the increase in the quantity 
of the ideas, maintaining a perpetual improvement in the quality is what matters more for 
the group’s knowledge building process (Hong et al. 2016). Upon review of the amount of 
the average message contribution in this research, EG3 group, which is supported by both 
two scaffolds, is found to be the most active group. CG group, which is not supported by 
any scaffold, is also found to be posting more messages in comparison to EG1 and EG2 
groups. However, upon review of the messages in terms of content, the discussion process 
is found as not being detailed. It is seen that the content of the discussions consists of such 
messages “Hmm ok”, “Thanks”, “I agree with you”, which not only keeps the discussions 
short, but also decrease their quality. Problems of sustainability, which is taken seriously 
in the knowledge building process (Zhang et al. 2015), are encountered in this group. It is 
concluded that, the groups, which make use of scaffolds either separately or jointly, gener-
ate more quality contents than those being generated by the group that does not make use 
of scaffolds. The groups that make use of scaffolds are found to eliminate such monotonous 
and off-topic discussion, focus on the subject matter, and attempt to question and evaluate 
the ideas. That is why although maintaining the group interaction and collaboration is still 
important for reinforcing the exchange and diversity of the ideas (Garrison et  al. 2001), 
it may matter more to guide the students to the goal of development by way of elabora-
tion and integration (Hong et al. 2016). However, this is a process, which is not as easy as 
it is thought to be realized and sustained, and that requires active participation (Cesareni 
et al. 2016). Scaffolds may support the students in the process of elaborating and integrat-
ing their ideas in terms of both quantity and quality (Tan et al. 2005). Hong et al. (2016) 
indicate that, encouraging the students to participate in the online activity more does not 
guarantee quality knowledge building. According to the researchers, in order to attain more 
efficient knowledge studies, the students have to develop ideas and do in-depth researches 
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continuously, and this requires more challenging idea integration activities. Lin and Chan 
(2018) put forth that, according to the research results, discourse groups of higher quality 
contain more problems, and ideas are constructed more consistently for the solution of the 
common problem.

21st century skills of today require going beyond the standpoint of the traditional learn-
ing. It is seen that, the knowledge building process lacks the meta-cognitive knowledge 
activities, and that the students are incapable of generating meta-cognitive ideas. That is 
so because in order to get the students involved in a meta-cognitive discussion process, the 
curriculum design should also have the flexibility to support this process. According to 
Zhou and Yang (2017), the students’ collaborative knowledge buildings are affected from 
their learning motivations and meta-cognitions. The students who are able to confront real-
life problems are to be able to advance their ideas to a higher level by way of producing, 
diversifying, elaborating, and integrating them perpetually. The students’ self-determina-
tions (their self-awareness and perceived choice) shall thereby increase, and their motiva-
tions shall be affected positively as well. According to Schellens et al. (2005), if the tasks 
being assigned to the students in the course of the knowledge building process to occur 
in the online discussion environments are to increase the students’ senses of self-deter-
mination, this shall increase their motivations in the meantime. As the students’ motiva-
tions increase, their knowledge buildings shall improve as well. That is why it is important 
to use such realistic problems that the students may correlate with their real life or work 
routines. Discussion topics have to allow the students ask explanation-seeking questions, 
and be applicable for open-ended inquiry for the sake of the development of the knowl-
edge building process (Lai and Campbell 2018). The problem messages posted that start 
with questions are concluded with more active and quality discourses in the course of the 
collaborative knowledge building process (Khanlari et al. 2017). Besides, meta-cognitive 
shares may be realized more soundly not in a group that builds knowledge for the first 
time, but in a group that is experienced in that. This constitutes another limitation of this 
research. In this research, the discussion groups participate in the knowledge building pro-
cess for the first time. A new knowledge building process, which is enriched with real life 
problems (i.e., performance of teaching profession), should be carried out with the same 
participant group within the scope of the next research. The increase in the quality of the 
meta-cognitive discourses should thereby be observed. A learning process, in which stu-
dents are to arrange their own learning processes, build their individual knowledge, as well 
as meta-cognitive knowledge, and include the community in this process, shall be inevita-
ble in the future. That is why knowledge building has to be integrated into different learn-
ing programs. Meta-cognition plays a critical role in enabling the students to develop their 
higher-order learning goals. Students’ use of their meta-cognitive skills develops their col-
laborative knowledge buildings (Zhou and Yang 2017). Scaffolds assist this process as they 
establish a cognitive connection between the students and what they want to express. That 
is why it may be important to focus on new scaffolds that may support and facilitate the 
collaborative learning process, and enhance the dynamics of this process, and to integrate 
such scaffolds in the future researches.

Upon review of the groups that use scaffolds in terms of content, EG3 is seen to be the 
group that posts higher cognitive messages. In this respect, it may be indicated that, mak-
ing joint use of both role assignment and sentence-opener scaffolds escalates the discus-
sion in the course of the knowledge building process to the desired quality. EG2 group 
members, which make use of only the role assignment scaffold, are found to be having dif-
ficulty in initiating and resuming the discussion, and in expressing their ideas while enrich-
ing it. However, according to the results of Cesareni et al. (2016), this group is found to be 
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putting forth more problem sentences, supporting the messages with theoretical infrastruc-
ture, scanning the resources, attempting to do synthesizing and evaluation, tending towards 
diversifying their contributions, and avoiding off-topic speeches. On the other hand, mem-
bers of this group assume the responsibilities that suit their own roles. For instance, in case 
an off-topic message is posted, the moderator is seen to raise a new question, and thereby 
drag the group back into the context of the subject. It is suggested that, this is the reason 
why EG2 group is the one that posts the least number of non-task related messages in this 
research. EG1 group, which uses only the sentence-opener scaffold, is seen to perform sim-
ilar discussions, and have difficulty in diversifying these discussions. However, it is also 
noteworthy that, the members of this group express their ideas very clearly. For instance, 
it is even seen that, hardly any theoretical knowledge may be found in their discussions. 
This may be shown as the reason that, this group is ranked second after CG group in post-
ing non-task related messages the most. It may be concluded out of the findings of this 
research that, making joint use of both scaffolds eliminates the foregoing critical deficien-
cies. It may therefore be suggested that, a knowledge building environment that is enriched 
by various scaffolds may assist the students in the learning process.

Determining the probable variables, that either affect the knowledge building process 
enriched by new scaffolds, or be affected by this process, may contribute to overcoming the 
encountered obstacles. For instance, the future researches may focus on “Community of 
Inquiry Framework (Garrison 2009)”, which fortifies the cognitive independence, as well 
as the interdependency as a community, and aims to discern the online learning dynamics 
from a constructivist point of view based on collaboration. The group factor is important in 
the process of knowledge building. If the group dynamics is low in the discussion process, 
all members may be affected from this process negatively. Participation, even quality may 
decline consequently. It may therefore be helpful to look upon the use of the role assign-
ment scaffold from the perspective of the research community (Gašević et al. 2015). Deter-
mining the students’ senses of educational, social, and cognitive presence, and putting 
forth these components’ relations with the scaffolds from this perspective may give support 
to the proper design of the online learning process both educationally and technologically, 
and to the students’ role in this process. Examining the problems likely to occur in the 
knowledge building process, and grasping the students’ and teachers’ experiences in this 
respect may also play an important role not only in the proper structuring of this process, 
but also in keeping it active (Lin et al. 2014; Wang et al. 2017). For this reason, future stud-
ies may focus on measuring students’ and teachers’ experiences of knowledge building.

According to Wu and Wang (2016), the future researches should focus not only on 
the learning process, but also on the learning outputs for the sake of the progress of the 
knowledge building pedagogies. In this research, the self-determinations of the students 
are reviewed from the standpoint of groups, and a significant difference is found among 
the groups. Lin et al. (2017) conclude that, the knowledge building process develops the 
divergent thinking skills, and higher-level creative skills of the students, thereby enhancing 
the performances and creativities of the students. The future researches may examine how 
the knowledge building process may contribute to the knowledge and skills of the students 
from the standpoint of such new learning components as computational thinking, collabo-
rative problem solving, critical thinking, (co)creative thinking, cognitive/meta-cognitive 
thinking.

The results of the literature, including this research, show that the use of the scaffolds 
contributes to support the knowledge building process and to increase the motivation of the 
students. As a result of this research, it has been shown that supporting the students with 
sentence openers and role assignment scaffolds has an important contribution to knowledge 
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building process at the higher cognitive level. However, it is clear that the learning environ-
ment supported by scaffolding is more successful than the unsupported. For this reason, 
it can be suggested that any learning subjects (i.e., English, Math, Science) supported by 
the knowledge building approach should be supported with at least one scaffold according 
to their aims and content. Actually, the self-determination of the group using the sentence 
openers was the highest in this study. Supporting the knowledge building process with 
scaffolds may affect both learning motivation and outcomes.
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Appendix 1: Scaffolds

EG1: sentence openers

–	 To begin with
–	 New information
–	 New opinion
–	 Firstly, I think that
–	 Firstly, I believe that
–	 I am interested in
–	 We can first make sure
–	 Firstly, I would like to learn how/why
–	 Firstly, I would like to find out how/why
–	 I agree because
–	 That’s right because
–	 I do not agree because
–	 My opinion
–	 My different opinion
–	 I need to understand
–	 It is important because
–	 I wrote about this because
–	 The reason is
–	 The details are
–	 For example
–	 The evidence is
–	 Would you please?
–	 Can we?
–	 Let’s move on
–	 Please explain
–	 Please clarity
–	 Please elaborate
–	 Please indicate similarities
–	 Please indicate differences
–	 I would like to suggest that
–	 I have found some information
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–	 According to source
–	 From a theoretical viewpoint
–	 From a empirical viewpoint
–	 According to theory
–	 A better theory
–	 This theory cannot explain
–	 Give information with the theoretical viewpoint
–	 I think that our ideas
–	 I think that our discussion process
–	 We have learned that
–	 We came up with the conclusion that
–	 From the discussion we can see that
–	 As a result
–	 To summarize
–	 A better summary
–	 Putting our knowledge together
–	 Integrating ideas together

EG2: role assignment

•	 Starter—starts the discussion first
•	 Supporter—resumes the discussion by way of either supporting, or not supporting the 

discussion
•	 Moderator—encourages the group to participate in the discussion, and directs it to logi-

cal sharing by means of the shares it makes
•	 Source Searcher & Theoretician—supports the discussion by means of theoretical 

knowledge and sources
•	 Summariser—summarizes the group discussions every week, puts forth new knowl-

edge by way of integrating the contents, and integrates the knowledge

Starter

Put forth a pre-analysis of the task to start the discussion, and post one or more warm-up 
message(s) to activate the discussion. Keep your group-mates informed more about your 
contributions, and add new discussion points so as to add new knowledge up to their cur-
rent knowledge. Add new triggers if the discussions either decline, or run one-sidedly.

Supporter

Resume the discussion by way of giving examples, making explanations, and presenting 
causes and proofs. Keep the discussion going by giving either positive, or negative feed-
backs in response to the opinions of your mates. Direct your group mates towards dealing 
with the issue critically and logically by means of your both positive and negative supports.

Moderator

Monitor the discussions, and assist the group members in correlating their contributions. 
Ask critical questions so as to point to the similarities and divergences in the discussion 
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process, and encourage the members of the other group to display active participation in 
the discussion. Adjust the discussion process in order to coordinate and control the pace of 
the discussion. Approach equally to all members of the group. If the discussion does not go 
on efficiently, direct the discussion by way of assigning the other roles; such as requesting a 
new message from the starter for a new topic.

Theoretician and source searcher

Search for additional knowledge, and correlate it with the discussion. More specifically, 
you are expected to look through external sources, and move beyond the scope of the 
course sources. Take a quick look at the content of your source, and discuss why the source 
conforms to the theme of the discussion. Try to establish a clear connection between the 
discussion and the theory. Correlate all applicable theoretical concepts and knowledge with 
the ongoing discussion by way of citing the sources thereof. Correlate your theoretical 
input with the subject of the discussion clearly. You are recommended to seek for different 
courses, books, films, or practical examples other than the web sites. If you see the shares 
of the other group members lack any theoretical framework, tell them so. Ask from your 
group mates to comment about the sources from a theoretical or experimental standpoint, 
or over their past experiences.

Summariser

Keep track of all the posts of your mates throughout the discussion process. Present interim 
summaries at certain intervals of their posts. More specifically, present a general outlook 
of the discussions, summarize the solutions before the discussion ends, indicate diverging 
ideas, and provide interim solutions. Refrain from summarizing different subjects; however 
try to discern the contradictions. Formulate a final summary at the end of the discussion 
process. Ask from your other group mates to arrange their summaries, and thereby encour-
age them to collaborate. Add more explanation/reasoning by means of logical and critical 
thinking to the explanations/ideas put forth by your group mates. Put forth new and higher 
level of knowledge by way of integrating the contents of the discussions.

EG3: role assignment and sentence openers

Starter

•	 To begin with
•	 New information
•	 New opinion
•	 Firstly, I think that
•	 Firstly, I believe that
•	 I am interested in
•	 We can first make sure
•	 Firstly, I would like to learn how/why
•	 Firstly, I would like to find out how/why
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Supporter

–	 I agree because
–	 That’s right because
–	 I do not agree because
–	 My opinion
–	 My different opinion
–	 I need to understand
–	 It is important because
–	 I wrote about this because
–	 The reason is
–	 The details are
–	 For example
–	 The evidence is

Moderator

–	 Would you please?
–	 Can we?
–	 Let’s move on
–	 Please explain
–	 Please clarity
–	 Please elaborate
–	 Please indicate similarities
–	 Please indicate differences
–	 I would like to suggest that

Source searcher and theoretician

–	 I have found some information
–	 According to source
–	 From a theoretical viewpoint
–	 From a empirical viewpoint
–	 According to theory
–	 A better theory
–	 This theory cannot explain
–	 Give information with the theoretical viewpoint

Summarizer

–	 I think that our ideas
–	 I think that our discussion process
–	 We have learned that
–	 We came up with the conclusion that
–	 From the discussion we can see that
–	 As a result
–	 To summarize
–	 A better summary
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–	 Putting our knowledge together
–	 Integrating ideas together

References

Ak, Ş. (2016). The role of technology-based scaffolding in problem-based online asynchronous discussion. 
British Journal of Educational Technology, 47(4), 680–693.

Cesareni, D., Cacciamani, S., & Fujita, N. (2016). Role taking and knowledge building in a blended univer-
sity course. International Journal of Computer-Supported Collaborative Learning, 11, 9–39.

Chan, C. K. (2001). Peer collaboration and discourse patterns in learning from incompatible information. 
Instructional Science, 29, 443–479.

Chen, K.-C., & Jang, S.-J. (2010). Motivation in online learning: Testing a model of self-determination 
theory. Computers in Human Behavior, 26(4), 741–752.

Chen, K.-C., Jang, S. J., & Branch, R. M. (2010). Autonomy, affiliation, and ability: Relative salience of 
factors that influence online learner motivation and learning outcomes. Knowledge Management & 
E-Learning, 2(1), 30–50.

Cohen, J. (1988). Statistical power analysis for the behaviour sciences. Hillsdale: Erlbaum.
de Waard, I., Koutropoulos, A., Özdamar Keskin, N., Abajian, S. C., Hogue, R. Rodriguez, C.O., & Gal-

lagher, M. S. (2011). Exploring the MOOC format as a pedagogical approach for mLearning. Proceed-
ings from mLearn Beijing, China.

De Wever, B., Van Keer, H., Schellens, T., & Valcke, M. (2010). Roles as a structuring tool in online discus-
sion groups: The differential impact of different roles on social knowledge construction. Computers in 
Human Behavior, 26(4), 516–523.

Deci, E. L., & Ryan, R. M. (2000). The “what” and “why” of goal pursuits: Human needs and the self-
determination of behavior. Psychological Inquiry, 11, 227–268.

ET, O. D. C. (2008). 21st century learning: Research, innovation and policy. directions from recent OECD 
analyses. OECD/CERI International Conference.

Fujita, N. & Teplovs, C. (2010). Software-based scaffolding: Supporting the development of knowledge 
building discourse in online courses. In: Gomez, K., Lyons, L., Radinsky, J. (Eds.) Learning in the 
disciplines: Proceedings of the 9th international conference of the learning sciences (ICLS 2010). Chi-
cago, IL: International Society of the Learning Sciences, 1, 1056–1062.

Garrison, D. R. (2009). Communities of inquiry inonlinelearning. In P. L. Rogers, et al. (Eds.), Encyclope-
dia of distance learning (2nd ed., pp. 352–355). Hershey, PA: IGI Global.

Garrison, D. R., Anderson, T., & Archer, W. (2001). Critical thinking, cognitive presence, and computer 
conferencing in distance education. American Journal of Distance Education, 15(1), 7–23.

Gašević, D., Adesope, O., Joksimović, S., & Joksimović, V. (2015). Externally-facilitated regulation scaf-
folding and role assignment to develop cognitive presence in asynchronous online discussions. The 
Internet and Higher Education, 24, 53–65.

Giesbers, B., Rienties, B., Tempelaar, D., & Gijselaers, W. (2013). Investigating the relations between moti-
vation, tool use, participation, and performance in an e-learning course using web-videoconferencing. 
Computers in Human Behavior, 29(1), 285–292.

Green, S., Salkind, N., & Akey, T. (2000). Using SPSS for windows: Analyzing and understanding data. 
New Jersey: Practice Hall.

Hänze, M., Müller, M., & Berger, R. (2018). Cross-age tutoring: How to promote tutees’ active knowledge-
building. Educational Psychology, 38, 915–926.

Hickey, D. T., McWilliams, J., & Honeyford, M. (2011). Reading Moby-Dick in a participatory culture: 
Organizing assessment for engagement in a new media era. Journal of Educational Computing 
Research, 45(2), 247–263.

Hmelo-Silver, C. E., & Barrows, H. S. (2008). Facilitating collaborative knowledge building. Cognition and 
Instruction, 26, 48–94.

Hong, H. Y., Chen, B., & Chai, C. S. (2016). Exploring the development of college students’ epistemic 
views during their knowledge building activities. Computers & Education, 98, 1–13.

Hong, H.-Y., & Sullivan, F. R. (2009). Towards an idea-centered, principle-based design approach to support 
learning as knowledge creation. Educational Technology Research and Development, 57(5), 613–627.

ISTE. (2016). International Society for Technology in Education (ISTE) standards for students. Retrieved 
April 01, 2017 from http://www.iste.org/stand​ards/stand​ards/for-stude​nts-2016.

http://www.iste.org/standards/standards/for-students-2016


133Examining the role of sentence openers, role assignment scaffolds…

1 3

Jang, H., Reeve, J., & Deci, E. L. (2010). Engaging students in learning activities: It is not autonomy 
support or structure but autonomy support and structure. Journal of Educational Psychology, 
102(3), 588–600.

Kart, M. E., & Güldü, Ö. (2008). Self-determination scale: The adaptation study. Ankara University 
Journal of Faculty of Educational Sciences, 41(2), 187–207.

Keene, O. N. (1995). The log transformation is special. Statistics in Medicine, 14(8), 811–819.
Khanlari, A., Resendes, M., Zhu, G., & Scardamalia, M. (2017). Productive knowledge building dis-

course through student-generated questions. In: Smith, B. K., Borge, M., Mercier, E., and Lim, K. 
Y. (Eds.) Making a difference: Prioritizing equity and access in CSCL, 12th international confer-
ence on computer supported collaborative learning (CSCL) 2017, (Vol. 2). Philadelphia, PA: Inter-
national Society of the Learning Sciences.

Lai, K.-W., & Campbell, M. (2018). Developing secondary students’ epistemic agency in a knowledge-
building community. Technology, Pedagogy and Education, 27(1), 69–83.

Law, N., Yuen, J., Wong, W. O. W., & Leng, J. (2011). Understanding learners’ knowledge building 
trajectory through visualizations of multiple automated analyses. Analyzing interactions in CSCL: 
Methods, approaches and issues. In S. Puntambekar, G. Erkens, & C. E. Hmelo-Silver (Eds.), Com-
puter-supported collaborative learning series (Vol. 12 (Part 1), pp. 47–82). Berlin: Springer.

Lazonder, A. W., Wilhelm, P., & Ootes, S. A. (2003). Using sentence openers to foster student interac-
tion in computer-mediated learning environments. Computers & Education, 41(3), 291–308.

Legault, L., Green-Demers, I., & Pelletier, L. (2006). Why do high school students lack motivation in 
the classroom? Toward an understanding of academic amotivation and the role of social support. 
Journal of Educational Psychology, 98(3), 567.

Lin, F., & Chan, C. K. (2018). Examining the role of computer-supported knowledge-building discourse 
in epistemic and conceptual understanding. Journal of Computer Assisted Learning, 34, 567–579.

Lin, P.-Y., Chang, Y.-H., Lin, H.-T., & Hong, H.-Y. (2017). Fostering college students’ creative capacity 
through computer-supported knowledge building. Journal of Computers in Education, 4(1), 43–56.

Lin, K. Y., Hong, H. Y., & Chai, C. S. (2014). Development and validation of the knowledge-building 
environment scale. Learning and Individual Differences, 30, 124–132.

Mason, R. (1994). Using communications media in open and flexible learning. London: Kogan Page.
Mertler, C. A., & Reinhart, R. V. (2016). Advanced and multivariate statistical methods: Practical 

application and interpretation. Abingdon: Taylor & Francis.
Morris, M., & Ogan, C. (1996). The Internet as mass medium. Journal of Computer-Mediated Commu-

nication, 1(4):141. Retrieved from http://jcmc.india​na.edu/vol1/issue​4/morri​s.html.
Pârgaru, I., Gherghina, R., & Duca, I. (2009). The role of education in the knowledge-based society dur-

ing the economic crisis. Annales Universitatis Apulensis: Series Oeconomica, 11(2), 646.
Pifarre, M., & Cobos, R. (2010). Promoting metacognitive skills through peer scaffolding in a CSCL 

environment. International Journal of Computer-Supported Collaborative Learning, 5(2), 237–253.
Rienties, B., Giesbers, B., Tempelaar, D., Lygo-Baker, S., Segers, M., & Gijselaers, W. (2012). The role 

of scaffolding and motivation in CSCL. Computers & Education, 59(3), 893–906.
Rienties, B., Tempelaar, D., Van den Bossche, P., Gijselaers, W., & Segers, M. (2009). The role of aca-

demic motivation in Computer-Supported Collaborative Learning. Computers in Human Behavior, 
25(6), 1195–1206.

Rourke, L., Anderson, T., Garrison, D. R., & Archer, W. (2001). Methodological issues in the content 
analysis of computer conference transcripts. International Journal of Artificial Intelligence in Edu-
cation, 12, 8–22.

Ryan, R., & Deci, E. (2000). Self-determination theory and the facilitation of intrinsic motivation, social 
development and well-being. American Psychologist, 55(1), 68–78.

Scardamalia, M. (2002). Collective cognitive responsibility for the advancement of knowledge. In B. 
Smith (Ed.), Liberal education in a knowledge society (pp. 67–98). Chicago: Open Court.

Scardamalia, M., & Bereiter, C. (1994). Computer support for knowledge building communities. The 
Journal of the Learning Sciences, 1, 37–68.

Scardamalia, M., & Bereiter, C. (2003). Knowledge building. In J. W. Guthrie (Ed.), Encyclopedia of 
education (2nd ed.). New York: Macmillan.

Scardamalia, M., & Bereiter, C. (2006). Knowledge building: Theory, pedagogy, and technology. In K. 
Sawyer (Ed.), Cambridge handbook of the learning sciences. New York: Cambridge University 
Press.

Scardamalia, M. & Bereiter, C. (2010). A brief history of knowledge building. Canadian Journal of 
Learning and Technology, 36(1). Retrieved from http://www.cjlt.ca/index​.php/cjlt/artic​le/view/574.

Scardamalia, M., Bereiter, C., McLean, R. S., Swallow, J., & Woodruff, E. (1989). Computer-supported 
intentional learning environments. Journal of Educational Computing Research, 5(1), 51–68.

http://jcmc.indiana.edu/vol1/issue4/morris.html
http://www.cjlt.ca/index.php/cjlt/article/view/574


134	 Ü. Avcı 

1 3

Schellens, T., & Valcke, M. (2005). Collaborative learning in asynchronous discussion groups:what 
about the impact on cognitive processing? Computers in Human Behavior, 21(6), 957–975.

Schellens, T., Van Keer, H., & Valke, M. (2005). The impact of role assignment on knowledge con-
struction in asynchronous discussion groups a multilevel analysis. Small Group Research, 36(6), 
704–745.

Scheuer, O., McLaren, B. M., Weinberger, A., & Niebuhr, S. (2013). Promoting critical, elaborative dis-
cussions through a collaboration script and argument maps. Instructional Science, 42(2), 127–157.

Serrano-Cámara, L. M., Paredes-Velasco, M., Alcover, C. M., & Velazquez-Iturbide, J. Á. (2014). An 
evaluation of students’ motivation in computer-supported collaborative learning of programming 
concepts. Computers in Human Behavior, 31, 499–508.

Sheldon, K. M., & Deci, E. (1996). The self-determination scale. University of Rochester.
Sheldon, K. M., Ryan, R. M., & Reis, H. T. (1996). What makes for a good day? Competence and auton-

omy in the day and in the person. Personality and Social Psychology Bulletin, 22, 1270–1279.
Strijbos, J.-W., & Weinberger, A. (2010). Emerging and scripted roles in computer supported collabora-

tive learning. Computers in Human Behavior, 26(4), 491–494.
Sun, Y., Zhang, J., & Scardamalia, M. (2010). Knowledge building and vocabulary growth over two 

years, Grade 3 and 4. Instructional Science, 38, 147–171.
Tabachnick, B. G., & Fidel, L. S. (2012). Using multivariate statistics (6th ed.). Boston: Pearson.
Tan, S. C., Yeo, A. C. J., & Lim, W. Y. (2005). Changing epistemology of science learning through 

inquiry with computer-supported collaborative learning. Journal of Computers in Mathematics and 
Science Teaching, 24(4), 367–386.

Taylor, T. (2002). Cultural diversity and leisure: Experiences of women in Australia. Society and Lei-
sure, 24(2), 535–555.

Timmers, S., Valcke, M., de Mil, K., & Baeyens, W. R. G. (2008). The impact of computer supported 
collaborative learning on internship outcomes of pharmacy students. Interactive Learning Environ-
ments, 16(2), 131–141.

Vansteenkiste, M., Lens, W., & Deci, E. L. (2006). Intrinsic versus extrinsic goal contents in self-deter-
mination theory: Another look at the quality of academic motivation. Educational Psychologist, 41, 
19–31.

Veerman, A., & Veldhuis-Diermanse, E. (2001). Collaborative learning through computer-mediated 
communication in academic education. In P. Dillenbourg,  A. Eurelings, & K. Hakkarainen (Eds.), 
European perspectives on computer-supported collaborative learning: Proceedings of the first 
European conference on computer-supported collaborative learning (pp. 625–632). Maastricht: 
Maastricht University.

Verdú, N., & Sanuy, J. (2014). The role of scaffolding in CSCL in general and in specific environments. 
Journal of Computer Assisted Learning, 30(4), 337–348.

Wang, A., Chai, C. S., & Hairon, S. (2017). Exploring the impact of teacher experience on questioning 
techniques in a Knowledge Building classroom. Journal of Computers in Education, 4(1), 27–42.

Wise, A. F., Saghafian, M., & Padmanabhan, P. (2012). Towards more precise design guidance: Specify-
ing and testing the functions of assigned student roles in online discussions. Educational Technol-
ogy Research and Development, 60(1), 55–82.

Woo, Y., & Reeves, T. C. (2007). Meaningful interaction in web-based learning: A social constructivist 
interpretation. The Internet and Higher Education, 10(1), 15–25.

Wood, J. M. (2007). Understanding and computing Cohen’s Kappa: A tutorial. WebPsychEmpiricist. 
http://wpe.info/vault​/wood0​7/Wood0​7.pdf.

Wu, Y.-T., & Wang, L.-J. (2016). Research trends in technology-enhanced knowledge building pedago-
gies: A review of selected empirical research from 2006 to 2015. Journal of Computers in Educa-
tion, 3(3), 353–375.

Yücel, Ü. A., & Usluel, Y. K. (2016). Knowledge building and the quantity, content and quality of the 
interaction and participation of students in an online collaborative learning environment. Comput-
ers & Education, 97, 31–48.

Zhang, J., & Sun, Y. (2011). Reading for idea advancement in a Grade 4 knowledge building community. 
Instructional Science, 39, 429–452.

Zhang, J., Tao, D., Sun, Y., Chen, M-H., Peebles, B., & Naqvi, S. (2015). Metadiscourse on Collective 
Knowledge Progress to Inform Sustained Knowledge-Building Discourse. Paper to be presented at 
the Annual Meeting of American Educational Research Association (AERA 2015), Chicago, IL.

Zhou, P., & Yang, Q. (2017). Fostering elementary students’ collaborative knowledge building in smart 
classroom with formative evaluation. In: 2017 International Conference of Educational Innovation 
through Technology (EITT) (pp. 116–117). IEEE.

http://wpe.info/vault/wood07/Wood07.pdf


135Examining the role of sentence openers, role assignment scaffolds…

1 3

Zhu, C. (2012). Student satisfaction, performance, and knowledge construction in online collaborative 
learning. Journal of Educational Technology & Society, 15(1), 127–136.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Ümmühan Avcı  is Associate Professor of Computer Education and Instructional Technology at Başkent 
University of Turkey. Her research interest focuses on knowledge building & sharing, online learning, ICT 
in education, technology integration, Web 2.0 learning technologies,  information ethics & law and social 
networks.


	Examining the role of sentence openers, role assignment scaffolds and self-determination in collaborative knowledge building
	Abstract
	Introduction
	Research questions

	Background
	Knowledge building in online collaborative learning environments
	Sentence openers and role assignment scaffolds

	Methodology
	Research design and participants
	Course design and procedure
	Data collection tools
	Self-determination scale
	Content analysis of groups

	Statistical analyses

	Results
	Comparing contributions to knowledge building process
	Detailed analysis of EG3 (scaffolded with sentence openers and role assignment) students’ contributions
	Comparing students’ self-determinations

	Discussion
	Limitation, conclusions and future research
	References




