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Abstract This study examined the effects of metacognitive scaffolds on learning out-

comes of collaborating students in an innovative learning arrangement. The triads were

supported by computerized scaffolds, which were dynamically integrated into the learning

process and took a structuring or problematizing form. In an experimental design the two

experimental groups receiving scaffolds were compared with a control group. The

experimental groups differed in the form of scaffolding used: structuring scaffolds versus

problematizing scaffolds. We analyzed the effects of metacognitive scaffolding and of

different forms of scaffolds on the learning outcomes at group and individual level. The

results showed no effect of scaffolding on group performance, nor on the acquired indi-

vidual domain knowledge, but a small effect on acquired individual metacognitive

knowledge. With respect to the effects of different forms of scaffolds, we found a small

effect on group performance, on transfer of individual domain knowledge and on the

individual metacognitive knowledge acquired.
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Introduction

Many students have difficulties learning successfully in innovative learning arrangements,

which in turn have an impact on their performance and achievement (Azevedo and

Cromley 2004; Azevedo and Hadwin 2005; Bannert and Mengelkamp 2008; Hannafin and

Land 1997; Land and Greene 2000). Innovative learning arrangements, such as hypermedia

and electronic learning environments, are characterized by constructive learning assign-

ments in a situated environment in which students often work collaboratively in small

groups supported by technological tools (Simons et al. 2000). In these learning arrange-

ments students are given the responsibility to specify topics to be learned and to decide

upon the learning strategies to be followed (Kalyuga et al. 2001; Kirschner et al. 2006). As

a consequence, these environments draw heavily on the students’ metacognitive skillful-

ness to regulate their learning. Research, however, has shown that students lack the

metacognitive skillfulness to perform the required regulation and that metacognitive

scaffolds can support the regulation of their learning (Veenman et al. 2005). Findings of

studies into the effects of metacognitive scaffolding have shown that scaffolding can

improve the learning outcomes of individual learners in innovative learning arrangements

(Azevedo and Hadwin 2005; Azevedo et al. 2008; Bannert 2006, Bannert et al. 2009; Lin

and Lehman 1999; Veenman et al. 2005).

In innovative learning arrangements, students often work collaboratively in small groups.

Small groups have similar problems to those experienced by individual students regulating

their learning in innovative learning arrangements (Hadwin and Oshige 2007; liskala et al.

2004; O’Donnell 2006). As a consequence, metacognitive scaffolds directed at the group

members to regulate their collective learning activities might improve the performance and

achievement of small groups. Although scholars have stressed the need for research that

focuses on the effect of metacognitive scaffolding on the learning outcomes of both the group

and individual learners in innovative learning arrangements, systematic research is lacking.

This paper extends recent literature by emphasizing the potential of metacognitive scaf-

folding for students’ performance and achievement and makes a unique contribution by

exploring the effects of metacognitive scaffolding on learning outcomes in a collaborative

setting. Additionally we investigated the effects of different forms of scaffolding. We present

the results of an experimental study into the effects of metacognitive scaffolds in an inno-

vative learning environment on the learning outcomes of 156 students who were randomly

assigned to 52 triads in three different experimental conditions.

Our inquiry examined the following general question: What is the effect of metacognitive

scaffolding and different forms of scaffolds on learning outcomes of collaborating students

in an innovative learning arrangement? We provide a brief overview of the literature on

scaffolding in innovative learning arrangements and summarize previous research into the

effects of metacognitive scaffolding on the learning outcomes of individual students. Then

we outline the socio-cognitive perspective which provides the conceptual framework of our

study to explain the effect of scaffolding on students in a group setting. Next we pose the

hypotheses around the effects of metacognitive scaffolding on the learning outcomes, i.e., the

quality of the triads’ product and the individual knowledge acquisition.

Scaffolding in innovative learning arrangements

Scaffolding is defined as providing assistance to a student on an as-needed basis, fading the

assistance as the competence of the student increases (Wood et al. 1976). To determine the
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effect of scaffolding in an innovative learning arrangement on learning outcomes, different

characteristics, which are best explained as the why, what and how of scaffolding, can be

distinguished (Azevedo and Hadwin 2005; Luckin and Boulay 2002; Pea 1993). The why
of scaffolding refers to the rationale for applying scaffolding in an innovative learning

environment; most students are unable to perform a learning assignment or achieve the

desired level of learning without getting support from scaffolds. As mentioned above,

research findings have shown that in innovative learning arrangements students have

problems regulating their learning due to a lack of metacognitive skillfulness (Veenman

et al., 2005). In our study, we used an innovative learning arrangement in which students

worked collaboratively in a small group (triad). The scaffolding was used in our study to

increase the regulation of learning and hence improve performance and achievement.

The what of scaffolding refers to the kind of learning activities scaffolds are mediating

to sustain the desired learning outcomes. Scaffolding can be directed at the object or the

meta level of learning (Nelson 1996). The object level deals with cognitive activities,

which are directed at the acquisition of knowledge and/or skills. The meta level regulates

the object level through monitoring and controlling the cognitive activities. Metacognition

is defined as knowledge about and regulation of one’s own cognitive activities (Flavell

1979) and can be divided into metacognitive knowledge and metacognitive skillfulness

(Veenman et al. 2006). Metacognitive knowledge is the individual’s declarative knowledge

about the interactions between person, task and strategy characteristics (Flavell 1979),

whereas metacognitive skillfulness refers to the individual’s procedural knowledge for

regulating his or her own problem-solving and learning activities (Veenman 2005).

Metacognitive activities are categorized into preparatory activities, orientation and plan-

ning, executive activities, monitoring and evaluation and closing activities such as

reflection (Veenman et al. 2006; Zimmerman 2002). In innovative learning arrangements

students need scaffolds to support their metacognitive activities to improve the regulation

of their cognitive activities, which in turn improves their achievement. In our study,

scaffolding was directed at supporting the metacognitive activities of triads.

The next characteristic of scaffolding is the how of scaffolding, which refers to the

nature and design of the scaffolds delivered. Several aspects, such as the modality of

delivery, integration into the learning process and the form of the scaffold message, are

relevant to determine the effects of scaffolding in an innovative learning arrangement.

First, the scaffolds can be delivered to the learner by a human tutor or a virtual agent, on

paper or through tools in a computer environment. In innovative learning arrangements

scaffolds are often delivered by computers. In our study, scaffolds were delivered by a

three-dimensional virtual agent embedded in the electronic learning environment. Second,

in computerized scaffolding it is important to determine the way scaffolds are integrated

into the learning process; scaffolding can be static or dynamic (Molenaar and Roda 2008;

Puntambekar and Hubscher 2005). Static scaffolding is defined once; it is constant over

time and the same for all students (e.g., a list of instructions that helps users to perform a

learning activity). Dynamic scaffolding entails pedagogical agents who diagnose, calibrate,

and provide support tailored to the performance on the learning assignment (e.g., moni-

toring the learning progress of a student and providing scaffolds when needed in the

learning process). In innovative learning arrangements, both static and dynamic scaffolding

can been used. The scaffolding used in this study is dynamically integrated into the

learning process.

A third aspect with regard to the how of scaffolding refers to the form of the scaffold

message, often referred to as using a structuring or problematizing mechanism (Reiser

2004). Structuring simplifies the learning assignment by reducing its complexity, clarifying
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the underlying components and supporting planning and performance (i.e., providing the

students with an example of a plan for the assignment). Problematizing increases the

complexity of the learning assignment by emphasizing certain aspects of the assignment

and asking learners to clarify the underlying components and perform actions to plan and

to construct their own strategies (i.e., asking students to make their own plan for the

assignment). The different forms of scaffolds mediate behavior differently; structuring

scaffolds tend to support learning activities by providing directive guidelines that perform

part of the regulation for the students, whereas problematizing scaffolds are explicitly

directed at eliciting their own metacognitive activities through initiating messages or

questions. Both forms of scaffolds can be used in innovative learning arrangements. In our

study both forms were used in different experimental settings (conditions) to enable the

differential effects of the two scaffold forms to be examined.

Research into the effects of metacognitive scaffolds has only occasionally been used

to support metacognitive activities of individuals in innovative learning arrangements

(Azevedo and Hadwin 2005; Azevedo et al. 2008; Bannert 2006, Bannert et al. 2009; Lin

and Lehman 1999; Veenman et al. 2005). The main results from these studies are that

scaffolding can increase problem-solving (Veenman et al. 2005), domain knowledge

(Azevedo et al. 2008) and transfer of domain knowledge (Bannert 2006, Bannert et al.

2009; Lin and Lehman 1999). Scaffolding has consistently been found to support

problem-solving. With respect to the domain knowledge acquired, the results have been

inconsistent; Bannert (2006, 2009) did not find an effect on the amount of domain

knowledge acquired, whereas Azevedo et al. (2008) did find an effect on domain

knowledge measurements. All studies found an improved transfer of domain knowledge

in near transfer tasks (Bannert 2006, Bannert et al. 2009; Lin and Lehman 1999). None

of the studies measured metacognitive knowledge as a result of the scaffolding. This

emphasizes the perspective in scaffolding studies that the function of metacognitive

scaffolds is to improve learning outcomes; it is not seen as a method of training

metacognitive knowledge or skillfulness.

Scaffolding in a social system

In an innovative learning arrangement students often work together in small groups sup-

ported by technical tools. Scholars assume that small groups have similar problems to

individual students in regulating their learning and therefore that scaffolding could

improve the regulation and learning outcomes of small groups in innovative learning

arrangements (O’Donnell 2006). As discussed earlier, research has focused on how

metacognitive scaffolds affect individual students resulting in better learning outcomes,

rather than on how scaffolds influence joint activity leading to enhanced learning outcomes

both at group and individual level. In this study, we aimed to determine the effects of

metacognitive scaffolding on the learning outcomes in a collaborative setting.

In order to understand the effects of metacognitive scaffolding on collaborative reg-

ulation, we drew on the socio-cognitive perspective of learning (Hadwin and Oshige

2007; liskala et al. 2004; Vauras et al. 2003; Volet et al. 2009). This perspective focuses

on how peers play a mediating role in the learning of others through reciprocial activity

on the interpersonal plane and emphasizes individual and group learning as the outcome

of collaborative learning. Collaborative regulation refers to the metacognitive activities

that are shared among the group members regulating their collective cognitive activity

(Hadwin and Oshige 2007). Members of the group are conceptualized as multiple
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regulating agents who co-regulate each others learning and operate as a social system,

consisting of two interrelated levels (individual and social) (Volet et al. 2009). From a

socio-cognitive perspective, socially shared metacognition is considered as a process

taking place on the interpersonal problem plane between two or more individuals

affecting more than one individual (liskala et al. 2004). Furthermore, the socio-cognitive

perspective emphasizes group and individual learning as the outcome of the collaborative

learning process.

In our study the social system consisted of three students (triads) who interacted face

to face with each other and with a virtual agent delivering the scaffolds in an e-learning

environment. The students and the technological tools influenced each other in a spiral-

like fashion; students contributed knowledge and skills to the social system, which

altered the state of the interpersonal plane and elicited new activities from the group

members and the technological tools. The activities offered the opportunity to practice

knowledge and skills at the individual level, which subsequently altered future partici-

pation of the students on the interpersonal plane of the small group (triad). Thus the

individual students appropriated knowledge provided by the social system and contrib-

uted through their participation to the development of the social system and vice versa

(Salomon 1993; Volet et al. 2009). Accordingly, we distinguished two parallel outcomes

of activities on the interpersonal plane: the product of the social system and the indi-

vidual cognitive residues, which are the effects of the interpersonal plane’s activities on

the development of the individuals’ skills and knowledge. In our study the product of

students’ joint activity was the group product and the individual cognitive residues were

individuals’ knowledge acquisition.

As mentioned earlier, the scaffolding in our study was used to increase co-regulation of

the collective cognitive activity of students working collaboratively in a innovative

learning arrangement, which in turn was expected to improve their performance and

achievement (the why of scaffolding). The scaffolds in our study were directed at sup-

porting the metacognitive activities on the interpersonal plane to enhance regulation of the

collective cognitive activity of the triads (the what of scaffolding). Furthermore, we used

computerized scaffolding which was dynamically integrated into the interactive system

(the how of scaffolding). The modality of scaffolding in this study was a three-dimensional

virtual agent embedded in the e-learning environment. Dynamic scaffolding can influence

a social system in two ways, by directly regulating the interpersonal plane or by eliciting

individuals’ metacognitive activities to contribute to the interpersonal plane. With respect

to the form of scaffolds, we used both structuring and problematizing scaffolds in our

innovative learning arrangement. The form of scaffolds determines the ‘‘route’’ taken;

structuring scaffolds take the direct route, whereas problematizing scaffolds take the

indirect route. Structuring scaffolds regulate the interpersonal plane directly by providing a

regulative contribution. For instance, in our study the agent showed the students an

exemplary plan of an assignment to make a mind map. This scaffold provided a planning

activity to make the mind map and could be directly applied. Subsequently, the exemplary

plan supported the students as they made additional planning contributions themselves.

Problematizing scaffolds, on the other hand, trigger metacognitive activities of individuals

to regulate the interpersonal plane. For instance, in our study the agent asked the question

‘‘how can you plan a mind map assignment?’’ The scaffold provided no regulation; it only

elicited planning activities from the students to plan collectively. The metacognitive

activities generated by the problematizing scaffolds could come from more individuals in

the group possibly leading to interaction and discussion about the regulation of their

collective cognitive activity on the interpersonal plane.
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The present study

The aim of this study was to assess the effect of dynamic computerized metacognitive

scaffolds on learning outcomes of collaborating students in an innovative learning

arrangement. In addition to the effects of scaffolding, this study also aimed to assess the

effects of two different forms of scaffolds (structuring vs. problematizing) on the learning

outcomes of collaborating students. The learning outcomes were specified at group and

individual level, taking into account the parallel learning outcomes resulting from the

reciprocal interaction on the interpersonal plane. At group level the product was the group

paper and at the individual level we distinguished between the effect of scaffolding on the

individual students’ domain knowledge and on their metacognitive knowledge. Our

research was designed to address two research questions:

1. What is the effect of metacognitive scaffolds on the learning outcomes of

collaborating students in innovative learning arrangements?

2. What is the effect of different forms of scaffolds (structuring vs. problematizing)

supporting metacognition on learning outcomes of collaborating students in innovative

learning arrangements?

Drawing on the socio-cognitive perspective, we discussed the role of metacognitive

scaffolding in supporting co-regulation of collective cognitive activity of a small group.

We assumed that groups supported by metacognitive scaffolds would increase co-regu-

lation on the interpersonal plane, leading to improved group performance and achievement.

Although research on the effects of metacognitive scaffolding on collaborating students’

learning outcomes is lacking, earlier studies have shown that metacognitive scaffolds

improve learning outcomes through improving individuals’ regulation of their cognitive

activities. We therefore expected that groups supported by metacognitive scaffolds would

outperform groups who were not supported by metacognitive scaffolds on the quality of the

group product (hypothesis 1a).

As discussed above, scaffolding in a social system influences not only the quality of a

group product, but also of the individual cognitive residues, such as knowledge and skills.

An individual’s knowledge is affected through the reciprocal interaction between the social

system (social level) and individual cognition (individual level). Scaffolds focused on the

group level will also therefore affect learning outcomes on an individual level. Groups that

receive scaffolds are expected to co-regulate their collective cognitive activity more than

groups that do not receive scaffolds. We therefore predicted that students in groups

receiving scaffolds would also acquire more domain knowledge (hypothesis 1b).

Scaffolds increase co-regulation on the interpersonal plane, which models metacogni-

tive activities and/or provides opportunities to practice metacognitive activities. As a

consequence, individuals increase their understanding of how to use metacognitive

activities to regulate cognitive activity. Thus we expected students working in triads and

receiving metacognitive scaffolds to acquire more metacognitive knowledge than students

in the groups that did not receive scaffolds (hypothesis 1c).

As discussed above, the form of the scaffold determines the ‘‘route’’ through which the

scaffold affects the social system. This has implications for the way we expect the forms of

the scaffolds to influence the parallel learning outcomes. Structuring scaffolds provide a

regulative contribution to the interpersonal plane; this could trigger metacognitive con-

tributions of the individuals in the system but does not necessarily do so. The problema-

tizing scaffolds offered in our study initiated the individual students’ metacognitive

activities. Each individual in the group could contribute metacognitive activities, which
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could lead to regulative interaction and discussion on the interpersonal plane. We therefore

expected more regulation of the collective cognitive activity in groups supported by

problematizing scaffolds than in groups with structuring scaffolds. As specified above,

more regulation of collective cognitive activities was expected to lead to a better quality of

the group product, thus we expected groups supported by problematizing scaffolds to

outperform groups supported by structuring scaffolds (hypothesis 2a).

Based on the same reasoning as for hypothesis 1b, we assumed that the individual

student’s knowledge development is influenced through the interaction between the social

system (social level) and the individual cognition (individual level). The form of scaffolds

would therefore also influence the learning outcomes at the individual level. Groups that

received problematizing scaffolds were expected to regulate their collective cognitive

activity more than groups receiving structuring scaffolds. We therefore predicted that

students in groups receiving problematizing scaffolds would also acquire more domain

knowledge about the topic of the group product, than students receiving structuring

scaffolds (hypothesis 2b).

Structuring scaffolds directly regulate the interpersonal plane; the virtual agent’s

metacognitive modeling was likely to affect the development of metacognitive knowledge.

Problematizing scaffolds elicited metacognitive activities from the individual students,

affecting the development of the metacognitive knowledge through practice. Both mod-

eling and practicing positively influence the development of metacognitive knowledge, but

practicing is expected to have a stronger effect on students’ knowledge development as it is

more actively involving than modeling. We therefore expected that students who were in

groups supported by problematizing scaffolds would outperform students who were in

groups receiving structuring scaffolds on metacognitive knowledge acquisition (hypothesis

2c).

This paper reports an experiment on the effects of metacognitive scaffolding and dif-

ferent forms of scaffolds (structuring vs. problematizing) on learning outcomes of col-

laborating students. Triads in the scaffolding conditions received scaffolds to support their

co-regulation; triads in the control condition did not receive scaffolds. Triads in the

structuring condition received scaffolds directly regulating the interpersonal plane and

triads in the problematizing condition received scaffolds to elicit metacognitive activities

of the students participating on the interpersonal plane. Scaffolds were integrated

dynamically into the e-learning environment supporting regulation at the appropriate

instances in the collaborative learning process (see section on ‘‘The scaffolding system and

the conditions’’ in the method for an explanation). If the first hypothesis holds, we would

expect triads who received scaffolds to outperform the triads in the control condition with

respect to their group performance, the amount of individual domain knowledge and

metacognitive knowledge acquisition. If the second hypothesis holds, we would expect

students in the problematizing condition to outperform the students in the structuring

condition with respect to their group performance, the amount of individual domain

knowledge and metacognitive knowledge acquisition.

Method

Sample and design

156 students in three schools divided over 6 classes participated in the study. The students

were in Grade 4 (27), Grade 5 (82) or Grade 6 (47) of elementary education. This spread
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across three grades was chosen to assess the effect of scaffolds on learning outcomes over

different levels of metacognitive skillfulness. The teachers assigned the students to triads

(52) within their class based on the principle of heterogeneity. Each triad consisted of male

and female students. Students were rated on their school performance as low, medium and

high achievers and every triad had one participant of each level. Finally each triad had to

include at least one student with good reading abilities and one student with good computer

abilities. The triads were randomly assigned to the three conditions: (1) No scaffolds

(control group, 16 triads); (2) Structuring scaffolds (experimental group 1, 17 triads); and

(3) Problematizing scaffolds (experimental group 2, 19 triads). The conditions were

equally divided over the classes.

The e-learning environment used in this study is called Ontdeknet. It focuses on sup-

porting students in their collaboration with experts (Molenaar 2003). Ontdeknet is an open

learning environment in which assignments are described as ‘projects’. A project consists

of a broad overall assignment which is connected to an external expert who will provide

the students with specialized information. The assignment is divided into smaller sub-

assignments to support the students’ collaboration with the experts. Ontdeknet embeds the

design elements of innovative learning arrangements in three aspects: constructive learning

assignments, a situated environment and collaborative learning. Constructive learning
assignments come to the fore in the self-initiating role the students play with respect to the

learning strategies and topics to be learned. Students select their own learning goals and

select the learning strategies to pursue these goals. The role of the experts is to support the

students in acquiring their goals through providing information and expertise. Situated
environment is related to this role of the expert, the information given by the experts

concerns their professional or personal knowledge and experiences. It is edited for its value

and relevance for students by the editor of Ontdeknet. The vocabulary used by the experts

is related to the socio-cultural environment of their expertise, and their examples, rea-

soning and explanations reflect their thinking as an expert about the topic (Ericsson and

Charness 1994). Collaborative learning is implemented at two levels: students collabo-

rating with an expert in a virtual environment and with each other in small groups behind

the computer.

The total duration of the experiment was eight lessons of 1 h. In the first lesson, the

students were given instructions about the assignment and the electronic learning envi-

ronment. All students received the same instructions and all triads spent the same time

working on the assignment (6 h). In six lessons the triads worked on an assignment called

‘‘Would you like to live abroad?’’ The goal of the assignment was to explore a country of

choice (New Zealand or Iceland), write a paper on the findings and decide if they would

like to live in this country. The triads worked on one computer and had access to an

inhabitant of the country. They could consult the expert by asking questions and requesting

information about different topics about the country that they were interested in. In the

expert section, the requested information about the country was written by the expert and

questions were answered in a forum.

The assignment to write a paper about the country was preceded by four sub-assign-

ments: introducing the group, writing a goal statement, selecting a country and specifying

topics of interest in a mind map to further support the collaboration with the expert. All

tasks were integrated into the working space of the triads, where they also wrote the paper.

The performance of the triads was stored in the learning environment. All lessons were

supervised by the same researcher. The 8th h was used for the measurement of individual

domain and metacognitive knowledge.
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The scaffolding system and the conditions

The computerized scaffolds were dynamically integrated into the learning environment.

An attention management system was used to determine when to send which scaffold to

the learners. This system monitored the students’ attention focus and based on this

information supplied the scaffolds. The system’s technical design consisted of three

levels: the input level, the reasoning level and the intervention level. The input level

collected information about the students’ attention from the students’ environment.

Currently, input information is derived from the keyboard strokes, mouse movements and

event information about the students’ activities in the e-learning environment. The

reasoning level selected the scaffold that is sent to the learner. Different software agents

assessed the students’ attention information to select the appropriate scaffold. The

intervention level determined how the scaffold was communicated to the learner.

Atgentschool used a three-dimensional virtual agent powered by Living Actor technology

for the delivery of scaffolds. The scaffolds were shown in text balloons and could be

heard as spoken messages through the computer’s audio output. The messages were

accompanied by the agent’s animations (e.g., movements of the agent’s hands) and

emotions (e.g., smile on the face of the agent). The students had four icons in the

interface by which to communicate with the agent, a question mark to indicate a need for

help and three emotional icons indicating a happy, neutral or sad user. This information

from the user was used as additional input.

The triads in the scaffolding conditions received scaffolds supporting their metacog-

nitive activities during the first two lessons. The scaffolds were dynamically timed in the

learning process, and the triads in both conditions received the scaffolds at the same

instance in the learning process. The scaffolds were delivered at times when metacognitive

activities are generally executed in the learning process based on Zimmerman’s model for

self-regulated learning (Zimmerman 2002). The scaffolding system determined the

appropriate instance to send a scaffold based on the students’ attention focus. This attention

focus was established based on the input information that the system acquired from the

students’ environment. The scaffolds were triggered by the system in relation to the

following changes in the attention focus of the students. Orientation activities should be

performed just before selecting a task; thus at sub-assignment selection triads received a

scaffold to orientate on the sub-assignment. Planning should be done just before starting a

task; therefore planning scaffolds were implemented just before execution of the sub-

assignment. Finally, monitoring should be performed during and after execution of the

task, upon saving the sub-assignment triads were shown a scaffold prompting them to

monitor (Molenaar and Roda 2008). For each sub-assignment three types of scaffolds were

implemented: orientation, planning and monitoring scaffolds. Students in the scaffolding

conditions received a minimum of 12 scaffolds (see Appendix 1 for an overview of all

scaffolding messages).

The triads in the structuring condition (experimental group 1) received scaffolds in the

structuring form, which consisted of direct support to their regulation. The triads in the

problematizing condition (experimental group 2) received scaffolds in the problematizing

form which were designed to elicit individual students’ metacognitive activities. The triads

in the problematizing condition were obliged to answer the agent’s questions in an answer

box on the screen, see Fig. 1 for an example of both forms of scaffold. Screenshots in

Appendix 2 show how the messages are integrated into the electronic learning environ-

ment. Table 1 shows the messages of the orientation, planning and monitoring scaffolds in
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structuring and in problematizing form for the introduction assignment (Appendix 1

contains all scaffolding messages).

Finally, the triads in the control group did see the virtual agent, but did not receive any

form of metacognitive support from the agent. The agent was included in the interface to

prevent a Hawthorne effect (Franke and Kaul 1978).

Measures

The measurement for the product of the social system was the group performance on the

assignment as measured by the quality of the group paper. The measurements of the

individual cognitive residues were the individual domain knowledge acquired measured by

recall, a knowledge test and a transfer test. Finally, the metacognitive knowledge was

measured.

Group performance was measured by scoring the triad’s paper that they wrote as a

collaborative product of the learning assignment. The quality of the paper was defined by

the richness of the text and the amount of processing of the information. The number of

different topics about the country covered was an indication of the richness of the paper

(Janssen 2008). The percentage of self-formulated text was an indication of the amount of

processing the students had done in relation to the information provided (Igo et al. 2005).

The students received information given by the inhabitant which was used to determine the

level of processing, indicated by the percentage of copying. This was measured by com-

paring the given information to the students’ finished text using Wincopyfind 2.6. This

Fig. 1 An example of a structuring and problematizing scaffold

Table 1 Example of structuring and problematizing scaffolds for the assignment introduction

Situation Structuring scaffold Problematizing scaffold

Orientation on introduction Before we start, I would like to know
who you are, please introduce
yourselves

Why are you going to
introduce yourselves?

Planning of introduction I am going to show you an example of
how to introduce yourselves: I am
David, I am 12 years old and like to
play games on the internet

How are you going to
introduce yourselves?

Monitoring of introduction Thank you, I will send your introduction
to the expert

Did you introduce yourselves
as planned?
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percentage was turned into a processing score: less copying resulted in a higher processing

score. The richness of the text was evaluated by two independent researchers who counted

the number of topics covered in the paper. 28% of the papers were scored by two inde-

pendent researchers (Cohen’s kappa = 0.75). The quality of the paper was calculated by

adding the richness of the paper score to the processing score. The maximum paper score

was 6 points.

Students’ domain knowledge was measured individually on three different levels: recall,

knowledge test and a near transfer task following Bannert (2006, 2009). Recall was

measured by asking students to make a mind map in 5 min with as many issues as they

knew about the country they had investigated. For each correct proposition one point was

assigned. Knowledge was measured by a curriculum-based knowledge test with 40

questions (true/false/question mark) related to the country the students had studied. Stu-

dents received 1 point for each correct answer, 0 points for a question mark or an incorrect

answer. The question mark option was included to prevent gambling, we told the students

they would receive -1 point for each incorrect answer. Cronbach’s alpha was 0.93 for the

New Zealand test and 0.88 for the Iceland test. The near transfer task was to see if students

could relate the domain knowledge on the country to a more general classification of topics

that are important to consider when moving to a different country. We asked them to make

a mind map with as many topics as possible that you need to consider when moving to

another country. For each correct proposition one point was assigned.

Finally, the metacognitive knowledge of the students was measured by asking them to

imagine that they were going to do the same assignment again. They were asked to write

down how they would proceed on this assignment in steps to be taken. The answers were

scored against a full procedural overview made by the researchers. The full procedural

overview consisted of 18 steps; examples of steps were ‘‘plan the learning task’’, ‘‘activate

prior knowledge’’ and ‘‘monitor the activity of the group’’. The maximum score was 18

points. 10% of the tests were scored by two independent researchers (kappa = 0.83). An

overview of all measurements is given in Table 2.

Analysis

The first hypothesis predicted that students in both experimental conditions would perform

better than students in the control condition on the learning outcome variables. The second

hypothesis predicted that the students in the problematizing condition would outperform

the students in the structuring condition on the learning outcome variables. We treated the

different learning outcome variables (group performance, individual domain knowledge

Table 2 Overview of measurements

Learning outcome Group measurement Individual measurement

Performance Quality of the paper

Domain knowledge Free recall

Knowledge test

Near transfer test

Procedural knowledge Procedural knowledge test
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and individual metacognitive knowledge) as separate dependent variables, because they

differed conceptually. As a consequence, we conducted ANOVAs with planned contrasts

to test the two hypotheses. The effect sizes were calculated using the effect size estimate r,

following Rosenthal (1991) defining 0.1 as a small effect, 0.3 as a medium effect and 0.5 as

a large effect. Analyzing the data, we found that a number of students (n = 27) were

unable to answer the questions about metacognitive knowledge. These students were

equally distributed over the conditions. We therefore excluded these students from the data

analysis of metacognitive knowledge.

Results

The effects of scaffolding: the experimental conditions versus the control group

Planned comparisons of the control group with the two experimental groups revealed that

scaffolding did not have a significant effect on group performance, t (49) = 1.39; p [ 0.05

(one tailed) see, Table 3. The effect size r = 0.19, however, indicated a small to medium

positive effect of scaffolding on group performance. This finding on group performance

did not therefore confirm our first hypothesis: scaffolding did not significantly affect the

quality of the group product.

Planned comparisons of the control group with the two experimental groups revealed

that scaffolding did not have a significant effect on the domain knowledge of the individual

students. Specifically, we did not find a significant effect of scaffolding on free recall

(t (144) = 0.42; p [ 0.05; r = 0.03), the knowledge test on New Zealand (t (89) = -0.17;

p [ 0.05; r = 0.01) the knowledge test on Iceland 9(t (61) = 0.79; p [ 0.05; r = 0.08),

nor the transfer of knowledge(t (147) = -0.37; p [ 0.05; r = 0.03). All the effects sizes

were very low (close to zero). This suggests that metacognitive scaffolds had little to no

effect on the domain knowledge construction. So, also with regard to domain knowledge,

the findings did not confirm our first hypothesis.

Planned comparisons of the control group with the two experimental groups revealed

that scaffolding did significantly affect metacognitive knowledge, t (108) = 1.63; p\0.05

(one tailed). The effect size r = 0. 16 indicated a small positive effect of scaffolding on

the amount metacognitive knowledge acquired. These findings thus confirmed our first

hypothesis: scaffolding did have positive effects on the amount of metacognitive knowl-

edge the individual students acquired (Table 3).

Table 3 The effect of scaffolding on learning outcomes; comparing the control group to the two scaf-
folding conditions

Conditions Control Scaffolding
M (SD) M (SD) t p r

Quality of group paper 3.31 (1.35) 3.98 (1.41) 1.39 0.08 0.19

Recall domain knowledge 8.89 (3.37) 9.15 (3.59) 0.42 0.34 0.03

Domain knowledge New Zealand 19.56 (5.70) 19.25 (9.14) -0.17 0.43 0.01

Domain knowledge Iceland 15.78 (6.39) 17.06 (5.39) 0.79 0.22 0.08

Transfer of domain knowledge 6.42 (2.32) 6.27 (2.23) -0.37 0.35 0.03

Procedural knowledge* 4.51 (1.96) 5.21 (2.15) 1.63 0.05* 0.16

* indicates significant at p \ 0.05
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The form of the scaffolding: the problematizing condition versus

the structuring condition

The comparison of the problematizing condition with the structuring condition revealed

that the form of the scaffolds had a significant effect on group performance as measured by

the quality of the group paper, t (49) = 2.07; p \0.02 (one tailed) see Table 4. The effect

size (r = 0.28) indicated a medium positive effect of the form of scaffolding on the quality

of the paper. This finding on group performance did therefore confirm our second

hypothesis: problematizing scaffolds did significantly affect the quality of the group

product.

Planned comparisons of the problematizing condition with the structuring condition

revealed that scaffolding did not have a significant effect on the domain knowledge of the

individual students. We did not find a significant effect of forms of the scaffolding given on

the recall of knowledge (t (144) = -0.28; p [ 0.05; r = 0.02), the knowledge test on New

Zealand (t (89) = -0.35; p [ 0.05; r = 0.03), or the knowledge test on Iceland 9 (t (61) =

-0.83; p [ 0.05; r = 0.11). Furthermore, all effects found were negative, indicating that

problematizing actually reduces the domain knowledge compared to structuring. With

regard to one aspect of domain knowledge, however, we did find a significant effect. Students

who worked in triads which received problematizing scaffolds scored significantly higher on

the transfer test than students who worked in triads receiving structuring scaffolds

(t (147) = 1.64; p \ 0.05). The effect size (r = 0. 13) indicated a small positive effect of the

form of scaffolding on the transfer of knowledge.

Planned comparisons of the problematizing condition with the structuring condition

revealed that the form of scaffolding did significantly affect the metacognitive knowledge

of the individual students t (108) = 1.67; p \ 0.05 (one tailed).The effect size (r = 0.16)

indicated a small positive effect of the form of scaffolding on the amount of metacognitive

knowledge acquired. These findings did confirm our second hypothesis: problematizing

scaffolds did positively affect the amount of metacognitive knowledge the students

acquired compared to structuring scaffolds (Table 4).

Conclusion and discussion

In this study we investigated the effect of computerized dynamic metacognitive scaffolding

on learning outcomes of collaborating students in an innovative learning arrangement.

Table 4 The effect of the form of scaffolds on learning outcomes; comparing the structuring condition to
the problematizing condition

Conditions Structuring Problematizing
M (SD) M (SD) t p r

Quality of group paper 3.41 (1.46) 4.37 (1.34) 2.07 0.02* 0.28

Recall domain knowledge* 9.25 (3.53) 9.05 (3.62) -0.28 0.39 0.02

Domain knowledge New Zealand 19.61 (9.03) 18.88 (9.23) -0.35 0.37 0.03

Domain knowledge Iceland 17.77 (5.99) 16.35 (4.80) -0.83 0.21 0.11

Transfer of domain knowledge* 5.90 (2.05) 6.65 (2.41) 1.64 0.05* 0.13

Procedural knowledge* 4.81 (2.31) 5.61 (1.99) 1.67 0.05* 0.16

* indicates significant at p \ 0.05
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Although some research has been conducted on the effect of metacognitive scaffolding on

learning outcomes in an individual setting, no research has been performed in a small

group setting. Based on the socio-cognitive perspective, we expected that metacognitive

scaffolds would enhance the learning outcomes of collaborating students at individual and

group level. We hypothesized that dynamic scaffolding would result in higher learning

outcomes in general and that different forms of scaffolds would have different effects on

learning outcomes; namely that problematizing scaffolds would increase learning out-

comes more than structuring scaffolds. To test our hypotheses, we first compared the

learning outcomes of both scaffolding conditions with the control condition, followed by a

comparison of the learning outcomes of the problematizing versus the structuring

condition.

The results showed that metacognitive scaffolding in triads had no significant effect on

group performance nor on the domain knowledge students acquired. We did find a small

significant positive effect of dynamic scaffolding on the metacognitive knowledge students

acquired. These findings therefore partly confirmed our first hypothesis: dynamic scaf-

folding did support learners to acquire more individual metacognitive knowledge, but did

not lead to better group performance or to the acquisition of more domain knowledge.

These results concur with findings of other studies. In another study, we found a medium

effect of scaffolding on the quality of group papers (Molenaar et al. 2010), which had a

similar magnitude to the effect found in this study. The absence of effects of metacognitive

scaffolding on the students’ domain knowledge is in line with other scaffolding studies,

which also failed to find an effect of scaffolding on the quantity of domain knowledge

(Bannert 2006, Bannert et al. 2009; Lin and Lehman 1999). An argument provided for

these findings is that metacognitive scaffolding does not affect the quantity, but could only

lead to enhanced quality of the domain knowledge (Bannert 2006, Bannert et al. 2009).

With respect to the form of scaffolds, there was a significant medium positive effect of

problematizing scaffolds compared to structuring scaffolds on group performance and a

significant small positive effect on the metacognitive knowledge acquired and the transfer

of domain knowledge. Different forms of scaffolds affected the group learning outcomes

differently from the individual learning outcomes; problematizing scaffolds affected the

group product as well as individual knowledge construction, whereas structuring scaffolds

only significantly influenced individual knowledge construction. This means that scaffolds

taking the indirect route eliciting regulative activities were more effective in altering the

group product than scaffolds regulating the groups’ collective cognitive activity directly.

This can be explained by the students’ active participation in the problematizing condition

compared to the more passive participation in the structuring condition. We also found that

problematizing scaffolds resulted in more individual metacognitive knowledge than

structuring scaffolds. This is in line with our assumption that problematizing scaffolds

would increase the opportunity to practice metacognitive activities, which enhance indi-

vidual metacognitive knowledge. Scaffolding in general increased metacognitive knowl-

edge, which supports the modeling effect hypothesis of structuring scaffolds.

Interestingly the quantity of domain knowledge was the same in all conditions, whereas

the quality of the group product as well as the transfer of individual domain knowledge was

positively affected by the problematizing scaffolds. Even though the students’ group

product was enhanced by the scaffolds resulting in a richer and better processed paper, this

did not result in more knowledge about the researched country at the individual level.

However, the acquired domain knowledge was applied better in a transfer assignment, so

even though students did not acquire more knowledge, they were better able to transfer it to
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new assignments. This is in line with Bannert’s argument (2006, 2008) that metacognitive

scaffolds do not affect the quantity of acquired domain knowledge, but do affect its quality.

As mentioned in the theoretical section, research looking at metacognitive scaffolds is

directed at improving learning outcomes and is not concerned with the effect on meta-

cognitive knowledge. In this study, we did analyze the effect of the scaffolding on

metacognitive knowledge and found that scaffolding positively influenced this type of

knowledge. This indicates that metacognitive scaffolding could be applied to increase

metacognitive knowledge as an alternative method to training metacognition. We would

encourage future studies to look at metacognitive scaffolds, to incorporate measurements

to assess the development of metacognitive skillfulness, and to explore this idea of scaf-

folding as training for metacognition further.

The results of this experimental study confirmed that metacognitive scaffolds can be

functional in a collaborative setting to increase learning outcomes and deserve further

inquiry in the quest for better learning results in innovative learning arrangements. We

found that all students supported by scaffolds acquired more metacognitive knowledge to

regulate future learning, and that triads in the problematizing condition also improved their

group product and transfer of domain knowledge. This provides reasons to assume that if

learners are supported to overcome problems with respect to metacognitive skillfulness,

innovative learning arrangements might live up to their anticipated promise to enhance

learning performance and achievement.

The results encourage us to further explore the nature and quality of the triads’ meta-

cognitive activities used for the co-regulation of their collective cognitive activities.

Interesting questions are: how do metacognitive activities occur and develop on the

interpersonal plane; how do the individuals contribute to metacognitive activities on the

interpersonal plane; and how does co-regulation influence the collective cognitive activi-

ties? Finally, we would like to empirically establish how different forms of scaffolds

influence the social system and how the routes consequently influence individual cognition.

Insights into this process would allow us to develop scaffolding methods that are more

tuned towards the social system and thus more effective at enhancing the learning out-

comes at the group and individual level.
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Appendix 1: all scaffolding messages

See Table 5.
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Appendix 2: screen shots

See Figs. 2 and 3.

Table 5 All scaffolding messages

Situation Structuring scaffold Problematizing scaffold

Introduction of the group

Orientation on introduction Before we start, I would like to know
who you are, please introduce
yourselves

Why are you going to
introduce yourselves?

Planning of introduction I am going to show you an example
of how to introduce yourselves: I
am David, I am 12 years old and
like to play games on the internet

How are you going to
introduce yourselves?

Monitoring of introduction Thank you, I will send your
introduction to the expert

Did you introduce yourselves
as planned?

Writing the goal statement

Orientation on goal statement I would like to know what you want
to learn, please explain that in your
goal statement

Why are you going to write a
goal statement?

Planning of goal statement A learning goal is what you want to
learn. For instance, we would like
to learn more about New Zealand
to decide if we would like to live
there

How are you going to write a
goal statement?

Monitoring of goal statement I will send your learning goal to your
expert to explain to him what you
want to learn

Did you write your goal
statement as planned?

Selecting the country

Orientation on selection Please select the country you would
like to learn more about

Why are you going to choose
the country?

Planning of selection Please explore the environments of
the experts to decide which country
you would like to learn more about

How are you going to choose
the country?

Monitoring of selection You have now selected the country
to learn more about

Did you make your choice as
planned?

Specifying topics of interest in a mind map

Orientation on mind map The expert would like to know what
you want to learn; let’s make a
mind map

Why are you going to make a
mind map?

Planning of mind map The expert would like to know what
you want to learn. Please write all
the topics about New Zealand that
you would like to learn more about
in this mind map?

How are you going to make a
mind map?

Monitoring of mind map I will send the topics you would like
to learn more about to the expert

Did you make your mind map
as planned?
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Fig. 2 Structuring condition

Fig. 3 Problematizing condition
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