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Abstract
There is wide agreement on the importance of scaffolding for student learning. Y et, models of
individual and face-to-face scaffolding are not necessarily applicable to educational settingsin
which a group of learners is pursuing a process of inquiry mediated by technology. The
scaffolding needed for such a process may be examined from three perspectives. the
organisation of activities, the affordances of tools, and process-level guidance. The purpose of
the present study was to assess three tutors' contributions to university students computer-
mediated discourse organised as a question-driven inquiry process. In all, 17 students
participated in the discourse as part of their studies in a cognitive psychology course.
Quantitative and qualitative analyses were conducted to investigate critical patterns and possible
effects of the tutors process-level scaffolding. During the process, the more experienced tutors
acted as metalevel commentators, whereas the less-experienced tutor participated in the inquiry
as a co-inquirer who also produced inquiry questions. More elaborate scaffolding to foster
students' metacognitive awareness of the inquiry strategies was generally lacking in all three
tutors’ data. Implications for pedagogical improvement in collaborative, computer-supported

educational settings are discussed.
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Introduction

The possibilities and challenges of computer-supported collaborative learning (CSCL)
have been intensively investigated in recent educational research (Dillenbourg, 1999;
Koschmann, Hall & Miyake, 2001; Lehtinen, 2003). The CSCL approach is built on social
constructivist and sociocultural perspectives of learning, and it can be defined as a pedagogical
approach in which participants collaborate through the computer in a learning situation,
supported by several network-based collaboration tools (Lehtinen, 2003). According to many
studies, advanced collaborative technology can be beneficial for students’ learning, but it does
not by itself guarantee successful results; appropriate pedagogical arrangements and guidance
during the collaborative learning endeavour are also required (Dysthe, 2000; Hara, Bonk &
Angeli, 2000). Most studies on CSCL have, however, concentrated on students’ activity; the
instructor or tutor’ s role has been investigated less often.

Puntambekar and Kolodner (1998) argued that, in complex learning environments,
support for learners should be distributed across the various agents that play arole in alearning
process. Probably the most effective approach is an integration of various modes of support—
both those embedded in the pedagogical approach, tasks, and tools, as well as those manifested
in the human tutors' situation-specific guidance. With reinforcement from the literature, we
suggest three complementary pedagogical levels to be addressed when discussing support for
studentsin CSCL settings:

1. The task organisation level, which meansthe initial “framing” or organising of the
learning group’ s activities, or sructuring the task according to the chosen pedagogica approach
(Bielaczyc, 2001; Wells, 2000);

2. Thetool level, which means built-in structures or software tools in the educational

technology environments for structuring and directing students’ work (Reiser, 2004);
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3. The process level, which involves human coaching, situation-specific guidance, and
expert participation during the collaborative activity (Rourke, Garrison & Archer, 2001). The
present study concentrates on thisthird level while recognising that the levels are intertwined.

According to a number of researchers (Edelson, Gordin & Pea, 1999; Hakkarainen &
Sintonen, 2002; Scardamalia & Bereiter, 1994), organising the collaborative process as
guestion-driven inquiry provides methods for facilitating students' learning and knowledge
building effortsin CSCL. In practice, ingtitutional and curricular congtraints often diminish the
possibilities of arranging university courses mainly according to high-level inquiry principles.
For instance, in the Finnish higher education system, university courses are usually arranged as
parallel, semester-long courses run by one instructor, with two lectures each week, and afinal
exam in the end; thus students' questioning has hardly any influence on course content or
direction. Therefore, it would also be desirable to find ways to enrich existing educational
practices by bringing in elements of higher-order inquiry into traditional lecture courses.

Background and context

In an earlier study (Muukkonen, Hakkarainen & Lakkala, 1999), we investigated
undergraduate students' engagement in a cognitive psychology course in which lecturing was
supplemented, between the lectures, by computer-mediated collaboration. Collaboration was
organised as question-driven inquiry discourse, and 13 undergraduate students from a Finnish
university were provided with web-based asynchronous software that included built-in scaffolds
to support collaborative inquiry. The study results provided evidence that the pedagogical
arrangements and the tools used stimulated the students to produce questions and elaborate
explanations about the topic. Y et the discourse was not very deep; elaboration of students’ own
explanations into more theoretical explanations was only weakly evident in their work.

In a subsequent study (Muukkonen, Lakkala & Hakkarainen, 2001), the present
researchers analysed students’ engagement in a similar lecture course in which there were also

tutors participating in the students' computer-mediated inquiry discourse between the lectures.
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In this course, the general pattern of all the students' knowledge productions was very similar to
the previous course: The students produced many problems and, especialy, their own
explanations for the problems, but not as many elaborated scientific explanations aswere
expected. There was, nevertheless, some variation in separate groups knowledge productions,
which provoked our interest in analysing the tutors’ activity in the course. Three separate
groups, including the tutors, took part in the course, which provided an opportunity to examine
the influences of the tutors process level scaffolding, since the organisation of activity and tools
were the same for all groups. We will begin by providing a background for the research through
an examination of earlier studies of scaffolding and tutoring.

Fromindividual scaffolding to tutoring virtual communities of inquiry

AsBrown, Ash, Rutherford, Nakagawa, Gordon and Campione (1993) stated in the
context of discovery learning, tutors should take the difficult role of being in the middle ground
of guided inquiry learning. They should not rely too much on students' spontaneous inquiry and
should intervene if students are not able to make progress on their own. On the other hand, too
much control prevents students' self-directed learning activity and restricts their cognitive
efforts. These challenges can be related to choices that must be made during process guidance.
Questions to be asked include, for instance, whether the tutor should take an active role as an
expert model in contributing to the process, or alow the students to work as much as possible
for themselves. Also, how do tutors give guidance that helps the learners assume responsibility
for cognitively more challenging tasks in the inquiry?

The concept of scaffolding was developed in order to define what kind of help should be
given to alearner and was first introduced by Wood, Bruner, and Ross (1976) in their
investigation of an adult helping a learner in atask that is too difficult. According to them,
scaffolding included such elements as arousing the learner’ s interest in the task; reducing the
complexity of problem to suit the learner’s level of expertise; directing the learner’ s activity

towards the task goals; highlighting the critical features of the task; and modelling the solution
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to atask. Most subsequent studies of scaffolding or successful expert tutoring (e.g., Lepper,
Drake & O’Donnell-Johnson, 1997; Wood & Wood, 1996) were based on individual tutoring
situations. Y et, Kolodner (2001) stated, models of individual scaffolding are not necessarily
applicable to educational settings in which a group of learnersis pursuing a common goal.

Another common feature of the above studies of scaffolding and tutoring isthat the tasks
that the learners faced were rather formal, structured problemsthat had known, correct
solutions. Ininstructional settings following question-driven inquiry, by contrast, the problems
are often open-ended; students are treated as experts who have knowledge to share, and they are
encouraged to create (what is for them) new explanations (Hakkarainen, 2003; Scardamalia &
Bereiter, 1994). In such an approach, the purpose is to promote students' cognitive advancement
and metacognitive awareness, with support given only when necessary, in order to coach the
students gradually to take up responsibility for higher-order aspects of learning (Bereiter &
Scardamalia, 1987; Hogan & Pressley, 1997; Ligorio, Talamo & Simons, 2002).

In addition, if the communication is mediated by technology, it further changes what is
appropriate in scaffolding and tutoring. Tutors have to learn new ways to support students’ work
‘virtually’, through asynchronous or synchronous communication channels, compared to more
familiar ways in face-to-face contact (Lakkala, Ilomaki, Lallimo & Hakkarainen, 2002; Ligorio
et al., 2002; Russell & Perris; 2003). Previous studies and models of teachers' or tutors
contributions to group learning or collaborative inquiry were based on face-to-face group
instruction or classroom settings (Levin, 1999; Mercer & Fisher, 1993).

The teacher is very often at the centre of discussionsin traditional classrooms, and
collaborative technology does not necessarily, by itself, change the situation for the better.
Guzdial (1997) reported findings about the teachers' and the tutors' dominant roles in college
coursesin which a CSCL forum was used. In eight courses out of ten, it was the teacher or
teaching assistant who produced the highest number of notes; also, the second most productive

writer was the teaching assistant in three of the ten courses. Lahti, Seitamaa-Hakkarainen, and



Patterns of scaffolding 7

Hakkarainen (2003) found that the teacher mediated a great deal of interaction between the
students in a university-level design course following progressive inquiry. This finding
addressed the teacher’ s cognitive centrality, which refersto aperson’s crucial role in sharing
knowledge with other members of a group, and thus relates to a person’s social status (Stasser,
1999); Lahti and her colleagues raised questions about the inquiry-hindering effects of such
centrality.

Purpose and scope of the study

The focus of the present study is on thetutors' contribution to ssudents' computer-
mediated collaborative inquiry. The setting was a 4-month, undergraduate university course in
cognitive psychology, in which students pursued collaborative inquiry in three separate groups,
using a web-based groupware system between weekly lectures, with the support of a tutor
participating in each group.

The organisation level scaffolding was provided by structuring the computer-mediated
activity following the ideas of progressive inquiry, a pedagogical framework developed by
Hakkarainen and his colleagues (Hakkarainen, 2003; Muukkonen, Hakkarainen & Lakkala,
2004) for facilitating knowledge-building practices in educational settings. The progressive
inquiry model posits that sudents’ genuine gquestions and previous knowledge of phenomena are
a starting point of a deepening process, in which students explain phenomena, share their
expertise and build new knowledge collaboratively with the support of technology and
knowledge sources. The progressive inquiry framework is based on theories of knowledge
building (Scardamalia & Bereiter, 1994), an interrogative model of scientific inquiry (Hintikka,
1982), and concepts of distributed expertise (Brown et al., 1993).

The role of the instructor in the investigated course was a pedagogical organiser and
content knowledge expert; he gave the weekly lectures, asin atypical undergraduate university
course, but did not participate in the computer-mediated activity. The process-level scaffolding

for the students was arranged by providing each student group with atutor. The tutors were
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post-graduate students in educational psychology with good skills in using information and
communication technologies (ICT) but varying expertise in teaching. Their role wasto keep the
discourse active, deepening, and focused on the generated research questions. They were also
expected to encourage the students to build on each other’ s ideas and to plan, monitor, and
evaluate the inquiry process themselves.

The questions addressed in the present sudy are the following: 1) How do the tutors
participate in university students computer-mediated progressive inquiry discourse; 2) How
doesthe nature of the tutors' scaffolding influence the students' engagement in inquiry; and 3)
What recommendations might be appropriate, based on the results, to develop models and
practices for scaffolding computer-mediated collaborative inquiry?

Research methodology
Course setting

The investigated course was a 15-week, undergraduate university course, Psychology of
Learning and Thinking I1. It yielded two-credits to complete aten-credit minor unit in
psychology offered to degree students a the University of Helsinki. The course consisted of
weekly 2-hour lectures and tasks between the lectures. Eighty students took part in a course, but
they were divided in two conditions; 17 of them choseto use the Future L earning Environment
(FLE) between lectures for collaborative inquiry. This study is based on an analysis of these 17
students’ and the three tutors' written postings to FLE’s common database. The rest of the
students were in the other condition; they did not use any groupware, but participated in the
course in amore traditional format, following lectures and writing learning logs. Comparison of
all students' knowledge productions in the two conditions has been reported in another study
(Muukkonen et al., 2001).

The tool used in the investigated course, Future Learning Environment (FLE), isan
asynchronous groupware system designed for supporting knowledge building and progressive

inquiry in educational settings (see http://fle.uiah.fi). FLE is an Open Source and Free Software,
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and its development is continuing (see http://fle3.uiah.fi). The Knowledge Building module
provides threaded discourse forums for working together to solve problems and develop
common ideas. In the investigated course, a new forum was founded for each problem
formulated in the first lectures, and the students were guided to continue the discourse by
writing more specific problems, explanations and scientific knowledge under each problem. The
notes were visible to al members in the same study group. In the discourse forums, each note
had to be categorised by choosing a scaffold label corresponding to the progressive inquiry
elements (Problem, Working theory, Deepening knowledge, Comment, M etacomment, or
Summary); similar categories had been employed in Computer-Supported Intentional Learning
Environment (CSILE; see Scardamalia and Bereiter, 1994). The system also provided each
participant with a Virtual WebTop for storing and sharing documents. During the investigated
course, the WebTops were used to share study materials, articles and editable documents; the
contents of these documents are not analysed in the present study.

As already mentioned, the course was enriched by the elements of progressive inquiry.
During the first two lectures, al the students were guided to formulate research problems.
Initially, they produced the research problems individually, continued by discussing their
problems with a peer, and then engaged with a small group. Each group presented the most
interesting questions to all the participants in the lecture, e.g., “What is intelligence and how can
it be measured?’ Finally, the teacher grouped the questions together in three lists, consisting of
3-4 questions, to be further studied in FLE coursein three groups. The students themselves
chose the questions to investigate (and hence the group in FLE). The groups consisted of four to
seven students. The requirement for course credit was to contribute actively to the progressive
inquiry process in FLE by writing one's own questions and explanations, and by commenting on
the productions of the other group members. Information sources used were the weekly lectures
and scientific articles distributed by the teacher. At the end of the course, the students were also

expected to write a summary of their own contributions and learning process.
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We provided each group with atutor participating in their FLE-work, asthe chosen
means of scaffolding the inquiry process. The tutors were acquainted with the principles and
goals of progressive inquiry, but they did not receive any explicit or specific guidance about the
ways that they might contribute to the FLE discourse. The tutors did not meet the students in
person during the course. The teacher in the course, who gave the lectures, sent one starting note
to each FLE group (including general instructions for working), but did not otherwise participate
in the FLE-work.

The teacher’ s contribution to sharing theoretical and scientific information to the
students was crucial. The students had lively conversations with the teacher during the lectures,
but these were not recorded or documented in the study.

Participating students and tutors

The students in the course were undergraduate sudents from many fields of study at the
University of Helsinki, including forensics, mathematics, history, languages, and education.
They took part in this two-credit course to complete aten-credit minor unit in psychology. They
had a previous course, Psychology of Learning and Thinking I, before enrolling for this course.
The mean grade (on athree point scale, with 3 being the highest) from the prior course for the
17 members of the FLE groupswas 1.8 (SD =.72). There was no statistical difference in the
mean grades of the other students in the same course (M = 1.9, SD = .68); therefore, we
concluded that the students in the FL E-groups were not exceptional students in that sense. The
age of the 17 sudents varied from 21 to 30, with amean of 24 years. Y ear in studies varied from
0 to 6 years, the average being 3 years. The majority of students taking part in the course were
females, which was al 0 reflected in the gender distribution of the investigated FLE groups: 5
males and 12 females.

The three tutors were post-graduate psychology students, all females, who were
members of the research group conducting the present research. The tutors were of ages 30

(Tutor 1), 39 (Tutor 2) and 26 (Tutor 3) yearsold. Tutors 1 and 2 were competent in using ICT
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and had substantial teaching experience as lecturers in adult education. They also knew the
theoretical basis of progressive inquiry very well, and Tutor 1 had participated in the design
work of FLE, but they had not previously participated in tutoring a progressive inquiry process.
The youngest tutor was familiar with computers and the basics of cognitive psychology and
progressive inquiry, but she did not have earlier teaching or tutoring experience; she was a
newcomer in the research group.

Data collection and analysis

The material produced by the three study groupsto FLE’ s discourse forums constituted
the data analysed in the study. The material was retrieved for analysis so that all the posted notes
were arranged in hierarchical order based on the reply structure; the first notes of each thread
were listed in chronological order. The course was in Finnish; therefore, al the text examples
presented in the present article have been translated into English. Table | isasummary of the
data used.

--Insert Table | here--

Descriptive gatistics of the groups' discourse engagement. To get an overview of the
variation in the study groups’ discourse engagement, several measures were computed from
each group’s data: the number of the postings, the number of starting notes and reply notes, and
the usage of inquiry scaffolds. An examination of the content of the notes indicated that they
usually consisted of several ideas. In order to analyse the richness of the produced knowledge,
the notes were segmented into propositions, each of which was considered to represent a
separate idea. To analyse the reliability of the segmentation, an independent coder classified,
similarly, approximately 5% of all notes into segments. The inter-coder reliability (single
measure intraclass correlation; see McGraw & Wong, 1996) was .88, indicating that the
reliability of segmentation was satisfactory. The teacher’ s three starting notes (including general

instructions for working) were not included in the analyses.
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Analysis of the content of the tutors scaffolding. In order to get an overview of the
tutors scaffolding, the content of the tutors noteswas analysed, in detail, by methods of
gualitative content analysis (see Chi, 1997). The same segmentation of note texts into ideas was
used asin the earlier analysis, and each segment was categorised according to the object of
scaffolding it represented. The categories were derived from several preliminary analyses of the
tutors' notes; the following four categories were used in the final classification:

1. Ask explanation-seeking question: |deas assigned to this category were research
guestions into the inquiry process, questions about refocusing the discussion or questions
directed explicitly to studentsto elaborate their explanations.

2. Produce expert’s explanation: Ideas in this category represented the tutors' own
explanations of the problems discussed, or references to scientific explanations or theories.

3. Review and evaluate the discourse: Ideas assigned to this category included
summaries or reviews of the discourse, references to students’ contribution, positive and
supportive evaluation, or unmodified quotations from students' texts.

4. Recommend study practices: |deas assigned to this category represented instructions
for working in the course or in the inquiry process, and technical advice about FLE.

In the content analysis, each segment or idea in the tutors notes was classified to one of
these four scaffolding categories. All of the ideas fitted into these four categories of ideas, which
were set up as mutually exclusive. To analyse the inter-coder agreement of the categorisation, an
independent coder classified approximately 40% of ideas in the tutors notes. The coefficient for
coder agreement (Cohen’'s Kappa) was .89, which is indicative of aclearly stronger congruity
than chance alone would produce.

Analysis of the discourse progression. In the third phase of data analysis, more
exploratory methods were used to evaluate the possible influence of the tutors’ scaffolding
practices on the students' engagement in inquiry. For this purpose, the unit of analysis was

extended to cover the entire materia for each group to enable a process perspective on the



Patterns of scaffolding 13

discourse. Two researchers read the data several times and formed their individual opinions of
it. After that, characteristic differences were jointly identified through discussions between the
researchers. Consequently, the process analysis presents a synthesis of what were considered as
the most influential features in the process-level scaffolding in the three groups.

Results
Descriptive gatistics of the groups discour se engagement

The variation in the three study groups’ discourse engagement was examined, first, by
counting some descriptive parameters of the discourse data. The students posted 203 notes, 11.9
notes per student on average (minimum was 3, maximum 33 notes), to FLE’ s database during
the course. Thetutors posted 35 notes, 11.7 notes per tutor on average. Regardless of the low
activity of some students in FLE, al students participated in the entire course and received a
final credit.

Most of the produced notes were rather long, and they included many elements of
inquiry. As previously described, all the text in the notes was segmented into ideas. The
students’ 203 notes included 1353 ideas, 6.7 ideas per note on average. The tutors’ 35 notes
consisted of 159 ideas, 4.5 ideas per note on average. Table |1, as an example, displays the four
first notes of a discourse thread of six notes, concerning the problem “What is the meaning of
motivation in relation to sudying?’ in Group 3. The general style of the discourse in all the
three study groups resembled this kind of topic-centred conversational style manifested in the
example.

--Insert Table 11 about here--

To represent the content of notes, the software prompted and scaffolded the students,
providing a choice of labels they were to use for each note posted to FLE’s discourse forums.
The tutors used the label, Metacomment, in 43% (N=15) of their notes, which indicates that they
themselves considered their role to be metalevel process organisers and evaluators rather than

equal participants in the process. Another frequently used label in the tutors' notes was
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Comment, 29% (N=10). The students classified 55 % (N=111) of their notes as Comments, and
only 6% (N=13) as Metacomments.

In all forums together, there were 83 top-level notes (34% of all notes), which were
treated as new initiations in the discourse. Of those notes, 40 (48%) were isolated notes that did
not have any reply notes following, and 43 (52%) were notesthat had at least one reply note;
e.g., they had started a new discourse thread. Mean number of notesin the discourse threads
(including at least two notes) was 4.65 (SD = 3.89). The shortest threads included two notes, the
longest included 20 notes. We wanted, especially, to evaluate the tutors centrality in their study
groups, e.g., whether they acted more like active initiators of new discourse openings, or rather
reacted to the students' notes. In Table 111 are presented the characteristics of the threads, posted
notes, and replies in each group.

--Insert Table |11 about here--

The analysis of the students' activity measuresin Table I11 indicates that the discourse
engagement differed, especially, in Group 3 compared to Groups 1 and 2. The notesin Group 3
appear to be, on average, shorter (fewer ideas per note); the students produced more notes, and
the discourse threads were longer than in Groups 1 and 2. Also the replying to others' notes was
more active in Group 3. Based on these results, some evidence has been found suggesting that
the discourse in Group 3 may have been more dialogic than in groups 1 and 2.

There were substantial differences also among the three tutorsin their participation
patterns. None of the tutors wasthe most active participant in her group. A large majority (89%)
of the notes sent by Tutor 1 were repliesto the students’ notes; Tutor 2 posted 63% as replies,
but Tutor 3 posted only half (50%) of her notes asreplies; the rest were garting notes. In
addition, Tutor 3 produced a considerable number of ideas herself in her group’ sdiscourse. It is
observed that the students hardly replied to the notes of Tutor 1 and Tutor 2 at all, whereas they
frequently replied to Tutor 3's notes measured as a proportion of the total number of her notes.

The content of the tutors' scaffolding
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The tutors notes (N=35) were analysed separately to investigate the content of their
scaffolding. About 60% of the notes concentrated mostly on the contents of the inquiry. The
following example is areply note of Tutor 2 in the middle of the discourse thread of eight notes,
in which the students wondered how the concept of intelligence could be formalized:

Problem 1999-04-07 12:15 Tutor 2: Do we need the concept of intelligence?

If the concept of intelligence is so vague, should we stop using it in scientific and formal

discussions? Would it be better to use the sub-concepts that Pekka mentioned (memory,

ability to learn, ability to concentrate etc.), which can be better defined and more
accurately measured.

About 40% of the tutors' notes mostly handled issues of study methods, inquiry process
and practices in the course. The following example iswritten by Tutor 1 asareply to amale
student’ s note, which included a request for other studentsin Group 1 to read an essay he had
written earlier about human learning:

Metacomment 1999-03-29 12:44 Tutor 1. Writing the learning logs

| want to remind you that writing of your own learning logs is one of the requirements

for course credit, and everybody has to remember to take part in it. Of course now (asin

many other issues) you who are active and read notes, also get this note first, although it
is not meant for you. Tell others about this reminder in your group. In this discussion all
the participants have produced very interesting and meaningful notes, so continue this
work that has started so well!

The contents of the tutors notes were analysed in detail, using a scaffolding-oriented
coding scheme. The tutors' notes were divided into 159 ideas, and each idea was classified into
one of the four scaffolding categories.

Most ideas in the tutors' notes belonged to the category Ask explanation-seeking
guestion (58 ideas, 37%). About half of them were subordinate questions to the main research
problems handled in the discourse ("Isit even possible to describe intelligence in some sub-
domain in an absolute way?'). In other questions, the tutors explicitly asked students to
elaborate their explanations ("Can you explain more closely a basis for the presented ideathat a

group that consists of people with varying personalities and expertise works more efficiently?"),

or to focus the inquiry ("Could you start by defining, what intelligence is?").
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Ideas in the category Review and evaluate the discourse (39 ideas, 25%) included almost
as many neutral summaries of the discourse process ("Socially distributed cognition, team work,
and intelligent activity are the concepts that have been used in the present discussion.”),
unmodified quotations from the students' notes, and positive and supportive evaluations of the
process ("Good gart for an important topic.").

The category Produce expert’ s explanation (36 ideas, 23%) mostly included the tutors
own explanations for the inquiry questions (" Apparently, intelligence is also always relative, so
that a person is intelligent in some domain when compared to other people."). About one third of
the explanations were references to some scientific theory, source or concept.

In the scaffolding category Recommend study practices (26 ideas, 16%), the tutors
primarily gave rather general advice ("Y ou have to ask the teacher about his evaluation"). Every
tutor wrote one or two reminders about the importance of active participation in the FLE-
discourse, but it is difficult to say whether these general reminders were effective. A few ideas
concerned technical advice about using FLE software. Only about one fourth of the ideasin this
category were recommendations for sophisticated inquiry practices ("Next you could, for
example, take into account the comments and define more specific working theory or problem
that you first try to answer"). In the tutors' notes, there was no guidance that can be said to focus
explicitly on advancing metacognitive awareness of the students concerning the inquiry
strategies.

Table IV presents the frequencies and relative proportions of the categories of
scaffolding in the three tutors' notes. According to y2-test there was a significant difference
between the tutors, 2 (6, N = 159) = 18.32, p < .01. Cell-specific exact teds (Bergman & El-
Khouri, 1987) were carried out in order to examine whether the observed frequencies in each
cell deviated from what could be expected by chance alone.

--Insert Table 1V about here--
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One observes that the nature of scaffolding in the notes of Tutor 3, who was less
experienced as a tutor and in the content area, differed most from the other tutors' postings. As
can be seen from Table IV, Tutor 3 generated relatively more questions and fewer study
recommendations and expert explanations compared to the other two tutors. The guidance of
Tutor 1 was most evenly distributed into all four scaffolding categories.

Progression of the inquiry discourse

Below, the progression of the inquiry discourse, and the tutors' participation in it in each
study group is briefly described, in order to evaluate the possible influence of the tutors
scaffolding on the students’ engagement in inquiry.

In Group 1, the students had four questions to work on. The group was rather small, only
four students. The discourse started in a general forum (including 6 notes) with some
considerations of the working practices. Tutor 1 wrote a note including advice to choose a
research problem and continue the discourse under that questions’ discourse forum, and the
students acted accordingly. In the discourse of the first question (9 notes), one student posted a
note proposing two subordinate questions, but other students reacted only after the tutor asked
others to share their opinions and knowledge that had emerged during the lectures. This concrete
advice appears to have affected the discourse: In the succeeding notes, the students wrote
elaborate reflections about some theories related to the question under study. The tutor wrote
one additional note to the end of the thread, including her own explanations and areferenceto a
theory.

The discourse patterns of the second question (18 notesin all), and the third question (19
notes) resembled one another. The students started the discourse by elaborating the question
further and referring to some theories. The tutor participated in both discourses twice by
producing some subordinate questions or new theoretical viewpoints. Her notes were
commented on by the students, but the notes did not significantly direct the discourse. The

inquiry did not seem to progress deeper; the students wrote about their own experiences and
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explanations, or reviewed some theories rather casually. The fourth question (5 notes) generated
a short discourse thread, in which the students reviewed some theories discussed in the lecture,
and their own experiences related to the issue. The tutor did not participate in that discourse, and
it was not very focused on the original question.

The discourse of Group 1 appears to have been especially characterised by rich
referencing to theories discussed in lectures or in other knowledge sources, but not so much by
progressive inquiry. Possibly the tutor’ s concrete advice to review theories discussed in the
lectures, on the one hand, and her own example to present and review theories, on the other
hand, promoted such a discourse pattern.

In Group 2, seven students had three questions to work on. The discourse started in a
general forum (14 notesin all) with the discussion of the working practices in FLE, and some
students’ tentative elaboration of the research questions. Tutor 2 wrote several notes, in which
she concretely advised the studentsto specify their research question and continue the discourse
under the forum for the chosen problem, and the students acted accordingly. At the end of the
course, some students and the tutor discussed the requirements for course credit; the students
appear to have been insecure about the evaluation criteria.

The discourses of the first question (20 notes) and the second question (30 notes) Sarted
with a few student notes elaborating the issue and presenting several subordinate questions. The
tutor participated in both discourses by writing notes in which she presented her own ideas
about the issue or reflected on the preceding discourse, and suggested going in acertain
theoretical direction. This precise content-related guidance appears to have focused the
subsequent discourse, and the students produced many elaborate explanations related to the new
line. The discourse was sustained in the sense that the students frequently referred to each
other’ s ideas although all the notes were not explicitly in the same discourse thread. The
discourse of the third question (24 notes) included many successive notes, in which the students

guoted previous notes and added some new viewpoints to the discourse, but there were not
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many references to knowledge sources or degpening of the explanations. The tutor contributed
to the discourse twice, at long intervals, by sending a note reminding the students about the
original question, and a note asking whether they had gotten any new ideas from course
materials. Seemingly, such general guidance did not strongly influence the discourse.

Specific to the discourse of Group 2 appearsto have been sustained and occasionally
deepening—but not very theoretical—inquiry, which was probably fostered by the tutor’s
metalevel reflections and content-related focusing. Such notes, in which the tutor suggested
subordinate questions based on the preceding discourse, appear to have focused the discourse.

Group 3 had six participating students and four questions to work on. There was no
general discussion about the working practices. In the discourse of thefirst question (42 notes),
one student especially was very active in elaborating the question further to more specific
guestions and themes. After about two weeks, Tutor 3 posted a note in which she reflected the
preceding discourse, recommended that the students define some concepts, and encouraged all
students to participate. This concrete advice generated a discourse of rather short notes,
including concept definitions, questions, and ideas of the issue under study. Later on, the tutor
suggested some new ideas and questions, and encouraged the students to think about their
opinions of them; these notes generated some further discussion.

In the early state of the discourse of the second question (25 notesin all), Tutor 3 posted
two notes concretely requesting the students to specify their explanations; the request was
followed by some replies. Later on, the tutor asked the students to define a main question for the
discourse. One student reacted by writing three questions to work on, and other students
continued with notes including their own elaborations of the questions, but not any theory-based
considerations. The tutor participated in the subsequent discourse with three notes, suggesting
some new ideas and questions about the issue. The third question (20 notes) was examined in
one long discourse thread, in which the students presented several ideas, own explanations and

subordinate questions to the original question without much reference to scientific theories or
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knowledge sources. Tutor 3 posted one note to the discourse, suggesting a new theoretical
viewpoint and some further questions, which were discussed in some student notes. The fourth
guestion (8 notes) generated a short discourse in which the tutor did not participate.

The discourse of Group 3 can be characterised as a dialogic and idea-rich discussion, but
not very deepening or focused on theory building. It appears likely that the tutor’s concrete
direction for the studentsto actively write about their personal opinions, explanations and
guestions, on the one hand, and her own example in presenting several new ideas and questions
in her notes, on the other hand, influenced the divergent style of the discourse.

Discussion

The term ‘scaffolding’ implies that the guidance given to learners should be directed,
especially, to issues that are beyond their reach without guidance. In the investigated university
course, the goal was to elicit deepening, sustained, question-driven inquiry in groups of learners.
The students were offered support for this challenge by explaining the model of progressive
inquiry to illustrate the central strategies of inquiry, and furnishing them with collaborative
technology (FLE) including built-in inquiry scaffolds. In addition, a tutor participated in each
study group’ swork in FLE to provide human scaffolding during the process.

The special focus in the present sudy was on the tutors contribution to the students
computer-mediated inquiry discourse. Thereis evidence that the combination of various analysis
methods used in the study provided new insights into the challenges of scaffolding collaborative
inquiry learning. The results of the descriptive statistics gave one view of the inquiry activity,
but the students’ level of activity in replying, or length of discourse threads, did not tell much
about the real progression of inquiry. More exploratory analysis of the discourse progression
enabled us to examine the possible effects of the tutors' process-level scaffolding on the
students engagement in inquiry. Further, the qualitative content analysis of the tutors postings
provided systematic data for evaluating and comparing the three tutors contributions.

The tutors participation in the computer-mediated discourse
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According to the results, the tutors were not the most active participants in their groups.
There is evidence that they managed to transfer responsibility for the discourse to the students.
Also thetutors frequent use of the inquiry scaffold, Metacomment, indicated that they tried to
act as process organisers and facilitators in the inquiry. In any case, the tutors produced many
content-related problems and explanations themselves, and, hence, appear to have acted also as
content experts (Tutors 1 and 2) or co-inquirers (Tutor 3) in the discourse.

Most of the explicit process guidance in the tutors postings concentrated on rather
practical issues, such as using information sources or organising the work in FLE course. The
guidance did not, on the present evidence, draw the students’ attention to higher-order
metacognitive strategies. The tutors did not, for example, explicitly advise the students critically
to evaluate the produced ideas, to sum up the discourse, or to build on each other’s ideas. On the
contrary, the tutors themselves wrote elaborate evaluations and reviews of the process, which
resembled a rather traditional way of conducting the task of evaluation as ateacher’s
responsibility. In research on pre-service teachers’ telementoring practices, Hewitt, Reeve,
Abeygunawardena, and Vaillancourt (2002) obtained similar results: The teachers manifested a
quite traditional instructional teacher-led style. Their notes contained a great deal of
encouragement, and questions and statements relating to the content area, but there were a
relatively small number of instances of process guidance to help students manage the inquiry
themselves.

The influence of the tutors scaffolding on the students' engagement in inquiry

The impression, obtained from the exploratory analysis of the discourse, was that the
type and frequency of the tutors guidance had an effect on the style of the inquiry discourse in
each group. The discourse in the three groups concentrated somewhat more on theory reviewing,
focusing of the inquiry, or generating of divergent ideas, respectively, depending on what kind
of advice and expert model the tutor of the group offered. The tutor’s encouragement for

presenting new ideas and questions activated the students' dialogic interaction, but it did not
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necessarily guarantee that the goal of deepening inquiry process was met. The scaffolding that
appears to have promoted deepening discourse, may be characterised as explicitly built on the

students’ preceding discourse and, accordingly, as providing a content-specific and well-timed
expert recommendation to refocus the inquiry. Those discourse threads, in which the tutors did
not participate at all, were not very sustained and deepening.

In general, the analysis of the discourse threads indicates that clear, specific advice was
more influential than vague and more general advice, whether it related to content-specific
issues, concrete actions and study practices, or cognitive strategies. Naturally, it isrelatively
simple to give easy-to-follow advice about practical issues; it is more challenging to give advice
that supports the development of higher-order metacognitive strategies. Perhaps one difficulty
for scaffolding students' metacognitive advancement in the investigated course, asin the setting
studied by Hewitt and his colleagues (2002), arose from the lack of face-to-face interaction. It is
not easy to explain and advise regarding complex issues by simply writing notesto a discourse
forum. We suggest that it may not be possible to provide all needed scaffolding through
computer-mediated communication. This position should be taken into account in organising the
educational settings using collaborative technology.

The interrelation of the process-level scaffolding and the overall organisation of activity

The sudents’ overall level of activity in participating in the computer-mediated
discourse in the investigated course was not very high, conforming to similar results reported in
other studies (e.g., Hara, Bonk & Angeli, 2000). All the tutors sent some activating requests to
their group’ s discourse, but apparently the influence on the students' activity level in thisway
was limited. Probably more important in promoting the students' commitment to the inquiry
process, was the overall organisation of the activity. Students tend to direct their efforts into
those issues for which they are rewarded; hence the entire learning context should be organised
so that the criteria and structures for the activity foster engagement in active and extensive

process of inquiry.
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As Tabak (2004) proposed, the various scaffolding components in a complex learning
environment should be in synergy with each other, addressing the same learning goals and
reinforcing one another to produce stronger support. In the investigated course, the students
inquiry process was initially supported by a guided question-creation process, but perhaps the
consequent activity was too loosely organised, relying on the students’ self-regulation. For
example, the groups were not formed systematically; the students and tutors did not have face-
to-face meetings, the FLE discourse and the lectures were only loosely related to each other; and
there were no clear, explicitly stated requirements for course credit or inquiry outcomes. Hence
our impression is that the task organisation level, tool level, and process level scaffolding did
not fully complement one another.

In progressive inquiry, the aim is to encourage students themselves to define research
guestions and theoretical explanations, and direct their collaborative inquiry efforts. If the way
of working is new for the students, it may be necessary for atutor to give rather explicit advice
and actively model the desirable strategies at the beginning of the process. Y et gradually the
students should learn to master the challenging cognitive and metacognitive strategies
themselves. Probably such advancement is not realistic to expect within one, short-term
university course, but requires scaffolded practice of metacognitive inquiry strategies
throughout one’ s studies. That proper amount of practice requires broad, coordinated changes in
curriculum design and learning culture (Lin, 2001; Muukkonen et al., 2004).

Varying expertise of the tutors

The comparison of the three tutors revealed intriguing differences in their ways of
contributing to the inquiry. The two more experienced tutors mainly replied to the students
notes. Thethird, less-experienced tutor, instead, produced many new starting notes herself, and
the proportion of problem statements in her notes was much greater than in the notes of the
other tutors. Her notes received plentiful replies from the students. The process analysis

indicated that the efforts of the more-experienced two tutors were more explicitly directed to
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deepen the inquiry: Tutor 1 tried to encourage the studentsto use knowledge sources and
theoretical explanations, and Tutor 2 attempted to deepen the discourse to more focused
guestions. The less-experienced Tutor 3 appears to have acted more spontaneously by herself
suggesting many new ideas and subordinate questions.

The activity patterns of the three tutors can be examined using the categories proposed
by Bereiter and Scardamalia (1987; Scardamalia, 2002). They described the teacher’ srole, in
the context of knowledge building pedagogy, by defining teacher models A, B, and C. Teacher
A’sfocusison organising students’ activities without taking cognitive responsibility for their
learning. Teacher B, in contrast, directly assumes the cognitive responsibility by asking
guestions and explaining the issues being investigated. Teacher B is so much involved in inquiry
processthat he or she may be regarded as a co-inquirer rather than just a coach of the students.
Teacher C, in turn, engages in an intensive effort to get the students to pose questions
themselves as well as pursue their own explanations. Teacher C does basically everything that
teacher B does but tries to insure that the students come to do it themselves.

Tutor 3's practice can be interpreted as resembling the Teacher B model; she acted as an
active participant and an initiator of new wonderment in the inquiry process. Arguably, the more
experienced two tutors represented an intermediate position between the Teacher B model and
the Teacher C model. They appear to have sought to change their role from participating
actively to promoting the students' assumption of responsibility for the inquiry. They did not,
however, draw the students' attention to higher-order metacognitive strategies; their process
guidance mainly focused on concrete inquiry practices — such as what discourse forum the
students should use — or they themselves suggested new theories and directions to the inquiry. It
is, as Scardamalia (2002) stated, a challenging learning accomplishment for educatorsto move
from approving the Teacher C mode to the point of actually practicing it. In addition to
theoretical knowledge of advanced pedagogical approaches, tutors would benefit from reflecting

critically on their scaffolding practices.
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Conclusion
Successful scaffolding should include all elements that were present in the tutors
separate practices. promotion of idea-rich dialogue, exploitation of knowledge sources and
scientific theories, and fostering the degpening of inquiry. Such tutoring requires various social,
pedagogical and technical competencies, and robust subject-domain expertise. One sophisticated
solution is that the scaffolding responsibility for each student group is undertaken jointly by
several experts; e.g., an instructor and tutors with varying expertise. One benefit of collaborative
technology in such an arrangement is that the scaffolding processes can be easily shared, then
evaluated afterwards.
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Table |. Summary of the database material used in the study

Group 1 Group 2 Group 3 Total
Number of students 4 7 6 17
Discourseforumsin FLE 5 4 5 14
Produced notes® 56 87 95 238
Text pagesin the datafile*® 24 42 34 100

& The knowledge produced by the tutor in each group is also counted in the numbers of the table.
®The number of text pages was counted from a file, which included all the database material
accumulated to the database of each group’s discourse (writing times of notes, note headings,

authors names, inquiry scaffolds chosen, and the text of each note).
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Table 1. An example of the first four notesin a discourse thread of six notes. The boundaries of
the segments used in the content analysis are marked by two slashes (/). Thetext is trandated

from Finnish.

Problem 1999-02-24 15:12 Susan T.: A goal or a value as such?

How much doesit influence study success, whether a sudent works only because of some
goal after studies, a reward earned from the studies like a good job, or does a Sudent see the
learning process interesting and valuable in itself? //

Comment 1999-02-24 18:18 John P: The source of motivation?

| think that it doesn’t matter what is the source of motivation but how strong it is. If
you want to learn something or you need to learn something, you usually learnit. //
Though, the motivation that is based on your own desire feels more enjoyable. // |
usually feel it depressing, if | have to learn forcibly — this might, of course, relate to the
learning result at long sight. //

Metacomment 1999-02-26 8:45 Tutor 3: a few questions

[A quote of the previous note] // Tutor’s comment: It is good that you have
participated actively in the discussion about the importance of motivation in
learning. // Can you explain, in more detail, why highly motivated person gain
better learning results than poorly motivated person?// Further: Y ou discuss
various sources of motivation, can you specify?// What are the “sources of
motivation” and is one “source” more effective than some other? // Why?//

Metacomment 1999-02-28 20:10 John P.: Motivation

[A quote of the previous note] // [Definition of words motivation and motive
guoted from a Finnish book about psychological words] // Based on the
preceding (non-scientific summary): If a person is motivated to learn
something, or he has a goal to learn something, he uses more resourcesin the
learning than when he is not motivated. // In motivation the motives direct
behaviour. Motives are based on needs. // According to the need hierarchy you
first have to get food (study grants -> pizza), feel yourself secure (student
apartment), belong to a community/family (student association/intimate
relations), feel self-respect (access to university) before you start to actualise
your self by reading to an exam. // Though, if you don’t read you don’'t get
study grants ... // Anyhow, it may be very subjective, which motive is the
most effective.
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Tablelll. Characteristics of the threads, posted notes, and replies, by study group.

Group 1 Group 2 Group 3
(4 students) (7 students) (6 students)
Discourse threads
No. threads 14 17 12
Length, Mean (Min/Max) 3.3(2/6) 4.1 (2/9) 7.1 (2/20)
Students' notes
No. notes, Mean (Min/Max)  11.8 (3/20) 10.1 (3/19) 14.2 (3/33)
No. ideas in notes, Mean 7.1 8.6 4.8
Sent replies, Mean 5.3 5.3 8.8
Received replies, Mean 6.8 7.0 8.2
Tutors notes
No. notes 9 16 10
No. ideas in notes, Mean 4.4 3.5 6.3
Proportion of al ideas 11% 8% 13%
Sent replies 8 10 5
Received replies 2 4 9
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Table V. Proportions of the elements of scaffolding in the tutors' notes based on the

categorisation of ideas
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Tutor 1 Tutor 2 Tutor 3 Total

Category of scaffolding f % f % f % f %

Ask explanation-seeking g * g 14" 250 35 1 556 58 365
guestion

Produce expert’s 10 250 17 303 9 " 143 36 226
explanation

Review andevaluatethe 17 575 15 26.8 13 206 39 245
discourse

Recommend study 10 250 10 179 6 95 26 16.4
practices

Tota 40  100.0 56  100.0 63 100.0 159 100.0

Note. Significance tests are based on hyper-geometric probability estimates (see Bergman & El-

Khouri, 1987).

"Observed frequency smaller than expected by chance alone (p < .05).

" Observed frequency larger than expected by chance alone (p < .001).



