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Chapter 1

Computer Support in 
E-Collaborative Learning-
By-Doing Environments

Lin Qiu
Nanyang Technological University, Singapore

introDuction

The social theories of learning have demonstrated 
the importance of situating learning in social interac-
tions and collaborations (e.g., Lave & Wenger, 1991; 
Hicks, 1996). Learning is no longer considered as 
a cognitive process that happens in an individual’s 
mind, but a social process that often occurs through 
conversations as well as the collaborative construc-
tion of conceptual artifacts (e.g., Collins, Brown, 
& Newman, 1989; Graesser, Person, & Magliano, 

1995; Palincsar & Brown, 1984). Meanwhile, 
knowledge construction, the ability to actively un-
derstand existing knowledge and create new ideas 
has become increasingly emphasized in education 
(Scardamalia, 2003). Students are often engaged 
in collaborative tasks where they negotiate ideas 
and construct knowledge based on each other’s 
understanding (Roschelle & Teasley, 1995). Their 
collaboration results in continuous meaning making 
and learning (Stahl, Koschmann, & Suthers, 2006).

To facilitate collaborative knowledge construc-
tion, e-communication tools such as chat rooms, 
discussion forums, and videoconferencing have 
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been used to allow geographically dispersed group 
members to work together. Research has found 
that computer-mediated collaboration can reduce 
production blocking in face-to-face collaboration 
(e.g. Gallupe, Bastianutti, & Cooper, 1991; Va-
lacich, Dennis, & Nunamaker, 1992). Production 
blocking occurs when only one person can speak at 
one time. It causes difficulty in simultaneous idea 
generation and often leads to the loss of productiv-
ity (Diehl & Stroebe, 1987). Computer-mediated 
communication allows group members to present 
ideas simultaneously without the interference from 
peers. Multiple ideas can be generated at the same 
time. Furthermore, computer-mediated collabo-
ration often allows one to view the performance 
of other team members and therefore causes the 
effect of social comparison (Festingerís, 1954). 
This comparison motivates one to outperform 
others and can result in the improvement in task 
performance (Munkes & Diehl, 2003). In addition, 
artifacts created in e-communication tools can be 
easily changed through redo and undo. They can 
be quickly duplicated through copy-and-paste 
and moved around through drag-and-drop. This 
allows learners to easily refine, reorganize, and 
augment their discussion. These artifacts can also 
serve as a permanent record and be used as the 
basis for future reflection. They can be adapted 
to provide scaffolding and representational for-
mats appropriate to the competence of individual 
learners and the performance of the whole group 
(Stahl, Koschmann, & Suthers, 2006).

While e-communication tools have many ad-
vantages, how to effectively use them to stimulate 
and maintain productive knowledge construction 
remains a challenge. For example, while discus-
sion forums have been found to produce more con-
versations with deeper thinking than face-to-face 
dialogues (Hawkes & Romiszowski, 2001), their 
structure makes them difficult for users to keep 
track of ideas brought up during discussion. Users 
tend to pay more attention to recent ideas rather 
than the ones discussed earlier (Hewitt, 2003). 
In addition, it is difficult for users to reference 

materials or representations outside the discussion 
forum. Users have to repeatedly go back and forth 
between their communication medium and the 
object under discussion. In addition, most of the 
communication tools lack the flexibility of provid-
ing multiple ways of representing and integrating 
ideas. This inevitably hinders the reorganization 
and connection of ideas in knowledge construction.

One way to support collaborative knowledge 
construction is to embed tools into a learning 
environment where students need to negotiate 
and share meaning construction through group 
interaction and negotiation. In this chapter, we 
discuss how to support collaborative knowledge 
construction in a learning-by-doing environment 
for problem-based learning. Problem-based learn-
ing has been proven as an effective pedagogy for 
collaborative knowledge construction (Bereiter & 
Scardamalia, 2003). It situates learning in the pro-
cess of solving complex and ill-structured realistic 
problems (Hmelo & Evensen, 2000). Students 
work in groups to tackle problems more complex 
than what individuals could do alone (Hmelo, Na-
rayanan, Newstetter & Kolodner, 1995). They are 
engaged in collaborative exploration, reflection, 
and articulation. Their problem solution represents 
the product of their shared meaning-making and 
knowledge construction (Schon, 1987; Brown & 
Campione, 1990; Scardamalia & Berierter, 1994).

In the following, we first describe background 
research related to collaborative knowledge 
construction. Then, we describe Corrosion inves-
tigator, a learning-by-doing environment where 
students can run simulated experiments, analyze 
data, generate hypotheses, and construct argu-
ments. We further illustrate computational support 
in Corrosion Investigator specially designed to 
promote collaboration and knowledge construc-
tion. Our goal is to provide an example of how 
to support collaborative knowledge construction 
in learning-by-doing environments, and offer 
guidance and suggestions to professionals who 
are interested building such virtual environments.
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bAckGrounD

Learn-by-doing is a pedagogical strategy that can 
be traced back to Dewey’s educational philosophy. 
Dewey (1916) advocates that students should learn 
by actively manipulating artifacts and testing their 
ideas rather than passively absorbing knowledge 
from teachers. This idea has been supported by the 
situated cognition theory which shows learning 
as a process involved in the practical doings of 
things and situated in the practice of communities 
(Bateson 1976; Lave & Wenger, 1991). Cognition 
is viewed to take place through the interaction 
between a person and the environment rather 
than purely in the mind (e.g., Dewey & Bentley, 
1949; Bickhard, 1992; Brown, Collins, & Duguid, 
1989; Erickson & Schultz, 1982; Lave, 1988; 
Lave & Wenger, 1991; Schon, 1983). Kolb (1984) 
identifies four stages in learning: concrete experi-
ence, observation and reflection, the formation of 
abstract concepts, and testing in new situations. 
Doing is considered as the key in the first stage 
to initiate the learning process.

Collaborative learning (Slavin, 1990) engages 
students in learning-by-doing in a group setting. 
It is different from competitive and individual 
learning situations where students work against 
each other in order to perform better. Competitive 
learning generates negative interdependence that 
makes students either work harder than others or 
give up because they think there is little chance 
to win. Students often focus on their self-interest 
and consider their learning unrelated to others 
(Johnson & Johnson, 1989). In contrast, collabora-
tive learning requires a team of students working 
together to accomplish learning goals (Artz & 
Newman, 1990; Slavin, 1990, 1991). Students 
have to share information, create ideas, and make 
learning progress as a team. Research has found 
that compared to comparative and individualistic 
learning, collaborative learning promotes higher 
learning achievement, greater social competence, 
and more supportive relationship (Johnson & 
Johnson, 1989; Stevens & Slavin, 1995). However, 

simply putting students in a team does not neces-
sarily make them collaborate. Johnson, Johnson, 
and Holubec (1993) identified five critical fac-
tors to ensure effective collaboration. First, team 
members need to work towards a common goal. 
Each member should have his or her unique role 
in achieving the learning goal and be considered 
as indispensable to the group success. This helps 
students develop positive interdependence and 
make them feel one cannot succeed without the 
others. Second, the learning task should require 
students to share resources, discuss ideas, and 
teach each other. These supportive interactions will 
help students develop interpersonal commitment. 
Furthermore, Webb (1985) found that students 
learn better when they teach others and receive 
help. Third, individual accountability should be 
implemented so that each group member is ac-
countable and assessed for his or her performance. 
This will help groups members know who needs 
assistance and who deserves applauds. It will 
reduce the problem of only a few members com-
plete all the tasks. Fourth, students need to learn 
social skills to manage teamwork issues such as 
leadership, decision-making, trust-building, and 
conflict resolution. As conflicts and cooperation 
often co-exist (Johnson & Johnson, 1995), social 
skills will help students maintain healthy and 
supportive group relationships. Fifth, students 
should continuously improve their collaboration. 
They need to analyze each member’s work and 
the collaboration between them to decide how 
to maintain good practices and discontinue inef-
fective strategies. All the above five elements are 
key factors in establishing effective collaboration. 
They help to maximize group performance as well 
as individual achievement.

Recent research on socially shared cognition 
provides other insights on how people create, 
distribute, and use knowledge in group settings 
(e.g., Higgins, 1992; Hinsz, Tindale, & Vollrath, 
1997; Levine, Resnick, & Higgins, 1993; Nye & 
Brower, 1996; Resnick, Levine, & Teasley, 1991; 
Thompson, 1998). Cannon-Bowers, Salas, and 
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Converse (1993) found that groups often share 
mental models to help them coordinate their 
tasks and improve team performance. Mental 
models are knowledge structures that enable 
people to understand the behaviors of objects or 
environments around them (Johnson-Laird, 1983; 
Wilson & Rutherford, 1989, Rouse & Morris, 
1986). In team collaboration, members need to 
share multiple mental models to obtain common 
understanding of the task as well as how to work 
as a team. These models facilitate teams to handle 
difficulties in cooperation and adapt to changing 
conditions (Cannon-Bowers et al., 1993). They in-
clude technology models that help team members 
understand how to interact with the tools that they 
use, task models that help members understand 
how the task should be accomplished in terms of 
procedures and strategies, team interaction models 
that describe how members should communicate 
and how information should flow, and team 
member models that contain information about 
each member’s knowledge, attitudes, strength, 
and weakness (Cannon-Bowers et al., 1993). The 
above models can further be categorized as task-
related models (e.g., the technology models and 
task models) and team-related models (e.g., the 
team interaction model and team member models) 
(Mclntyre & Salas, 1995; Morgan, Glickman, 
Woodard, Blaiwes, & Salas, 1986). These models 
affect communication, strategy, and interpersonal 
relationships in the team and consequently impact 
team performance (Klimoski & Mohammed, 
1994; Mathieu, Goodwin, Heffner, Salas, & 
Cannon-Bowers, 2000). Team members develop 
better convergence in their mental models when 
they gain experience with their task and each 
other (Mathieu et al., 2000). When new comers 
enter a group, they have to learn the shared metal 
models in order to work effectively with the group 
(Moreland & Levine, 2008).

Besides shared mental models, research has 
been done to understand information sharing 
within a group. Larson (1997) found that shared 
information is discussed earlier than unshared 

information. Furthermore, shared information 
is discussed more often and thoroughly than 
unshared information (Larson & Harmon, 2007; 
Wittenbaum & Park, 2001). This is often caused by 
the person who leads the discussion of the group 
repeatedly directing the group’s attention to previ-
ously discussed formation (Larson, Christensen, 
Franz, & Abbott, 1998). Research has also shown 
that when members have similar problem-solving 
styles, the group as a whole tends to perform bet-
ter than its average members, but not necessarily 
better than its best members. However, when group 
members have very different problem-solving 
styles, the group as a whole performs better than 
its best members (Larson, 2007).

Social psychologists found social identities 
as another factor that affects group performance. 
Research has shown that despite shared interests 
and cooperative interdependence, team members 
tend to categorize themselves into different social 
categories (Tajfel & Turner, 1986; Turner, Hogg, 
Oakes, Reicher, & Wetherell, 1987). This causes 
positive affect such as trust and liking among 
members within the same category but also 
negative intergroup attitudes and discriminatory 
behaviors between members with different cat-
egorical identities (Brewer, 1979; Mullen, Brown, 
& Smith, 1992; Schopler & Insko, 1992). To solve 
this problem, several models have been developed 
to reduce intergroup conflict and prejudice. The 
personalization model (Brewer & Miller, 1984) 
proposes to have group members focus on each 
other’s personal characteristics during interac-
tion. It aims to replace categorical identity with 
personal identity. The common ingroup identity 
model (Gaertner, Mann, Murrell, & Dovidio, 1989; 
Gaertner, Mann, Dovidio, Murrell & Pomare, 
1990; Gaertner, Dovidio, Anastasio, Bachman, & 
Rust, 1993) proposes to create new inclusive cat-
egories that include both the ingroup members and 
outgroup members. It aims to have team members 
think themselves as in one superordinate category 
rather than different subcategories. The above 
decategorization and recategorization models have 
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been tested in experimental settings and proved 
to be effective in improving intergroup relations 
and producing more positive intergroup attitudes 
(Miller, Brewer, & Edwards, 1985; Bettencourt, 
Brewer, Croak, & Miller, 1992).

In the education domain, four learning-by-
doing pedagogies have been identified as effective 
strategies that promote collaborative knowledge 
construction (Bereiter & Scardamalia, 2003). 
They include learning-by-design, project-based 
science, problem-based learning, and knowledge 
building. Learning-by-design engages students in 
the design of an artifact where students need to 
create their prototypes, collect performance data, 
and refine their designs (Holbrook & Kolodner, 
2000). Project-based science situates learning in 
scientific inquiries where students need to answer 
challenging questions through the creation of 
authentic artifacts (Marx, Blumenfeld, Krajcik, 
& Soloway, 1997). Problem-based learning chal-
lenges students with complex and ill-structured 
problems to help them learn critical thinking 
and reasoning skills (Hmelo & Evensen, 2000). 
Knowledge building emphasizes the process of 
discovering new problems based on existing 
knowledge and develop new knowledge through 
solving the problem (Bereiter & Scardamalia, 
2003). The above four pedagogies engage students 
in different learning activities, they all situate 
learning in a process where students need to col-
laboratively create an artifact, either in the form 
of a model, a product, or a report, and extend 
their knowledge by continuously elaborating on 
their ideas, making connections between existing 
knowledge, and finding opportunities for improve-
ment and integration.

To facilitate collaborative knowledge con-
struction, a number of software tools have been 
developed. For example, CoVIS (Edelson, Pea, 
& Gomez, 1995) and CSILE (Scardamalia & Be-
reiter, 1991) let students post data such as images 
and documents in common electronic workspaces 
to refute or support claims. They encourage stu-
dents to bring information from various sources to 

generate different perspectives. Knowledge Forum 
(Bereiter & Scardamalia, 2003) allows students 
to construct notes and link them together to form 
concept maps. Students are encouraged to connect 
their own ideas with the work of their peers to pres-
ent arguments and develop theories. Knowledge 
Forum further uses a series of prompts to encourage 
students to contribute ideas, organize information, 
and develop new understanding. It has been used 
by more than 250 schools, ranging from K-12 to 
graduate education, in a wide range of domains 
including biology, chemistry, philosophy, English, 
mathematics, and education. Studies have shown 
that the use of the Knowledge Forum improves 
students’ collaborative skills and the quality of 
their collaborative inquiry (e.g., Bereiter, et al., 
1997; Hewitt,2002; Oshima, 1977; Scardamalia, 
2002; Scardamalia, Bereiter, & Lamon, 1994).

While the overall design of the learning en-
vironment determines the learning activities, the 
representational tools that students use impact the 
focus of their collaborative discourse (Suthers, 
Vatrapu, Medina, Joseph, & Dwyer, 2007). For 
example, graphical representations such as concept 
maps make students pay more attention to the 
relationships between their ideas. Students have 
been found to raise more hypotheses and discuss 
them more often when using concept maps than 
text-based discussion (Suthers & Hundhausen, 
2003). The constraints and salience of different 
visual representations direct the focus of col-
laborative discourse to different aspects of the 
representations (Suthers, Vatrapu, Medina, Jo-
seph, & Dwyer, 2008). It is important to choose 
the appropriate representational tools to mediate 
different learning tasks.

Artificial intelligence technology has recently 
been employed to facilitate collaborative knowl-
edge construction. Back in the 1970s, artificial 
intelligence was mainly used to support individual 
learning by providing corrective feedback through 
the use of detailed cognitive modeling (Wenger, 
1987). Starting in the mid 90s, artificial intel-
ligence has been used to guide the process of 
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discourse in collaborative learning. It identifies 
problems in the discussion based on dialogical 
theories (Hicks, 1996) and prompts students for 
further elaboration. For example, Belvedere is an 
e-learning environment where students construct 
evidence maps made up of nodes that are either 
hypotheses or evidence points in their scientific 
inquiry (Suthers, Connelly, Lesgold, Paolucci, 
Toth, & Weiner, 2001). Belvedere analyzes the 
augmentation structure of the evidence map by 
comparing it with the one generated by subject 
matter experts and provides coaching on how to 
improve the consistency and completeness of the 
argument. While empirical results have shown 
that Belvedere can effectively assist collaborative 
argument construction (Suthers, Connelly, Les-
gold, Paolucci, Toth, Toth, & Weiner, 2001), its 
technology is based on the analysis of the structure 
of the argument rather than its meaning. Providing 
accurate feedback based on true understanding of 
the argument still remains a challenge.

The e-learning environment, Corrosion In-
vestigator, described in this chapter is based on 
goal-based scenario (GBS) (Schank, Fano, Bell, 
& Jona, 1993; Schank & Neaman, 2001), a frame-
work for constructing interactive learn-by-doing 
environments. GBS focuses on creating realistic 
settings where students play real-life roles to 
solve challenging problems. For example, Sickle 
Cell Counselor (Bell, Bareiss, & Beckwith, 1994) 
is a GBS environment where students work as 
reproductive counselors advising newly married 
couples on their children’s risk of having sickle 
cell disease. Volcano Investigator is a GBS envi-
ronment where students play the role of geologists 
to investigate the likelihood of volcano eruption 
in a small town (Dobson, 1998). These learning 
environments use fictional scenarios with videos 
and simulations to create engaging settings, and 
provide video clips of expert advice and automatic 
critiquing to guide student learning. While GBS 
environments have been used to teach students 
problem-solving and provide on-the-job training 
for professionals, previous GBS environments are 

only for individual learners. Corrosion Investigator 
extends the GBS framework by providing collabo-
ration support such as data sharing and argument 
construction in the learning environment. It is 
designed to facilitate a group of students to share 
and interpret the data that they collected and argue 
about the conclusions that they can draw from the 
data. In the following, we briefly introduce Cor-
rosion Investigator and then discuss its design for 
collaborative knowledge construction.

SoftWAre interfAce

Corrosion Investigator is a learning-by-doing 
environment designed for collaboratively prob-
lem-solving. Its focus is to provide a structured 
environment with authentic simulated data and a 
set of tools to direct and facilitate collaboration. 
It is not intended to be used as the only medium 
through which students collaborate. Students can 
use it either during classroom hours or outside of 
the class. They can communicate face-to-face or 
through existing tools such as instant messengers 
to discuss their problem-solving strategies and 
coordinate their collaboration. Corrosion Inves-
tigator is aimed to be used as a focal point for 
students to share data, propose and defend ideas, 
and receive coaching.

When students first enter Corrosion Investiga-
tor, a challenge screen (see Figure 1) tells them 
that they need to work as engineering consultants 
to diagnose the cause of two corrosion problems 
in a paper processing company. After reading the 
challenge, students can go to the reference screen. 
This screen contains background information 
about the company, including the location and 
condition of the corrosion and four characters that 
students can contact for more information: the 
plant foreman, the plant manager, the scientific 
consultant and the supervisor. Questions directed 
to these characters will be forwarded to the in-
structor and the instructor will provide answers 
to students’ questions.
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To diagnose the corrosion problem, students 
go to the experiment screen to run experiments 
(see Figure 2). The left-hand side of the screen has 
a notebook. It collects all the experiment results 
that students receive from the system and splits 
them into single items with labels indicating their 
experiment names and conditions. Items in the 
notebook are clickable. Students can select them 
to use as evidence in their report. The right-hand 
side of the experiment screen allows students 
to look for experiments by entering experiment 
names into a textbox. Experiments matching the 
name will be shown.

When students decide to run an experiment, 
they can specify the parameters for the experiment 
on a separate screen (see Figure 3). Experiments 
in Corrosion Investigator often have complex 
options so that students have to think hard about 
which experiments to run. The cost and delay field 
displays the simulated amount of money and the 
days that the experiment takes. These values are 
dynamically calculated and displayed based on 
the parameter selection. They will be added to 

the value of the project cost and day field on the 
top of the screen, if students choose to run the 
experiment. These fields remind students to solve 
the challenge using minimum time and money. 
Before running an experiment, students need to 
enter reasons for ordering the experiment.

To receive experiment results, students need 
to press the advance date button at the top of the 
screen to advance the simulated project date to 
the time when the most recent experiment results 
are available. New experiment results automati-
cally appear in the notebook and result area on 
the experiment screen.

The report screen allows students to construct 
their report using experiment results as evidence 
(see Figure 4). Students can select a result in the 
notebook and enter the reason for using the result. 
When students complete their report, they can 
submit it for evaluation.

While students are working in the system, 
their work is recorded and organized as a report 
for their instructor to review. The instructor can 
add comments to the students’ work. Students can 

Figure 1. The challenge screen in corrosion investigator
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review these comments on the feedback screen, 
and provide responses (see Figure 5).

DeSiGn for collAborAtiVe 
knoWleDGe coStruction

In the following, we discuss computational 
supports in Corrosion Investigator designed for 
collaborative knowledge construction. These 
supports allow students to actively participate in 
collaborative problem-solving and develop arti-
facts that represent the product of their knowledge 
construction.

Shared Problem-Solving task 
to foster collaboration

Collaborative knowledge construction requires 
each group member to make sense of others’ 
understanding and advance the knowledge of the 
whole group through negotiation and elaboration. 

It is critical to maintain a shared understanding 
of the problem at hand so that new ideas can be 
developed based on this common ground (Cannon-
Bowers et al., 1993). In Corrosion Investigator, 
the notebook provides a common knowledge 
repository for students to share their findings. 
It automatically collects all the experiment data 
generated by students so that students do not need 
to combine their findings together. It ensures that 
all members in the collaboration have access to 
the same knowledge base.

For collaborative learning to be effective, team 
members need to have a common group goal 
(Slavin, 1996; Johnson & Johnson, 1989, 1990). In 
Corrosion Investigator, we develop a task setting 
where group members share the cost and result 
of each other’s action. Each experiment has a 
time delay and cost. Whenever a student runs an 
experiment, the time and cost of the experiment 
will be automatically added to the total time and 
cost spent by the whole group. Different from en-
vironments where individuals bear the cost of their 

Figure 2. The experiment screen in corrosion unvestigator
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own actions, Corrosion Investigator automatically 
accumulates the cost of each individual’s action 
on a group level. This makes the action of every 
student directly impact the performance of the 
whole group. Students have to coordinate their 
actions and formulate team strategies to minimize 
the cost of their investigation. The individual ac-
countability and shared responsibility make the 
problem-solving task a collaborative effort rather 
than an individual endeavor (Johnson, Johnson, 
& Holubec, 1993).

In virtual environments, participants often feel 
isolated due to the remote nature of the communi-
cation medium (Puntambekar, 1996). In Corrosion 
Investigator, we provide a progress report to help 
students obtain an overall picture of their group 
activities. The report combines all the actions that 
individual members have performed in chronicle 
order. It allows students to quickly review activities 
performed by other team members and understand 
the progress of the whole group. Every student 

receives the opportunity to develop a sense of 
being a member in a community and see how his/
her activities fit into the team effort.

Structured interface for collaborative 
Argument construction

In collaborative knowledge constructions, team 
members need to exchange and negotiate ideas to 
develop new knowledge. The argument construc-
tion tool in Corrosion Investigator allows students 
to argue about and reflect on each other’s ideas. 
Students can collect evidence to support their 
hypotheses, or provide contradictory data to refute 
their hypotheses. Through this argumentation pro-
cess, students will develop a better understanding 
of the corrosion problem, the underlying causes 
of the problem, and the relationship between the 
causes.

In addition, different user interfaces representa-
tions offer different affordances (Norman, 1999). 

Figure 3. The parameter value selection screen in corrosion investigator
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The design of user interfaces can direct students’ 
focus to different aspects of their learning and 
lead them through different learning courses (e.g., 
Baker & Lund, 1996; Dillenbourg, 2005; Guzdial 
& Hmelo, 1997; Suthers & Hundhausen, 2003; 
Suthers et al., 2007). In Corrosion Investigator, 
we structure the argument construction interface 
to require students to always create a hypothesis 
first and then add evidence to argue about their hy-
pothesis. This ensures students to follow the typical 
scientific inquiry process where hypotheses are 
generated first and then verified by experimental 
data. It also helps to center students’ discussion 
around their hypotheses. The goal is to avoid the 
problem in standard discussion forums where 
participants often lose concentration and cannot 
generate a conclusion in the end (Hewitt, 2001).

The argument construction tool also requires 
students to provide experimental evidence for 
every argument point that they make. This ensures 
that students’ arguments are always grounded 
on real data. To help students use experimen-

tal evidence in their arguments, the argument 
construction tool is closely integrated with the 
data collection notebook. Students can select 
an experiment result from the notebook, attach 
a note to explain why he or she wants to use the 
result, and insert it into the argument. While the 
requirement of using experimental data for every 
argument point may limit the flexibility of argu-
ment construction, preliminary results show that 
argument reports generated using the tool have the 
same quality as the ones generated in face-to-face 
collaboration (Qiu, 2005).

coaching for Problem-
Solving and reflection

Problem-based learning encourages students 
to pursue free exploration and direct their own 
learning. While this strategy allows students to 
learn in a realistic setting, students often miss 
key learning resources or fail to think deeply. It 
is essential to have teachers provide just-in-time 

Figure 4. The report screen in corrosion investigator
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coaching to help students reach expected learning 
goals (Collins, Brown, & Newman, 1989).

In Corrosion Investigator, we provide an 
interactive report for teachers to review student 
activities in the learning environment. The report 
includes the time and money that students have 
spent, experiments that students have scheduled 
and run, reasons for running those experiments, 
and hypotheses and arguments that students 
have created. Teachers can click on items in the 
report and add critiques. The interactive report is 
automatically updated every time when students 
perform an action in the learning environment.

The interactive report allows teachers to work 
closely alongside with students to provide critiq-
ing. Empirical results show that teacher’s critiqing 
often provokes students to reflect on their own 
thinking (Qiu, 2005). We analyzed 32 critiques 
collected during two preliminary studies and found 
that these critiques can be categorized into three 

types. The first type confirms the correctness of 
the student’s thinking. For example,

“That is correct- H2S a byproduct of SRB me-
tabolism.”

The second type points out that the student 
thinking is incorrect. For example,

“This is NOT evidence supporting chemical cor-
rosion as a cause.”

The third type asks for more explanation. For 
example,

“Why is corrosion the worst here instead of other 
areas of piping between the primary treatment 
plant and the recirculating pipes?”

Figure 5. The feedback screen in corrosion investigator
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“More detail could be supplied in regards to the 
nature of the corrosion.”

“There are other possibilities for chemical cor-
rosion at neutral pH’s - should acknowledge 
this.”

These critiques prompt students to correct their 
misunderstanding or help them develop further 
knowledge by confirming their reasoning. The 
inclusion of teachers in the learning environment 
facilitates students to develop knowledge that is 
valid and complete.

technological implementation 
for collaborative knowledge 
construction

Online collaborative knowledge construction 
requires students to participate from different 
locations. It presents unique technical challenges 
for learning-by-doing environments. Up until the 
early 2000s, learning-by-doing environments 
are all built as monolithic systems. They use im-
mersive multimedia to create engaging settings 
and scaffolding tools to support problem-solving. 
For example, Alien Rescue (Liu, Williams, & 
Pedersen, 2002) is a learning environment where 
students need to find a new home in the solar 
system for aliens to survive. BioWorld (Lajoie, 
Lavigne, Guerrera, & Munsie, 2001) is a learn-
ing environment for students to diagnose patients 
in a simulated hospital setting. These learning 
environments are installed on individual comput-
ers and cannot be accessed remotely from other 
machines. This makes them difficult to support 
collaboration. In the following, we describe the 
technological support in Corrosion Investigator 
for collaborative knowledge construction.

Accessibility

Web-based interfaces allow team members to col-
laborate through web browsers. There is a wide 
range of options to implement the web-based 
interface. Standard HTML pages are widely ac-
cessible from any web browser on any platform. 
They are, however, not very interactive. JavaScript 
webpages introduce more interactions, but they 
can only provide limited options such as textboxes 
and drop-down menus. Plug-in based tools such 
as Flash support integration of video, audio, and 
graphics for richer interactivity. However, they 
typically run on Windows, sometimes on Mac 
OS, but are not fully supported on other platforms 
such as Linux. To encourage participation, it is 
important to use the technology that is widely 
accessible from different platforms and maintain 
the capability to support interactive activities.

In Corrosion Investigator, student learning 
activities include choosing experiments, specify-
ing parameters, receiving data, and constructing 
arguments. They do not require complex interac-
tions such as drawing diagrams. Therefore, we 
use standard JavaScript for the user interface. The 
Javascript implementation allows the interface to 
be easily accessible from modern web-browsers 
such as Internet Explorer and Netscape without 
special software plug-ins. It provides wide deploy-
ability with the least commitment to third-party 
vendor support. This lowers the technical barrier 
for using the learning environment and allows 
students to participate with minimum technical 
requirement.

Data consistency

Learning-by-doing environments need to make 
sure that information presented to every student 
is always consistent and up-to-date. In Corrosion 
Investigator, we save the learning content and 
student activities into a central server and loads 
data from the server whenever students interact 
with the learning environment. This ensures that 
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every student has access to the most current ex-
periment data generated by the team. The storage 
of learning content on the server also facilitates 
the authoring of the learning environment (Qiu 
& Riesbeck, 2008). With a web-based authoring 
tool, authors can modify the learning content 
anytime, anywhere through web browsers. When 
the learning content is modified, students can 
immediate see the change in their web browsers 
because the learning environment is constructed 
real-time from the server.

The storage of student activities on the server 
allows instructors to easily access them in a cen-
tralized location. Instructors no longer need to 
collect student records from individual machines. 
They can view these records through web-based 
interactive reports that we provide. The report is 
updated every time a student makes a move in the 
learning environment so that the instructor always 
sees the most recent student activity.

interactivity

Learning-by-doing environments need to be 
highly interactive because students need to per-
form problem-solving activities such as exploring 
background information, running experiments, 
and comparing results. Speed is one of the key 
factors in determining interactivity. Users often 
accept delays of one to two seconds, but no more 
than ten to fifteen second (Olsen, 1998). Therefore, 
it is important to provide immediate feedback to 
keep the learning activity interactive and engaging.

In Corrosion Investigator, we run the program 
that generates complex experiment results on 
the server and run the program that handles user 
interactions in the web browser. For example, 
students’ experiment requests are sent to the server 
for processing. These requests require complex 
algorithms and simulations with multi-parameter 
constraints. Running them on the server reduces 
the time needed and avoids the requirement to have 
powerful computational capability on students’ 
machines. In contrast, the dynamic display of cost 

and time of an experiment is handled by JavaScript 
run in the web browser. Students can immediate 
see the change of the cost and time when they 
choose different parameter values. This allows 
students to easily explore different experiment 
options without long-time delay. Students can 
have fast interactivity even when their network 
bandwidth is low.

The above describes the pedagogical and 
technological support in Corrosion Investigator 
for collaborative knowledge construction. We 
have conducted preliminary evaluation studies 
and results have been promising (Qiu, 2005). 
More thorough evaluative research is underway.

future reSeArch DirectionS

In Corrosion Investigator, we introduced an in-
structor into the learning environment to critique 
student learning. We plan to use natural language 
processing techniques such as Latent Semantic 
Analysis (LSA) (Foltz, 1996; Landauer & Dumais, 
1997; Landauer, Foltz, & Laham, 1998) to provide 
automatic feedback to students’ arguments. LSA 
has been used successfully in AutoTutor (Graesser, 
Wiemer-Hastings, Wiemer-Hastings, Harter, Per-
son, & the TRG, 2000) to compare student writings 
against stored examples and provide suggestive 
comments. In Corrosion Investigator, we plan to 
use LSA to compare students’ reasons for running 
an experiment with stored examples of correct 
and wrong reasons, and return corresponding 
critiques. While the potential to provide automatic 
feedback remains promising, it is important to note 
that computers can easily lose credibility if users 
notice inappropriate feedback (Reeves & Nass, 
1996). When users have low trust of computers, 
they pay little attention to the feedback even when 
it is correct. The need for extremely accurate 
feedback significantly increases the difficulty of 
building learning systems with automatic coach-
ing capability. For example, intelligent tutoring 
systems that provide individualized feedback often 
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require two hundred hours of development for 
one hour of instruction (Woolf & Cunningham, 
1987). Future research is needed to develop ef-
fective and inexpensive methods for automatic 
feedback generation.

While collaborative learning-by-doing envi-
ronments change the traditional learning practice 
into a collaborative effort, they also change the 
social relationships among their users (Levin & 
Kareev, 1980). Several studies have found that 
the use of computers in the classroom reduces 
teacher-centered activities and weakens teachers’ 
authority role (e.g., Gearhart, Herman, Baker, No-
vak, & Whitteier, 1994). When students have ac-
cess to individuals or information resources more 
knowledgeable than their teachers, they become 
less dependent on their teachers (Schofield, 1995). 
Student-student relations also become more co-
operative as students work as collaborators rather 
than simply classmates (Hawkins, Sheingold, 
Gearhart, & Berger, 1982). These social impacts 
of learning software should be fully aware by 
technology adopters.

Educational games have recently received a lot 
of attention. Games such as Second Life provide 
immersive and animated environments for anyone 
in the world to access. Research has shown that 
students are fairly comfortable of using avatar to 
represent themselves in games and carry out col-
laborative learning activities (Virvou, Katsionis, & 
Konstantinos, 2005). Pedagogical agents in such 
games can stimulate student learning and maintain 
high level of engagement (Conati & Zhao, 2004). 
With these new technologies, students can interact 
with their team members (including computer 
agents) in 3D environments that are much more 
natural than chat rooms or discussion forums. 
They can construct virtual artifacts similar to the 
ones in real life. With these new developments, 
the study of knowledge construction in immersive 
environments becomes an emerging topic worth 
further investigation.

Besides learning, virtual environments have 
also been employed for studying social behaviors. 

Blascovich, Loomis, Beall, Swinth, Hoyt, and 
Bailenson (2002) found that virtual environments 
can reduce methodological issues in traditional 
experimental settings such as the lack of replica-
tion and unrepresentative sampling. Furthermore, 
when social behaviors happen in a virtual environ-
ment, researchers can perform “reverse engineer-
ing” by manipulating components in the virtual 
environment to understand the cause of particular 
behaviors and identify their components. This 
helps researchers perform more fine-grained ex-
amination of social behaviors and their elements.

concluSion

In this chapter, we described Corrosion Investiga-
tor, a virtual learning-by-doing environment where 
students take the role of consultants to investigate 
the cause of recurring pipe corrosion in a paper 
processing company. We discussed how to provide 
support to e-collaborative knowledge construction 
by a) creating a shared task to engage students in 
collaboration, b) providing an argument construc-
tion tool to facilitate idea exchange and knowledge 
construction, c) providing instructor coaching to 
guide problem-solving, and d) using technological 
implementation to ensure data consistency, acces-
sibility, and interactivity. The synergy of the above 
design provides multi-level support for collabora-
tive knowledge construction. We believe it serves 
as an example of how to design learning-by-doing 
environments to effectively support collaborative 
knowledge construction.
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keY terMS AnD DefinitionS

Collaborative Learning: A pedagogical 
approach that embeds learning in collaborative 
activities where students work in teams to ac-
complish a common goal.
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Collaboration Technologies: Computer tech-
nologies designed to facilitate group collaboration.

Educational Technology: Technologies de-
signed to facilitate education.

Goal-Based Learning: A pedagogical ap-
proach that embeds learning in the pursuit of a 
specific goal.

Learning-by-Doing: A form of learning that 
obtains new knowledge through the practical 
doing of things.

Problem-Based Learning: A pedagogical 
approach that situates learning in the process 
of solving complex and ill-structured realistic 
problems.

Web-Based Learning: A pedagogical ap-
proach that uses web-based tools to facilitate 
learning.


