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Few developments have piqued researchers’ interest as has the
growth of computers in their various hybrid forms as educa-
tional tools. A seemingly infinite range of methods and strategies
has evolved to exploit the potential of technology. The problem
has not been a scarcity of research. Literally thousands of studies
related to computers and learning have been published during
the past three decades. The problem has been one of making
sense of the enormous, and growing, body of available research.

This dilemma is compounded by the continuous metamor-
phosis of technologies—hardware, software and design—and
the relatively short shelf-life of what is considered “state of the
art” Present-day technologies often bear little resemblance to
the computers of even a decade ago; new hardware and de-
sign technologies continue to emerge. During the past 40 years
alone, computers have evolved from cumbersome, expensive
room-size machines with typewriter displays to inexpensive
hand-held devices of substantially greater power, flexibility, and
case of use. Applications have shifted from primitive tutorials to
tools for individual inquiry, from typed text to high-fidelity visual
images and immersive three-dimension CAVEs (computer-aided
virtual environments), and from systems that present informa-
tion to systems in which individuals construct knowledge. In-
deed, the construct of “emerging” technology seems apropos
in a field of such rapid and continuous change. The purpose of
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this chapter is to present one way of making sense of the vast
body of educational technology research by organizing and cat-
egorizing research related to technology in education along a
number of facets. As part of this organization, we examine how
differences in the values and assumptions underlying teaching
and learning research, theory, and practice have influenced dis-
ciplined inquiry related to emerging technologies.

13.1 PERSPECTIVES ACROSS RESEARCH

COMMUNITIES

Different communities emphasize different perspectives—at
times modest, at times profound. The problems and issues re-
lated to teaching, learning and emerging technologies, as well as
the methods of study, develop along different paths. Much “ed-
ucational technology” research focused on the effectiveness of
technology in improving test scores, using past achievement as
evidence of a problem or need (e.g., Wenglinksy, 1998). “Learn-
ing science research,” in contrast, might address misconceptions
by allowing students to hypothesize, test and reconcile naive
individual beliefs. Each adopts a different epistemological per-
spective, which influences the questions studied, the literature
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FIGURE 13.1. Quadrant model applied to educational technology research

base used to frame and interpret the problem, and the methods
of study (Hannafin, Hannafin, Land, & Oliver, 1997).

While it is important to understand goals and distinctions
unique to different perspectives, it is beyond the scope of this
chapter to do so comprehensively. Rather, we have chosen to
highlight particular research processes that characterize partic-
ular approaches, then look across the work of researchers from
different “schools,” to identify patterns and implications not ap-
parent within any single approach. As illustrated in Fig. 13.1,
Stokes’ (1997) model contrasts research on understanding and
use as the key dimensions, each of which is considered as being
either central or not central to the aims of the researcher. The
extent to which research manifests each dimension (i.e., the
pursuit of fundament understanding and use) determines the
quadrant (or focal point for impact) of the research.

Basic (or foundation) research, in this context, is concerned
with developing principles and standards that may be drawn
upon in other settings. In contrast, application research focuses
on technology use in a given setting and/or meeting a par-
ticular need. Application researchers focus on how the tools
work in a particular setting. Rather than attempting to derive
principles, application researchers often try to answer practical
questions about the use or implementation of an innovation.
Theory builders conduct what Stokes terms “use-inspired basic
research.” They are interested in both practical questions and
the development of fundamental understanding. However, their
research typically focuses not on the technology (though the
technology is important), but on understanding theories about
learning as well as ideas for supporting learning. Theory builders
are concerned with how well theories embodied in innovations
work in practice. (Note. Stokes does not attempt to legitimize re-
search perceived as advancing neither fundamental understand-
ing nor use implications to warrant detailed attention in his pre-
sentation of Pasteur’s Quadrant. For our purposes, we adopt
similar distinctions in our application of Pasteur’s quadrant to
instructional technology research.)

13.2 PASTEUR’'S QUADRANT AND EMERGING
TECHNOLOGY RESEARCH

In education—and particularly in educational technology—the
dimensions of Fig. 13.1 relate questions about using innova-
tions with developing principles for designing and developing
the innovations. The distinctions are important to establishing

important conceptual distinctions among the growing universe
of research, and researchers, related to teaching, learning and
emerging technology. The matrix shown in Table 13.1 provides
a common set of perspectives across three key research com-
munities represented in Pasteur’s Quadrant: foundation, appli-
cation, and theory building, or use-inspired, research. Through-
out this chapter, each column of Table 13.1 will be elaborated
into its own matrix focused on a wide range of sample projects
within the research perspective. Each matrix provides a means
for exploring the kinds of questions posed, the evolution of
research threads, differences among the focus and methods of
contrasting communities, and distinctions as to the goals and
audience of different research communities, classifying seem-
ingly disparate educational technology research. It should be
noted that the matrices, as well as the text accompanying them,
attempt to broadly define the research field rather than offer
a comprehensive review of the literature for that research per-
spective.

13.2.1 Foundation Research

Analogous to Stokes’ pure basic research quadrant, founda-
tion research identifies underlying principles and processes that
provide core principles to guide, influence, or direct other re-
searchers’ efforts. The research appropriate to this quadrant fo-
cuses on basic information about an innovation independent of
setting. Foundation research focuses on developing fundamen-
tal knowledge about technology and its use that is necessary
before an innovation or instructional approach can be consid-
ered for use in educational settings, while concurrently defining
underlying principles and processes for use-inspired research.
For the educational technology field, foundation researchers in-
clude psychologists, engineers, programmers, and others inter-
ested in issues related to how technology can work and what
happens when people use it.

13.2.1.1 Goals of the Research. As implied by their place-
ment in the quadrant model, foundation researchers are inter-
ested in fundamental knowledge independent from real-world
application. For example, Abnett, Stanton, Neale, and O’Malley
(2001) examined the consequences of young children working
in pairs using more than one mouse. They found that students
sharing mice while engaged in a collaborative writing activity
exhibited greater levels of shared input and produced higher
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TABLE 13.1. Framework for Considering Research on and with Learning Technologies

Community

Foundation (Psychology,
Computer Science, Information
Management, Engineering)

Application (Educational
Technology, Instructional
Design)

Theory Building (Learning
Sciences)

Nature of the
Research

Problem
Definition

Research Question
Categories

Target Audience(s)
for the Research

Basic and foundation
research—focused on developing
fundamental understanding about
the technology itself or about
affective aspects of technology use
(e.g., motivation or efficacy).

Concerned with whether the
technology is achieving a desired
effect. Foundation research
provides principles and processes
that can be adopted and adapted
in other settings.

Can people learn from this
technology?

How does this technology work best?

What happens when people use this
technology?

How do we overcome problems
inherent to this technology?

Developers

Engineers
Programmers
Instructional designers

Application research—focused on
how people interact with and learn
from an innovation. Often
concerned with innovation in use
in a particular setting.

Concerned with the user’s
experience. Typically concerned
with supporting decision-making
regarding adoption and
adaptation.

How do users benefit from this
innovation?

Is the innovation practical?

What is the innovation’s return on
investment?

Is the innovation usable?

Is the innovation worth using?

Policy makers
Evaluators
Decision makers
Practitioners

Theory Application & Development
(use-inspired basic
research)—focused on learning
with technology acting as a
vehicle. Combination of other two
as focus is on developing
understanding about learning
while focusing on questions about
learning in context.

Concerned with implementation and
refinement of theory embodied in
or captured by technology tools.
Often leads to further refinement
and retesting of theories and tools.

How do certain theories enacted in

the innovation work?

Is the theory underlying my
innovation/implementation
appropriate?

What happens when I test this
theory/innovation in context?

Researchers

Instructional designers
Practitioners

quality stories. While this research could be considered applica-
tion research, the intent of the research was to build a body of
baseline evidence of a need that might warrant further inquiry,
not a solution to a defined problem. Foundation research can
also serve as initial steps in the development of educational ap-
plications of technology. The work undertaken by Dede’s (e.g.,
Dede, Salzman, & Loftin, 2000) and Winn’s (e.g., Winn et al.,
1997) virtual reality groups provided insight into whether stu-
dents could learn from virtual reality as well as how they inter-
acted with the virtual environments but without the expectation
of addressing a manifest need or a common classroom problem.
Their work served as foundation for subsequent researchers in-
terested in educational virtual reality environments.

The goals of the foundation research are typically twofold:
(1) The researchers are interested in particular technology inno-
vation, and (2) more importantly, they are interested in testing
a hypothesis related to some facet of that innovation. Often, hy-
pothesis testing drives the research. Investigators may be inter-
ested in increased motivation related to the use of technology,
information search processes on the Internet, or patterns of
reading in a hypermedia environment (see Table 13.2 for a
snapshot of the variety of questions and issues addressed in
foundation research). Researchers set out to test or reveal fo-
cused, but potentially generalizable, principles. Once conclu-
sions are drawn, the foundation researcher or other researchers
may embody the findings in later work that is more explicitly

contextualized. For example, Antonietti, Imperio, Rasi, and
Sacco’s (2001) work with hypermedia and virtual reality was
focused on a single learning task—Ilearning about lathes. How-
ever, their research questions were focused on the hypothe-
sis that seeing the virtual reality version of the lathe before
interacting with related hypermedia information would yield
different results than interacting first with the information, then
with the virtual tool. In the end, their research yielded a prin-
ciple about using virtual reality and hypermedia that is largely
context-independent—that is, users with no previous mental
model seem to benefit from interacting with the virtual environ-
ment before reading about it, whereas the users with previous
experience benefit more from interacting with the hypermedia
materials followed by the virtual experiences.

Various foundation researchers’ work reflects different as-
sumptions about learning or interaction. For example, many
questions are concerned with information processing issues
such as how young students navigate using CD-ROMs (e.g.,
Large, Beheshti, & Breleux, 1998). However, some are interested
in sociocultural theories as evidences by their work focused
on the role of an instructor in a learning environment (e.g.,
Hmelo, Nagarajan, & Day, 2000). Often, foundation researchers
concentrate on sets of closely linked questions of a highly inter-
dependent nature, such as the research on information process-
ing and human memory. Foundation researchers often develop
more inclusive, generalizable theories and principles through
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TABLE 13.2.

Sample Questions and Findings from Foundation Research

Selected Research Questions

Studies

Findings

Scaffolding

How is a joint problem space constructed?
How is the process influenced by
incoming knowledge levels?

Do different versions of a
concept-mapping system affect
performance?

Do students who take notes have better
achievement than those who do not?

Hypermedia/Multimedia

Hmelo, Nagarajan, &
Day, 2000

Chang, Sung, & Chen,
2001

Trafton & Trickett,
2001

Low incoming knowledge students and high incoming knowledge
students used different processes to solve a problem. However, both
relied on computer tools to structure their activity and to prompt
them to consider certain factors.

Students using a scaffold that was a partially completed expert concept
map scored better on performance outcomes than those who created
their own maps.

Found that students using note taking answered more questions
correctly than those who did not. Found different levels of
scaffolding in note taking affected both use of learning strategy and
task performance.

Can students learn using a virtual lathe?
Given a virtual and hypermedia
environment, which is better for
students to encounter first?

Do users react better to more or less
information in a hypertext system?

Does a hypertext system better support
information location than a print-based
system?

Is there evidence that the brain processes
various media types differently?

Information Organization/Seeking

Antonietti, Imperio,
Rasi, & Sacco, 2001

Dimitroff, Wolfram, &
Volz, 1995

Egan, Remde,
Landauer,
Lochbaum, &
Gomez, 1995

Gerlic & Jausovec,
1999

Students can learn from virtual lathe. Trend emerged that it was
beneficial to experience VR condition before hypermedia if students
do not know about lathes. The opposite is true if they do have a prior
mental model for a lathe.

Found complex relationships between maneuverability and usability in
the systems. In the system with more information, users felt it was
usable, but rated it low for accessing the information they wanted.

Found hypertext users had better search accuracy, fewer erroneous
responses, and produced superior essays than those using
print-based system.

Used EEG readings to determine that the brain reacts differently to
images and movies than to text.

What strategies do young novices use
when seeking information?

What kinds of strategies do adults use in
searching for information?

Usability of Innovations/Human Factors

Marchionini, 1989

Van Der Linden,
Sonnentag, Frese,
& Van Dyck, 2001

Older searchers were able to find information faster and with more
success. Younger searchers generally used whole sentence searches
indicating a lack of understanding of information organization.

Systematic efforts led to better task performance. Trial and error can be
effective, but also leads to a number of negative errors. Noneffective
strategies lead to lower self-evaluation. Repeating unsuccessful
searches or excessive searches led to low performance.

Does using two mice influence student
collaboration?

How do users react to and use a
“programming by example” system?

What kinds of virtual reality cues lead to
the most learning in an immersive VR
environment?

Motivation

Abnett, Stanton,
Neale, & O'Malley,
2001

Cypher, 1995
Dede et al., 2000;

Dede, Salzman, &
Loftin, 1996

Presence of second mouse did not impact communication amount.
Gender of students in pair influenced kind of communication, but
second mouse seemed to promote equity.

Quality of student work was improved.

Subjects were uncomfortable giving up control to automated system.
There were important interface flaws that kept users from
understanding what was happening.

Found that three-dimensional representations were more effective
than two-dimensional representations. Found that users preferred
multimodal cues (haptic, sound, & sight).

How do student motivation, inquiry
quality, and the interactions between
these develop?

How are student and teacher motivation
related in a design and technology
project?

Hakkarainen,
Lipponen, Jarvela,
& Niemivirta
(1999)

Atkinson, 2000

Student motivation was no different in computer environment than on
self-report. Significant differences emerged between motivation
orientation and knowledge production.

Found a positive correlation between teacher motivation and student
motivation for project.
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TABLE 13.2. Continued

Selected Research Questions Studies Findings

Found that students were motivated in virtual
environments—particularly those they created themselves.

What is virtual reality’s potential as a
motivating learning tool?

Bricken & Byrne,
1992; Byrne,
Holland, Moffit,
Hodas, & Furness,
1994

Learning from Technology

Winn et al., 1997;
HITL, 1995;
Winn, 1995

Dede et al., 2000

Can students learn content in an
immersive virtual reality environment?

Yes, students can learn content. Lower achieving students may
particularly benefit.

Found that students learn correct content and that they seem to have
their incoming misconceptions challenged by participation in
immersive environment.

Can VR aid in eliminating student science
misconceptions?

multiple studies related to a single topic. These studies, how-
ever, are not inherently related except by topic strand—a re-
searcher may choose to focus on motivation, for instance, and
conduct a number of separate motivation studies over a pe-
riod of years. Further, this research tends not to be iterative
in nature or self-correcting. After all, making revisions in the
conditions during a study removes the controlled environment
that basic research requires to develop understandings about
the phenomenon of interest.

13.2.1.2 Questions Asked. Research questions asked in
foundation research tend to be tightly focused, discrete, and
largely unconcerned with specific contextual factors except
those variables that impact the theory. To-be-learned content,
for example, is often described more in terms of characteristics
and complexity (e.g., problem solving, inquiry) than as specific
to a domain (e.g., determining how far light waves travel, use of
specific pedagogical approaches in scientific inquiry). Whereas
an application researcher may study the practical value of tool
use in a particular domain or setting, and theory builders may
attempt to study how (or if) an innovation supports learning
in particular ways, foundation researchers study whether and
how an idea works—under particular circumstances and with
a particular subject pool.

Foundation researchers study questions such as whether or
an innovation works, under what conditions it works, and how
people work with the innovation, but not questions about the
users’ experience with the innovation or whether the innova-
tion was worth using. Often, the research questions require
the innovation be compared against a control group so that re-
searchers can determine the statistical reliability of the observed
differences. In some cases, foundation questions focus on a
specific prototype. For example, Chang, Sung, and Chen (2001)
created a concept-map scaffolding system to support their in-
quiry. In other cases, questions rely on a specific innovation only
as avehicle for understanding a phenomenon, such as Marchion-
ini’s (1989) early hypertext research on student search strate-
gies. While some structure was provided for the search activity,
there was no overt attempt to test a particular product; rather,
Marchionini attempted to understand how children of differ-
ent ages conducted an information search. Table 13.2 presents
a representative selection of foundation research studies

related to emerging technologies, many of which are elaborated
throughout this section.

13.2.1.3 Metbhodologies. Research conducted by founda-
tion researchers is often experimental or quasi-experimental in
nature. This is largely related to the historical roots of the in-
structional technology field, where experimental designs domi-
nated most of the foundation research dome prior to the 1990s,
and questions typically asked: whbether the innovation works
and fo what extent it works. From the perspective of the
emerging technology research community, it provides a base-
line from which to chart growth or measure change. Foundation
researchers often do not know the extent to which an innova-
tion or idea is effective without also knowing what performance
would be elicited from similar subjects who have not interacted
with the innovation.

How questions examine the ways in which people interact
with an innovation. In these studies, quasi-experimental studies
are often employed (or in many cases should be employed), of-
ten featuring pre/postmeasures or other within-group or within-
subject measures rather than the between-groups measures
often appropriate for other questions. Typically, though not
exclusively, data collected during these studies tend to be ob-
jective in nature. Participant surveys, pre/postmeasures, and
observational checklists are commonly employed in these
studies, and hypotheses are tested using data are analyzed sta-
tistically to establish objective baseline indicators and thresh-
old data. Interestingly, however, recent efforts have adapted
approaches from usability testing and observational qualitative
approaches, broadening both the methodological toolkit of the
researcher and the question and method options for inquiry.

13.2.1.4 Audience. Foundation researchers provide informa-
tion about people and innovations for a wide spectrum of
technology-related research. Instructional developers use foun-
dation research for decision making; educational technologists
use it for selecting appropriate classroom materials; while learn-
ing scientists use this research to formulate and test their con-
textualized hypotheses. Foundation researchers also inform one
another. Programmers, engineers, and psychologists deepen
their understanding of relevant principles from their own or
other disciplines to design future studies or implement future
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innovations. Research agendas emerge by linking together sep-
arate foundation studies that center on a hypothesis and re-
fine it over time through progressive refinements in underlying
principles.

13.2.1.5 Examples of Foundation Research.

13.2.1.5.1 Virtual Reality Usability Research. Early VR re-
searchers were interested in whether learning could occur in
virtual environments and to what extent it occurred as well as
on the usability issues of such systems. Dede’s (e.g., Dede et
al., 2000; Dede, Salzman, & Loftin, 1996) research, for example,
centered on ScienceSpace, a series of immersive microworlds
designed to promote the learning of physical science principles,
but considered questions that were not specific to that tool. In
addition to student satisfaction and learning, the researchers
studied what happens as learners attempt to use an immersive
VR program. These and related studies helped to provide prin-
ciples about VR learning that can be used in a wide array of
settings. For example, these early studies found that users pre-
fer multimodal (haptic, sight, and sound) systems and that there
is a tendency for disorientation sickness. These studies, and the
findings from them were not related to the mastery of particular
content or the use of the tools in a particular setting, rather they
focused on foundational questions about the potential of VR.

Further VR research focused on understanding frames of
reference—an issue unique to immersive technologies. One
study indicated the importance of using the egocentric view
to see details and the exocentric view to understand the big
picture (Salzman, Dede, Loftin, & Ash, 1998). Another study
found that students in the 3D environment could construct two-
dimensional representations of the concept, however those in
the two-dimensional space were unable to create a 3D repre-
sentation (Dede et al., 2000)—important principles related to
learning in immersive environments developed through foun-
dation research.

13.2.1.5.2 Hypermedia Research. Asalluded to thus farinthe
discussion of foundation research, much hypermedia research
can be considered foundation research. From the early hyper-
media studies that attempted to determine differences in the
use of hypertext versus linear text (see McKnight, Dillon, &
Richardson, 1996, or Thompson, Simonson, & Hargrave, 1996,
for overviews of early hypermedia research) to the current re-
search focused on understanding factors that impact learning
with hypertext, there has been a consistent focus on founda-
tion questions related to what makes hypertext work best and
what happens when people use it.

Shapiro (1999), for example, has studied the relevance of hi-
erarchies and other organizational structures on the way people
learn information. In her study, Shapiro offered adults informa-
tion on a made-up topic (life forms on another planet) organized
in different ways. The same body of information was available
to each participant, however, some saw it hierarchichally orga-
nized, some saw it clustered, others saw it in a linear form, and
the final group saw the information unstructured. Her findings

indicated that there was no difference in the amount of factual
knowledge learned across the three groups, but that there was
a bias for structured groups, particularly the hierarchical group,
in cued association tests and information mapping. In fact, she
found that those who were given the hierarchy used it readily
while those who were not given the hierarchy tended to try
to develop their own hierarchical organization as they moved
through the tasks.

Dimitroff, Wolfram, and Volz (1995) studied the effects of
different factors on participant information retrieval using a hy-
pertext system. While their methods varied considerably from
Shapiro’s, they had at least one finding in common—that partici-
pants’ mental model, or lack thereof, impacted their interactions
with a hypertext system. In their study, Dimitroff and colleagues
looked at a basic and enhanced version of their hypertext infor-
mation retrieval system. The enhanced system varied from the
basic system only in that it included additional hyperlinked in-
formation. The abstract and titles of materials were included in
a keyword link. The researchers assigned their 83 adult partic-
ipants to either a basic system group or an enhanced system
group and asked them to complete five searches (known item,
keyword, descriptor, and two different subject searches) then
complete a user survey. In their factor analysis of the survey
results, the researchers found that for both conditions maneu-
verability was rated quite low. This included factors such as the
fun and frustration levels the participants reported, whether
the system was easier than other systems they had used, and
whether the system was confusing. In fact, 74 percent of the
negative comments reported in both groups were related to
system maneuverability. Conversely, the participants found the
system to be quite useful. They reported it was easier to use
than they expected and felt the navigation was not overwhelm-
ing. While these are only two of a host of hypermedia research
efforts, they demonstrate how foundation research has moved
our understanding forward.

13.2.2 Application Research

Application research focuses on in-context technology inno-
vations and issues of practice. Application researchers include
instructional developers, educational technologies, and educa-
tional evaluators, as well as teachers conducting action research
in their own classrooms. In terms of Stokes’ model, the research
is applied in nature; questions are mainly concerned with the
application of principles in the real-world rather than the devel-
opment of underlying design or learning theories to guide future
use or development. Further, questions often focus on the user’s
experience with the innovation rather than the innovation itself.
Often, the work of the application researchers supports decision
making ranging from the actual cost of instructional technology
for a school district (Keltner & Ross, 1995) to whether an EPSS
system is effective for supporting teachers in conducting their
day-to-day activities (Moore & Orey, 2001).

13.2.2.1 Goals of tbe Research. Often, application re-
search focuses primarily on whether innovations are effec-
tive and worthwhile in a given context. Application research



questions vary widely, tending to focus on whether technol-
ogy should be used in a given setting or by a particular au-
dience. This research transcends experimental settings, focus-
ing on technology as used in classrooms such as WebQuests
or computer aided instruction systems, and performance tech-
nologies, such as electronic performance support systems and
training simulations. For example, the Moore & Orey (2001) re-
search included in Table 13.3 focused on whether EPSS systems
were effective in supporting teachers as they conducted every-
day activities. The researchers found that only elements of the
EPSS were used and, consistent with the applied nature of the
research, the investigators identified some key attributes that
impacted the innovation’s effectiveness in practice.

Another common goal of application research is to improve
the implementation of an innovation rather than focusing on
improving the innovation itself. For example, the research will
address whether the innovation is worthwhile, as well as fac-
tors that impaired or facilitated the innovation’s utility or value,
speculations on elements that might make it more effective,
and principles of broader implications. Stuhlmann and Taylor
(1999), for example, in their examination of factors influenc-
ing student-teacher technology use, identified both factors that
impacted the student-teachers and hypothesized about effec-
tive ways of supporting student-teacher technology integration
during classroom experiences.

13.2.2.1.1 Questions Asked. Application research is most
concerned with understanding the practical issues related to
the use of technology by learners—whether in classrooms, in-
formal settings, or just-in-time training situations. In simplest
terms, this area of research is concerned with the kinds of ques-
tions summarized in Table 13.3: “Did it work?” “How will it
work best?” and “What matters to the users as they use it?” To
this end, researchers are concerned with questions of effective-
ness as measured through defined criteria, such as return on
investment, cost effectiveness, and usability. Often, the ques-
tions answered by research out of this group have straightfor-
ward “yes,” “no,” or “it depends” answers. While the researcher
generally provides clear rationales and foundations for the ques-
tions asked the way they are considered, the answer is a clear
one. For example, Wenglinsky’s (1998) review of NAEP data
asked questions about how technology could be used to support
achievement in mathematics. His study yielded simple guidance
on the effectiveness of computers for supporting mathematics
achievement. Findings included suggestions that drill and prac-
tice do not increase student achievement and, in some cases,
may actually lower achievement. Further, Wenglinsky found a
correlation between teacher professional development and re-
ported effectiveness of technology used in the classroom.

13.2.2.2 Metbodologies. Unlike foundation research, appli-
cation research tends to be concerned with users and their ex-
periences with technologies—particularly as their experience
relates to specified goal attainment. Because of this, much of
the research takes the form of case studies or of evaluations
of particular innovations in use. Another common approach to
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application research is analysis of standardized test results to
determine whether set goals were achieved through the use of
the innovation.

Research focused on practical use, however, may also use
approaches such as teacher (or action) research, evaluation,
think-alouds, cost modeling, or usability studies. Given the goal
of determining whether an innovation is efficient or effective,
almost any approach to research that allows measurable growth
to be witnessed or allows the researcher to interact with the
learners as they are experiencing an innovation becomes a vi-
able method for conducting the research.

13.2.2.3 Audience. The audience for application research in-
cludes any of a variety of decision makers. These may include
administrators or financial agents in education or business,
teachers, curriculum specialists, or other people placed in the
position of selecting or implementing instructional materials in
any school district, university, corporate, or military setting.

13.2.2.4 Examples of Application Research. Cost effec-
tiveness research. One form the “did it work?” question has
taken focuses on the return-on-investment versus cost of de-
veloping technology innovations. This has been considered as
the measure for defining effectiveness (see Niemiec, 1989, for
a review of several early cost effectiveness studies related to
computer-based instruction). As an historical example of appli-
cation research, cost effectiveness as a research area evolved
to meet a series of locally bound needs. Early in the evolution
of computer-assisted instruction, it became clear that develop-
ing courseware and acquiring needed hardware would be an
expensive proposition. To achieve useful results to research
considering costs, researchers have taken different approaches.
For example, some researchers applied “value-added” models,
where the gains associated with such systems were evaluated
relative to the additional costs incurred in obtaining them (see,
for example, the methods described by Levin & Meister, 1986,
and Niemeier, Blackwell, & Walberg, 1986, in Kappan’s issue
on the effects of computer-assisted instruction). This approach
rarely yielded favorable results. Another perspective considered
cost-replacement approaches to evaluate the relative costs as-
sociated with learning via “traditional” approaches—usually
teacher-led, textbook-based methods—versus computer-aided
methods. The underlying question shifted from assessing the
marginal gains of “add-on” technologies, to one in which the
costs of replacing existing methods were assessed (e.g., Bork,
1986). Judgments as to the true value of computers versus
traditional classroom-based teaching on learning could then
be assessed, appropriate designs and models could be imple-
mented, true costs (immediate, recurring, long-term) associ-
ated with each could be identified, and the relative effective-
ness of each method could be benchmarked without undue
confounding.

There are countless ways researchers can consider effective-
ness of innovations. They range from reasonable to questionable
(e.g., media comparison studies) and provide a variety of infor-
mation to the audience for which they are intended.
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TABLE 13.3. Sample Questions and Findings from Application Research

Selected Research Question

Studies

Findings

Tool Use & Design

Are first graders able to make productive
use of a synchronous collaborative
workspace?

What are the critical success factors for
implementing MOOSE (a virtual reality
MUD) into classrooms?

What kinds of interface elements are best
suited to multimedia for primary school
children and do multimedia tools have a
role to play in the classroom?

How can a problem-based learning tool be
best used in a classroom?

How did participants use an asynchronous
conferencing tool to support learning in
an online problem-based environment?

Performance

Tewissen, Lingnau, Hoppe,
Mannhaupt, & Nischk, 2001

Bruckman & DeBonte, 1997

Large, 1998

Laffey, Tupper, Musser, &
Wedman, 1998

Orrill, 2002

Synchronous workspace can be effective in literacy
development if the students are properly prepared to
use it.

Case study showed that the 4 critical success factors were
student access to computers, presence of peer
experts, student freedom to choose to use versus
being told to use, and teacher tolerance for productive
chaos.

Students showed confidence in navigation in each
product, but were hesitant to use searching. Children
are not nai ve users and can discern between attractive
interfaces and useful tools. Multimedia should only be
used when there is a clear need for it.

Found that for successful use, teacher must be
philosophically aligned with pedagogical approach
and the tool must fit with the authentic activity of the
classroom.

Found that students tended to use tool for logistics and
often did not provide rationales for comments.
Students were persistent in getting their point across.
Recommendations about ways to promote meaningful
interactions are provided.

Can a custom-designed EPSS support
teachers in carrying out day-to-day
activities?

Does EPSS use by instructional designers
lead to high learning and/or better
performance on an analysis task?

How can we best structure student
experiences with information seeking?

Usefulness/Utility Research

Moore & Orey, 2001

Bastiaens, 1999

Bowler, Large, & Rejskind, 2001

The teachers were able to use it to facilitate certain
record keeping. There was a strong relationship
between usage of the system, performance on teacher
tasks, and attitudes toward the system and technology.

EPSS users had lower levels of learning, but exhibited
higher levels of performance. There was no difference
in time on task or satisfaction with training in two
groups.

Provides findings about how students seek information
as well as a list of issues that determine student
success with information finding, interpretation, and
use.

What factors influence student teachers’
experience with technology integration?

Do navigational assistants improve search
experiences?

How do student frustrations with an online
learning environment inhibit their
learning experience?

Return on Investment

Stuhlmann & Taylor, 1999

Mazlita & Levene, 2001

Hara & Kling, 1999

Identified 3 factors that influence student teachers’
experience (computer availability, technological
attitude and competency of cooperating teacher, and
attitude of principal toward use). Also made
recommendations about supporting student teachers.

Novice users were able to navigate with this system
more easily than traditional search engines. Expert
searchers who were about the same on both. Users
found the interface too complex.

Three main areas caused frustration: technological
problems; minimal and untimely feedback from
instructor; ambiguous instructions. Impacted course
because students gave up on learning content.

What is the Return on Investment (ROI) for
a set of EPSSs?

Hawkins, Gustafson, & Nielson,
1998

Provides a rationale and model for determining ROL.
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TABLE 13.3. Continued

Selected Research Question Studies

Findings

What does it cost to have a K-12
technology program?

Keltner & Ross, 1995

Meta-analyses of Implementation/Application Studies

Considered all related costs as well as effectiveness.
Provided figures between $142 per student to over
$400 per student.

What does research say about the impact Schacter, 1999

of technology on student achievement?

Does small group learning enhance
student achievement? What features
moderate small-group success? Are
there optimal conditions for using small
groups with computer technology?

What is the observed effectiveness and
efficiency of computer simulations for
supporting scientific discovery learning?

Lou, Abrami, & d’Apollonia, 2001

De Jong & van Joolingen, 1998

According to the research reviewed, students with access
to various kinds of learning technologies see gains on
a variety of outcome measures.

Small group learning had positive effects on individual
performance and small group performance. The best
outcomes occurred when tasks were difficult, groups
had 3-5 members, and no or minimal feedback was
available from the computer.

Findings indicate that students do not perform better on
outcome tests, but do exhibit indicators of deeper
understanding and implicit application than those who
did not use simulations. Also included outcomes of
particular designs.

13.2.2.4.1 ComputerSupported Collaborative Learning.
Computer-supported collaborative learning (CSCL) research,
like many other research strains reported here, spans across
the three major research groups of interest in this chapter. Nu-
merous studies of CSCL consider when, how, and under what
conditions students use CSCL tools (e.g., Kynigos, Evangelia,
& Trouki, 2001; Laffey, Tupper, Musser, & Wedman, 1998).
Consistent with application research, these questions focus
on whether “it” worked—whether “it” was an instructional
approach or a tool. For example, as shown in Table 13.3,
Laffey et al’s (1988) work on the PBLSS examined issues of use
with online tools for supporting problem-based learning. Their
research indicated that, for technology to scaffold authentic
inquiry in school, the tool must align with the teacher’s
assessment needs work as well as the students’ needs in their
inquiry process. Kynigos and colleagues (2001) explored
how elementary-aged Greek students used CSCL. In their
study, students in two classrooms were to work together via
email to plan a trip to each other’s location. Their findings
indicated that collaborating this way promoted greater student
attention to written communication; students learned that they
could not make basic assumptions in their communications.
They also found that the students, perhaps because of the
teacher, often focused on school questions rather than personal
questions. As a result the students learned about each other’s
locations, little was learned about the other students and their
cultures. Finally, the authors described a “question and answer
game” that emerged. This was a pattern of communication
where students answered incoming questions and asked new
questions. Typically, students did not offer alternatives to the
questions asked. For example, one of the classes asked the
other about routes to travel to visit their city. The queried
students immediately identified that there was another possible
route, but chose not to share that information because they had
not been asked about it. In another example of the question and
answer game, the students were encouraged by their teacher

to generate new questions if they received a response that did
not include questions. This indicated that the teachers’ roles
in the communication impacted the students’ experiences.
Clearly, these studies offered advice about what it means for
CSCL to work and under what conditions it may work.

Another group of CSCL application questions focus on the
ways in which participants use the tools to communicate. In
one study of collocated CSCL learning, Lipponen, Rahikainen,
Lallimo, and Hakkarainen (2001), analyzed the patterns and
quality of participation among 12- to 13-year-old Finnish stu-
dents as they worked individually or in a dyad or triad to com-
plete a unit on human senses. Lipponen et al. found that 39
percent of the class participated in the online tool and posted
between 7 and 39 notes (mean = 16, s.d. 8.02). They found that
the thread size—that is, the number of messages posted in a con-
tinuous thread—ranged from 2 to 11 notes (mean = 3.4, s.d.
2.13). They differentiated among central participants and iso-
lated participants by analyzing the number of responses to post-
ings. Of the on-topic postings (63 percent overall), they found
that 75 percent provided information and 25 percent asked for
clarification. Overall, even younger students could benefit from
online communications. Overall, these findings suggested that
students can and will use CSCL to share relevant information—
particularly to share information with one another.

In a study of the ways students use CSCL tools, education
graduate students used an online tool to support distributed
problem-based learning (Orrill, 2002). The research showed
that students used rationales only 34 and 41 percent of the time
even though rationales should provide the basis for agreeing
on a problem definition and a plan of action. Perhaps related,
the same students were often reluctant to take a stance most
of the time, preferring to label messages in neutral ways almost
52 percent of the time. While the students were able to apply
labels to their messages, more than one-third of the time, the
label was not used in an anticipated way (e.g., “Summary” was
used to label a question), but that socially negotiated meanings
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for the labels emerged. This was complicated by the presence
of multiple ideas in each message. Orrill also detected two ways
that students used the collaborative space. Some groups used
it to engage in problem definition discussions focused on the
issues, while others used the space to coordinate effort and
tasks. The findings from this research indicate that students can
use distributed, online tools to identify problems and plan for
their solution, but that the depth and meaningful nature of the
conversation is tentative.

Interestingly, Jonassen and Kwon (2001) considered some
similar aspects of adult student problem solving using four con-
ditions: online or face-to-face as well as ill-structured or well-
structured. In their analyses, the instance of off-task messages
was lower for online groups than face-to-face. This suggests that
perhaps Lipponen et al’s (2001) students would have been more
off-task if they had worked face-to-face rather than online. Like
Orrill, Jonassen and Kwon (2001) found a high degree of “sim-
ple agreement” postings in their computer-based groups, that
is, postings that simple state a position (“I agree”) with no fur-
ther elaboration or moving forward of the conversation. Here,
findings indicated that adult learners may be more focused us-
ing CSCL than in a face-to-face group, though the interaction
dynamics are quite different.

In a study of how and whether CSCL supports a particular
goal, problem solving, Hurme and Jirveld (2001) considered
emergent metacognitive processes in the CSCL environment
as students construct solutions for math problems. Finnish stu-
dents, ages 12 and 13 years varied in their use of the CSCL
space to work based on the task they were given but very little
metacognition was present in their work regardless of the situ-
ation. Only the highest-level group in the class was able to use
the discussion features for this project; the remaining students
posted only their final plan. Consistent with the findings pre-
sented above, factors not yet identified seem to impact student
success in the use of these tools for higher-level thinking. This
collection of application research studies provides insight into
the body of CSCL literature examining how students actually
use CSCL software in a variety of classroom settings.

Another branch of CSCL research focuses on effectiveness
studies. In application research, effectiveness refers to the de-
gree to which an approach meets the needs of the local learn-
ers. In short, this research considers whether an innovation is
practical and worthwhile. Goldman (1992) considered whether
online learning was practical and worthwhile. She found that,
as a result of CSCL tool use, student discourse was often rich,
involving a variety of materials, resources, and methods. The
findings indicated that the environment supported student ex-
ploration, investigation, and communication, where the “social
glue” served as a mechanism for promoting deeper understand-
ing. This study indicated that the social element appeared to be
an important factor in student performance.

Similarly, in a study concerned with implementation of a
CSCL software package to support writing skills, Neuwirth and
Wojahn (1996) described the importance of instructor-student
discourse when using a CSCL writing software to improve writ-
ing and reduce frustration. The inquiry centered on the effec-
tiveness of the system for supporting student writing skills. Then

software not only allowed many iterations of feedback, but also
supported instructor coaching of peer reviews and supported
students’ articulation of knowledge about revisions. Students
and teacher were able to track editorial changes and use their
comments on the screen as a basis for communicating and re-
flecting on their ideas. Findings indicated that students liked
using the tools, were able to see the editing process as one
of two-way communication rather than one-way feedback, and
were able to make meaningful improvements to their work. In
short, the tools proved to be practical and effective for meeting
a set of needs.

In a separate effectiveness study, Muukkonen, Lakkala, and
Hakkarainen (2001) compared a computer-supported, shared
journaling effort with maintaining a written journal. Effective-
ness was determined by the extent to which students were en-
gaged in the inquiry process. Students in the CSCL group were
asked to post a message where it became public as part of a
shared module. The journal group was asked to keep a journal in
which they recorded working theories and had peers comment
regularly on entries. The results indicated very different entries
between the two groups. While both had more working theo-
ries than other kinds of note (Control 65.2%, online 40.4% ) and
similar numbers of scientific explanation notes (11.5% in online
group, 10.7% in control), the online group had far more quotes
from others (10.3 vs. 3.8% in the control group), more meta-
comments (16.8 vs. 9.0% in the control group), and more prob-
lem presentations (20.9 vs. 11.3% in the control group). The
findings indicated that the journal group was more focused on
explaining their own understanding whereas the online group
had many interlinked ideas. In short, the online journal fostered
a socially shared understanding of the content. In their results,
the authors recommended the use of either tool, noting that
both bring valuable benefits. These three studies offer insight
into application research aimed at answering questions of ef-
fectiveness. That is, they all define what it means for the CSCL
environment to be considered effective and how their environ-
ment did or did not meet those criteria in implementation.

13.2.3 Theory-Building Research

Theory-building research converges where application and
foundation knowledge overlap—what Stokes labels as “use-
inspired research.” Like application researchers, theory builders
attempt to address real-world issues; like foundation re-
searchers, they develop fundamental understanding about
learners and learning. Theory builders, such as researchers in
the learning sciences, are primarily concerned with enacting
theories so that hypotheses about learning and learning environ-
ments may be tested. However, this group is highly concerned
with contexts and the interaction between tools and learning in
complex settings such as real classrooms. In theory-building re-
search, technology is viewed as a tool that can support, scaffold,
capture, and promote student and teacher thinking, communi-
cation, and archival of ideas. The work of the theory builders
has fostered long-term, iterative development efforts to better
understand learning, teaching, and design.



TABLE 13.4. Common Characteristics of Theory-Building
Research

Theory-Building research efforts:
® Feature a research and design process that is intertwined and iter-
ative

®* Embody one or more explicit theories about learning and aim to
evolve those theories

® Aim to inform design, learning, and instructional theories

® Use a variety of research approaches including case studies and
quasi-experimental designs

® Span considerable lengths of time

® Stay within their design group—the tools may be used by others,
but the research agenda remains with the developers

As exemplified in significant R& D undertakings such as
The Adventures of Jasper Woodbury (Jasper) and CSILE, the-
ory builders have created a host of tools and complex sys-
tems to support learners in developing conjectures, testing
hypotheses, critiquing ideas, and articulating understandings
(Stahl, 1999) as they engage in learning activities. Collectively,
these systems have become known as “knowledge building
environments” (KBEs) and are typically technologically en-
hanced environments concerned with a specific facet of learn-
ing. KBEs are grounded in a particular theory or theories about
learning and knowledge; research refines that theory and leads
to other theories, such as theories about instruction and school
change (See Table 13.4). [In addition to the examples dis-
cussed in this chapter, see research from the CoVis (Edelson,
Gordin, & Pea, 1999; Edelson, Pea, & Gomez, 1995; O’Neill &
Gomez, 1994) and Inquiry Learning Forum (Barab, MaKinster,
& Sheckler, in press; Barab, MaKinster, Moore, Cunningham,
& ILF Team, 2001) projects for other detailed examples of the
theory-based development and research-centered evolution of
KBEs.]

13.2.3.1 Goals of the Research. Theory-building research
has a variety of goals subsumed within a single research agenda.
Whereas foundation and application research often focus on
individual studies and attends to technology and/or human-
technology interaction, theory-building efforts focus on ex-
tended, in-depth exploration centering on a single theory or hy-
pothesis. Theory-building research focuses on innovations and
design that embodies central theories about teaching and learn-
ing in authentic situations. Such theories may be broad, such
as the theories underlying CSILE: (1) Learning should be inten-
tional; (2) Expertise is a process, not just a performance; and
(3) Intentional learning, necessary for building expertise, re-
quires a reframing of schools into knowledge-building commu-
nities (Scardamalia & Bereiter, 1996). Similarly, the theories may
be well-defined and easier to enact, such as those embodied in
the KIE/WISE project: (1) choose topics and models that are
accessible to students; (2) use visual representations and help
make students’ thinking visible; (3) students need opportunities
to learn from each other; and (4) science instruction should pro-
mote the development of autonomous lifelong learning skills
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(Linn, 2000; Linn & Hsi, 2000). Regardless of the set of the-
ories the researchers are interested in, the very existence of
rich, interconnected ideas underlying a single intervention re-
quires a different approach to research—one that simultane-
ously considers interrelationships among the parts of the un-
derlying theory set, yet takes the necessary steps to understand
the impact of the various facets of that set by themselves and in
context.

Research goals, guided by the underlying theoretical bi-
ases, often focus on developing understandings of the learning,
teaching, and designing processes. Consistent with application
research, the goals of theory-building research center not only
on the viability of the theories and processes in controlled set-
tings, but extend to consider the viability and nuances of the the-
ories and processes as they are enacted in the context for which
they were intended. The fundamental difference between ap-
plication research and theory building is the intent. Theory
building is concerned with the enactment and refinement of
generalizable theories while application research is concerned
with considering effectiveness of single implementations of an
innovation. Further, theory builders are concerned with the pro-
cesses involved with the design and implementation of the in-
novation as well as the outcomes of that implementation. For
example, in one report of Jasper, the authors cautioned, “It is
emphasized that the research has not been done to ‘prove that
Jasper works. Rather, it has been undertaken to understand
the kinds of thinking and problem solving that students engage
in when they tackle the Jasper challenges ...” (CTGV, 1992b,
p. 118).

13.2.3.2 Questions Asked. Theory-building research looks
both inward and outward simultaneously. That is, the research
typically informs the design of interest, typically a KBE, itself
while simultaneously evolving the community’s understanding
of generalizable issues related to theories of teaching and learn-
ing. For example, KIE research led to the development of sev-
eral new tools as specific student needs have emerged from
classroom-based experiments and case studies (Bell & Linn,
2000; Bell & Davis, 2000). Sensemaker was developed to help
students organize arguments about science-related controver-
sies, and to sort links to Web sites into categories of “Evidence”
in support of their arguments. Simultaneously, these studies led
to a fuller understanding about supporting students as they de-
velop the processes and skills necessary to become lifelong sci-
ence learners.

Findings from theory-building research efforts often spark
new questions about the innovations as well as about the the-
ories upon which innovations are built. In the case of Jasper
Woodbury, for example, there were many evolving and new
themes that emerged. In the assessment research effort, early
implementation studies focused on classrooms already invested
in the reform ideas championed by national mathematics orga-
nizations (e.g., Pellegrino, Hickey, Heath, Rewey, & Vye, 1992);
however, later studies focused on schools that were not comply-
ing with recommended standards (Hickey, Moore, & Pellegrino,
2001). The research shifted to examine the implementation
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requirements in environments that were not philosophically
or epistemologically aligned with problem-based approaches.
Similarly, findings from the nine-state implementation effort
for Jasper led to the development of new assessment tools
and approaches including the evolutionary development of a
“Challenge Series” which allowed students in one classroom
to “compete” against students in other classrooms on exten-
sion questions related to the Jasper series (CTGYV, in press). The
evolution of the Challenge series led to simultaneous develop-
ment of new research questions and development of new design
ideas.

Because of the nature of design research, theory-building
research efforts tend to evolve over time, and involve multi-
ple collaborators including instructional designers, psycholo-
gists, teachers, and programmers. Research questions evolve to
make them more responsive to the emerging realities of class-
room use as they arise during iterations of research. The Jasper
Project, for example, initially focused on several related issues:
(1) changes in the students’ abilities to solve complex problems
over time; (2) effects of different approaches to using Jasper
in classroom settings; (3) assessment of problem-solving ability
and attitudes about mathematics; and (4) ways of supporting
teachers as they implemented these new materials (Cognition
and Technology Group at Vanderbilt, 1992a). Over time, how-
ever, the research shifted to examine the implementation re-
quirements in environments that were not philosophically or
epistemologically aligned with problem-based approaches. Sim-
ilarly, research was broadened to develop an understanding not
only of how learning and instruction principles influence learn-
ing in classrooms, but also to compare that to informal learning
settings.

13.2.3.3 Methodologies. Because theory-building research
and design efforts are intertwined, research efforts are typically
iterative, with successive efforts focusing on different aspects
of learning, design, and educational change as they are embod-
ied in the KBE of interest. Design experiments (Brown, 1992;
Collins, 1992), formative research (Reigeluth & Frick, 1999),
and development research (Reeves, 2000) are commonly em-
ployed in the theory-building research efforts. Design-based ap-
proaches utilize both traditional quantitative and qualitative re-
search methodologies, often creating and testing new ways to
analyze and collect data. The iterative nature allows questions
of various scope and complexity to be studied; the findings
of successive implementations form a rich base of information
to refine theories about learning, design, and teacher change
(Edelson, 2002). For example, in a theory-building research ef-
fort, an early implementation of a KBE may focus on its use in
an after-school club to learn how students interact with a single
facet of the KBE environment. Later studies in the research effort
may include larger groups (such as whole classes or schools),
more specific questions (e.g., “How does this tool support the
development of problem-solving strategies?”) or more general
questions (e.g., “What kinds of changes occur in classrooms
using this innovation?”). Hoadley (2002) outlines an evolution
of research on one facet of WISE. He provides a roadmap of
design decisions, iterations of research and design, research

questions that emerged, and participant groups—starting from
a pilot study that included graduate students and focused on
proof-of-concept issues, through final iterations that considered
how to support middle school students in reveling their iden-
tity in their postings. This was relevant because research efforts
had uncovered a tendency for students to post anonymously in
cases where others had done so.

13.2.3.4 Audience. Because of the nature of theory-building
research, the audiences for the work varies. The attention
given to design processes and theory development in theory-
building research informs communities of developers (e.g., soft-
ware designers, programmers, instructional writers) as well as
theorists (e.g., psychologists and sociologists). The focus on
innovations in use, on the other hand, appeals to decision
makers, teachers, and other practitioners who are concerned
with whether they should adopt a given innovation for their
classroom.

13.2.3.5 Examples of Theory-Building Research. CSILE/
Knowledge Forums The Computer-Supported Intentional
Learning Environment (CSILE) is an online information or-
ganization and evolution system that supports student learn-
ing by capturing information, allowing users to organize it,
and sharing the information among participants. CSILE, now
known as Knowledge Forums (available at http://www.learn.
motion.com/lim/kf/KF0.html), uses an interface that allows
users to communicate about their own learning as well as to
support others in learning-by-doing activities such as attaching
notes to images, displaying notes in a threaded format, and cre-
ating “rise-above” notes that allow users to group ideas together
(Hewitt, 2000).

Consistent with theory-building research, CSILE was initially
developed to research and support students as they learned how
to learn, set cognitive goals, and applied comprehension, self-
monitoring, and knowledge organization strategies (Scardamalia
et al., 1989). The design group held strong beliefs about learn-
ing as process rather than product which, in turn, influenced
CSILE’s affordances. (e.g., Bereiter, 1994; Bereiter, Scardamalia,
Cassells, & Hewitt, 1997).

Consistent with design-based research, CSILE’s creators em-
ployed iterative research cycles to stimulate the refinement of
existing tools and the development of tools as student needs
were clarified (Scardamalia & Bereiter, 1991). The initial re-
search agenda centered on three main issues: supporting stu-
dents engaged in intentional learning; transitioning from novice
toward expertise; and fundamentally changing schools. The
problems were contextualized in actual classrooms, but the re-
searchers aimed to build a more generalizable theory as well:
“Nobody wants to use technology to recreate education as it
is, yet there is not much to distinguish what goes on in most
computer-supported classrooms versus traditional classrooms”
(Scardamalia & Bereiter, 1996, p. 249).

CSILE research has focused on learning, pedagogy, and de-
sign as well as refining the original theory upon which it was
based. A series of case studies and experimental studies were
undertaken in a variety of classrooms, from fifth grade through



graduate school, and included students who were new to the
environment as well as those who had used it for multiple
projects. CSILE researchers have explored student goal-setting
behaviors (Ng & Bereiter, 1991) as well as conversational in-
teraction among students using CSILE (Cohen & Scardamalia,
1998).

Pedagogically, research has explored whether and how stu-
dents learn using CSILE (e.g., Bereiter & Scardamalia, 1992;
Hewitt & Scardamalia, 1998; Scardamalia & Bereiter, 1993). Re-
search has yielded both generalizable strategies for supporting
knowledge building and a range of use-inspired questions about
CSILE in the classroom, such as providing multiple entry points
to a conversation (e.g., allowing notes to be text-based, graph-
ical, etc.), emphasizing the work of the community over the
work of the individual, and encouraging students to participate
by both adding notes and exploring the information already
present.

CSILE’s evolution has been tightly linked to ongoing research
on learning and pedagogy, that is, design requirements evolved
by watching students use the CSILE system. Design changes
were examined to determine not only whether they improved
learning, but also how they influenced the students’ abilities
to engage in intentional knowledge building. Hewitt’s research
(e.g., Hewitt, 1997, 2000; Hewitt & Scardamalia, 1998; Hewitt,
Webb, & Rowley, 1994) has been particularly relevant to the de-
sign and development of communal knowledge systems. Hew-
itt examined the interaction between students and CSILE’s af-
fordances to better understand how information is organized,
inter-connected, and reused in the service of learning. These ef-
forts resulted in the development of new CSILE functionalities
(e.g., an annotation tool) and guided the transition of CSILE to
‘WebCSILE and ultimately Knowledge Forums.

13.2.3.5.1 The Adventures of Jasper Woodbury. Jasper is a
videodisc-based mathematics curriculum that serves as an en-
actment of anchored instruction. Consistent with the design ex-
periment approach, Jasper arose from an identified need in the
schools, was based on a series of design principles, enacted and
tested a learning theory, relied on and evolved because of part-
nerships with practitioners, and was studied through a series
of experiments and case studies that, combined, offer a holistic
image of the effectiveness of the tool, but separated represent
a variety of grain sizes, questions, and approaches (e.g., CTGY,
1994, in press).

13.2.3.5.2 The Adventures of Jasper Woodbury, in its final
form, includes 12 episodes that fall into four categories of
mathematical activities: trip-planning, statistics and business
plans, geometry, and algebra. Consistent with the Jasper design
principles, the episodes are divided evenly among these cate-
gories (see Table 13.5 for a list of the Jasper Design Principles).
Each episode is designed to present a problem to the students
grounded in a real-world context. For example, in the “Journey
to Cedar Creek” episode, the students watch as Jasper Wood-
bury purchases a boat, buys gas for the boat, gets it repaired,
and spends time with a friend. They are provided with a variety
of relevant and irrelevant data that would be common to some-
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one actually in a boat on a lake or river. The students are asked
at the end of the scenario what time Jasper must leave to get
home before dark and whether he has enough fuel to make the
trip. Each problem, as shown in this example, includes a num-
ber of subproblems that the students must complete in order to
answer the episode problem.

Jasper was originally developed to address shortcomings in
student problem-solving ability identified in previous research
by members of the Jasper team. In work leading to Jasper, Brans-
ford’s group identified a need for meaningful contexts for math-
ematical problem solving (e.g., Bransford et al., 1988). Through
a series of experiments using commercial videos (e.g., Raiders
of the Lost Ark), then low-fidelity prototypes, the research team
was able to develop and refine a set of design principles as well
as develop an understanding about the benefits of anchored
instruction (CTGYV, 1992b, in press).

In the first round of studies on Jasper, the goals of the research
were focused on understanding whether Jasper was, indeed,
addressing an actual need. To this end, the researchers pre-
sented the Cedar Creek episode to high-achieving sixth graders
and college students, then asked a series of increasingly-
prompting questions about the main problem and the subprob-
lems ranging from Level 1 (What problems did he have to solve?)
to Level 3 (What is the distance from the Marina to get home?)
(Van Haneghan et al., 1992; CTGV, 1992b, in press). Findings
showed that as the researchers asked more explicit questions,
both college and middle schools students were more able to
provide reasonable answers to the questions. However, at both
college and middle school level, the students showed a very low
ability to identify subproblems and solve them. Once this base-
line data had been set, the researchers attempted to determine
whether short-term instruction with Jasper would impact learn-
ing. To this end, both a field-test and a controlled study were
undertaken to determine the effects of Jasper on student learn-
ing and attitude. Results from the field tests indicated that Jasper
was liked by the teachers and students and that students were
able to engage in the Jasper activities in a sustained way. Further,
students reported that the problems were challenging, but not
too hard and students, parents, and teachers reported instances
of students thinking about the problems outside of math class.
The controlled study posed questions about whether anchored
instruction with Jasper would produce learning and transfer that
was not experienced by students instructed in word-problem
solving activities as instructed in a traditional curriculum. This
study of fifth grade students found that, on posttests, both
the Jasper and the control group were equally able to solve
unrelated context problems. This was surprising given that the
control group students had received more instruction related to
this skill. Further, Jasper students showed significant gains in the
ability to match pertinent information to problems that needed
to be solved while the control group did not. Finally, Jasper stu-
dents we more able than the control students to identify the
main problem and subproblems in a similar Jasper activity both
in prompted and unprompted cases. From this work, the re-
searchers were able to determine a set of research issues that
drove the next phases of development and research on Jasper.
These included a need to work with a larger variety of students,
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TABLE 13.5. Seven Design Principles Underlying The Adventures of Jasper Woodbury

Design Principle

Hypothesized Benefits

Video-based

Narrative with realistic
problem (rather than a
lecture on video)

Generative (the story ends
and students generate
problems to be solved)

Embedded data design (all
necessary data is included in
the story)

Problem complexity (each
problem is at least 14 steps)

Pairs of related adventures
(the Jasper adventures were

originally all paired by key activities)

Links across the curriculum

a) more motivating;

b) easy to search;

¢) support complex cognition;

d) good for poor readers, yet can support reading.

a) makes situation easier to remember;

b) more engaging for students;

c) promotes student realization of relevance of mathematics
and reasoning.

a) motivates students to determine ending;
b) teaches students to find and define problems to be solved;
¢) provides enhanced opportunity for reasoning.

a) permits reasoned decision making;

b) motivating to students to find the information in the episode;
¢) all students have the same knowledge to work from;

d) clarifies that relevant data depends on specific goals.

a) promote persistence—overcome student tendency to try for a few minutes, then quit;
b) introduce students to levels of complexity seen in real, everyday problems;

¢) help student learn to deal with complexity;

d) develop student confidence in abilities.

a) extra practice with core mathematical ideas;

b) helps students clarify what is or is not transferable;
¢) illustrates analogical thinking.

a) helps extend mathematical thinking to other areas;
b) encourages knowledge integration;

¢) support information finding and publishing.

Note. This table adapted from CTGV, 1992a.

to provide professional development to teachers, and to develop
assessment tools.

The next generation of Jasper work focused on a nine-state
implementation that involved over 1300 students, included a
2-week professional development component for teachers, and
collected large amounts of Jasper and control data from a subset
of the implementation sites (e.g., CTGV, 1992¢,1994, in press).
The research goals at this phase were to better understand stu-
dent abilities to represent and solve complex problems; to deter-
mine the effects of different teaching approaches on the experi-
ences with Jasper; to assess instructional outcomes on problem
solving and student attitudes toward math; and to better under-
stand how to support teachers as they learned the new materials
(CTGYV, 1992a). Research on these questions included qualita-
tive, quasi-experimental, and anecdotal evidence. The findings
indicated that in the development of complex problem solv-
ing skills Jasper students made significant gains in their abilities
to generate subproblems and subgoals as well as to determine
which subproblem a calculation belonged with while control
group students did not. Jasper students also outperformed con-
trol group students on one-step, two-step, and multistep word
problems. Changes in student attitudes toward mathematics and
their perceived abilities during the implementation year were
significantly higher in Jasper groups except on questions of the
students’ abilities. It should be noted that while Jasper students
saw mathematics as being more relevant and felt more self-
confidence, their overall ratings of these items were still not

particularly high. Further measures of mathematical skills in-
dicated that Jasper had a positive impact on basic concepts
and skills in most classrooms. Further, findings indicated that
Jasper had a small, but not significant, positive impact on stu-
dent scores on standardized tests.

Jasper research on teacher professional development fo-
cused on the same nine-state implementation. Teachers at-
tended a summer workshop as members of triads that included
two teachers from each participating school and a corporate
partner who would help support the teacher in the implemen-
tation of the series. The professional development focused on
solving Jasper adventures, providing teachers with the oppor-
tunity to develop some basic computer skills, and the oppor-
tunity for teachers to learn some multimedia skills. The teach-
ers rated the workshop very highly and felt confident in their
abilities to implement Jasper. As the implementation occurred,
the researchers determined, based on artifacts they were re-
ceiving, that the implementation was very different based on
implementation site. Further, they found that teachers did lit-
tle more than focus on the adventures—they did not use the
multimedia materials. In the follow-up workshop, researchers
learned that the teachers felt strongly that they needed more
support in the initial implementation and that they saw the use
of the multimedia elements as a new idea to implement in Year
2. Based on the findings from this effort, the Jasper team devel-
oped plans for ongoing professional development (CTGV, 1994,
in press).



Finally, the assessment strand of the implementation research
was concerned with not only finding ways to determine what
kinds of learning was occurring, but to do so in ways that the stu-
dents and teachers approved of. In the initial implementation,
teachers reported significant negative reaction to the paper-and-
pencil assessments developed by the Jasper team (CTGV, 1994,
in press). In response to this negative attitude, the team devel-
oped a new approach to assessment called the “Jasper Challenge
Series” which was like a call-in game show in which classrooms
of students competed against each other. A succession of design
experiments were undertaken to develop and refine the chal-
lenges beyond the initial implementation (e.g., CTGV, 1994).

Like all of the major research projects discussed in this
theory-building research section, Jasper has proven a fertile
ground for experimenting with new ideas, refining them, and
understanding their impact on student thinking and mathemat-
ical ability. The research that has grown out of the Jasper effort
has shown not only that Jasper might be construed as “effective”
but also attempts to add to the dialogue about what “success”
means, what it looks like when students learn, and how we
can promote meaningful experiences. Even now, more than a
decade after the initial premier of the Jasper series, we are see-
ing worthwhile studies of learning being published ranging from
those considering the interplay of a number of variables on try-
ing to understand Jasper’s success (Hickey, Moore, & Pellegrin,
2001) and those concerned with what elements of cooperation
impact the success of group problem solving (Barron, 2000).
Also, consistent with good design research, Jasper simultane-
ously developed solutions and looked for problems, partnered
with teachers, and focused on the theories and beliefs that the
solutions were built on.

13.2.3.5.2 Web-Based Inquiry Science Environment (WISE).
WISE (http://wise.berkeley.edu) is a 3rd generation technol-
ogy built upon enabling projects: Computers as Learning Part-
ners (CLP) (Linn & Hsi, 2000), which focused on knowledge
integration and teaching as design, and the Knowledge Inte-
gration Environment (KIE) (Linn, Bell, & Hsi, 1998; Slotta &
Linn, 2000), which focused on scaffolding knowledge integra-
tion with technology. WISE was designed to embody the prin-
ciples of “scaffolded knowledge integration” (Linn & Hsi, 2000)
by “engag(ing) students in sustained investigation, providing
them with cognitive and procedural supports as they make use
of the Internet in their science classroom” (Slotta & Linn, 2000,
p- 193).

WISE research has focused simultaneously on questions of
use and the development of fundamental understanding about
learning. WISE researchers have studied and developed tools
and supports to help students learn science, support online
collaborative learning, make thinking visible, and search for in-
formation (Bell, 1996; Slotta & Linn, 2000). Recent work has fo-
cused on supporting teachers as they develop modules—from
developing a partnership program to developing discipline-
specific support tools within the system (Linn & Slotta, 2000;
Linn, Clark, & Slotta, in press). As shown in Table 13.6, the
research questions asked in a theory-building line of research
require a variety of research methods be employed. In the case
of WISE, these include methods commonly associated with the
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fundamental research group such as quasi-experimental, com-
parison designs (e.g., Clark & Slotta, 2000; Hoadley, 2000), as
well as methods more common to application research such as
analysis of longitudinal data collected through authentic use of
the system (e.g., Bell & Davis, 2000).

Characteristic of theory-building research, the WISE effort
has informed design, learning, and pedagogy. WISE technol-
ogy and curriculum have evolved continuously through re-
search resulting in easy-to-use software. WISE scientists, teach-
ers, and educational researchers projects have developed a
library of teaching and learning activities. As WISE matured
from its earlier versions in KIE and CLP, researchers confronted
new questions focusing on professional development, teacher
practice, and curriculum and assessment. Over the past sev-
eral years, thousands of teachers and tens of thousands of
students have participated in WISE activities (Slotta, 2002).
WISE research demonstrates the value of intertwining iterative
tool development, curriculum design, and theory building and
the importance of longitudinal approaches to theory-building
research.

13.3 THE FUTURE OF RESEARCH AND
EMERGING TECHNOLOGIES

This chapter has attempted to provide a representative rather
than exhaustive review of contrasting, and in some cases com-
plementary, community perspectives advanced by emerging
technology researchers. It seems to us nai ve and perhaps im-
possible to examine research in terms of hardware per se—
computers, video, CD-ROM, and the like. By design, we have
avoided attempts to organize these trends in terms of techno-
logical “things” Rather, we focus our perspectives and analysis
on the kinds of questions researchers from diverse epistemolog-
ical backgrounds pose and address related to technology. Our
matrix attempts to overlay a framework on emerging technol-
ogy research to better understand the kinds of questions asked,
the communities who ask them, and the underlying beliefs on
which they are based. We build on the distinctions made by
Stokes and others who describe research in terms of the under-
lying intent of the research community—whether concerned
with solving real-world problems of use or developing funda-
mental building-block knowledge across settings.

Are there really “new” research questions, or are they varia-
tions of existing themes? To be certain, the questions posed and
the methods employed vary as a function of the epistemologi-
cal biases, contextual factors, social and community values and
mores of the researchers. So, perhaps conventional wisdom—
the problem and question drive the method—is oversimplified:
The very same “things” are often examined in dramatically dif-
ferent ways—different questions, different theoretical frame-
works, different methods and measures. It is the unique lens
through which innovation is viewed that influences what is stud-
ied and how it is studied. To refine and understand one’s lens
is to define the researchers frame; to communicate this frame
effectively is to reveal the basic foundations, assumptions and
biases underlying a research study or program of research.
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TABLE 13.6. Sample Questions and Findings from WISE Research

Selected Research
Questions

Design or Pedagogical
Strategy from Research
Findings

Selected Studies Findings

Make Science Accessible

How can we use Internet resources
to make learning accessible?

How do we help students connect a
variety of ideas

Make Thinking Visible

Setting appropriate scope and
goals

Build from current ideas,
provide richer models

Slotta & Linn, 2000;
Linn, 2000

Linn, Bell, & Hsi, 1998;
Clark & Linn, in press

Advance guidance helps students use
Internet materials effectively

Depth of coverage leads to more
coherent understandings

How do we support students in
engaging in scientific learning
process?

How do we support students in
modeling expert thinking?

How can we support students in
engaging in knowledge
integration through debate?

Help Students Learn from Each Other

Development of activity
checklist—leads to integrated
learning rather than
memorizing

Ways to use advance organizers
with student arguments

Development and refinement of
SenseMaker argumentation
tool

Linn, Shear, Bell &
Slotta, 1999

Controversy-based curriculum can
introduce ideas about the nature of
science

Bell & Linn, 2000 Technology scaffolds can enable richer
arguments

Bell & Linn, 2000; Bell &
Davis, 2000

Design of debate activities includes
use of evidence, critique of peers,
revision of arguments

How do we engage all students in
meaningful conversation

How can students learn from
debate?

Development and refinement of
SpeakEasy online discussion
tool

Research use of online
discussions in inquiry projects

Promote Lifelong Science Learning/Promoting Autonomy

Hoadley, 2000; Hsi &
Hoadley, 1997

Student participation increases
dramatically in online forums

Hsi, 1997; Hoadley &
Linn, 2000

Social representations add value to
discussions Careful design is
required to integrate online
discussions with curriculum

How do we help students become
lifelong science learners?

How do we support students in
conducting their own knowledge
integration?

How do we support students in
integrating knowledge through
reflection?

How does perceived credibility
impact student use of evidence?

Development of principles for
supporting student
knowledge integration

Development of Mildred—an
online scaffolding & reflection
system

Development of principles for
selecting media to support all
learners

Linn & Hsi, 2000; Clark &
Slotta (2000)

Articulated a set of design principles
for knowledge integration activities

Linn & Clancy, 1992;
Linn and Hsi, 2000;
Slotta and Linn, 2000

Davis & Linn, 2000; Bell,

& Davis, 2000; Davis,
2000

Clark & Slotta, 2000;
Slotta & Linn, 2000

A case study approach benefits
students. Explored the use of
personally relevant topics

Explored the nature of effective
prompts

Manipulated evidence credibility in
studies of student argumentation
Showed that critiquing skills can be
promoted by advance guidance

Abnett, C., Stanton, D., Neale, H.,, & O’Malley, C. (2001). The

effect of multiple input devices

der issues. Paper presented at EuroCSCL 2001:

on collaboration and gen-
Maastricht,

Netherlands. Available online http://www.mmi.unimaas.nl/euro-
cscl/presentations.htm [2002, November 4].

Antonietti, A., Imperio, E., Rasi, C., & Sacco, M. (2001). Virtual real-
ity and hypermedia in learning to use a turning lathe. Journal of
Computer Assisted Learning, 17, 142-155.

Atkinson, S. (2000). An investigation into the relationship between
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