


skills, systems thinking, and interpersonal and self-directional skills that allow

them to manage projects and competently find resources and use tools.
For these capacities to be nurtured, the reports argue, students must be
given opportunities to develop them in the context of complex, meaningful
projects that require sustained engagement, collaboration, research,
management of resources, and development of an ambitious
performance or product. The rationale for these recom-
mendations has come in part from research demonstrat-
ing that students do not routinely develop the ability to
analyze, think critically, write and speak effectively, or
solve complex problems from working on constrained
tasks that emphasize memorization and elicit
responses that merely demonstrate recall or appli-
cation of simple algorithms (Bransford, Brown, &
Cocking, 1999; Bransford & Donovan, 2005). In
addition, there is a growing body of research indi-
cating that students learn more deeply and perform
better on complex tasks if they have the opportunity to

engage in more “authentic” learning.

A set of studies have found positive effects on student
learning of instruction, curriculum, and assessment prac-
tices that require students to construct and organize knowledge,
consider alternatives, apply disciplinary processes to content central to
the discipline (such as use of scientific inquiry, historical research, literary
analysis, or the writing process), and communicate effectively to audiences
beyond the classroom and school (Newmann, 1996). For example, a study of
more than twenty-one hundred students in twenty-three restructured schools
found significantly higher achievement on intellectually challenging perform-
ance tasks for students who experienced this kind of “authentic pedagogy”

(Newmann, Marks, & Gamoran, 1995). The use of these practices predicted
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student performance more strongly than any other variable, including student
background factors and prior achievement.

This is promising, but the checkered history of efforts to implement
“learning by doing” makes clear the need for greater knowledge about how to
successfully manage problem- and project-based approaches in the classroom
(Barron et al., 1998). The kind of teaching suggested by these descriptions is
not straightforward and requires knowledge of the characteristics of success-
ful strategies and highly skilled teachers to implement them. In this chapter,
we focus on the design and implementation of inquiry-based curriculum that
engages children in extended constructive work, often in collaborative groups,

and subsequently demands a good deal of self-regulated inquiry.

INQUIRY-BASED LEARNING

The family of approaches that can be described as inquiry-based includes

project-based learning, design-based learning, and problem-based learning.
The research we review spans the K-12 years, college, and graduate edu-

cation and can be found across core disciplines and in interdisciplinary pro-

grams of study'. Two major conclusions emerge:

Small group inquiry approaches can be extremely powerful for learn-
ing. To be effective, they need to be guided by thoughtful curriculum
with clearly defined learning goals, well-designed scaffolds, ongoing
assessment, and rich informational resources. Opportunities for pro-
fessional development that include a focus on assessing student work
increase the likelihood that teachers will develop expertise in imple-

menting these approaches.

' The research literature on these approaches includes detailed cases studies, pre- and post-single sample designs,
and experimental or quasi-experimental designs.
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Assessment design is critical. Designing good assessment is an impor-
tant issue for revealing the benefits of inquiry approaches as well as for
promoting the success of learning. Specifically, if one looks only at tra-
ditional learning outcomes, such as memorization of information or
responses to multiple-choice questions, inquiry-based and traditional
methods of instruction appear to yield similar results. Benefits for
inquiry learning emerge when the assessments require application of
knowledge and measure quality of reasoning. Consequently, we also
take up a discussion of performance assessment and its role in both sup-

porting and evaluating meaningful learning.

Our discussion within this chapter is organized into four sections.

First, we provide a historical perspective on inquiry-based learning in the
context of the ongoing calls to develop inquiry and collaborative capacities in
learners.

Next, we summarize research on collaborative small group learning. Our
review focuses primarily on studies that offer data on the outcomes of cooper-
ative or collaborative learning approaches. However, we also look at the kinds
of interaction between children that lead to deeper learning and better group
problem solving, and what we have learned about how teachers can support
productive interactions.

In the third section, we summarize what we know about the forms of
inquiry-based approaches (project, design, and problem-based) with respect to
learning outcomes, supportive activity structures, and classroom norms.

Finally, we close with common design principles and recommendations

about approaches to assessment.

AN HISTORICAL PERSPECTIVE ON
INQUIRY-BASED LEARNING

Projects as a means for making schooling more useful and readily applied to

the world first became popular in the early part of the twentieth century in the
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United States. The term project represented a broad class of learning experi-
ences. In early works one sees the label applied to activities as diverse as mak-
ing a dress, watching a spider spin a web, and writing a letter. The key idea
behind such projects was that learning was strengthened when “whole heart-
edness of purpose was present” (Kilpatrick, 1918).

Enthusiasm and belief in the efficacy of such approaches for school-
aged children has waxed and waned, with project-based learning having been
rejected as too unstructured during several eras of “back to the basics” back-
lash, or policymakers having argued that applied projects are only needed for
vocational training. Critics of the progressive movement held that discovery
learning approaches led to “doing for the sake of doing” rather than doing for
the sake of learning. There is a growing consensus that authentic problems and
projects afford unique opportunities for learning, but that authenticity in and
of itself does not guarantee learning (Barron et al., 1998; Thomas, 2000).

The key is how these complex approaches are implemented. For exam-
ple, in the curricular reforms of the post-Sputnik years, initiatives using
inquiry-based approaches (typically called “discovery learning” or project
learning) were found to produce comparable achievement on basic skills tests
while contributing more to students’ problem-solving abilities, curiosity, cre-
ativity, independence, and positive feelings about school (Dunkin & Biddle,
1974; Glass et al,, 1977; Good & Brophy, 1986; Horwitz, 1979; McKeachie
& Kulik, 1975; Peterson, 1979; Resnick, 1987; Soar, 1977). This kind of
meaning-oriented teaching, once thought to be appropriate only for selected
high-achieving students, proved to be more effective than rote teaching for
students across a spectrum of initial achievement levels, family income, and
cultural and linguistic backgrounds (Braddock & McPartland, 1993; Garcia,
1993; Knapp et al., 1995).

However, new curriculum initiatives focused on inquiry using complex
instructional strategies were found more often to promote a significant increase

in learning gains among students taught by the early adopters—teachers
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who were extensively involved in designing and piloting the curriculum
and who were given strong professional development. These effects were not
always sustained as curriculum reforms were “scaled up” and used by teachers
who did not have the same degree of understanding or skill in implementation.

At the present time, there is still controversy over whether inquiry-
oriented approaches are effective and efficient for developing the student’s
basic knowledge of a domain. Implementation issues continue to be a con-
cern for both practitioners and researchers and complicate research. Examples
include studies that have suggested that “direct instruction”—usually under-
stood as traditional lecture-based approaches—is preferable to “discovery
learning.” The sources of confusion are shown in a study by Klahr and Nigam
(2004), which taught middle school students to set up controlled experiments
and then measured the students’ knowledge of experimental design and their
ability to set up experiments that could appropriately control for potentially
confounding variables. They labeled their conditions “direct instruction” and
“discovery learning.” However, both conditions included features of discov-
ery learning, including the chance for students to explore the materials and
try together to set up experiments. In their discovery learning condition, the
researchers simply instructed the participating sixth graders to design experi-
ments to evaluate variables related to the speed of a ball traveling down a
ramp. In the direct instruction approach, the children were taught about the
importance of not confounding variables in the context of demonstration
experiments. This lesson was given after they had tried to set up experiments
on their own.

Although the researchers’ conclusions suggested that the direct-
instruction approach yielded better learning, they failed to acknowledge that
this approach included both a great deal of experimentation and some direct
instruction. In addition, critics of the study’s conclusion point out that in a

real classroom situation children would be given much more guidance and
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scaffolding than took place in their discovery-learning condition. Thus the
study does not prove that classroom-based inquiry approaches are do not work
but only that they are more successful when combined with necessary instruc-
tion. This combination of appropriately timed direct instruction with the
results of inquiry has also been found in other studies to be superior to either
approach alone (see, for example, Bransford, Brown, & Cocking, 1999, box on
p- 46). We return to this important principle later in the chapter.

Classroom research does indicate that well-designed, carefully thought-
out materials and connected classroom practices are needed to capitalize on
inquiry-based approaches. Without careful planning, students may miss
opportunities to connect their project work with key concepts underlying a dis-
cipline. For example, Roth (2006) found that in an engineering-based curricu-
lum for elementary school students engineering principles were unlikely to be
discovered simply by successfully engineering solutions to problems such as
building bridges or towers. Similarly, Petrosino (1998) described his observa-
tion of students building rockets in a science curriculum highlighting interest-
ing products and a high level of engagement but no growth in learning the
principles of flight. However, a slight variation in the task that required stu-
dents to determine the variables related to how far a rocket will travel led to
a dramatic increase in students’ conceptual knowledge relative to the original
project.

In recent years, the research base on inquiry approaches has grown to
include both comparative studies and more descriptive classroom inves-
tigations of teaching and learning processes. There is a growing consen-
sus on the importance of a number of design principles that characterize
successful inquiry-based learning environments and that can be used by
teachers as they embark on developing or enacting new curriculum. We sum-
marize the relevant research base beginning with collaborative approaches to

learning and then moving to three specific approaches to designing inquiry
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experiences: project-based learning, design-based learning, and problem-based
learning. (See Table 1 of the Appendix for a summary of design principles that

have emerged from classroom research.)

COLLABORATIVE SMALL GROUP LEARNING:
EVIDENCE AND BEST PRACTICES

The technique of having small groups of students work together on learning
activities has its roots in part in an experiment that was aimed at supporting
friendships across ethnic groups following desegregation (Aronson & Bridgeman,
1979). This effort was based on theories of interpersonal relationship formation
developed in the field of social psychology (Deutsch, 1949), and it proved success-
ful not only at developing relationships but also at improving achievement.

Cooperative small group learning is one of the most studied pedagogical
interventions in the history of educational research. E. G. Cohen (1994Db) defines
cooperative learning as “students working together in a group small enough
that everyone can participate on a collective task that has been clearly assigned”
(p- 3)- This definition includes what has been called cooperative learning, col-
laborative learning, and other forms of small group work. This context for
learning has been the subject of hundreds of studies and several meta-analyses
(P. A. Cohen, Kulik, & Kulik, 1982; Cook, Scruggs, Mastropieri, & Castro, 1985;
Hartley, 1977; Johnson, Maruyama, Johnson, Nelson, & Skon, 1981; Rohrbeck,
Ginsburg-Block, Fantuzzo, & Miller, 2003). Overall these analyses come to the
same conclusion: there are significant learning benefits for students when they
are asked to work together on learning activities as compared to approaches
where students work on their own (Johnson & Johnson, 1981, 1989).

For example, in a comparison of four types of problems presented
to individuals or cooperative teams, researchers found that teams outper-
formed individuals on all types and across all ages (Quin, Johnson, & Johnson,
1995). Problems varied in terms of how well defined they were (a single right

answer versus open-ended projects such as writing a story) and whether they
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were more or less reliant on language. Individual experimental studies have
shown that groups outperform individuals on learning tasks, and further that
individuals who work in groups do better on later individual assessments as
well (Barron, 2000b, 2003; O’'Donnell & Dansereau, 1992).

There are desirable outcomes for students in other areas of their lives as
well, including improvement in student self-concept, social interaction, time
on task, and positive feelings toward peers (P. A. Cohen et al., 1982; Cook
et al., 198s; Ginsburg-Block, Rohrbeck, & Fantuzzo, 2006; Hartley, 1977;
Johnson & Johnson, 1989). Ginsburg-Block and colleagues (2006) focused on
the relationship between academic and nonacademic measures. They found
that both social and self-concept measures were related to academic outcomes.
Larger effects were found for interventions that used same-gender grouping,
interdependent group rewards, structured student roles, and individualized
evaluation procedures. They also found that low-income students benefited
more than high-income students, and urban students benefited more than
suburban. Racial and ethnic minority students benefited even more from
cooperative group work than nonminority students, a finding that has been
repeated over several decades (see Slavin & Oickle, 1981). Ginsburg-Block and
colleagues (20006) conclude that those dimensions of group work that support
academic outcomes also yield social and self-concept benefits.

Most recently, the focus has gone beyond the practical benefits of col-
laboration for individual learning to recognize the importance of helping chil-
dren develop the capacity to collaborate as necessary preparation for all kinds
of work. For example, the Science for All Americans, Project 2061 (American
Association for the Advancement of Science, 1989) suggests that a core practice
of scientific inquiry is collaborative work; schools should be preparing students

for this kind of work through classroom activities that require joint efforts.

The collaborative nature of scientific and technological work should

be strongly reinforced by frequent group activity in the classroom.
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Scientists and engineers work mostly in groups and less often
as isolated investigators. Similarly, students should gain experiences
sharing responsibility for learning with each other. In the process
of coming to understandings, students in a group must frequently
inform each other about procedures and meanings, argue over find-
ings, and assess how the task is progressing. In the context of team
responsibility, feedback and communication become more realis-
tic and of a character very different from the usual individualistic

textbook-homework-recitation approach [AAAS, 1989, p. 202].

Challenges of Small Group Work in Classrooms

Although there is much consensus about the desirability of developing collab-
oration skills, and research is clear about the general benefits of small group
interaction for learning, this does not mean that helping small groups engage
in high-quality discussion and sharing is easy. Research has identified at least
three major challenges for cooperative learning in classrooms: (1) developing
norms and structures within groups that allow individuals to work together;
(2) developing tasks that support useful cooperative work; and (3) developing
discipline-appropriate strategies for discussion that support rich learning of
content.

A number of studies have pointed out the importance of structure for pos-
itive group outcomes. Yager, Johnson, and Johnson (198s5) examined the effect
of structured and unstructured oral discussions with mixed-ability second-grade
cooperative learning groups. Groups were randomly assigned and stratified on
the basis of sex and ability level. Each class consisted of three twelve-minute
sections: teacher instruction, oral discussion, and class discussion. During the
oral discussion, the unstructured group was told to work together on the mate-
rial introduced by the teacher; the structured group received roles of learning
leader and learning listener. The role of the leader was to give a synopsis of

the day’s lesson, and the listeners were to ask questions to push the leader to
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give a full explanation. The structured group achieved higher scores on unit
tests given at day nine and day eighteen, and on the retention test given eight-
een days after the end of the unit. Given that the assessments were taken indi-
vidually, the researchers concluded there is group-to-individual transfer of
knowledge.

Gillies (2004) also studied structured and unstructured groups in ninth-
grade math classes in Australia. The students in the structured groups were
trained in cooperative social skills before working in groups on the mathemat-
ics unit. The unstructured groups were told to work together but not given
any further direction. All students received a teacher-created math assess-
ment at the end of the unit and a questionnaire recording their perceptions
of the group process. The students in the structured group performed better
on the math assessment and exhibited more cooperative and on-task behavior
than did the unstructured groups.

Calling students’ attention to how their group is functioning appears
to facilitate better group outcomes. In a study of group processing, Yager,
Johnson, Johnson, and Snider (1995) observed positive gains in achievement
for low-, middle-, and high-ability third graders who were given process-
ing time to discuss how their group was working and what could be done to
improve their efficacy. The control group also engaged in cooperative group
work without the opportunity for group processing, thus illuminating how
specific cooperative learning interactions produce more positive outcomes.

The nature of the task also appears to matter. For example, Nystrand,
Gamoran, and Heck (1993) did a study across nine schools and fifty-four
ninth-grade English classes of the effects of small groups on achievement.
They noticed that, in this sample, those who stayed in small groups longer had
lower achievement. It turned out that these students were in groups assigned
to tasks that amounted to “collaborative seatwork,” not permitting student
autonomy and student production of knowledge. The lowest-rated groups on

these dimensions were those assigned grammar work rather than analysis of
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authors (Hogarth, Bennett, Campbell, Lubben, & Robinson, 2005) concluded:
“A successful stimulus for students working in small groups to enhance their
understanding of evidence has two elements. One requires students to gen-
erate their individual prediction, model or hypothesis which they then debate
in their small group (internally driven conflict or debate). The second element
requires them to test, compare, revise or develop that jointly with further data
provided (externally driven conflict or debate).”

Findings of this kind suggest that teachers should play an active role in
helping groups learn to coordinate their work on productive tasks and learn
how to talk about what they are perceiving in terms that reflect the modes of

inquiry in the discipline.

Designing Activities for Productive Collaboration

A great deal of work has been done to specify the kinds of tasks, accountability
structures, and roles that help students collaborate well. It is generally agreed
that tasks requiring interdependence of team members, accountability struc-
tures at the group and individual level, and opportunities to reflect on group
progress and interaction are key elements. In Johnson and Johnson's sum-
mary (1999b) of forty years of research on cooperative learning, they identify
five “basic elements” of cooperation that have emerged as important across
multiple models: positive interdependence, individual accountability, face-to-
face promotive interaction, social skills, and group processing (pp. 70-71).

A number of activity structures have been developed to support group
work. Table 3 in the Appendix of this book summarizes well-known techniques
for arranging group work. They range from cooperative learning approaches
where students are simply asked to help each other complete individually
assigned traditional problem sets to approaches where students are expected
to collectively define projects and generate a single product that reflects the
continued work of the entire group. Many approaches fall in between these

two extremes. Some of these approaches assign children to management
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(e.g., E. G. Cohen, 1994a, 1994b), conversational (King, 1990; O’Donnell,
2000), or intellectual roles in the group (Cornelius & Herrenkohl, 2004;
Palincsar & Herrenkohl, 1999, 2002; White & Frederiksen, 2005).

As the table suggests, different lines of work emphasize one or another
dimension of the group work process. For example, Slavin (1991) argues that
“it is not enough to simply tell students to work together. They must have
a reason to take one another’s achievement seriously” (p. 73). He developed a
model focusing on external motivators that reside outside the group, such as
rewards and individual accountability established by the teacher. His meta-
analysis found that group tasks with structures promoting individual account-
ability produce stronger learning outcomes (Slavin, 1990).

E. G. Cohen's review of research (1994b) on productive small groups
focuses more on internal group interaction around the task, arguing that the
means for accomplishing what rewards and accountability offer the group
process may vary with the type of task and interaction. Cohen and her col-
leagues developed Complex Instruction, one of the best-known and well-
researched approaches. Complex Instruction uses carefully designed activities
that require diverse talents and interdependence among group members.
Teachers are helped to pay attention to unequal participation that often results
from status differences among peers and are given strategies that allow them
to bolster the status of infrequent contributors (E. G. Cohen & Lotan, 1997).
In addition, roles are assigned that support equal participation: recorder,
reporter, materials manager, resource manager, communication facilitator, and
harmonizer. A major aspect of the approach is development of “group-worthy
tasks” that are both sufficiently open-ended and multifaceted in their cognitive
demands that they require and benefit from the participation of every member
of the group. Tasks that require a variety of skills such as research, analysis,
visual representation, and writing are well suited for this approach.

There is strong evidence about the success of Complex Instruction

strategies in promoting student academic achievement (Abram et al., 2001;
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E. G. Cohen, 1993, 1994a, 1994b; Cohen & Lotan, 1995; Cohen et al., 1999,
2002). In recent studies, evidence of this success has been extended to the
learning gains of new English language learners (Lotan & Valdes, 2000).

In other approaches, roles are linked to specific kinds of cognitive
engagement. For example, Cornelius and Herrenkohl (2004) described a
classroom unit on sinking and floating that engaged children in experimen-
tation. Students presented their theories, methods, and findings to the whole
class. The audience members (their peers) were given roles to ask questions
about the presenter’s theories and predictions, the results, or the relationships
between theories and results. Roles of this sort reveal to students what ele-
ments of the scientific process—theorizing, prediction, their relationship to
data collection and findings—are important to attend to and how they should
be considered. Thus the structure and modes of inquiry of the discipline
(Schwab, 1978; Shulman, 1987) are made visible, and the means for evaluat-
ing scientific rigor are introduced to students.

White and Frederiksen (2005) have developed both cognitive and social
roles. Students take turns being in charge of managing cognitive aspects of
group work such as theory, evidence, synthesis, and application. Other stu-
dents manage social processes such as collaboration, equity, communica-
tion, mediation, and reflection. Roles are taught explicitly and written guides
developed to help students understand them. This makes visible and learnable
those processes of thinking and behavior that would often be invisible. The
notion of making thinking visible through collaborative interactions between
students and teachers has also been described as “cognitive apprentice-
ship” (Collins, Brown, & Newman, 1989). A key aspect of an apprenticeship
approach is giving students opportunities to engage in parts of a task while
also giving them a view of the whole task or problem.

Another example of a successful approach to role-based collabora-
tion comes from the domain of computer science. A collaborative approach

to learning to program, called PAIR programming, has been studied using a
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quasi-experimental approach at the undergraduate level (McDowell, Werner,
Bullock, & Fernald, 2000). In this case, the practice of working in pairs actu-
ally came about from the workplace, where a collaborative approach called
Extreme Programming has been developed. In Extreme Programming, part-
ners create code together, sitting shoulder to shoulder. One partner is desig-
nated as “the driver” and creates the code and is in control of the keyboard.
The other partner is looking over her shoulder, reviewing the code to identify
errors in syntax and logic or design mismatches. This approach is now being
tried out in middle schools (Werner, Campe, & Denner, 2005).

Not only do students who learn in pairs generate higher-quality programs
but they learn as much as students who do all their work alone, are more likely
to take another class in the discipline, and are more likely to pass it (McDowell
et al., 20006). Students who learned in pairs enjoyed the work more and were
more confident. Perhaps most important, those students who worked in pairs
during the introductory course were more likely one year later to have declared
a major related to computer science than students who were taught in the tra-
ditional way, working alone. The effect was particularly strong for women, who
are underrepresented in the field of computer science. Although it is assumed
that collaborative work enhances motivation or confidence, few studies have
looked at these outcomes explicitly. This work makes an important contribu-

tion to our understanding of the affective outcomes of collaborative learning.

What Does Productive Collaboration Look Like?

Recent research has gone beyond summative assessments of the benefits of
group work to try to understand why collaboration benefits learning and what
differentiates more and less successful approaches to collaboration. A num-
ber of social processes have been identified that help to explain why group
work supports individual learning. They include opportunities to share origi-
nal insights (Bos, 1937), resolve differing perspectives through argument

(Amigues, 1988; Phelps & Damon, 1989), explain one’s thinking about a
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phenomenon (King, 1990; Webb, Troper, & Fall, 1995), provide critique (Bos,
1937), observe the strategies of others (Azmitia, 1988), and listen to explana-
tions (Coleman, 1998; Hatano & Iganaki, 1991; Schwartz, 1995; Shirouzu,
Miyake, & Masukawa, 2002; Webb, 1985).

Research on the interactions that can occur within collaborative learn-
ing situations makes the important point that it is not simply the act of ask-
ing children to work in groups that is essential but rather the possibility that
certain kinds of learning processes can be activated (E. G. Cohen, 1994b).
Research that attends explicitly to variability in group interaction has yielded
information about what productive collaboration looks like, and conversely
what less-than-ideal collaboration looks like. In an experimental study com-
paring the problem solving of groups and individuals at the sixth-grade level,
Barron (2000b) found that groups outperformed individuals, and that when
students were given a new analogous problem to solve, those who had first
solved the problems in groups performed at a significantly higher level.

However, more detailed analyses revealed that among the sixteen trios
of students there was a great deal of variability in how well the students col-
laborated, and the quality of collaboration—how they talked and interacted
with one another—was related to their group score and later individual scores
(see the box “More and Less Successful Groups”). If a collaboration is going
well, (1) many students will be involved in the discussion as contributors and
responders; (2) the contributions are coordinated rather than consisting of
many independent unrelated conversational turns; (3) there are few instances
of off-task behavior; and (4) students attend to each other and to their work in
common, as indicated by eye gaze and body position. These are good mark-
ers of mutual engagement, an important element of collaborative work. As
discussed in the next section, it is also possible to look at the quality of the
content of the discussion, for example, what Engle and Conant (2002) call dis-
ciplinary engagement—that is, the extent to which the students’ conversation

reflects the issues and practices of a discipline’s discourse.
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Their successful achievement of a joint problem-solving space was especially reflected
in much “huddling” around the workbooks and mutual gazing.

These nonverbal synchronies suggest an intense level of joint ownership over
the production and representation of the work. It was not that more successful
groups were immune to problems of coordination but rather that members used strat-
egies that resulted in a joint focus of their attention. For example, when document-
ing solutions, the writer might “broadcast” his or her writing orally and thus make
it available for monitoring by other students in the group. In addition, some groups
explicitly monitored the group's joint attention and addressed possible disruptions to
it. Thus, successful coordination was accomplished through a variety of strategies
that included use of external representations (sharing pictures, writing, models), con-
versational devices (reading aloud, discussing, questioning, or calling for attention to

an idea), and physical moves (huddling, sharing materials, maintaining eye contact).

How Can Teachers Support Productive Collaboration?

The classroom teacher plays a critical role in establishing and modeling practices
of productive learning conversations. Aspects of the larger classroom learning
environment shape small group interactions. Observing a group's interactions can
yield a substantial amount of information about the degree to which the work is
productive, as well as an opportunity for formative feedback and support for align-
ing understandings and goals among group members. Computer-based tools can
also be useful in establishing ways of working and supporting productive collabor-
ative exchanges. One of the best and most documented examples is the Computer-
Supported Intentional Learning (CSILE) project (Scardamalia, Bereiter, & Lamon,
1994), which includes a knowledge gathering and improvement tool to support
inquiry and norms for knowledge building discourse. Beyond any specific tool or
technique, a particularly important role for the teacher is to establish, model, and

encourage norms of interaction that reflect good inquiry practices.
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A paper by Engle and Conant (2002) documents how this can be done
by analyzing the productive disciplinary engagement of a group of elementary
school students. This group work took place in a research-based experimen-
tal classroom designed as part of A. L. Brown and Campione’s Community of
Learners project (1996). They studied students’ collaborative work in the con-
text of a jigsaw approach to developing knowledge about animal species and
their mechanisms of reproduction and defense. The jigsaw method divides
topics among students so that each class member becomes an expert in a sub-
topic. Experts then teach their group members what they know so that the
group benefits from the distributed work. In this case, groups of four or five
students wrote proposals to study a specific animal species. The groups were
then assigned an animal on the basis of the quality of their group proposal.
The final product of the group was a written report, done by all members
of the group. Individual students became expert on a specific subtopic such as
reproduction strategies or defense mechanisms and contributed chapters that
focused on these subtopics. After they shared this knowledge with their group,
the entire group wrote the introduction and conclusion. Engle and Conant’s
analysis (2002) focuses on a single group who became highly and persistently
engaged in an unplanned controversy over classifying killer whales as belong-
ing to the species of dolphin or whale (they were assigned to research the
whale). The controversy resurfaced a total of eight times across the eight-week
project. They sought to understand what supported the students’ persistence
and their disciplinary engagement.

The controversy was sparked by contradictory claims offered by various
experts (in books and among the trainers they met during a field trip to Marine
World) and was sustained because different claims were adopted by oppos-
ing group members. Students’ passionate engagement was reflected in inten-
sive emotional displays, persistence in having their ideas heard, additional
research, and continued attention over weeks. A key aspect of their discourse

that afforded productive learning conversation rather than devolving into an
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argumentative shouting match was the appropriation of scholarly moves
such as use of various kinds of evidence to justify their claims. In addition,
analysis of talk made it clear that although at times students spoke over one
another and competed for floor time, they held themselves accountable to the
contributions others made. This was indicated by the proportion of turns in
which students associated particular group members with controversy-relevant
claims, or evidence. The authors call this process “positioning.”

Their analyses stress the importance of understanding the classroom
environment, the curriculum, and the guidance of the teacher as a system; they
highlighted four principles, described here with examples of how the teacher,
Ms. Wingate, communicated them to students and realized them through

activities and resources:

Problematize subject matter by encouraging students to define prob-
lems and treat claims and explanatory accounts, even those offered by
“experts,” as needing evidence. Ms. Wingate encouraged students to
question all sources. Rather than ignoring differences across sources,
Ms. Wingate drew attention to them: “One book says one thing, and
other books say another thing . . . you need to figure out which one is
right” (Engle & Conant, p. 431). She helped them see the importance
of looking for converging sources: “Compare sources, and see if they
are the same” (p. 431). She also reminded students that they had used
this same strategy in a recent history unit.

Give students authority to address such problems by identifying them
with claims, explanations, or designs in ways that encourage them to be
authors and producers of knowledge. Ms. Wingate explicitly communi-
cated her enthusiasm for debate and productive conflict. For example,
when a student communicated to her that a research group was hav-

ing a big fight about research, she said “I love that!” (p. 431). She also
g a big ng 3
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marked the expectation that each student would become an expert in
a subtopic, which she defined as “the person who knows everything
about that” (p. 432). She also emphasized that the students would
become more knowledgeable than she: “And you guys are researching
a lot of things that I don't know things about. And so when you find
information, I'm going to ask you questions about it, just like anyone
in the classroom is, who doesn't know things about it” (p. 432).

Hold students accountable to others—such that they are responsible for
addressing others’ viewpoints even if they disagree—and to shared disci-
plinary norms, such that they pay attention to evidence, using practices
of the discipline. Ms. Wingate encouraged the students to incorpo-
rate a range of sources into their research. She suggested they use “as
many books as you can, and experts, and the computer, and write to the
science desk, and do as many things as you can’ to learn about their
research areas (p. 433). Students were also constantly made aware of the
requirement that they help their group members learn: “Let’s say, Ron,
you become an expert of panther babies, and Jamal becomes an expert
on panther protection. You'll need to teach Jamal everything you know
about babies, and he'll teach you everything he knows about protection,
so when you go to the jigsaw group, you'll need to talk about the whole
panther, not just the panther babies” (p. 433). A final type of account-
ability that was key to this group's learning was accountability to hav-
ing evidence and being able to cite sources. Ms. Wingate established
early on that they would need to keep track of where they found infor-
mation: “You may find some information in this movie, that's going to
be important to you at some other time. And if you ever want to say
where you got your evidence, you can look back in your book, and say
‘Ah, 1 saw it in Hawaii: Threatened Paradise. . . . So it’s really important

that we start writing down where we get our information” (pp. 434—435).
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InSum...

A great deal of research has shown that collaborative approaches to learning are
beneficial for individual and collective knowledge growth, including development
of disciplinary practices. Studies also indicate that such approaches can help stu-
dents develop affective qualities, such as confidence and motivation. Research is
also beginning to show that teachers can support expression and development
of collaborative capacities through careful design of activities, assessments, and
methods for establishing and maintaining classroom norms that support pro-
ductive joint work. We now turn to research on specific approaches to activity

design that engage students in inquiry and sustained project work.

RESEARCH ON INQUIRY LEARNING APPROACHES

The design of most inquiry-based approaches is based on insights from cogni-
tive theories about how people learn and the importance of students both mak-
ing sense of what they learn and processing content deeply so that they truly
understand it (Bransford, Brown, & Cocking, 1999). There are many ways to
accomplish these goals, and this has given rise to several distinct genres of
approaches. In this review we summarize research on three of the more well-
researched strategies: project-based learning, problem-based learning, and

design-based learning, which share both similarities and differences.

Project-Based Learning

Project-based learning (PBL) involves completing complex tasks that typically
result in a realistic product, event, or presentation to an audience. Thomas
(2000) defines productive project-based learning as (1) central to the curricu-
lum; (2) organized around driving questions that lead students to encounter
central concepts or principles of a discipline; (3) focused on a constructive
investigation that involves inquiry and knowledge building; (4) student-driven,
in that students are responsible for making choices and for designing and
managing their work; and (5) authentic, by posing problems that occur in the

real world and that people care about.
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There are a number of research strands that contribute to our understand-
ing of the effects of project-based learning. One has examined the strong suc-
cess of whole-school models such as Expeditionary Learning, which create an
entire curriculum grounded in “intellectual investigations built around signifi-
cant projects and performances” (Udall & Rugen, 1996, p. xi). Expeditionary
Learning schools’ approach to project-based learning also focuses on teamwork,
community building, and connections beyond the school. They use a pedagogy
that emphasizes performance-based assessment, reflection on learning, and
revision of work to meet standards in the discipline. Evaluation of schools that
have implemented this model has found substantial gains in student learn-
ing as measured by standardized test scores, as well as an increase in student
motivation and teachers’ confidence in their ability to reach all students (ELOB,
1997, 19992, 1999b; New American Schools Development Corporation, 1997).

Another group of schools using project-based learning as the center of
the curriculum, the Co-nect schools, which add an emphasis on technology,
were found to exhibit larger value-added student achievement gains on stand-
ardized tests than a group of comparison schools in Memphis, Tennessee
(Ross et al,, 1999) and to exhibit gains comparable to the district average in
Cincinnati, Ohio (CPS, 1999). These whole-school efforts to implement
project-based learning approaches include a broad range of organizational and
pedagogical strategies that make it difficult to isolate the “effects” of project-
based learning in a controlled, experimental fashion. At the same time, they
allow us to examine PBL in an authentic context, where the principles that
drive the approach—student-centeredness, authenticity, disciplinary inquiry—
extend to decisions about all the other aspects of the school organization. In
that sense, these examples may be viewed as a comprehensive test of the prin-
ciples that guide project-based learning.

Generally, project-based learning sees students who engage in this
approach benefit from gains in factual learning that are equivalent or superior to

gains for those who engage in traditional forms of instruction (Thomas, 2000).
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The goals of PBL are broader, however. The approach aims to enable students to
transfer their learning more powerfully to new kinds of situations and problems
and to use knowledge more proficiently in performance situations. There are a
number of studies demonstrating such outcomes in both short- and long-term
learning situations.

For example, Shepherd (1998) describes the results of a unit in which an
experimental group of fourth and fifth graders completed a nine-week project
to define and find solutions related to housing shortages in several countries.
In comparison to the control group, this group of students demonstrated a sig-
nificant increase in scores on a critical-thinking test, as well as increased con-
fidence in their learning. Other short-term, comparative studies of traditional
vs. project-based approaches have demonstrated such unique benefits for
projects as an increase in problem definition (Gallagher, Stepien, & Rosenthal,
1992), growth in use of arguments to support reasons (Stepien, Gallagher, &
Workman, 1993), and the ability to plan a project after working on an analogous
problem-based challenge (A. Moore, Sherwood, Bateman, Bransford, &
Goldman, 1990) all of which are skills needed in real-world contexts.

A more ambitious, longitudinal comparative study by Boaler (1997, 1998)
followed students over three years in two British schools that were compara-
ble with respect to students’ prior achievement and socioeconomic status but
that used either a traditional curriculum or a project-based curriculum. The
traditional school featured teacher-directed whole class instruction organized
around texts, workbooks, and frequent tests in tracked classrooms. Instruction
in the other school used open-ended projects in heterogeneous classrooms.
Using a pre- and posttest design, the study found that students had compara-
ble learning gains when tested on basic mathematics procedures; those who
in addition participated in the project-based curriculum did better on concep-
tual problems presented in the National Exam. Significantly more students in
the project-based school passed the National Exam in year three of the study

than those in the traditional school. Boaler noted that, although students in
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the traditional school “thought that mathematical success rested on being able
to remember and use rules,” the PBL students had developed a more flexible,
useful kind of mathematical knowledge that engaged them in “exploration and
thought” (Boaler, 1997, p. 63).

Another comparative study came about as part of an independent evalu-
ation of a five-year project that created opportunities for students to develop
multimedia projects. The Challenge 2000 Multimedia Project in Silicon Valley
involved students on a variety of projects that led to presentations of their work
at regional fairs. To assess the effectiveness of these experiences, researchers
created an additional performance task that asked these students and a com-
parison group to develop a brochure informing school officials about problems
faced by homeless students (Penuel, Means, & Simkins, 2000). The students
in the multimedia program earned higher scores than the comparison group
on all three measures derived from the design task: content mastery, sensitiv-
ity to audience, and coherent design. There were no differences on standard-
ized test scores of basic skills.

Many other studies have recorded student and teacher reports of positive
changes in motivation, attitude toward learning, and skills as a result of par-
ticipating in PBL, including work habits, critical thinking skills, and problem-
solving abilities (see, e.g., Bartscher, Gould, & Nutter, 1995; Peck, Peck, Sentz,
& Zasa, 1998; Tretten & Zachariou, 1995). Some have found that students
who do less well in traditional instructional settings excel when they have the
opportunity to work in a PBL context, which better matches their learning
style or preference for collaboration and activity type (see, e.g., Boaler, 1997;
Meyer, Turner, & Spencer, 1997; Rosenfeld & Rosenfeld, 1998). One interest-
ing study observed four PBL classrooms in the fall and spring of a school year,
finding much larger increases in five critical thinking behaviors (synthesizing,
forecasting, producing, evaluating, and reflecting) and five social participa-
tion behaviors (working together, initiating, managing, intergroup awareness,

and intergroup initiating) for initially low-achieving students over the course
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of the year than for initially high-achieving students (Horan, Lavaroni, &
Beldon, 19906).

Problem-Based Learning

Problem-based learning approaches are a close cousin of project-based learn-
ing and are often configured as a specific type of project that aims to teach
problem definition and solution strategies. In problem-based learning, stu-
dents work in small groups to investigate meaningful problems, identify what
they need to learn in order to solve a problem, and generate strategies for solu-
tion (Barrows, 1996; Hmelo-Silver, 2004). The problems are realistic and ill
structured, meaning that they are not perfectly formulated textbook problems
but rather are like those in the real world with multiple solutions and meth-
ods for reaching them. In addition, research that has sought to establish the
characteristics of “good” problems suggests that they should resonate with stu-
dents’ experiences, promote argumentation, foster opportunities for feedback,
and allow repeated exposure to concepts.

Much work on this approach has been associated with medical educa-
tion. For example, physicians-in-training are presented with a patient profile,
including a set of symptoms and a history, and the small group’s task is to
generate possible diagnosis and a plan to differentiate possible causes by con-
ducting research and pursuing diagnostic tests. The instructor typically plays a
coaching role, helping to facilitate the group’s progress through a set of activi-
ties that involve understanding the problem scenario, identifying relevant
facts, generating hypotheses, collecting information (interviewing the patient,
ordering tests), identifying knowledge deficiencies, learning from external
resources, applying knowledge, and evaluating progress. The steps in the
cycle may be revisited as work progresses (for example, new knowledge defi-
ciencies may be noticed at any point and more research might be carried out).
Meta-analyses of studies of medical students have found that, across studies,

students who are enrolled in problem-based curricula score higher on items
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that measure clinical problem solving and on actual ratings of clinical per-
formance (Albanese & Mitchell, 1993; Vernon & Blake, 1993).

Similar problem- or case-based approaches have been used in business,
law, and teacher education to help students learn to analyze complex, multi-
faceted situations and develop knowledge to guide decision making (see, e.g.,
Lundeberg, Levin, & Harrington, 1999; Savery & Duffy, 1996; S. M. Williams,
1992). This method of learning is guided in part by our understanding of the
important role of analogy in learning and transfer (Gentner & Markman, 1997;
Holyoak & Thagard, 1997; Kolodner, 1997). In complex domains, reasoning
by analogy to familiar cases is an important strategy for making sense of new
situations.

In all problem-based approaches, students take an active role in knowl-
edge construction. The teacher plays an active role in making thinking visible,
guides group process and participation, and asks questions to solicit reflec-
tions. The goal is to model good reasoning strategies and support the students
to take on these roles themselves. At the same time, teachers also offer instruc-
tion in more traditional ways such as lectures and explanations crafted and
timed to support inquiry. In a case study of an expert problem-based learning
teacher/facilitator, Hmelo-Silver and Barrows (2006) found that the teacher’s
primary means of shaping the groups’ progress was through questioning that
helped focus students’ attention and supported generation of causal explana-
tions. Continued questioning helped students create accurate mental mod-
els of the patient’s condition and pushed them to link their hypotheses to the
patient’s symptom profile. It is of note that in medical school settings each
group often has continued access to a facilitator. In most K-12 schools, a single
teacher has to find ways to move from group to group, making this approach
more challenging.

Studies of the efficacy of problem-based learning suggest that, like
other project-based approaches, it is comparable, and sometimes superior, to

more traditional instruction in facilitating factual learning, but it is better in
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supporting flexible problem solving, application of knowledge, and hypoth-
esis generation (for a meta-analysis, see Dochy, Segers, Van den Bossche, &
Gijbels, 2003). Additional quasi-experimental studies have demonstrated that
students who participate in problem-based experiences generate more accurate
hypotheses and more coherent explanations (Hmelo, 1998b; Schmidt et al.,
1990), are more able to support claims with well-reasoned arguments (Stepien
et al., 1993), and show larger gains in conceptual understanding in science
(D. C. Williams, Hemstreet, Liu, & Smith, 19938).

These gains and others have been identified in a line of research under-
taken by the Cognition and Technology Group at Vanderbilt University over
more than a decade. In one early study, for example, more than seven hun-
dred students from eleven school districts engaged in a set of problem-based
projects through the Jasper series, which presents videotaped problems that
include a package of information to be used in solving problems that are
posed. For the five sites that employed matched control groups, the researchers
determined that participants experienced larger gains than the comparison stu-
dents in all five areas measured: mathematics concepts, word problems, plan-

ning capabilities, positive attitudes about mathematics, and teacher feedback.

Design-Based Learning

A third genre of instructional approaches has grown out of the idea that children
learn deeply when they are asked to design and create an artifact that requires
understanding and application of knowledge. It is believed that design-based
projects have several features that make them ideal for developing technical and
subject matter knowledge (Newstetter, 2000). For example, design activity sup-

ports revisions and iterative problem solving as projects require cycles of
defining — creating — assessing — redesigning

The complexity of the work often dictates the need for collaboration and dis-

tributed expertise. Finally, a variety of valued cognitive tasks are employed such
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2004), and a Science by Design series that includes four high school units
focused on constructing gloves, boats, greenhouses, and catapults. A sepa-
rate group from the Georgia Institute of Technology has been developing an
approach they call Learning by Design, also used in science (Kolodner, 1997;
Puntambekar & Kolodner, 2005).

Within the relatively small body of research that uses control group
designs, the research on learning reported by Kolodner and colleagues
(Kolodner, Camp, et al., 2003) shows large and consistent differences between
the Learning by Design (LBD) classes and their comparisons. Their measures
assess groups’ ability to complete performance tasks before and after instruc-
tion. Each task has three parts: (1) students design an experiment that would
constitute a fair test; (2) they run an experiment and collect data (the design
is specified by the researchers; and (3) they analyze the data and use them to
make recommendations. The researchers also score group interaction from
videotaped records on seven dimensions: negotiation during collaboration,
distribution of the work, attempted use of prior knowledge, adequacy of prior
knowledge, science talk, science practice, and self-monitoring. They report
that the Learning by Design students consistently outperform non-LBD stu-
dents on collaborative interaction and aspects of metacognition (for instance,
self-monitoring).

In another design experiment that included a comparison sample,
Hmelo, Holton, and Kolodner (2000) asked sixth-grade students to design
a set of artificial lungs and build a partially working model of the respiratory
system. They found that the design condition led to better learning outcomes
than students exposed to traditional instruction. They also noted that the
design students learned to view the respiratory system more systemically and
understood more about structure than function, and more about the functions
of the system than causal behaviors. They argue that design activities are par-
ticularly good for helping students develop understanding of complex systems

because they can be presented as a united whole whose structure is adapted
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to specific purposes (Perkins, 1986). Echoing the findings of other classroom
research, Hmelo and colleagues (2000) argue that design challenges need to
be carefully planned. In this case they argue they should be designed function-
ally, and they stress the importance of dynamic feedback, allowing students to
engage in multiple iterations of design, and giving adequate time to the entire
system of classroom activities. In particular, they suggest that teachers work-

ing on design projects pay attention to:

Finding a balance between having students work on design activities
and reflecting on what they are learning, so that they can guide their
progress. Incorporating reflective activities is important to encourage
an understanding-based approach.

Learning how to integrate real-world knowledge without letting it over-
whelm the class with irrelevant aspects of the world that might take
the students on unproductive tangents.

Determining how to maintain extended engagement in a manner that

emphasizes principled understanding rather than completion.

Much of the research on learning through design-based projects has
been less experimental and more naturalistic, either focused on single-case
pre- and postresearch designs or longer-term design experiments where close
observation of learning processes and outcomes is accompanied by changes
to the curriculum or additions of support for its implementation. For exam-
ple, Fortus and colleagues (2004) carried out a study with ninety-two students
that tracked their learning across three Design-Based Science units. Their
units included designing a structure for extreme environments, designing
environmentally friendly batteries, and designing safer cell phones. Each unit
contained multiple design and learning cycles. The research team found that
both higher- and lower-achieving students showed strong evidence of progress
in learning the targeted science concepts, and that students applied the con-
cepts well in their design work. They also noted a positive effect on motiva-

tion and sense of ownership over designs at both individual and group levels.
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Without supports to learn these complex skills, teachers may be unable to
use inquiry approaches to learning to their best advantage, engaging students
in “doing” but not necessarily in disciplined learning that has a high degree of

transfer.

How Can Teachers Support Productive Inquiry?

Clearly, successful inquiry-based approaches require planning and well-
thought-out approaches to collaboration, classroom interaction, and assess-
ment. Some research has focused especially on how to support these
approaches well. For example, Puntambekar & Kolodner (2005) describe two
studies designed to advance our understanding of the kinds of support stu-
dents need to learn content in the context of design projects. They knew from
earlier classroom research (Gertzman & Kolodner, 1996) that simply furnish-
ing students with rich resources and an interesting problem (say, design a
household robot with arthropod features) was not enough. Students needed
help understanding the problem, applying science knowledge, evaluating
their designs, explaining failures, and engaging in revision. Students often
neglected to use informational resources unless explicitly prompted.

To address these problems, the researchers introduced a design diary
that was intended explicitly to introduce design process ideas and to support
four phases of design work: understanding the challenge, gathering informa-
tion, generating a solution, and evaluating solutions. The goal of the eighth-
grade, three-week curriculum was to help students learn about coastal erosion.
Students were given a challenge of designing a solution to this problem for a
specific coastal island off the coast of Georgia. To experiment with solutions,
they had access to stream tables as well as informational resources on video-
tape and the Internet. In addition to implementing the journal, they carried out
careful assessment of students’ learning and observation of classroom interac-
tions. In this first study, the learning outcomes were disappointing. However,

the researchers’ insights about how to support students were generative.

HOW CAN WE TEACH FOR MEANINGFUL LEARNING? (&)



For example, they noted that the teacher missed many opportunities to advance
learning because she could not listen in to all small group discussions and had
decided not to have whole group discussions. They also noted that the students
needed more specific prompts for justifying design decisions.

In the second study, they designed and implemented a broader system of
tools and processes, which greatly improved the learning outcomes—notably,
more structured diary prompts that asked for design rationales and explana-
tions, and insertion of whole class discussions at strategic moments. They also
added new activity structures that required students to publicly defend designs
earlier in the process; they called these “pin up sessions,” drawing on ideas from
architectural studio learning. In these sessions, students present their ideas by
pinning their drawings of their design plans to the wall as a poster and then
explaining them to the class in order to get feedback. For each idea, students
were asked to give a justification from informational resources or experimen-
tal evidence they themselves collected (Kolodner et al., 2003; Puntambekar &
Kolodner, 2005). These processes of helping students keep track of and defend
their thinking were very helpful. In addition, the redundancy of learning oppor-
tunities afforded by the several forms of support was a key in helping students
focus on learning concepts and connecting them with their design work.

The playground design project described earlier (Barron et al., 1998),
which used a combination of problem-based, project-based, and design-based

learning approaches, generated an additional set of design principles:

Define learning-appropriate goals that lead to deep understanding
Offer scaffolds that support both students’ and teacher’s learning
Ensure multiple opportunities for formative self-assessment and
revision

Design social organizations that promote participation and result in a

sense of agency

Application of these principles is described in the box “Successful Inquiry

Learning Guided by Design Principles.”
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SUCCESSFUL INQUIRY LEARNING GUIDED
BY DESIGN PRINCIPLES

A curriculum project featuring multiple activities was developed by the Cognition and
Technology Group to develop fifth-grade students’ mathematical problem-solving abil-
ity, representational capacities, and understanding of concepts such as area and scale.
The sequence began with a design challenge presented in the context of a video-based
anchor from the Jasper series. In this series, fifteen-minute videos were encoded on
videodisks, featuring narratives ending with problem-solving challenges that could be
addressed by data embedded in the movie. This design invited students to formulate
problems, find relevant data, and generate quantitative methods to solve them (CTGV,
1997). In addition, embedded within the fifteen-minute narrative were explanations
that gave ideas for how to approach problems that supported teachers' and students’
knowledge building. These carefully designed, video-based problems modeled aspects
of inquiry and encouraged development of key subject matter knowledge. They were
followed by thematically related, real-world projects that students could implement
as a means of deepening their learning and engaging their motivation.

In one version of this sequence, the goal for students was to learn about mea-
surement, drawing to scale, and how to produce drawings that someone could build
from. Students begin by solving a challenge presented in “Blueprint for Success.”
In Blueprint for Success they meet two students, Christina and Markus, who visit
an architect’s office for career day. The story begins with a dramatic scene in which
a friend is playing in the street and is hit by a car. Although the accident was not
serious and the friend is going to be fine, the incident prompts a local developer to

donate land. The developer comes to the architect's office while Christina and Markus

(continued)
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The system of activities, assessments, and resources described here
reflects the four design principles. First, learning-appropriate goals that lead to
deep understanding were defined. Both the problem-based and project-based
activities required and supported specific mathematical concepts. Second,
multiple types of scaffold that could support both student and teacher learning
were provided through the embedded teaching sequences within “Blueprint
for Success” and through extra resources that illustrated concepts of scale,
volume, and related concepts. Third, there were multiple opportunities for
formative self-assessment and revision given to both individuals and groups.
Students’ drawings were scored, and they were revised until they had met a
standard of accuracy. Fourth, motivation, a sense of agency, and continued
engagement were supported by collaborative structures, a chance to design
something that might be built, and the opportunity to present to an outside
audience supported.

This project-based learning planner assists teachers in their efforts to cre-
ate effective projects. The guide came from LEARN, a nonprofit educational

foundation based in Quebec.

PBL Project Planner

| ASK MYSELF ... ANSWER

Vision stage:

1. What are my subject/learning objectives? 1.

2. What are my interdisciplinary subjects and 2.
competencies?

3. What inquiry question/investigation will meet no. 1, 3.
no.2?

Inquiry stage:

1. How will I hook or trigger the student's interest in the 1.
inquiry question? What scenario will | use?

2. What kinds of information can | expect to be brought 2.

out of our class brainstorming session? What kind of
misconceptions do | expect to encounter?

3. What rubric(s) will I use? Will | design it myself or with 3.
my students?
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| ASK MYSELF ...

Build stage:

1.

How will | organize the brainstorming session? How
will we categorize and sort the information we come
up with?

. What kind of teams will work best for this project?

(i.e., number of members, roles, responsibilities)

. What information and computer technologies are

necessary in order to accomplish these tasks? Do |
need to review or teach any of these skills?

. What research technigues will we need? Do | need to

review or teach any?

. What kind of final products would lend themselves

well to this type of investigation?

. At what stage will | ask for product updates? What

format will these updates be in? (i.e., journal entry,
oral presentation, etc.)

Showtime stage:

What kind of showcase will be most appropriate to dis-
play the student's knowledge acquisitions? (i.e., museum
display, PowerPoint presentation, play in front of an
audience, etc.)

Transition stage:
Will I ask my students to give an oral reflection or a written
reflection of their learning, and thoughts on this project?

ANSWER

1.

Source: LEARN, www.learnquebec.ca.

The Critical Importance of Assessment

As the discussion suggests, collaborative and inquiry approaches to learning

require that we consider classroom activities, curriculum, and assessment as

a system in which each interdependent aspect is important to an environment

that promotes flexible knowledge development. Indeed, our ability to assess—

both formatively and summatively—has enormous implications for what we

teach, and how effectively. At least three elements of assessment are especially

important for meaningful learning of the kind we have been describing:

Designing intellectually ambitious performance assessments that define the

tasks students will undertake in ways that allow them to learn, and

apply the desired concepts and skills in authentic and disciplined ways
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Creating guidance for students’ efforts in the form of evaluation tools such
as assignment guidelines and rubrics that define what constitutes good
work (and effective collaboration)

Frequently using formative assessments to guide feedback to students

and teachers’ instructional decisions throughout the process

The nature of assessment plays a significant role in shaping the cogni-
tive demands of the work students are asked to undertake. Research suggests
that thoughtfully structured performance assessments can support improve-
ment in the quality of teaching, and that inquiry-based learning demands
such assessments both to define the task and to properly evaluate what has
been learned (Black & Wiliam, 1998b). In addition to finding beneficial influ-
ences of performance assessments on teaching practices (Chapman, 199r1;
Firestone et al., 1998; Herman, Klein, Heath, & Wakai, 1995; Lane etal,,
2000; Stecher et al,, 1998), some studies have also found that teachers who
are involved in scoring performance assessments with other colleagues and
discussing their students’ work declare the experience helpful in changing
their practice to become more problem-oriented and more diagnostic (see
Darling-Hammond & Ancess, 1994; Falk & Ort, 1997; Goldberg & Rosewell,
2000; Murnane & Levy, 1990).

A number of studies have found an increase in performance on both
traditional standardized tests and performance measures for students in
classrooms that offer a problem-oriented curriculum that regularly features
performance assessment. For example, in a study of more than two thousand
students within twenty-three restructured schools, Newmann, Marks, and
Gamoran (1995) found much higher achievement on complex performance
tasks for students who experienced what these researchers termed “authentic
pedagogy,” instruction focused on active learning in real-world contexts calling
for higher-order thinking, consideration of alternatives, extended writing, and

an audience for student work.
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There are many ways in which authentic assessments contribute to learn-
ing. For example, exhibitions, projects, and portfolios are occasions for review
and revision toward a polished performance. These opportunities help stu-
dents examine how they learn and how they can perform better. Students are
often expected to present their work to an audience—groups of faculty, visi-
tors, parents, other students—to ensure that their apparent mastery is genu-
ine. Presentations of work also signal to students that their work is important
enough to be a source of public learning and celebration; they are an opportu-
nity for others in the learning community to see, appreciate, and learn from
student work. Performances create living representations of school goals and
standards so that they remain vital and energizing, and they develop impor-
tant life skills. As Ann Brown (1994) observed: “Audiences demand coher-
ence, push for high levels of understanding, require satisfactory explanations,
request clarification of obscure points. . . . There are deadlines, discipline, and
most important, reflection on performance. We have cycles of planning, pre-
paring, practicing, and teaching others. Deadlines performance demand the
setting of priorities—what is important to know? [p. §]”

Planning, setting priorities, organizing individual and group efforts, exert-
ing discipline, thinking through how to communicate effectively with an audi-
ence, understanding ideas well enough to answer the questions of others . . .
all of these are tasks people engage in outside of school in their life and work.
Good performance tasks are complex intellectual, physical, and social chal-
lenges. They stretch students’ thinking and planning abilities while also allow-
ing student aptitudes and interests to serve as a springboard for developing
competence.

In addition to designing tasks that are intellectually powerful, teachers
need to guide students as to the quality of work and interactions they are aim-
ing for. The benefits of clear criteria given in advance have been documented
by many studies (for example, Barron et al., 1998). E. G. Cohen and her col-

leagues tested the idea that clear evaluation criteria could improve student
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learning by improving the nature of the conversation (Cohen, Lotan, Abram,
Scarloss, & Schultz, 2002). They found that introducing evaluation criteria led
groups to spend more time discussing content, discussing the assignment,
and evaluating their products than groups who were not given criteria. They
also found that individual learning scores were significantly correlated with
the amount of evaluative and task-focused talk.

The criteria used to assess performances should be multidimensional,
representing the various aspects of a task rather than a single grade, and
should be openly expressed to students and others in the learning commu-
nity rather than kept secret in the tradition of content-based examinations
(Wiggins, 1989). For example, a research report might be evaluated for its
use of evidence, accuracy of information, evaluation of competing viewpoints,
development of a clear argument, and attention to conventions of writing.
When work is repeatedly assessed, the criteria guide teaching and learning—
students become producers and self-evaluators while teachers become coaches.
A major goal is to help students develop the capacity to assess their own work
against standards, and to revise, modify, and redirect their energies, taking ini-
tiative to promote their own progress. This is an aspect of self-directed work
and self-motivated improvement required of competent people in many set-
tings, not least a growing number of workplaces.

Use of performance tasks is also important so that we can adequately
assess the benefits of problem- and project-based approaches for learning and
application of knowledge. For example, Bransford and Schwartz (1999)
and Schwartz and Martin (2004) have demonstrated that the outcomes of dif-
ferent instructional conditions might look similar on “sequestered problem
solving tasks” but much less so on assessments that gauge students’ “prepa-
ration for future learning.” The preparation for future learning tasks asked
students to read new material that was composed to include opportunities to
learn. On this kind of task, they found that students who had been in a learn-

ing condition where they were first asked to invent a solution to a problem
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were more likely to learn from the new material than students who had been
given traditional instruction consisting of explanations, examples, and practice.

In Table 2 of the Appendix we summarize types of assessment that can
be used in long-term inquiry approaches. As the table shows, assessment ven-
ues can be construed broadly to include rubrics that are applied to artifacts,
whole class discussions, midcourse design reviews, performance assessments,
and new transfer problems. The best project-based approaches use a combi-
nation of informal ongoing formative assessment and project rubrics that can
both communicate high standards and help teachers make judgments about
the multiple dimensions of project work. For rubrics to be useful, they must
include scoring guides that specify criteria, ideally written for both teachers and
students. More research on designing and using such assessments is needed.

Finally, formative assessment is a critical element in learning generally,
and it is especially important in the context of long-term, collaborative work.
Formative assessment is designed to provide feedback to students so that they
can then revise their understanding and their work. It is also used to inform
teaching so it can be adapted to meet students’ needs. The benefits of forma-
tive assessment for learning have been documented in a classic review article
(Black & Wiliam, 1998a), which documented that substantial learning gains
result from giving students frequent feedback about their learning, especially
when that feedback comprises specific comments that can guide students’
ongoing efforts.

An important aspect of ongoing assessment is development of students’
capacity to assess their own work, so that they internalize standards and become
meta-cognitive in their thinking about their own learning. The power of these
approaches has been illustrated in many studies (see, e.g., Black & Wiliam,
1998; Magnusson & Palincsar, 2004; Palincsar & Brown, 1984; Paris, Cross, &
Lipson, 1984; Schoenfeld, 1992). A useful illustration can be seen in a com-
parison group study that evaluated the impact of self-assessment on student

learning in twelve inquiry-based middle school science classrooms featuring
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inquiry cycles in which students investigated concepts of force and motion
through experiments and computer simulations. The experimental groups used
half their time in discussion structured to promote self- and peer-assessment of
cognitive goals and processes, while the control group used this time for gen-
eral discussion of the concept. The study found that students involved in self-
assessment showed significantly larger gains on both a conceptual physics test
and project scores, and that students with low pretest scores showed the largest
gain on all of the outcome measures (Frederiksen & White, 1997). An analy-
sis of formal and informal self-evaluation processes in Australia and England
(Klenowski, 1995) concluded that an integrated practice of self-assessment leads
students to take a greater responsibility for their own learning, thus cultivating
a shift toward intrinsic motivation and internal locus of control.

Research on formative assessment suggests that feedback is more pro-
ductive when it is focused on student process, rather than product, and keyed
on the quality of the work (task-involving) rather than quality of the worker
(ego-involving), offering comments instead of grades for students to consider
(Black & Wiliam, 1998a; Butler, 1988; Deci & Ryan, 198s5). Shepard (2000)
suggests that the focus on process and task allows students to see cognitive
prowess not as a fixed individual trait but as a dynamic state that is primarily
a function of the level of effort in the task at hand (see also Black & Wiliam,
1998a, 1998b). This can support their motivation as they sustain confidence
in their own ability to learn.

This is compatible with recent research underscoring the influence of
a student’s identity as a learner on his or her engagement and approaches to
learning. How students see themselves in relation to activities and disciplines
can influence the goals they adopt and the strategies they pursue (Boaler &
Greeno, 2000; Gee, 2003; Gresalfi & Cobb, 2006; Nasir & Kirshner, 2003). It
has been hypothesized that as students become engaged as producers of com-
plex products and organizers of long-term projects, they begin to recognize

within themselves capacities that lead them to identify as authors, designers,
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critical consumers, and analysts (Barron, 2006a, 20006b; Mercier, Barron,
O’Connor, 2006). These identities, or possible selves (Markus & Nurius,
1986), in turn can lead to development of learning goals that support contin-
ued engagement (Nasir, 2005). The highly engaging nature of inquiry-based
approaches is often noted. If these approaches are supported by formative
self- and peer-assessments and opportunities for feedback and revision, posi-
tive identity construction is reinforced, which may be as important to long-
term learning outcomes as near-term knowledge gains (Barron, 2006a, 2006Db;
Hidi & Renninger, 2000).

It is important to note that there are a set of related practices of impor-
tance in the activities we have described: integration of assessment and instruc-
tion, systematic use of iterative cycles of reflection and action, and ongoing
opportunity for students to improve their work. The practices are grounded in a
conception of learning as developmental and a belief that all students will learn
from experience and feedback, rather than being constrained by innate ability.

As Black and Wiliam (1998a) remark of one of the studies they reviewed:

An initiative can involve far more than simply adding some
assessment exercises to existing teaching—in this case the two
outstanding elements are the focus on self-assessment and the
implementation of this assessment in the context of a constructiv-
ist classroom. On the one hand it could be said that one or other of
these features, or the combination of the two, is responsible for the
gains, on the other it could be argued that it is not possible to intro-
duce formative assessment without some radical change in class-
room pedagogy because, of its nature, it is an essential component
of the pedagogic process [p. 9].

Even though formative assessment may be introduced as part of a “radi-
cal change in classroom pedagogy,” it also creates fundamental changes in

teachers’ ability to teach effectively. As Darling-Hammond, Ancess, and Falk
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(1995) observed in a study of five schools’ use of performance assessments to
drive high-quality learning, “As [teachers] use assessment and learning dynam-
ically, they increase their capacity to derive deeper understanding of their
students’ responses; this then serves to structure increased learning opportu-

nities” (p. 131).

CONCLUSION

This section has presented classroom approaches that support sustained
inquiry and collaborative work. It is clear that such approaches are critical
for preparing students for future learning. The research to date suggests that
inquiry-based approaches can be productive and an important way to nurture
communication, collaboration, and deep thinking, but it is also challenging
to implement them. A major hurdle in implementing these curricula is that
they require simultaneous changes in curriculum, instruction, and assess-
ment practices—changes that are often foreign to teachers as well as students
(Barron et al., 1998; Blumenfeld, Soloway, Marx, Krajcik, Guzdial, & Palincsar,
1991). Teachers need time—and a community—to support their capacity to
organize sustained project work. It takes significant pedagogical sophistication
to manage extended projects in classrooms so as to maintain a focus on “doing
with understanding” rather than “doing for the sake of doing” (Barron et al.,
1998). In the chapters that follow, we examine how meaningful learning that
operates from these principles can be pursued in the fields of literacy, math-

ematics, and science.
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