Research Summary

PROJECT-BASED LEARNING IN MIDDLE GRADES MATHEMATICS

In support of This We Believe characteristics:

« Students and teachers engaged in active learning

« Curriculum that is relevant, challenging, integrative,
and exploratory

« Multiple learning and teaching approaches that respond
to student diversity

+ Assessment and evaluation programs that promote
quality learning

The focus of this research summary is to foster an
understanding of project-based learning (PBL), particularly
in mathematics education; to explain the factors for making
a conscious decision to implement PBL in middle grades
mathematics classrooms; and to provide insights about the
possible realized effects when mathematics-based PBL is
implemented.

What is and What is Not Project-Based Learning (PBL)

A number of terms are used to describe inquiry- and project-
focused teaching and learning that is supported by best
practices and research-based approaches. Project-based
learning typically begins with an understanding of a clearly
defined end product. This is in contrast to problem-based
learning, which is focused on a problem students are expected
solve in idiosyncratic ways and is subsumed under project-
based learning. Problem-based instruction is generally
situated around a problem statement that allows for unique
learning destinations. While the learning context is common
to all groups, the paths may differ considerably—all leading
to distinct learning. In project-based learning, on the other
hand, all students engage in a common project with unclear
processes but clearly identified expected outcomes.

Evolving from medical and engineering schools, project-based
learning includes an emphasis on students constructing
individualistic and shared understandings of important content
and concepts as they explore the learning context (Schneider,
Krajcik, Marx, & Soloway, 2002). Some of the learning event
information may initially be useless, and some parts may

be interesting; but, generally, this ambiguity may make
students and, occasionally, teachers uncomfortable. However,
participating in and exploring the learning event often
provides the impetus to engage content and develop skills,
just as experts do in practice (Ward & Lee, 2002).

With project-based learning (Bodilly, Purnell, Ramsey, & Smith,
1995, Schneider et al, 2002) students constantly pose and

refine questions. They design and construct simple and/or
complex investigations which require them to gather analyze,
and interpret data to report findings. Project-based learning
(PBL) has been linked with increased academic achievement
(Blumenfeld, Soloway, Marx, Krajcik, Guzdial, & Palincsar, 1991;
Boaler, 1998; Cognition and Technology Group at Vanderbilt,
1992; Means & Olson, 1997; Schneider et al.). However,
successfully implementing PBL often necessitates extended
professional development for teachers, on-site support, and
collaboration among the various subject area teachers to
achieve the increased academic achievement.

Differentiated instruction is one byproduct of PBL, because this
strategy allows for individual student needs to be addressed
by several means: purposively assigned groups, multi-tiered
evaluation and assessment, and deliberately selected learning
tools (Bodilly, Keltner, Purnell, Reichardt, & Schuyler, 1998;
Bodilly, Purnell, Ramsey, & Keith, 1996; Bodilly et al., 1995). While
the teacher is in partial control of the differentiated learning
environment, because the learning task is open ended, the
students play an important role in governing their learning.
When doing a PBL activity, students are engaged in more
idiosyncratic investigations, directing their own learning

and making decisions about what they are going to do and
how they will do it to achieve target goals. For this to occur,
teachers need to create an environment and support a climate
where students have the freedom to learn on their own,
converse with each other, ask questions, and have autonomy
to seek answers from a multitude of resources. Meaningful
learning rarely occurs from the traditional lecture method,
therefore, students who are engaged with finding a solution
to a situation that is personally meaningful make the most of
the experience, have increased motivation, and are willing to
persist in the task, even when it is complicated, or when they
experience minor setbacks (Cross, 1996).

The teacher’s belief system is paramount. A teacher who
believes that social constructivism (Vygotsky, 1978) or situated
learning (Boaler, 1999; Cobb, 1988) is useless, will find the work
and effort for accomplishing PBL to outweigh its benefits. The
tenets of constructivism, in its many versions, underlie PBL
designs (Grant, 2002). In PBL, the teachers'role necessitates that
they allow all students to engage in developing personally and
collaboratively negotiated meanings from the learning event
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(Harel & Papert, 1991; Kafai & Resnick, 1996). The success of
PBL should be assessed on many levels including emotional
development, collaboration, leadership, and negotiation skills
that are essential for project success (Glaser, 1992; Glennan,
1998). When teachers allow students more autonomy over
what they learn, it improves motivation, and students assume
more responsibility for their learning (Tassinari, 1996; Wolk,
1994; Worthy, 2000). However, this does not mitigate the
important need for the teacher to be actively engaged in the
learning task as both a role model and an advisor. This role
also does not forsake whole-group didactic instruction, but
makes careful use of it to address learning deficits. The teacher
can function as a co-constructor of knowledge (Rosenfeld

& Rosenfeld, 2006). In this role, the teacher must possess
profound content knowledge, be confident in his or her skill
to facilitate learners of diverse abilities, and be prepared to
deal with a more diverse set of questions—potentially across
disciplines. Consequently, the role of the teacher and this
diversity in content raise questions about the scope and style
of assessing student learning.

Assessment in PBL takes several forms, generally fitting

into two broad classifications—formative and summative.
Formative assessments provide insights into the progress
students are making on the project as well as their status
toward mastery of the outcomes. Formative assessments

can consist of authentic assessments including reports,

webs of important information, and oral reports of their
progress toward completion (Polman, 1999). These formative
assessments function to help the teacher determine where
students are having difficulty and how to best address those
needs. They also give the teacher insights into both group
and individual functioning, allowing him or her to make
adjustments to group composition, customize learning
expectations, and provide selective and targeted remediation
and assistance. Comparatively, summative assessments in PBL
are often administered at periodic intervals to assess specific
aspects of the learning goals. While summative assessments
are used to take snapshots of student progress, they also
inform the teacher about specific assessment deficits with
regard to item construction, testing format, and testing
setting (Ronis, 2007). Because of recent accountability issues,
summative assessments, more often than not, resemble state
high-stakes tests.

Mathematics Project-Based Learning Overview

In general, PBL is a well-known concept with many definitions
that probably originated in engineering schools (cf. Barrows,
1986). For the purposes of this research review, the definition is
closely aligned with that of inquiry-based learning. Therefore,
this review deals with the idea of PBL as ill-defined tasks with
clearly stated student expectations (Albanese & Mitchell, 1993;
Barrows, 1997; Dempsey, 2002). Occasionally, cited research

in this brief may have targeted a sample other than middle

schoolers, however, the findings can reasonably be associated
with children of all ages and grade bands. There are myriad
articles in peer-reviewed journals about mathematics PBLs,
however, many are practice based, that is, they are "how tos”
or descriptions of successful project-based lessons (Bernt,
Turner, & Bernt, 2005; Bombaugh & Jefferys, 2006; Horton,
Hedetniemi, Wiegert, & Wagner, 2006; Johnston, 2004; Jones
& Kalinowski, 2007; Schooler, 2004). However, a number

of empirical research studies exist to assist in guiding the
discussion and implementation of mathematics PBL in
middle grades classrooms.

A common misconception is that PBL exists in a separate
realm, and that realm is specific to one content area. In

fact, PBL is richly integrative and multidisciplinary. The
usefulness of PBL as a real-world microcosm for students to
investigate would provide no further levels of engagement
or interest over traditional instruction without the richness of
integrating multiple subject areas. Therefore, when one refers
to mathematics PBL or PBL in any other content area, that
particular content area is the focus or central theme to which
assessment is geared within PBLs interdisciplinary content. In
addition, regardless of the content focus of the PBL, several
important individual student factors essential for increased
achievement are addressed. For example, any PBL learning
event either mediates or is mediated by motivation/attitude,
expertise, and content (Ross, Troutman, Horgan, Maxwell,
Laitinen, & Lowther, 1997). The iterative effects of these
factors will be discussed from the perspective presented in
the literature.

Motivation and Attitude in Mathematics

Motivation and attitude are often undifferentiable in the
literature and are used interchangeably because of the dearth of
research in this area. However, one can imagine that motivation
and attitude are related to realized achievement. Students

who are highly motivated and have positive attitudes toward
mathematics demonstrate higher success and achievement
levels compared to the polar opposites (Ma, 1997; Singh,
Granville, & Dika, 2002). Project-based learning emphasizes
student autonomy and collaborative learning, which have been
found to improve motivation and attitude. Most assessments
should be authentic in nature, which allows the evaluation of
content learning as well as applied knowledge and real-world
skills (Anderman & Midgley, 1998; Grouws & Lembke, 1996; Hart
& Allexsaht-Snider, 1996). The mathematics PBL design process
has been shown to increase engagement by providing variety,
novel challenges, greater student choice, and a break from
routine school learning (Bernt, Turner, Bernt, 2005; Blumenfeld et
al, 1991; Bodilly et al,, 1998).

Building Expertise and Content Knowledge

Assimilating content expertise is a major factor that can have
an impact on a person’s willingness to engage actively in a




project. Each student’s perception of his or her own skills on
the continuum from novice to expert may either promote

or hinder their realized success within mathematics. Project-
based learning designs can be attenuated to move students
from the novice to expert stage, gradually building the skills
necessary for success (cf. Barrows, 1986, 1997) in complex
mathematics PBL designs (Blumenfeld, et al, 1991). Research
has demonstrated that students who experience PBL as part
of their mathematics coursework develop skills associated
with increased expertise such as improved metacognitive and
self-regulatory skills (Collins, Brown, & Newman, 1991; cf. Glaser,
1992). Accordingly, PBL scenarios should be scaffolded in a
way that ensures middle graders progress from the novice to
the expert level of inquiry and problem solving. Therefore, it
is essential to reproduce conditions under which field experts
master their craft and increase their proficiency in conducting
investigations (Blumenfeld et al.). This expertise shift from
teacher-directed, teacher-assigned work with emphasis on
comprehension and assimilation to a student-directed and
goal-oriented learning model may lead to vast improvement
in what may be considered a status-quo state of research on
“knowledge transfer” (Cognition and Technology Group at
Vanderbilt, 1992).

Mathematics project-based learning designs generally
incorporate scaffolding tools in the form of learning aids,
models, and data gathering that help students become experts
at conducting inquiry activities (Barron et al,, 1998; Meyer,
Turner, & Spencer, 1997). For instance, incorporating technology
into PBL supports the learning environment and makes it more
authentic (Krajcik, Blumenfeld, Marx, & Soloway, 1994).

General Research on Mathematics Project-Based Learning

The effectiveness of PBL is multifaceted and multidimensional.
The chosen outcome measure often governs the effectiveness
one can expect to achieve. For example, when considering
performance on standardized or high-stakes tests, the
obtained effects are somewhat consistent (Shepherd, 1998).
Generally, mathematics achievement gains lag those in
reading and science. However, longitudinally, the mathematics
performance of students engaged in PBL is greater than those
students who did not participate in PBL (Grant & Branch,

2005; Horton et al.,, 2006; Johnston, 2004; Jones & Kalinowski,
2007; Ljung & Blackwell, 1996; McMiller, Lee, Saroop, Green, &
Johnson, 2006; Toolin, 2004). In the overall literature on PBL,
when its implementation is accompanied by sustained and
meaningful professional development for teachers, the PBL
group demonstrates modest gains over comparison groups
(Berands, Kirby, Naftel, & McKelvey, 2001).

While problem solving is not usually the focus of most PBL
designs, it is a foundational skill for students. In general, the
literature seems to indicate that in PBL environments problem
solving ability increased over time (Glennan, 1998; McQuillan
& Muncey, 1994; New American Schools, 1999; Northwest

Regional Educational Laboratory, 1997; Ross, Saunders,
&Wright, 2000). This effect was most pronounced when
matched comparison groups were used in pretest and posttest
designs (Gallagher, Stepien, Rosenthal, 1992; Stepien, Gallagher,
& Workman, 1993). Research has also shown improvement

in students'abilities to use their knowledge in more flexible
and novel ways (Shepherd, 1998), without sacrificing gains in
other areas (Penuel & Means, 2000), which can be a benefit of
engaging in problem solving.

Project-based learning can only be considered a useful
pedagogical strategy if, through its use, teachers can be
reasonably assured that mathematics content and concept
development are realized. In several studies employing various
methodological designs, increased conceptualization and
overall performance have been indicated (Barron et al,, 1998;
Boaler, 1997, 1998). While much of the mathematics taught
and learned is within science-contextualized projects, it is vital
to note that mathematics PBL is often considered an informal
mathematics education setting.

PBL, Informal Mathematics Education (IME), and
Representations

Informal mathematics education plays a significant role in the
development of fluid mathematical understandings, creative
thinking, and problem solving (Glennan, 1998; McQuillan &
Muncey, 1994). It is these fluid understandings that support
more complex and abstract mathematical learning in formal
settings (Shulman & Armitage, 2005). While many PBL designs
are manufactured in classrooms, students encounter numerous
informal mathematics learning environments in their everyday
lives. For instance, they develop higher-order mathematical
thinking skills during shopping as they are faced with complex
situations such as applying percentage discounts and sales
taxes, they need to understand statistics when they watch
sports or design winning strategies as they play games. In
these informal mathematics learning settings, students build
informal mathematical representations, which are generally
proxies for the more abstract versions they will encounter in
their formal school environment.

Informal mathematical representational models can take
various forms such as visual and concrete models. Visual
models assist students in developing internal representations
for mathematics, and concrete models allow kinesthetic
manipulation. Representation is important to learning because
it can be used as a means of communication and reasoning
(Capraro & Capraro, 2006). Educators need to allow students

to see problems through their own eyes to develop their

own understandings and internal representations that can be
expressed with an external representation.

[tisimportant to note,"... students will need a variety of
representations to support their understanding” (National
Council of Teachers of Mathematics, 2000, p. 69). PBL




environments provide students projects that involve several
representational models of the same mathematics content,
which help them to develop understandings that are

more robust. These multiple representations can facilitate
connections between mathematical ideas and students'ability
to express these ideas using formal mathematical language. By
encouraging the use of a variety of representations, teachers
enable students to become more effective mathematical
communicators who can explain their thinking about
problems. The knowledge and use of multiple representations
will also allow students to understand better, when a particular
representation is applicable and/or appropriate to a particular
type of problem.

Conclusion and Recommendations

Current research findings about the implementation of project-
based learning in mathematics classrooms provide evidence
for affective advantages of PBL such as increased student
achievement (Expeditionary Learning Outward Bound, 1997,
1999), gains in students'problem solving ability (Gallagher
etal, 1992), increased subject matter understanding (Boaler,
1997), improved attitudes toward mathematics (Cognition and

Technology Group at Vanderbilt, 1992), and improvements in
collaborative skills.

However, both teachers and students face challenges as

they enact PBL in classrooms. For instance, students need
scaffolds as they conduct systematic inquiry, and teachers face
dilemmas between allocating time to student investigations
and curriculum coverage or between being a co-constructor
of knowledge and a disseminator of information. There are
also constraints in schools such as inadequate resources

or inflexible schedules. One of the main reasons for these
challenges is that research on PBL has not been very influential
on practice. Teachers need research-based resources to

guide their instructions in PBL environments. There is also
need for more research on the effectiveness of PBL to justify
the dissemination of PBL practices and resource materials
(Thomas, 2000). Additionally, to assess adequately the effects
of PBL environment on student learning, research studies

need to evaluate student learning on multiple levels such

as application and communication of knowledge, problem
solving, metacognitive abilities, and collaborative working skills
(Klein, O'Neil, Dennis, & Baker, 1997).
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ANNOTATED BIBLIOGRAPHIES

Horton, R. M., Hedetniemi, T, Wiegert, E.,, & Wagner, J. R. (2006). Integrating curriculum through themes. Mathematics Teaching in
the Middle School, 11, 408-414.

This article highlights an approach by the South Carolina Studies project that integrates eighth-grade mathematics, science,
language arts, and social studies curricula. Mathematics was chosen as the center of the integration and used themes relevant
to South Carolina landforms as cornerstones of integrated lessons. For instance, Rock Mountain gives students the opportunity
to investigate the region. The authors explain various steps in the development of courses. A sample matrix of activities helps
teachers from each content area to see student experiences across the content strands. The paper also includes a sample
mathematics lesson plan. The lesson plan includes activity procedures, student worksheets, answer keys, and suggested
assessment methods. The authors conclude that the approach was a relatively easy way to integrate multiple disciplines.

Schooler, S. R. (2004). A"chilling” project integrating mathematics, science, and technology. Mathematics Teaching in the Middle
School, 10, 116-121.

Schooler describes her collaboration with a technology education teacher to provide seventh-grade students with an
opportunity to apply their classroom learning in a realistic situation. The two teachers combined their classrooms once a week
to design and build an ice-container. Students used their mathematical knowledge about three-dimensional objects and their
technology knowledge in the design process. Teams of students developed several designs with suggestions and feedback
from teachers and the other teams. The author concludes that this interdisciplinary project provided students with a learning
experience that deepened their understandings of surface area and volume of three-dimensional objects. In addition, while
working as a team to produce a product, students enhanced their collaborative skills.

Merrill, C, & Comerford, M. (2004). Technology and mathematics standards: An integrated approach. Technology Teacher, 64(2), 8-12.

The authors portray the development of a standards-based, integrated technology and mathematics lesson. Using the design
and construction of stair systems as a hands-on activity that connects theory to practice, this project requires integration of
knowledge from technology and mathematics. The authors develop a lesson plan with a focus on standards for technological
literacy and mathematics. At the culmination of the project, students are evaluated based on their stair designs, educational
visions, pictorial displays of the product, and papers describing the overall project. The provided lesson plan includes the
standards, objectives for students, the activity procedure, and evaluation guidelines.
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