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Chapter 6

A Multimedia Learning Tool 
that Allows High School 

Teachers and their Students to 
Engage in Scientific Research

Jacqueline S. McLaughlin
The Pennsylvania State University - Lehigh Valley, USA

Scientific inquiry refers to the diverse ways in which 
“scientists” study the natural world and propose 
explanations based on the evidence derived from 
their work. Inquiry also refers to the activities of 
“students” in which they develop knowledge and 
understanding of scientific ideas, as well as an 
understanding of how scientists study the natural 
world. (National Science Education Standards, p. 
23.)

introduction

Can technology change the way science is taught? 
The answer is yes. Strategically designed interactive 
technology is allowing us to link skilled educators 
and research scientists from around the world with 
high school teachers for professional development, 
and with their students for high impact, or higher-end 
inquiry learning. In short, technology is allowing 
us to build new and effective multimedia learning 
tools and strategies for the 21st Century classroom, 
which bring real-world research experiences to life 
for teachers and students.

abstract

This chapter presents a new and different type of multimedia learning tool, the so-called “research 
module.” This unique, learner-centered, multimedia tool aims to create a learning environment wherein 
high school teachers and their students engage in higher-order, inquiry-based activities that allow 
them to “do” actual scientific research in the classroom. This chapter also describes the design and 
implementation of these computer-based resources, as well as assessment data on student learning, and 
perceptions of both textbooks and computer-based learning tools. It also reveals high school teachers’ 
attitudes toward the use of both computer-based resources and textbooks.
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Technology is helping biology instructors re-
define their “pedagogical toolboxes” for the 21st 
Century classroom. Indeed, new, technology-cen-
tered, multimedia learning tools are evolving, and 
through their evolution, are allowing instructors 
to re-imagine the endless possibilities for teaching 
in innovative and exciting ways. Moreover, they 
are creating interactive classrooms, empowering 
instructors to be facilitators of learning, and help-
ing to excite the next generation of researchers 
and scientifically aware citizens.

definitions

According to Mayer (2001), the term multimedia 
means the presentation of material using both 
words and pictures. The words can be printed 
(e.g., on-screen text) or spoken (e.g., narration). 
The pictures can be static (e.g., illustrations, 
graphs, charts, photos, or maps) or dynamic 
(e.g., animation, video, or interactive illustra-
tions). This definition is broad enough to cover a 
textbook, a computer-based narrated animation, 
and a “research module” – which you will read 
about herein.

Mayer and his associates have been carrying 
out research for years to figure out how to best use 
words and pictures to foster meaningful learning. 
In fact, they have proposed a “Cognitive Theory 
of Multimedia Learning” to explain how the mind 
works in multimedia learning (Mayer and Moreno, 
1999). According to Mayer, multimedia learning 
refers to learning elicited by words and pictures, 
and multimedia instruction is the presentation of 
words and pictures that are intended to foster learn-
ing. Importantly, there are two contrasting views 
of multimedia learning – multimedia learning as 
information acquisition and multimedia learning 
as knowledge construction.

Basically, if you view multimedia learning 
as information acquisition, then multimedia is 
merely an information delivery system. According 
to this viewpoint, learning simply involves add-
ing information to a student’s memory bank. Not 

surprisingly, the information acquisition view is 
sometimes called the “empty vessel” view because 
the learner’s mind is seen as an empty container 
that needs to be filled by the teacher pouring in 
the information.

In contrast, if you view multimedia learning 
as knowledge construction, then multimedia is a 
cognitive aid (think of yourself as an architect). 
According to this view, multimedia learning is a 
sense-making activity in which the learner seeks 
to build a coherent mental representation from the 
presented material. Unlike information, which is 
an objective commodity that can be moved from 
one mind to another, knowledge is personally 
constructed by the learner and cannot be deliv-
ered in exact form from one mind to another. In 
this view, the teacher functions as a facilitator 
who provides guidance to frame and support 
the learner’s cognitive processing. The respon-
sibility for learning shifts to the student, and the 
teacher becomes the guide who highlights what 
to pay attention to, how to mentally organize the 
information, and how to make it relate to prior 
knowledge. As Mayer’s states, the teacher here 
is “an aid to knowledge construction.”

Mayer, like myself, favors the knowledge-con-
struction viewpoint because it is more aligned with 
the research base of how people learn (Bradsford 
et al., 1999). The knowledge-construction view of 
multimedia learning is consistent with our mutual 
goal of using multimedia in the classroom – to 
help students develop an “understanding” of the 
presented material rather than exposing students 
to, and overloading them to, vast quantities of 
information. Importantly, Mayer, also supports, as 
I do, “learner-centered” rather than “technology-
centered” multimedia approaches when it comes 
to multimedia design for student learning (Mayer, 
2009). Learner-centered approaches begin with 
an understanding of how the human mind works 
and ask, “How can we adapt multimedia technol-
ogy as an aid to human cognition?” In contrast, 
technology-centered multimedia approaches begin 
with the functional capabilities of multimedia 
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and ask, “How can we use these capabilities in 
designing multimedia tools?” The bottom line 
is this: The former focuses on using multimedia 
technology as an aid to human cognition, while 
the latter aims only to incorporate man-kind’s 
cutting-edge multimedia technology into pre-
existing lesson plans. As Mayer states, simply 
providing “access to technology” is an approach 
with a 100-year history of failure. Norman (1993, 
p. xi) eloquently makes a similar point about 
technology-centered approaches: “We need to 
reverse the machine-centered point of view and 
turn it into a person-centered point of view. Tech-
nology should serve us.”

Inquiry exists on a continuum from a pure 
verification experience in a classroom or labo-
ratory (textbook/lab manual) to a full-fledged 
research immersion in a real-world laboratory 
(Weaver et al, 2008). The levels of.” intellectual 
ownership and responsibility increase along this 
gradient, in that students transition from simple 
confirmation of details to engaging in full-fledged 
professional science practice itself. So propelled 
to move inquiry into K-12 classrooms was the US 
National Research Council (NRC) that in 2000, 
after providing a set of standards that “outline 
what students need to know, understand, and be 
able to do to be scientifically literate at different 
grade levels” (NRC, 1996), it published a book 
devoted entirely to defining the term inquiry and 
showcasing how teachers and students can use 
this modality to learn how to do science, about 
the nature of science, and science content.

The reality of large-class sizes, scarce resources 
and/or overscheduled teachers is such, however, 
that until this day, education at the secondary 
level predominantly focuses on lower levels of 
inquiry–memorization of textbook content and 
packaged laboratory activities, with only an oc-
casional outdoor activity. Moreover, the science 
that underlies this curriculum in general remains 
watered-down, in the form of vocabulary words 
and definitions, for example, and color-coded 
diagrams, graphs, and tables. By the time pre-

service science teachers come to their supervised 
field experiences, they face the daunting tasks of 
preparing lessons for students with sub-optimal 
materials and methods in an age where understand-
ing of science is crucial.

A well-known approach to undergraduate 
education involves direct mentoring by a sci-
entist, such that an undergraduate works in the 
lab of a scientist to perform hands-on research. 
Using this approach, students engage in many of 
the activities and critical-thinking processes as 
scientists—such as making observations, formu-
lating questions, gathering evidence, interpreting 
reproducible data, and communicating results. 
Moreover, they come to appreciate that science 
is not a linear process; it’s the “application” of 
conceptual knowledge in a particular field(s) to 
the intellectual task of asking “questions” in an 
attempt to answer the why’s, how’s, and if’s of 
our natural world. These apprenticeship-based 
and authentic research experiences, however, 
generally only take place outside the normal 
course time and rarely, if ever, exists with regard 
to high school curricula. The latter are lucky if 
they get to partake in a science fair project with 
adequate research guidance. Indeed, as pointed 
out in the National Science Education Standards 
(National Research Council, 1996), the activities 
and thinking processes used by scientists are not 
always familiar to the K-12 educator seeking to 
introduce inquiry into the classroom or laboratory. 
A survey completed in 2007 found that K-12 math 
and science teachers reported spending an average 
of 39% of their time on inquiry-based instruction 
(Marshall et al., in press). Further observations 
suggested that the inquiry being implemented was 
often of poor quality.

Science teaching at the secondary level can in-
volve research-level inquiry, if teachers are trained 
to do scientific research and have the proper tools. 
By taking part in “scientific research experiences 
themselves, teachers can better understand basic 
research techniques (Pasley, 1998), procure an 
increased understanding of science as a research 
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endeavor (Dotterer & Pasley, 2000), and establish 
a greater sense of authority when describing the 
research process with students. As a result, such 
teachers become more proficient in doing actual 
scientific research alongside their students; in fact, 
it becomes a priority. The Highlights Report: Inside 
the Classroom (2003) indicates that if teachers 
experience basic research and believe that it is 
important for their students to engage in research, 
the content of their courses will shift towards 
students uncovering concepts through inquiry.

Yet, in an age where the costs of complying 
with unfunded mandates such as the No Child 
Left Behind Act of 2001 (or NCLB, US Public 
Law 107-110, which requires states to develop 
assessments in basic skills to be given to all 
students in certain grades in return for receiving 
federal funding for schools) fall to already over-
burdened school budgets, in-service teachers find 
themselves without resources and/or the time for 
professional development—greatly limiting avail-
able time and resources for developing teaching 
approaches that harness the critical thinking skills, 
rigor, creativity, and spirit of basic research that 
will simultaneously help their students master sci-
ence content standards. It is no wonder then that, 
even though the NRC called for inquiry to be a 
greater force in our science classrooms, in the past 
13 years inquiry has still not become prevalent in 
our science classrooms at any grade/ability level.

Without training and the right pedagogical 
tools, teachers fall back on, lean on, and are 
further removed from being weaned-off the old 
textbook and cookbook laboratory activities. The 
reality: While science is a practice that must be 
engaged in, most textbooks teach instead the his-
tory of science. Science is currently taught as a 
series of facts (National Science Council, 2003). 
Complicating matters more are the facts that most 
students in high school are not reading their sci-
ence textbooks, nor understanding the content 
(American Association for the Advancement of 
Science, 2000).

Today’s high school science classrooms must, 
therefore, take bold steps to engage students in 
the high end of Bloom’s taxonomy (analyze, 
evaluate and create). To do this, they need to re-
define the pedagogical tools for the 21st Century 
classroom. Indeed, technology can be used to 
create new, “learner-centered” (again, focus here 
is on the nature of the human cognitive system, 
not on the capabilities of technology itself, Mayer, 
2009) multimedia learning tools and multimedia-
learning strategies that shift students away from 
mere textbook-learning modalities so as science 
becomes real. Such multimedia learning tools can 
bridge the gap between teaching and research by 
bringing real-world research scientists, and their 
experiences and actual scientific data directly into 
high school (and undergraduate) classrooms to 
educate teachers and students about the science be-
hind numerous, pressing global biological issues.

background

According to the authors of the National Science 
Education Standards (National Research Council, 
1996), students need “access to skilled professional 
teachers, adequate classroom time, a rich array of 
learning materials, accommodating work spaces, 
and the resources of the communities surrounding 
their schools.” Although national, state, and local 
budget cuts continue to constrain students’ access 
to all of these resources, curriculum developers 
nationwide have been collaborating with skilled 
teachers and scientists to create effective, inte-
grated learning strategies that strengthen teachers’ 
professional skills, make optimal use of classroom 
time, and broaden student access to learning 
materials via the Internet. Guidelines have been 
proposed by leading national science education 
organizations for the integration of technology 
into science classrooms and for the preparation 
of science teachers (Flick & Bell, 2000). These 
guidelines include the following:
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1.  Technology should be introduced in the 
context of science content.

2.  Technology should address worthwhile sci-
ence with appropriate pedagogy.

3.  Technology instruction in science should 
take advantage of the unique features of 
technology.

4.  Technology should make scientific views 
more accessible.

5.  Technology instruction should develop 
understanding of the relationship between 
technology and science.

Although textbook publishers have produced 
rich arrays of highly interactive CD-ROM ma-
terials for several decades, they often are priced 
outside the reach of many public school district 
budgets. Science teachers need more affordable 
options for accessing highly interactive science 
materials. Federal attempts over the last decade 
to close the digital divide through an estimated $3 
billion annual e-rate Internet funding (Universal 
Services Administrative Company, 2007) and 
the concurrent “Moore’s Law” (Moore, 2003) of 
halving prices while doubling computing power 
have rendered the Internet a far more accessible 
medium for many public school science teach-
ers and students. The project that is discussed in 
this chapter takes advantage of the increasingly 
more affordable Internet to deliver high quality, 
multimedia-learning materials for enhanced sci-
entific inquiry instruction in high school.

issues, controversies, 
ProbLems

In response to increased public school access to the 
Internet, the Office of Science Education (OSE) 
at the National Institutes of Health (NIH) recently 
launched a Curriculum Supplement Series of web-
based materials that continues to grow as funding 
and expertise are allocated to this project (OSE, 

2006). The major advantages of these materials 
for teachers are:

1.  Access to the materials in print or multimedia 
formats is free via the Internet.

2.  Practicing science teachers and NIH scien-
tists co-author the materials.

3.  Each learning module is aligned to national 
and state science standards.

4.  Teacher guides and complete lesson plans 
are also included at no charge.

The modules already available from the grow-
ing collection at the NIH Web site follow an 
adaptation of the classic Atkin-Karplus (and later 
Lawson) model of sequenced instruction, apply-
ing a Piagetian learning cycle. Recent cognitive 
research on how people learn and, particularly, on 
how children learn science has refined the earlier 
Piagetian cycles to occur much earlier and more 
iteratively in young learners’ brains (Bransford, 
Brown, & Cocking, 1999; Donovan & Bransford, 
2005; Duschl, Schweingruber, & Shouse, 2007).

Observing the integration of conceptual frame-
works to existing semantic maps and conceptual 
frameworks recommended in this updated work on 
learning science, the authors of the NIH-sponsored 
curriculum have utilized the “5E” instructional 
model (Bybee, 1993) that encourages learners to 
Engage, Explore, Explain, Extend, and Evaluate 
(BSCS, 2006). Teacher education programs should 
have access to these materials via the Internet, 
which is increasingly available in schools at lower 
costs than many packaged textbook ancillaries. 
Furthermore, faculty members who design cur-
riculum for the NIH curriculum should consider 
incorporating these resources into their required 
curricula.

Even as the NIH materials have begun to 
meet the national needs for multimedia science 
education tools that integrate authentic research, 
a similarly engaging internet-based project that 
is the subject of regional interest to the mid-
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Atlantic has simultaneously been reaching these 
same consistently high standards by integrating 
authentic scientific research from local, national, 
and international field sites into sequenced mul-
timedia learning materials. And, just as the NIH 
modules have been co-authored and field tested 
by science teachers, so too, have the CHANCE 
research modules been co-authored and field-
tested (McLaughlin, 2006; McLaughlin and 
Arbeider, 2008; McLaughlin, 2010). Moreover, 
these research modules expand on the 5E model 
in use on the NIH web site to incorporate the most 
current knowledge of how students learn science. 
Notably, McLaughlin and Arbeider (2008) have 
shown how these new environmental science and 
ecology multimedia learning tools are carefully 
aligned with the four perspectives of learning envi-
ronments: learner-centered, knowledge-centered, 
assessment centered and community centered 
(Donovan & Bransford, 2005).

soLutions and 
recommendations

Even as the NIH materials have begun to meet the 
national needs for multimedia science education 
tools integrating authentic research, a similarly 
engaging Internet-based project has been created 
to address these same standards for the students of 
Pennsylvania—by integrating authentic scientific 
research from Pennsylvania communities into 
sequenced learning materials. Just as the NIH 
modules are free, have been co-authored by sci-
ence teachers and scientists, aligned with national 
and state standards, and supply teacher guides and 
lesson plans, so too, do these CHANCE research 
modules, as this article will demonstrate.

Launched in 2004, the CHANCE professional 
development program is partnership between The 
Pennsylvania State University (PSU) and the 
Pennsylvania Department of Education (PDE), 
along with several funders. It was developed to 
(a) engage Pennsylvania in-service and pre-service 

high school teachers in environmental and conser-
vation science through the excitement of hands-on 
field research in selected ecosystems in Costa Rica, 
and to (b) enhance the way Pennsylvania teachers 
teach and the way Pennsylvania students learn by 
using real-world scientific data in the classroom.

These goals are achieved by participation in a 
field course and through the development, train-
ing, and implementation of the CHANCE research 
modules. The CHANCE modules, which are the 
focus of this chapter, are a set of seven internet-
based, environmentally themed, multimedia-
learning tools (htpp://www.CHANCE.psu.edu). 
Targeted toward high school science students, 
each module features a student-as-researcher ap-
proach through student manipulation of a data set 
contributed by scientists who are currently inves-
tigating the same topic. The CHANCE modules 
provide opportunities to work with real scientists, 
and research data helps students transition from 
learning via a textbook or cookbook lab to profes-
sional science practice.

These interactive multimedia learning tools 
support standards-based teaching (Pennsylvania 
Environmental Science and Ecology Standards, 
http://www.pa3e.ws/resources/academic-stan-
dards.html), enforce complex thinking and 
problem solving, embrace research skills, include 
appropriate assessments to measure student per-
formance, and portray real-world environmental 
issues. Yet, what makes the CHANCE modules 
so extremely unique is their ability to provide the 
balance of “whole science.”

Using multimedia technology, the modules 
transport the students to a virtual research loca-
tion. The format is similar to the idea of a virtual 
field trip, but instead of being guided by a teacher, 
students are guided by a renowned research sci-
entist. After completing several interactive and 
challenging assignments that cover essential core 
concepts, the students are taken to a research lo-
cation where they engage in the same process of 
scientific inquiry used by the researcher who has 
co-authored the module. Students then manipulate 
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authentic data in order to draw conclusions about 
an environmental issue. For example, in the most 
recently developed module on global warming, 
students first examine the major layers of the 
earth, and the unique layer that sustains life, the 
biosphere. They then learn about the carbon cycle, 
and how humans are shifting carbon from the 
lithosphere to the atmosphere. Then, after visiting 
the Scripps Institute of Oceanography in Hawaii, 
they plot the late Dr. Charles Keelings’ data on 
atmospheric CO2 levels and average global tem-
perature taken since 1960 to verify the evidence 
that atmospheric CO2 has been rising since the 
industrial revolution. Finally, students are trans-
ported to Costa Rica to work with Dr. Deborah 
Clark, an ecologist at the Organization of Tropi-
cal Studies, Costa Rica, known for her research 
on carbon stores and fluxes in tropical forests. 
Students take actual measurements of canopy 
tree annual growth over a sixteen-year period, 
gathering data published by Clark in 2003 in the 
journal, Proceedings of the National Academy of 
Sciences (PNAS), to demonstrate how increased 
canopy temperature affects rainforest productivity.

The following is a more in-depth description 
of how multimedia instructional technology is 
used to simulate Dr. Clark’s actual field research:

After locating Costa Rica and Puerto Viejo 
on an interactive map, users are welcomed to 
the LaSelva Research Station—taking in the 
sights and sounds of the rain forest as they learn 
more about this private biological reserve, one 
of the most important research sites in the world 
for studying the rainforest. Students then get to 
meet Dr. Clark, learn about her “Trees Project” 
on the affect of temperature on tree productivity, 
her research methods, and how she and her staff 
monitor over 2000 canopy trees in old-growth 
lowland rainforest. After being shown how to 
use a virtual diameter tape measure, they begin 
the research activity by virtually measuring the 
diameter and growth change of trees over a span 
of 15 years, and recording measurements in a 
table. Finally, they plot the table data on a graph, 

calculate a growth median, and compare it to the 
actual graph data set that Dr. Clark has published 
in her research paper. From interpreting this data, 
students discover that while canopy temperature 
has been increasing in the La Selva rainforest, 
tree growth (girth) has been decreasing.

Clark’s research is adapted in one of seven 
CHANCE modules that have been developed and 
are in use by high schools and educational organi-
zations throughout the world (see list of CHANCE 
“sponsors” on its web site). These modules focus 
on the following global topics: invasive plant spe-
cies; raptor migration; amphibians as indicators of 
environmental change; sea turtle nesting behaviors 
and survival; deciduous forest biodiversity; spe-
cies extinction; and, global climate change (Figure 
1). Modules in the planning stages include topics 
on watershed restoration, waste disposal, water 
pollution, and the newest technology in electric-
ity production—burning ‘culm’—the main waste 
product of coal incineration.

Each module maximizes classroom or labo-
ratory functionality. In addition to an animated 
research scenario, the modules’ template includes 
links to teacher guidelines; state and national 
standards; suggested websites; and ideas for al-
ternative creative, collaborative, and experiential 
classroom activities. Exclusive to these interactive 
modules is the CHANCE “Progressive Notebook,” 
which allows students to continually record their 
experimental research findings as they progress 
through the module—observing and carrying out a 
virtual experiment—in the manner of a “real-life” 
researcher collecting data.

Once a module is completed, the “Progressive 
Notebook” component can be printed for teacher 
review. While answer keys are available for each 
module (teachers can e-mail the appropriate 
authors --high school teacher, selected scientist, 
and the director), a teacher using a module should 
first complete it in its entirety to become familiar 
with the content and the scientific methodology 
employed, then set up a rubric of their own to 
grade students’ answers. Also, teachers who have 
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their students complete the suggested additional 
“Classroom Activities” that are provided for each 
module on a side link, may choose to grade these 
as well.

The CHANCE modules are also unique due 
to the way in which each module is developed 
through an intricate collaboration between teach-
ers, a prominent scientist(s), program director, a 
research institution, governmental organization, or 
non-governmental organization, and instructional 
technology experts. This partnership has ensured 
that the final products are a valid representation of 
cutting edge scientific research, address the most 
recent pedagogical practices in science education, 
and utilize effective and engaging multimedia 
instructional technology from animations, vid-
eos, and virtual explorations to allow students 
to explore, critically think about, and understand 

key environmental science issues and biological 
concepts.

Importantly, the CHANCE modules adhere to 
Pennsylvania state standards, and provide embed-
ded assessments. Similar to many state science 
assessments, a large portion (50%) of the Penn-
sylvania System of School Assessment (PSSA) 
focuses on the nature of science. At all grade 
levels, students must demonstrate proficiency in 
not only content-based knowledge, but also in 
their understanding of scientific processes. The 
Nature of Science portion of the Pennsylvania 
state-exam addresses the following specific areas: 
(a) unifying themes of science; (b) inquiry and 
design; (c) technology education; (d) technological 
devices; and (e) science, technology, and human 
endeavors. The CHANCE modules offer students 
experience in all of these areas while at the same 

Figure 1. CHANCE modules table of contents
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time, addresses specific content. For example, 
one of the specific assessment anchors requires 
that students “apply knowledge of scientific in-
vestigation or technological design in different 
contexts to make inferences to solve problems.” 
Each of the CHANCE modules does just this in 
its own unique context. Students analyze evidence 
in order to describe relationships – this is exactly 
what the state tests are requiring students to be 
able to accomplish.

Throughout all CHANCE modules, students 
are required to answer increasingly difficult 
questions. These lower-to higher-level thinking 
questions further their understanding and are 
the key to inquiry-based learning. For example, 
after working through an animation of a roadside 
disturbance in the module on invasive species, 
students learn about the Tree of Heaven (Ailanthus 
altissima), also known as Ailanthus, an invasive 
tree species originally from Asia, which is having 
a devastating impact on many of the natural-plant 
communities in Pennsylvania. Students are asked 
to make a hypothesis as to what will happen if one 
Ailanthus tree seed germinates, takes root, and is 
allowed to grow for a period of 10 years in the 
pond/meadow plant community they studied in 
the required activity. Thus, students must consider 
not only what they now know about the popula-
tion density and biology (life cycle) of the native 
species in this ecosystem, but also the biology 
of Ailanthus (life cycle) and the negative influ-
ences of invasive species, in general, to predict 
and explain how this plant will affect the survival 
of the native plant species already in existence.

These modules are freely available to anyone 
in the nation teaching high school biology or 
environmental science or to anyone who is look-
ing for an engaging alternative to teaching basic 
biological and ecological principles and environ-
mental issues while advocating environmental 
stewardship (http://www.CHANCE.psu.edu).
Of significance is the fact that dialogue among 
educators is encouraged, and teachers and their 
students can contact the module authors, their 

research mentors, and the director via direct links.
It is essential to note that CHANCE modules 

are meant to be authentic learning tools for both 
teacher and student; they are not meant to be 
“online” textbooks or test banks. They should be 
considered just one pedagogical tool in a teacher’s 
toolbox and never meant to totally replace text-
books or an entire curriculum. To cover all the 
academic standards for environmental science and 
ecology and to cater learning to meet all types of 
learning modalities, the modules can and should 
be used in conjunction with textbooks, classroom 
discussions, laboratories, fieldwork, and other 
inquiry-based technology tools.

The CHANCE modules allow scientists, from 
all over the world, to virtually work beside our 
youth sitting in classrooms and to share their expe-
riences and to think about and “do” their research. 
Indeed, Robert DeHaan reports in his exemplary 
review on the state science education in the United 
States that, “using real-research strategies to 
teach has profound effects on student learning, 
and could have profound effects in promoting a 
scientifically literate society and a reinvigorated 
research enterprise (DeHaan, 2005).”

tHe cHance moduLe 
Passes tHe test

Using the tools of science to teach science, the 
goal of these learning objects is to produce levels 
of understanding, knowledge retention and transfer 
that are greater than those resulting from tradi-
tional lecture classes by blending teaching and 
basic research through technology. Thus, a point 
that is worthy to consider is the actual degree to 
which the CHANCE modules exceed text-based 
instruction. In order to assess if the use of research 
modules enhance student learning of core biologi-
cal concepts and required Pennsylvania Environ-
mental and Ecological Standards set forth by the 
Pennsylvania Department of Education (www.
pde.state.pa.us/k12/lib/k12/envec.pdf), research 
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was conducted to assess learning before and after 
module use in selected Pennsylvania high school 
classrooms. Comparisons were made on similar 
groups of students who were taught the same 
concepts using a textbook only.

methods

Participants

These modules were used in several tenth grade 
classrooms in the Pennsylvania Pocono Mountain 
(suburban), Allentown (urban), and Salisbury 
Township School Districts (suburban) in the 
spring of 2008. Twelve classes of 20-30 tenth 
grade students per teacher for a total of 212 stu-
dents were asked to take part in this study (Table 
1). The tenth-grade students who participated in 
this study were enrolled in either Gifted High 
Potential (GHP), College Prep (CP), or Applied 
levels of biology study.

Five tenth grade teachers were selected for this 
study. Four acted in the classroom as Research As-
sistants who carried out teaching and assessment 
duties and also assisted with the collection of the 
informed consent documents, and with recruit-
ment, consenting, and data collection from the 
students. The fifth teacher acted as the Research 
Coordinator whose job was to coordinate teacher 
involvement with student participants and to en-
sure blind scoring of assessments and surveys. A 
senior instructional designer at The Pennsylvania 
State University, Ann Taylor, helped the Director 
and teachers develop the assessment tools: Con-

cept Assessments (tests) and Attitude Surveys. The 
Director and her undergraduate research students, 
Stephen Seaquist and Foram Dave, blindly scored 
assessments and surveys, carried out statistical 
analysis, and interpreted data.

All teachers had worked with the principal 
investigator, CHANCE Director, to complete a 
day-long CHANCE module training workshop, 
and agreed to participate in this study, and also 
completed a separate two-hour workshop on the 
use of the chosen textbook product, Biology, by 
Rob DeSalle and Michael Heithaus (2008).The 
latter workshop was held on August 27, 2007 at the 
Penn State Lehigh Valley campus and presented by 
David Bray, Sales Representative, Holt, Rinehart 
and Winston.

Experimental Design

The 10th grade students in the chosen biology 
classrooms completed three selected CHANCE 
modules in conjunction with related chapter read-
ings of the above mentioned textbook, or these 
same textbook chapters alone. To assess the impact 
of the modules on student learning, the following 
null hypothesis was tested:

There will be no significant difference in 
achievement (assessment performance) between 
high school students who experience science 
using on-line CHANCE research modules in 
conjunction with related chapters of a standard 
high school biology textbook (treatment group) 
versus students using these chapters alone (com-
parison group).

Table 1. Comparison of textbook and module groups pre and post scores 

Number of Students Mean Score t-value

Textbook Group Pre-Test 115 55.792 0.896

Module Group Pre-Test 97 57.708

Textbook Group Post-Test 115 63.107 3.114*

Module Group Post-Test 97 69.937

*p<0.001; N Total =212
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All students in the comparison group were 
evaluated with a pre-study Concept Assessment 
(test) and Attitude Survey before completing Unit 
2 on ecology (chapter 4--Ecosystems, chapter 
5--Populations and Communities, and chapter 
6--The Environment) of the Holt textbook. As the 
teachers progressed through the unit, the students 
in the comparison group completed questions from 
the Holt testbank and did all activities that were 
provided for each of the designated chapters of 
Unit 2. Additionally, all students were assessed 
with Concept Assessments (tests) after completing 
each of the designated chapters of Unit 2. After 
finishing the three designated textbook chapters, 
all students completed the same Attitude Survey 
that was administered pre-instruction. Three 
months after the completion of the assigned text 
chapters all students were re-assessed using the 
same Concept Assessment tool that was admin-
istered pre-study to determine the impact of the 
treatment on the students’ long-term memory.

After completing the same pre-study in-
struments described above, all students in the 
experimental group completed each of three 
selected CHANCE modules (the treatment of the 
study) in conjunction with selected readings and 
assignments from Unit 2 on ecology (chapters 
4--Ecosystems, chapter 5--Populations and Com-
munities and 6--The Environment) of the Holt 
textbook. The three CHANCE modules used with 
the experimental group covered material similar to 
the overarching themes/concepts of each selected 
book chapter. The students carried out all of the 
activities embedded within the CHANCE modules 
and answered questions that are provided in each 
module using the CHANCE on-line “Progres-
sive Notebook.” All students were assessed with 
identical Concept Assessments (tests) that were 
used for the comparison group after completing 
each of the three CHANCE modules. Again, the 
latter included completing all the module activities 
while using the CHANCE on-line “Progressive 
Notebook” and completing selected chapter read-
ings and assignments of the Holt textbook. After 

finishing the designated modules and textbook 
chapter content of Unit 2, all students completed 
the same Attitude Survey that was administered 
pre-instruction. Three months after the comple-
tion of the assigned modules and text content, all 
students were re-assessed using the same Concept 
Assessment tool that was adminitered pre-study 
to determine the impact of the treatment on the 
students’ long-term memory. Selected results are 
briefly described below as this study and all its 
data is being prepared for another manuscript.

Curriculum

Teaching Methodology
Both groups covered the same essential themes 
and, for the most part, unless otherwise indicated, 
covered the same key concepts. The teachers and 
Director met and developed a protocol to handle 
incidents when, in the experimental group, a 
chosen CHANCE module did not address one or 
more of the key concepts that were included in 
the selected chapters used by the textbook group. 
The devised plan of action included using the 
textbook as a supplement to the modules so that 
both groups still were taught identical material. 
Each teacher/researcher strictly adhered to this 
agreed upon procedure to ensure reliability. (Ex-
ample, deciduous forest module only covers this 
particular biome; and, in much more detail than the 
textbook. To ascertain that module students learned 
about the other biomes, such as the rainforest and 
the desert, textbook content describing the other 
biomes in the world was required.)

The implementation of the content for each 
group varied such that the control group was 
taught in a traditional manner with the teachers 
utilizing the lower-end inquiry teaching modal-
ity of “questioning” through text and the use of 
diagrammatic representations. In contrast, the 
experimental group was taught the material in 
the higher-end inquiry teaching modality of mul-
timedia interaction using real-world experimental 
simulations and research data.
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Curriculum Content
The broad curriculum theme for the unit covered 
by both groups in this study was Ecology. Again, 
the textbook used in this study was the Holt, Bi-
ology (DeSalle & Heithaus, 2008). All teachers 
in the study were provided with new classroom 
sets of the textbooks and teaching ancillaries. 
The Ecology Units included chapters 4, 5, and 6. 

3.1 Each textbook chapter covered by the 
teachers embraced the following core content:

Chapter 4: Ecosystems
Text and the use of diagrammatic representa-

tions allow students to answer major questions: 

• What is an ecosystem? How does energy 
flow in ecosystems? What are the major 
terrestrial biomes and how does tempera-
ture and sunlight affect the biodiversity in 
each of them?

• Key Concepts Covered: ecosystems, abi-
otic factors, biotic factors, succession, ter-
restrial biomes, aquatic ecosystems, food 
chains, food webs, producers, consumers, 
biodiversity, climatograph.

Chapter 5: Populations and communities
Text and the use of diagrammatic representa-

tions allow students to answer major questions: 

• What is a population? How do popula-
tions grow? What are the factors that affect 
population size? How does competition for 
resources affect species in an ecosystem? 
What are the factors that contribute to the 
resiliency of an ecosystem?

• Key Concepts Covered: population, com-
munity, species, exponential growth, logis-
tic growth, carrying capacity, population 
density, invasive species, competition, fun-
damental niche, realized niche, keystone 
species.

Chapter 6: The environment

Text and the use of diagrammatic representa-
tions allow students to answer major questions: 

• How are humans and the environment con-
nected? How does ecosystem disruption 
affect biodiversity? How are humans af-
fecting the biosphere? How do conserva-
tion and restoration solve environmental 
issues?

• Key Concepts Covered: fossil fuels, green-
house effect, global warming, deforesta-
tion, water pollution, air pollution, bio-
diversity, extinction, habitat disruption, 
overharvesting, water and air pollution, 
sustainability.

3.2 Each CHANCE module covered by the 
teachers embraced the following core content 
through the specific modalities described below:

Module used to cover overarching content in 
Chapter 4 – Stratification and Biodiversity of the 
Northeastern Deciduous Forest

Web-based multimedia activities allow stu-
dents to: 

1.  Explore the distribution of temperate de-
ciduous forests around the world and an-
alyze the abiotic factors that define them 
(Figure 2); 

2.  Identify the vertical layers found in 
Pennsylvania’s northeastern deciduous 
forest; 

3.  Analyze data on the total area of 
Pennsylvania’s deciduous forestland from 
1630 to 2002 obtained from Pennsylvania 
Department of Conservation and Natural 
Resources (DCNR); 

4.  Examine the re-growth (ecological succes-
sion) of an area of Pennsylvania’s decidu-
ous forest since 1907 to the present; 

5.  Analyze the distribution of tree species 
in Pennsylvania’s northeastern deciduous 
forest; 
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6.  Interpret real data from the Pennsylvania 
Regeneration Study on the effect of the 
population increase of white-tailed deer 
and their over-browsing on Pennsylvania’s 
northeastern deciduous forest; and 

7.  Observe the biodiversity found along the 
forest floor of one Maple tree in the decid-
uous forest, then explain why not just one 
species of tree, but the overall “tree species 

diversity” is essential to the continued suc-
cess of a healthy forest.

Key Concepts Covered: ecosystems, abiotic 
factors, biotic factors, succession, terrestrial bi-
omes, food chains, food webs, producers, consum-
ers, biodiversity, climatograph.

Module used to cover overarching content in 
Chapter 5 – Invasive Plant Species in Pennsylvania

Figure 2. In the module “Stratification and Biodiversity in Pennsylvania’s Northeastern Deciduous 
Forest,” students examine the climatic zones and the location of deciduous forests around the world, 
then plot a climatograph from a northeastern deciduous forest to understand how the abiotic factors, 
temperature and precipitation, define the climate of this biome
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Web-based multimedia activities allow stu-
dents to:

1.  Observe and read about “native” plant spe-
cies of Pennsylvania by viewing a slide show 
of real images taken throughout the state; 

2.  Observe and read about, using a virtual slide 
projector, the negative impacts of “invasive” 
plant species of Pennsylvania (Figure 3); 

3.  Collect, calculate, record, and analyze data 
on the population densities of native spe-
cies like the Eastern Hemlock, Winterberry 
and Indian Grass in a Pennsylvania pond/
meadow plant community—simulated here 
to help them learn about this common bio-
logical measurement that is often used by 
ecologists, foresters and conservationists to 
predict species survival; 

4.  Examine information on the Tree of Heaven 
(Ailanthus altissima), aka Ailanthus, an in-
vasive trees species, originally from Asia, 
which is having a devastating impact on 
many of the natural plant communities in 
Pennsylvania; 

5.  Investigate the effects Ailanthus has on the 
population densities of selected native plant 
species found in the given Pennsylvania 
pond/meadow plant community over a ten 
year period.

Key Concepts Covered: population, commu-
nity, species (native versus invasive), exponential 
growth, logistic growth, carrying capacity, popula-
tion density, invasive species, competition, fun-
damental niche, realized niche, keystone species.

Module used to cover overarching content in 
Chapter 6 – Amphibians as Indicators of Envi-
ronmental Change

Web-based multimedia activities allow stu-
dents to: 

1.  Learn what an amphibian is and how it 
fits into the modern classification of living 
things; 

2.  Explore the unique biology and habitat of 
Costa Rica’s Golden toad; 

3.  Visit an educational site created by the United 
States Environmental Protection Agency 
(EPA) to learn about the greenhouse effect 
and global warming (the most supported 
theory behind the golden toads’ disappear-
ance in 1989), and why global warming 
continues to be a threat to amphibian species; 

4.  Investigate the negative effects of pesticides 
in aquatic communities by carrying out an 
experimental simulation that repeats Dr. 
Relyea’s experiment concerning the impact 
of common pesticides on amphibian popula-
tions in aquatic communities in Pennsylvania 
(Figure 4); and 

5.  Explore data from the International Union for 
the Conservation of Nature (IUCN) Redlist 
of Threatened Species, the IUCN Redlist 
categories and their criteria, and data from 
the 2006 Global Amphibian Assessment 
(GAA), to understand the reality amphibian 
global decline.

Key Concepts Covered: fossil fuels, carbon 
cycle, global warming, deforestation, water 
pollution, air pollution, biodiversity, extinction, 
habitat disruption, overharvesting, water and air 
pollution, sustainability.

4. Assessment Tools

In order to assess students’ content knowledge 
each teacher/researcher, in either the textbook 
or module group, utilized four different Concept 
Assessments (tests). The teachers and Director 
created these end-of-chapter or module tests to 
assess students’ understanding. These tests were 
titled according to the three chapters utilized from 
the Holt textbook. The Chapter 4 test included 
nine multiple-choice, four true-or-false, fourteen 
open-ended (requiring analysis of graphs, data, 
and figures), and one essay item. The Chapter 5 
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test included nine multiple-choice, four true-or-
false, twelve open-ended (requiring analysis of 
graphs, data, and figures), and one essay item. 
The Chapter 6 test included nine multiple-choice, 
four true-or-false, fourteen open-ended (requiring 
analysis of graphs, data, and figures), and one es-
say item. In terms of Webb’s Depth of Knowledge 
Levels (http://dese.mo.gov/divimprove/sia/msip/
DOK_Chart.pdf) the multiple-choice and true-or-
false items were aligned with level one (recall) or 
level two (skill/concept). The open-ended items 
were at levels two and three (strategic thinking). 

The essay items aimed for levels three and four 
(extended thinking). Sample questions from the 
Chapter 4 test are provided in Figure 5.

The pre- and post Concept assessment tools 
consisted of a compilation of the same multiple- 
choice items found on the three chapter assess-
ments described above.

Additionally, Attitude Surveys were admin-
istered to both teachers and students. The items 
consisted of Likert scale questions (strongly agree; 
disagree; neither agree or disagree; agree; strongly 
agree) and open-ended evaluation questions and 

Figure 3. In the module “Invasive Plant Species of Pennsylvania,” students use a virtual animated slide 
projector to observe and read about the negative impacts of invasive plant species of Pennsylvania
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were given pre- and post study. Teachers completed 
20 items. Students completed 17 items.

All pre-assessments were administered in the 
winter 2008 and post-assessments occurred at the 
end of the academic year.

5. Data Analysis

The Research Coordinator ensured blind scoring 
of assessments and surveys. All instruments were 
sent to the Coordinator by the teachers/researchers 
then categorized by group and academic level. 
Assessments and surveys were then sent to the 

Director without knowledge of the high school, 
and teacher or student participants. All Concept 
Assessments multiple-choice, true-or-false, and 
open-ended items were graded using a key and the 
essays were graded based on a rubric addressing 
expected learning outcomes.

To determine whether there was a difference 
in student performance on the pre- and post-tests 
that were administered before and three months 
after the completion of the assigned text chapters 
or modules, T-statistics and means were obtained 
for both groups. Significant differences were de-
termined based on the.005 p level scale.

Figure 4. In the module “Amphibians as Indictors of Environmental Change,” students investigate the 
negative effects of pesticides in aquatic communities by carrying out an experimental simulation con-
cerning the negative impact of common pesticides on amphibian populations in aquatic communities 
in Pennsylvania
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resuLts

Data analysis revealed that between the pre-and 
post-tests, the student participants who used the 
CHANCE modules to enhance their studies scored 
higher on Concept Assessments given for each 
chapter/module. Moreover, post-test scores for 
the module group showed a gain of 12.99 per-
centage points while the textbook group showed 
a gain of only 5.91 percentage points. A t-test 
evaluating the difference in the final post-test 
scores between the textbook and module groups 

indicate statistical significance at the p=0.001 level 
(Table 1 and Figure 6). Interestingly, both student 
populations showed no significant difference at 
the pre-assessment stage. The groups varied by 
only 1.91 percentage points.

Data published elsewhere, revealed that the 
Gifted High Potential and College Prep groups 
of students who utilized the CHANCE research 
modules scored higher on the three chapter Con-
cept Assessments than the students using only 
their textbook, and that the Applied Group faired 
lower (McLaughlin and Fadigan, 2010).

Figure 5. Sample questions from chapter 4 showing multiple choice, open-ended, and essay examples. 
Webb Taxonomy Levels are also indicated. The theme for this assessment was ecosystems.



100

A Multimedia Learning Tool 

Of major interest was the qualitative data from 
the post-assessment student Attitude Surveys, 
which indicated that more than 50 percent of the 
respondents (n=188) disagreed with the statement, 
“I found my biology textbook interesting,” while 
over 81 percent of the same group of students 
agreed with the statement,“I feel comfortable us-
ing computer-based resources as learning tools.” 
Even more important, teacher attitude assessment 
revealed a host of qualitative advantages of using 
the computer-based modules.

The four teachers participating in this study 
taught both textbook-based and module-based 
courses and, in post-study surveys, their attitudes 
about the two approaches were unanimous. All 
four said that they use textbooks but consider 
them just one of the many tools that they can use 
for teaching and learning, and stated that, cur-
rently, they do not have sufficient supplementary 
teaching materials to draw upon. In addition, all 
of the teachers:

• ”strongly agreed” they value their abil-
ity to understand the scientific research 
behind the biological concepts that they 
teach.   --”strongly agreed” that their stu-
dents will learn the scientific content better 
if allowed to engage in scientific research.  
--”disagreed” that their students under-
stand what is meant by scientific research 
and can see research in science as a career 
opportunity. (WHEW...no wonder they are 
ALL pre-med!!)

• ”agreed” or “strongly agreed” that they 
want their students to appreciate that sci-
ence is built on data from the cumulative 
efforts of real-world research scientists 
who perform basic research experiments.

The teachers also described exactly how us-
ing the CHANCE research modules helped their 
students discover the scientific ideas and concepts 
for themselves, better understand what a researcher 

Figure 6. Line graph plotting the average test scores for all student participants in either the textbook 
or module group, demonstrating an average 12.99% increase in long-term retention among students 
using both modules and textbooks vs. textbook-only instruction.
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does, apply science ideas to everyday situations, 
learn to analyze real data and draw conclusions, 
understand how science contributes to society, 
and become better advocates for the environ-
ment. When asked about their use of technology 
in the classroom, teachers said the technology 
made it easier to teach about the environment, to 
do more hands-on experiments in the classroom, 
to use the CHANCE modules again, use other 
computer-based resources in their classroom, and 
to engage in professional development programs 
that allow them to learn about the research behind 
the scenes of the concepts they teach. With regard 
to CHANCE modules in particular, two teachers 
commented:

I appreciated everything being in one place, since 
a major drawback of using technology is the time 
it takes to find all the materials that are out there. 
And, many times what is out there, is either too 
boring, simplistic, or way too complicated. It’s 
nice to know that tools are being developed that 
engage both teacher and student. How awesome 
that famous scientist can come to your classroom.

future researcH directions

In order to reach the largest number of secondary 
students, completed CHANCE modules (or the 
larger program itself) are showcased on a wide 
variety of education and science web sites, includ-
ing PDE, PSU, National Association of Biology 
Teachers (NABT), National Science Teachers 
Association (NSTA), Caribbean Conservation 
Corporation (CCC), Widecast, LaSelva Biologi-
cal Field Station of the Organization of Tropical 
Studies (OTS), and Hawk Mountain Sanctuary 
(see complete list on the CHANCE web site). 
As stated previously, these modules are freely 
available to anyone in the nation teaching high 
school biology or environmental science, or to 
anyone who is looking for an engaging alternative 
to teaching basic biological and ecological prin-

ciples and environmental issues while advocating 
environmental stewardship.

Nearly 100 high school teachers from around 
the United States have been trained in the field, 
through the CHANCE field course, to be more 
like scientists. As part of the long-term plan to 
bring the modules into as many classrooms as 
possible, CHANCE has been featured in more 
than 30 workshops and presentations, reaching 
more than 600 teachers. The CHANCE program 
continues to evolve, however, based on ongoing 
research and evaluation findings. We are devel-
oping new CHANCE modules specifically for 
undergraduate students majoring in biology. These 
new modules will use the existing structure and 
format to bring real-world research directly into 
the college classroom, but coverage will include 
the key concepts needed at the collegiate level in 
evolution, biodiversity, cell biology, developmen-
tal biology, molecular biology, ecology, and so on.

In a recent field test of CHANCE materials by 
both veteran (in-service) and pre-service teachers, 
the newer teachers showed more interest and like-
lihood to implement digital technology than their 
more experienced counterparts, demonstrating a 
clear generational preference (McLaughlin and 
Arbieter, 2008). Sixty-eight teachers (ten of whom 
were pre-service and 58 in-service) evaluated one 
module using both the “cyberguide” for Web Site 
Design, and the “cyberguide” for Content Evalua-
tion (MacLachlan, 1996). A subset of 46 teachers 
(10 of them pre-service) also completed a brief 
“Implementation Survey.” The teachers’ responses 
to the “Invasive Plant Species in Pennsylvania” 
module served as a feedback mechanism for the 
module design team. Although responses to the cy-
berguide modules were equally strong among both 
pre-service and in-service teachers, the pre-service 
teachers were far more likely to select CHANCE 
materials for definite future implementation than 
were the in-service teachers. Additionally, in free 
response comments collected after the evaluation 
workshop, pre-service teachers in particular noted 
that they expected to use the CHANCE modules 
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during their upcoming student teaching practicum 
experiences–suggesting that they will be more 
likely to incorporate the CHANCE materials into 
their classrooms in the future.

Many research challenges lie ahead. For ex-
ample, we must better understand the differences 
in implementation methods of pre-service and 
in-service teachers, as well as how best to meet 
the needs of both. We know that it is not possible 
to provide intensive training to all teachers, so we 
must also find ways to ensure that teachers who 
do not receive formal professional development 
on the implementation of the CHANCE modules 
(or multimedia tools in general) are able to use 
them to their full capacity. We must also conduct 
further research to determine how integrating 
inquiry-based multimedia learning tools, like 
the CHANCE modules, into the curriculum can 
improve science education for students in all 
grades. We must also develop assessments that 
measure how effectively students use scientific 
inquiry and how thoroughly they understand the 
scientific subjects they have been taught.

Important findings of the research presented 
in this chapter, and that of additional data being 
published elsewhere, included the positive effects 
upon students’ learning demonstrated via both 
short-term (immediate assessment) and long-term 
(three months post assessment) after using the 
research modules. Indeed, the premise behind 
the design of the CHANCE research modules 
was to create new, “learner-centered” multimedia 
tools that aid students in the higher inquiry-based 
learning of science (application, integration, and 
understanding), or to expand their cognitive abili-
ties. Mayer (2009, p. 20-21) defines three types 
of learning outcomes: no-learning; rote learning, 
and meaningful learning. “Meaningful learning 
is distinguished by good transfer performance 
as well as good retention performance.” Future 
research will therefore examine the design fea-
tures of the CHANCE modules that appear to be 
fostering meaningful learning so as to augment 
these features in future modules. Additionally, we 

have only measured learning outcomes data for 
the CHANCE modules for a short time, so our 
next research project will involve a longitudinal 
study to determine whether the stronger learn-
ing outcomes among high school students are 
attributable to the CHANCE modules and not to 
the novelty effect.

Another finding, which was only briefly 
discussed herein, that is especially interesting to 
me is the fact that the “Applied Students” using 
textbooks fared better than their module-using 
counterparts in all Concept Assessments im-
mediately after, as well as three months later. 
(Importantly, these average scores were still lower 
than similar grade sets obtained for the “Col-
lege Prep” and “Gifted High Potential” groups.) 
Moreover, feedback from this group suggests 
that these students are uninterested in learning 
about science in general, and uninterested in the 
idea of using real-research data or indeed any 
assignments beyond those associated with their 
textbooks. Several of these students noted that 
the CHANCE modules were “too hard.” This 
lack of student motivation and/or intimidation by 
real-research simulations to enhance higher order 
inquiry by this group of students, typically clas-
sified as the “lower” group, is worthy of further 
exploration. These results also stress an urgent 
need for relevant technology-based curriculum 
materials for non-college bound students as well 
as those with an academic career path.

concLusion

CHANCE research modules evolved from this 
bleak reality: On average, K-12 teachers use 
computers or engage in lab experiences with their 
students less than one time per week for little 
more than word processing, e-mail, or game and 
drill software (Becker, 2000; Singer, Hilton, & 
Schweingruber, 2005; Smith, Banilower, McMa-
hon, & Weiss, 2002; Wetzel, 1993). Yet, today’s 
youth spend an average of 6 ½ hours a week using 
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various forms of media—about a quarter of that 
time juggling more than one form of media at a 
time. The amount of time spent on computers has 
more than doubled over the last 5 years (Kaiser 
Family Foundation, 2005). Thus, using digital 
technology is second nature to the Millennial 
generation, students born between 1980 and 1994, 
and research shows that they prefer video, audio, 
and interactive media, and they prefer to learn 
by doing (Carlson, 2005). Indeed, the results of 
the student surveys listed in this paper augment 
this argument.

Moreover, in a recent field test of CHANCE 
materials by both veteran (in-service) and pre-
service teachers, the newer teachers showed more 
interest and likelihood to implement digital tech-
nology than their more experienced counterparts, 
demonstrating a generational preference in teach-
ing with multi-media (McLaughlin and Arbeider, 
2008). Complicating matters more are the facts that 
most students in high school are not reading their 
science textbooks, nor understanding the content 
(American Association for the Advancement of 
Science, 2000). Moreover, most pre-service sci-
ence teachers are taught to teach technology as 
a separate component of high school education 
rather than as a topic integrated into the curriculum 
(Willis & Mehlinger, 1996; The Milken Exchange 
& the International Society for Technology in Edu-
cation, 1999; Thomas & Livingston, 2004), while 
over the past decade spending on technology in 
the United States tripled, now totaling more than 
$6 billion (WestEd Policy Brief, 2002).

Thus, it has become obvious that new types of 
interactive multimedia learning tools need to be 
developed for both high school science teachers 
and students that supports standards-based teach-
ing, enforces complex thinking and problem solv-
ing, embraces research skills, includes appropriate 
assessments to measure student performance, 
best utilizes the content provided in traditional 
textbooks that fill today’s market, and shows real-
world uses. The CHANCE modules accomplish all 

of these goals in a way that balances what we know 
about how students learn science (Bransford et al., 
1999; Duschl et al., 2007), support “meaningful 
learning” (Mayer and Wittrock, 1996) through 
multimedia that avoids cognitive overload (Mayer 
and Moreno, 2003), and delivers these modules to 
teachers via the increasingly more affordable and 
student-favored medium of the Internet.

The CHANCE modules take full advantage of 
the digital propensity of students and new teach-
ers alike and promote inquiry-based learning by 
allowing students to explore, observe, question, 
hypothesize, manipulate, analyze, and think criti-
cally about real science data and information from 
accredited research programs in Pennsylvania 
and around the world. Experienced teachers em-
brace the authentic science that forms the basis 
for CHANCE modules and pick up easily on the 
interactive nature of the materials. This computer-
based interactive approach is particularly attractive 
to secondary students, most of whom enjoy the 
virtual experiences today’s technology affords. 
Best of all, CHANCE modules promote active 
learning by providing opportunities for students 
to participate as individuals directing their own 
learning process.

The CHANCE modules are purposefully 
designed to be more engaging and interactive 
than a textbook by allowing students to learn 
how the world works. These modules cover key 
biological and environmental science concepts 
using higher-end, inquiry activities that provide 
compelling animations, video, factual information, 
and research-based exploration that necessitate 
students working with real research data. Using 
the tools of science to teach science, the goal of 
these learning objects is to produce levels of un-
derstanding, knowledge retention, and transfer that 
are greater than those resulting from traditional 
lecture classes by blending teaching and basic 
research through technology.

At the core of the CHANCE modules and the 
larger professional program they represent is the 
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underpinning objective to enhance environmental 
awareness in U.S. high-school and undergraduate 
student populations. Our environment faces seri-
ous threats resulting from human activity – water 
pollution, air pollution, loss of biodiversity, deple-
tion of natural resources, and watershed depletion 
– all of which must be understood in the context 
of basic biological principles and solid research. 
Thus, in order to help students understand the real 
world environmental issues that confront them 
and to become informed citizens, it is time for 
teachers to understand research and how science 
works (higher order inquiry), not just by textbook 
content (lower order inquiry). Think: teachers as 
researchers! CHANCE’s field component trains 
teachers in environmental science, ecology, and 
conservation practices on an international, eye-
opening level via hands-on field work in Costa 
Rica. CHANCE’s research modules equip teach-
ers with multimedia learning tools that provide 
inquiry-based activities in areas that foster their 
students’ competencies in biological concepts 
and real world environmental issues like climate 
change, species extinction, water pollution, loss 
of wetlands, etc., while at the same time instilling 
an inclination toward environmental advocacy.

The Pennsylvania Department of Education 
recommends the CHANCE field course and re-
search modules as ways of helping high school 
teachers and their students meet the nine state 
standards in environmental science and ecology. 
Because most states must meet similar standards, 
the CHANCE program provides a viable frame-
work for improving or reforming high school 
biology education nationwide.

The impact of the CHANCE field course and 
its modules on teachers and their students has been 
overwhelmingly positive. Put simply, hundreds of 
teachers from all over Pennsylvania and the na-
tion are embracing these resources. Free response 
comments by Pennsylvania high school teachers 
after completing the CHANCE field course and 
module training included the following:

I am a high school Biology and AP Environmental 
Science teacher. The CHANCE program was the 
BEST professional development program that I 
have participated in, during 20 years of teaching. 
The interactive approach to Conservation Biology, 
integrating research was invaluable. I learned 
the importance of providing my high school stu-
dents with this skill, and the modules make this 
task truly possible. In addition, seeing, feeling, 
touching, participating in programs in Costa Rica 
was absolutely a life- changing experience that 
I bring to my classroom every day. Paula Wang, 
CHANCE 2007.

First, the experience of field work in Costa Rica 
has helped invigorate me in the classroom; second, 
the wealth of experiences, pictures, knowledge 
and research picked up during the trip (and in the 
accompanying assignments) has provided me with 
tons of new material for my classroom; and third, 
the available modules are helping me integrate 
interactive technology into my classes as well as 
being valuable curricular material in their own 
right. Rick Bloom, CHANCE 2007.

The CHANCE program is grounded in the 
belief that only a well-informed citizenry will be 
qualified to create policies and develop programs 
that will help stem the extensive alteration of our 
natural world. Publishing data in a peer-review 
article is important; yet, only a select few can 
actually read and can understand targeted and 
complex data. Conveying complex data at a level 
that allows high school students to think and ponder 
real world questions is one of the most worthwhile 
endeavors that scientists can undertake, for it is 
in the imperative of the messages, delivered to 
those who will build on what they learn in their 
classrooms, that our very futures depend.

I also believe that technology can help us 
bridge this gap. Technology is allowing us re-
imagine new pedagogical tools for the 21st century 
classroom. With technology, we can create new 
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learner-centered environments that allow high 
school teachers and their students to engage in 
real-world scientific research--and essentially 
conquer higher-order inquiry in their classrooms. 
Moreover, by doing actual science through this 
tool, both teacher and student gain a stronger 
understanding of the process, the methods, the 
struggles, the triumphs, time commitment, and 
the social impact of the enterprise known as sci-
ence itself.
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