
www.igi-global.com/ondemand

InfoSci
®

-ONDemand

Chapter Download

Purchase individual research articles, book chapters, and 
teaching cases from IGI Global’s entire selection.

www.igi-global.com/ondemand

This publication is protected by copyright law of the United States of America codifi ed in Title 17 of the U.S. Code, which is party to 
both the Universal Copyright Convention and the Berne Copyright Convention. The entire content is copyrighted  by IGI Global. 
All rights reserved. No part of this publication may be reproduced, posted online, stored, translated or distributed in any form or 

by any means without written permission from the publisher.

InfoSci
®

-ONDemand
Download Premium Research Papers



1559

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  82

DOI: 10.4018/978-1-4666-7363-2.ch082

Environmental Science 
Education in the 21st Century:

Addressing the Challenges and 
Opportunities both Globally and at Home 

through Online Multimedia Innovation

ABSTRACT

Technology is helping biology instructors redefine their pedagogical “toolboxes” for the 21st century 
classroom. Indeed, online multimedia learning tools are evolving to fill the niche to assist student tran-
sition from simple inquiry-based learning (textbooks, less student responsibility, rote memorization of 
facts) to professional science practice (higher-end inquiry, more student responsibility, higher order 
thinking). Moreover, these tools are creating interactive classrooms, empowering motivated instructors 
to be facilitators of learning who allow students opportunities to construct their own knowledge while 
exciting the next generation of thinkers, doers, and global-minded citizens. This chapter reviews one 
example of an online multimedia learning tool—the CHANCE research module—that is being used in 
high school and undergraduate classrooms in the United States, China, and other international loca-
tions to transform environmental science education by exposing students to international environmental 
issues and problems through the analysis and evaluation of real-research data from factual ecosystems, 
highlighting evidentiary support for the benefits and successes of these research-based modules, and 
showcasing what is being learned, through assessment research, about the use of these modules in 
Chinese undergraduate classrooms.
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INTRODUCTION

Introductory biology teaching at the undergradu-
ate level must continue to evolve in order to keep 
pace with the rapidly changing and technologically 
complex, data-rich 21st century; to translate learn-
ing into productive skills and jobs; and to meet 
the urgent need to increase civic participation in 
science. The need for innovative, evidence-based 
teaching in undergraduate science curricula is 
well documented [for example, see Association 
of American Universities, 2012; Brewer & Smith, 
2011; Singer, Nielsen, & Schweingruber, 2012). 
Nonetheless, science teaching continues to be 
dominated by traditional teaching approaches that 
focus on content rather than practice, eschew inter-
disciplinarity, and fail to engage a new generation 
of learners in the realities and challenges of today 
(Brewer & Smith, 2011). Research suggests that 
underrepresented minority groups in particular, 
fare more poorly than their majority peers in tra-
ditional science learning environments (Dirks & 
Cunningham, 2006; Huang, Taddese, & Walter, 
2000; Seymour & Hewitt, 2000). A number of 
ethnic groups continue to be underrepresented 
in science, and this loss of talent is expected to 
impact the productivity of the nation in future 
years (Kelly, 2005; Nelson, 2007).

While traditional instruction continues to 
hold sway in many classrooms, there are new 
approaches to education that show promise for 
revolutionizing life science education. Today’s 
introductory biology classrooms may be flipped, 
blended, flexed, integrated with technological 
tools, or be entirely online via pre-recorded videos 
and interactive tutorials, lectures or modules on 
defined topics. Laboratory courses may include 
pre-lab videos, virtual interaction with data sets 
in national data banks, and/or required online 
interactive readings of peer-reviewed papers 
provided by professional journals. Students may 
also learn through hands-on field experiences or in 
interactive websites created by non-governmental 

or governmental organizations, textbook publish-
ers, and/or academic institutions.

Biology education is thus in the midst of a 
sea-change, described in the 2011 AAAS report 
Vision and Change in Undergraduate Biology 
Education (Brewer & Smith, 2011). Leaders in 
the field recognize the need for systemic change 
that will provide the learners of today with the 
skills they will need to be productive tomorrow 
while contributing to a more sustainable society, 
and as such, the Vision and Change report out-
lines the need for increased novel approaches to 
biology education. Implementation of new and 
transformative teaching approaches is difficult, 
as is the implementation of the interdisciplinary 
research to cultivate the transformation, because of 
numerous challenges within the classroom, across 
the college/university, or in the larger social arena 
(Roy et al., 2013). The present reality is that we 
are still far from complete nationwide adoption 
of innovative and more effective practice, and 
the Discipline-Based Education Research report 
(Singer, Nielsen, & Schweingruber, 2012), pub-
lished after Vision and Change, highlights the 
continuing need for evidence-based research to 
drive curricular reform.

Optimism, however, is in the air; the trend for 
new and transformative pedagogical strategies 
and technologies is upward, and as such, more 
and more students and teachers are “breaking out 
of the box” of textbook-only coursework. More-
over, opportunities exist, now more than ever, for 
faculty to take a stand and test their pedagogical 
prowess by creating their own innovations and 
assessing the impacts their innovations have on 
student learning, attitudes, and behavior, while 
contributing to the nationwide momentum to 
move from Vision to Change. The focus of this 
chapter is to share one faculty member’s quest 
to create—through partnerships around the 
globe—virtual, multimedia learning tools in which 
scientific concepts, actual research by real-world 
scientists, and global environmental realities come 
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to life—by linking students with researchers in 
authentic situations—to transform students into 
critically thinking, well-rounded, global-minded 
scientific investigators and citizens. It is hoped that 
by describing these online innovations, providing 
evidentiary-support for the benefits and success 
of their use, and presenting a bit about what has 
been learned through assessment data about their 
use in Chinese undergraduate classrooms, that 
other instructors will either use these tools and/
or create their own. The time has come for all 
instructors of biology to re-imagine the endless 
possibilities for teaching biology with online 
multimedia technology.

TAKING A CHANCE

The Penn State CHANCE (Connecting Humans 
and Nature through Conservation Experiences) 
program (Figure 1) is making its mark by empow-
ering biology education by blending scientific re-
search with the teaching of environmental science 
and ecology (see http://www.chance.psu.edu). 
Through physical (field-based) and virtual (online) 
learning environments, students and teachers can 
travel the world to carry out real-world research on 
some of the most troubling global environmental 
issues and problems. CHANCE was founded in 
2004 as a partnership between The Pennsylvania 
State University and the Pennsylvania Depart-
ment of Education to address the need to train 
Pennsylvania high school science teachers in 
environmental science and conservation biology 
through real-world research experiences, and 
to develop research-based (higher-end inquiry) 
online teaching strategies that could be used in 
Pennsylvania high school and undergraduate 
classrooms to develop students’ knowledge of, 
concern for, and skill-sets to solve challenging 
environmental problems. Today, CHANCE has 
thirty partners worldwide and, as such, has grown 
exponentially. Its outreach now extends not only 
to high school students and teachers throughout 

Pennsylvania, but to high school teachers and stu-
dents throughout the world, and to undergraduate 
and graduate students throughout the Penn State 
University and Jiangnan University (Wuxi, Jiangsu 
Province, China) systems.

CHANCE and its partners have collectively 
broken-out of the traditional boundaries of didactic 
education and effectively work together to create 
learning environments that allow high school and 
college level students and teachers to: 

• Model scientific research; 
• Enhance the teaching and learning of en-

vironmental science through a real-world, 
inquiry-based and interdisciplinary ap-
proach; and 

• Boost student comprehension of, and spark 
student interest in working to solve, the 
important issues and problems that reflect 
today’s global environmental realities. 

These learning environments include interna-
tional field courses and online research modules. 
The focus of this chapter is the online, interdis-

Figure 1. The CHANCE logo (see http://www.
chance.psu.edu)
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ciplinary modules, which provide an authentic 
educational experience for students to promote 
thinking as a scientist thinks.

AN ONLINE REAL-WORLD 
RESEARCH EXPERIENCE

The CHANCE research modules are freely 
available, web-based multimedia tools designed 
to virtually engage both students and teachers 
(those who can’t physically participate in a field 
course) in a real-world research experience with 
actual scientists from organizations such as Hawk 
Mountain Sanctuary (Kempton, PA), Organization 
of Tropical Studies (La Selva, Costa Rica), Duke 
University, Pennsylvania Department of Conserva-
tion and Natural Resources (DCNR), The Penn-
sylvania State University, and National Oceanic 
and Atmospheric Administration (NOAA)/Earth 
System Research Laboratory, whom are investi-
gating a specific environmental issue in the field.

Found on the CHANCE website, the CHANCE 
research modules put students and teachers in 
the field without having to leave the classroom 
(McLaughlin, 2006a, 2006b, 2010a, 2010b; 
McLaughlin and Arbeider, 2008). Each module 
features a student-as-researcher approach through 
student manipulation of a data set(s) contributed 
by scientists currently investigating the same 
topic. Each module has its own unique objectives, 
including interactive on-screen research activi-
ties, comprehensive questions in a “Progressive 
Notebook,” and professionally edited videos. 
The CHANCE research modules have been rec-
ommended by the Pennsylvania Department of 
Education and many other educational organiza-
tions, such as the National Association of Biology 
Teachers (NABT) and Science/AAAS, as a way 
fostering and delivering conceptual understanding, 
interdisciplinary content, and authentic scientific 
experience, in order to increase the heterogeneity 
of students who come to appreciate and understand 

environmental science, and who understand the 
need for science as a means to sustaining our 
environment.

Thus far, seven research modules have been de-
veloped and are already in use in high schools, col-
leges and universities, and educational organiza-
tions throughout the world. Completed CHANCE 
modules focus on the global environmental topics 
including invasive plant species, raptor migra-
tion, amphibians as indicators of environmental 
change, sea turtle nesting behaviors and survival, 
deciduous forest biodiversity, species extinction, 
and global climate change (Figure 2). Although 
the topics covered in the modules are fairly broad 
conceptually, each module concentrates on a very 
specific instance of scientific research and allows 
students to work with actual, published data sets 
gathered in the field by professional scientists.

For an in-depth look at module design and ac-
tivity, the following describes how, in the “Global 
Warming: Turning Up the Heat” module, multime-
dia instructional technology was used to simulate 
Dr. Deborah Clark’s actual field research. View 
page 5 of the module (see http://www.chance.psu.
edu/modules/Global-Warming/global-warming-
module.html) to see the interactivity in action 
(see also Figure 3).

After locating Costa Rica and Puerto Viejo 
on an interactive map, users are welcomed to the 
LaSelva Research Station of the Organization of 
Tropical Studies (OTS), they take in the sights 
and sounds of the rain forest as they learn more 
about this private biological reserve, which is one 
of the most important research sites in the world 
for studying the rainforest. Students then meet Dr. 
Deborah Clark to learn about her “Trees Project” 
and the questions she is asking about the effect 
of temperature on tree productivity, her research 
methods, and how she and her staff monitor over 
2000 canopy trees in old-growth lowland rainfor-
est. After being shown how to use a virtual diameter 
tape measure, they begin a research activity which 
allows them to virtually measure the diameter and 
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growth change of select trees over a span of 15 
years, while recording measurements in an online 
table. Finally, they plot the table data on a graph, 
calculate a growth median, and compare it to the 
actual graph data set published by Dr. Clark and 
her colleagues in the Proceedings of the National 
Academy of Science (PNAS) (Clark, Piper, Keel-
ing, & Clark, 2003). By interpreting this data 
directly and by answering questions devised by 
Dr. Clark and the editorial team, students think 
“like a scientist” and discover that while canopy 
temperature has been increasing in the La Selva 
rainforest, tree growth (girth) has been decreasing, 
and that there appears to be a negative relation-

ship between how hot each year has been and tree 
growth (productivity) throughout her two-decade 
long TREES project.

In addition to the curriculum activity pages, 
each module’s home page contains pertinent 
background information, teacher guidelines, 
standards and concepts addressed by the mod-
ule, suggested websites for further exploration, 
and related classroom-based learning activities 
and links. Key in the design of the modules is 
that teachers (i.e., think of teachers as research-
ers) master the material and process themselves, 
become empowered to be facilitators of learning, 
and are inspired to create interactive classrooms 

Figure 2. CHANCE modules table of contents
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Figure 3. Activity 5 of CHANCE Module - Global Warming: Turning Up the Heat
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wherein students take on more responsibility. 
Moreover, for teacher assessment and student study 
purposes, the CHANCE copyrighted “Progressive 
Notebook” tool allows students to save data and 
their responses to module questions (Figure 4).

Each CHANCE module was developed 
through an interdisciplinary collaboration be-
tween the CHANCE director (module editor), 
teachers, university experts in teaching and learn-
ing, a prominent scientist(s), and instructional 
technology experts. Cooperation with research 
institutes, governmental organizations, and non-

governmental organizations was sought when 
necessary. These partnerships have in turn 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 instructional 
technology within all aspects from the anima-
tions and videos to the virtual experiences, which 
allow students to explore, critically think about, 
and understand key environmental science issues 
and biological concepts.

Figure 4. Image of Progressive Notebook
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BENEFITS AND SUCCESS OF THE 
CHANCE RESEARCH MODULES

Inquiry-based learning is defined on a scale of 
openness (National Research Council, 2003; 
Weaver, Russell, & Wink, 2008) where confirma-
tion and structured learning fall at the lower end of 
inquiry. For lower-end inquiry, strict instructions 
are given to students to work toward a desired 
outcome. Guided-inquiry falls at the intermedi-
ate level, in which only the question is given to 
the student. Open-inquiry is the highest level of 
inquiry; the student produces his/her own question, 
chooses methods to address the question and test 
solutions, and makes interpretations and conclu-
sions—similar to a true research scientist. Para-
mount within higher-end inquiry-based teaching 
methods is that the teacher defines the knowledge 
framework, where inquiry is to be conducted, 
and allows the student time to be independent 
in order to construct their own knowledge using 
more advanced cognitive skills. Higher-level in-
quiry demands high-order thinking. An important 
component of implementing higher-level inquiry 
is the teachers’ ability to motivate their students 
to ask the questions that will guide the students 
in their inquiry (Chin & Chia, 2004); or, to be a 
good facilitator.

A national study (Momsen, Long, Wyse, & 
Ebert-May, 2010) found the introductory biology 
courses studied focused on the recall and compre-
hension of facts and that students were primarily 
assessed with quizzes and tests at lower cognitive 
levels of Bloom’s taxonomy levels (i.e., knowledge 
and comprehension) (Anderson & Krathwohl, 
2001). Creating learning environments that engage 
students in real-world scientific practice, such as 
those required for higher-end inquiry, takes time, 
trained faculty and staff, and money. Yet, science 
teaching should involve active learning strategies 
to engage students in the practice of authentic, 
real-world science itself, and teaching methods 
that have been systematically tested and shown 
to reach diverse students (Donovan, Bransford, 

& Pellegrino, 1999; Handelsman et al., 2004). 
Moreover, the need is now well documented for 
biology education that stresses understanding of 
scientific method and research, draws connections 
to pressing environmental, economic and societal 
issues, enables students to become well-informed 
citizens and encourages students to pursue sci-
entific careers (Brewer & Smith, 2011; National 
Research Council, 2003).

CHANCE Module Assessment

Research on the validity, viability, and impact 
of the CHANCE research modules in education 
has been completed in United States high school 
classes, with teachers and instructors, and in 
undergraduate education classes in China. The 
initial research examined the effectiveness and 
the efficiency of presenting real-world science 
education in a virtual environment to simulate the 
authentic experience of scientists in the field. The 
additional research has been related to adoption 
and diffusion of the modules in learning environ-
ments and the motivation and social-cognitive 
learning of the participants.

Important findings from this research indicate 
an increase in positive effects upon students’ 
learning, as demonstrated via both short-term (im-
mediate assessment) and long-term (three months 
post assessment), after using the learning-centered, 
multimedia research modules. Indeed, the goal in 
designing the CHANCE research modules is to 
create learner-centered multimedia tools that aid 
students in the higher inquiry-based learning of 
science (application, integration, and understand-
ing) and to expand their cognitive abilities. Of the 
three types of learning outcomes—no-learning; 
rote learning, and meaningful learning—meaning-
ful learning is examined. “Meaningful learning is 
distinguished by good transfer performance as well 
as good retention performance” (Mayer, 2009, p. 
20-21). The research with teachers and instruc-
tors and the undergraduates in China critically 
examines the design features of the CHANCE 
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research modules so as to further enhance their 
ability to engage students in real-world research 
and foster meaningful learning.

The Use of the CHANCE Research 
Modules in High School Classrooms

This research compared six high school classes 
using traditional textbook lecture and recita-
tion methods to six classes using the CHANCE 
modules to teach a biology unit on ecology 
(covering similar core concepts and standards). 
Participants in this study (n = 212) included 115 
students in the textbook group and 97 students 
in the module group, which were selected from 
three Pennsylvania school districts in different 
population density classifications in the spring 
of 2008; two were suburban school districts and 
one was an urban school district. The 12 classes 
of 20-30 tenth-grade students were identified as 
Gifted High Potential, College Prep, or Applied 
levels of biology study. Participants within both 
modes of instruction groups were tested before 
beginning study of the scheduled ecology unit; 
following study of the ecology unit concepts in 
chapters 4, 5, and 6 of the course textbook, and 
after the ecology unit concluded.

Data analysis examining the differences be-
tween the pre and posttests revealed the student 
participants who used the CHANCE modules 
as the primary mode of learning instead of the 
textbook scored higher on concept assessments 
given for the content in each chapter. Posttest 
scores for the module group showed a gain of 

12.99 percentage points; the textbook group 
showed a gain of 5.91 percentage points. A t-test 
evaluating the difference in the final posttest 
scores between the textbook and module groups 
indicated a statistical significant difference (see 
Table 1). The two student populations showed no 
significant difference at the pre-assessment stage 
(the groups varied by 1.91 percentage points), 
suggesting that both groups overall possessed 
similar academic knowledge.

Overall, student achievement rose when the 
curriculum was supplemented with the CHANCE 
modules. It is important to note, however, that 
when the overall data (n = 212) was separated into 
groups depicting academic levels of the students 
involved, analysis revealed that the Gifted High 
Potential (n = 61) and College Prep (n = 92) 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 (n = 
59) fared lower (see Table 2). The results revealed 
statistically significant differences between the 
pretest and posttest scores of the Gifted High 
Potential (p = .012) and College Prep groups (p 
= .004). For the Applied Group, however, results 
did not reveal a statistically significant difference 
between the pre and posttest scores (p = 0.37).

All groups of high school students involved in 
this study also completed pre and post-attitudinal 
surveys to assess their attitudes toward learning 
science, doing research, and using technology. 
Overall, student data revealed that today’s youth 
have positive attitudes toward learning about sci-
ence and understanding how scientific research 
is conducted. The surveys also assessed students’ 
perceptions of textbooks. In post-survey responses 
to the statement, “I find my biology textbook 
interesting,” 52 percent of the students disagreed. 
Yet, in response to the statement, “I feel comfort-
able using computer-based resources as learning 
tools,” 81 percent of the students agreed. This 
information stresses the notion that this genera-
tion of youth considers technology part of their 

Table 1. Pretest and posttest performance of high 
school students by mode of instruction 

Mode of Instruction n M(%) SD t p-Value

Pretest Textbook 115 55.79 4.05
0.90 0.186

Module 97 57.71 3.64

Posttest Textbook 115 63.11 3.67
3.11 0.001

Module 97 69.94 4.22
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daily life. Figure 5 depicts student responses to 
the survey questions posed to students following 
conclusion of the ecology unit part of the course. 
The survey used a Likert scale ranging from 
Strongly Disagree to Strongly Agree.

THE ADOPTION OF THE CHANCE 
RESEARCH MODULES

Open-ended response and agreement project 
data provides a qualitative look at students’ and 
teachers’ perceptions of the use of the modules, 

feedback on the CHANCE module design, appro-
priate high school level science content, and the 
likelihood of teacher adoption (McLaughlin and 
Arbeider, 2008). Following a two-hour workshop 
on CHANCE module use in the classroom, 68 
teachers (10 preservice and 58 inservice teachers) 
evaluated the “Invasive Plant Species in Pennsyl-
vania” module using the cyberguide for Web Site 
Design and the cyberguide for Content Evaluation 
(MacLachlan, 1996). To gauge the likelihood of 
adoption, a subset of 46 teachers, including the 
10 preservice teachers, also completed a brief 

Table 2. Pre, post, and chapter test performance of high school students by mode of instruction and 
academic level 

Mode of Instruction Pretest Ch 4 Ch 5 Ch 6 Posttest

Gifted High Potential (n = 61) Textbook 60.44% 79.62% 72.40% 62.55% 62.36%

Module 63.00% 84.14% 74.48% 70.81% 70.64%

College Prep (n = 92) Textbook 61.36% 82.46% 73.63% 72.66% 67.55%

Module 59.24% 82.69% 77.76% 75.54% 76.65%

Applied (n = 59) Textbook 42.80% 72.70% 61.80% 66.77% 56.36%

Module 48.76% 73.18% 60.16% 60.74% 59.04%

Figure 5. Poststudy student survey responses
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implementation survey noting their likelihood of 
using the module in the future.

Responses to the cyberguide evaluations were 
equally strong among both preservice and inser-
vice teachers. Teachers’ responses served as a 
feedback mechanism for module design. Of major 
interest was that the preservice teachers showed 
more interest and likelihood to implement digital 
technology in general than their more experienced 
counterparts. Preservice teachers even noted that 
they would attempt to implement the CHANCE 
modules during their student teaching practicum. 
A few preservice teacher comments summarize 
the sentiment:

The modules really are engaging. I felt an adrena-
line rush as a teacher as I worked through the 
module. All I could think of was that my students 
will love this and actually learn something mean-
ingful about the environment as they use it.

Liked the animations, pictures, activities, and 
research scenarios. I can’t wait to try the other 
modules.

Teachers who had implemented the CHANCE 
modules in their classrooms indicated a number 
of positive effects on their practices including 
their increased probability to teach about the 
environment, do more hands-on experiments, 
use the CHANCE modules again, use other 
computer-based resources in their classrooms, and 
to engage in more technology-based professional 
development programs (see Tables 3 & 4). These 
teachers further reported that CHANCE module 
use resulted in increases in student understand-
ing and influenced students’ behavioral decisions 
relative to the environment (see Table 5).

In spring 2009, a national textbook company 
began conducting blind reviews of the modules. 
The company recruited a cohort of teachers from 

Table 3. The effects of the CHANCE module implementation on teachers’ future teaching practices 

When teaching biology in the future, I will:
Strongly 
Disagree Disagree

Neither 
Agree or 
Disagree Agree

Strongly 
Agree

Rely on a textbook to cover the core concepts that need to be taught. 17% 67% 17% 0% 0%

Rely on lectures that I prepare. 17% 67% 17% 0% 0%

Allow my students to discover some of the ideas and concepts for 
themselves. 0% 0% 0% 50% 50%

Use computer-based resources other than the CHANCE modules. 0% 0% 0% 33% 67%

Use the CHANCE research modules. 0% 0% 17% 50% 33%

Engage in scientific research by carrying out a real experiment. 17% 0% 17% 67% 17%

Table 4. The effects of the CHANCE module implementation on teachers’ skills 

Using the CHANCE research modules helped me to:
Strongly 
Disagree Disagree

Neither 
Agree or 
Disagree Agree

Strongly 
Agree

Feel more comfortable to use computer-based resources to teach. 0% 0% 17% 67% 17%

Understand the scientific research behind the biological concepts that 
I teach. 0% 0% 33% 50% 17%

Adjust the pace of instruction to meet a wide variety of learners in 
my classroom. 17% 67% 17% 0% 0%

Teach scientific concepts more easily than with a textbook alone. 17% 0% 0% 33% 67%
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across the nation to respond to a series of questions 
about the organization, level, depth of content, 
and functionality of the modules, including an 
in-depth review of the global warming module. 
Now complete, the analysis has been overwhelm-
ingly positive. One of the most frequently stated 
weaknesses was the time involved. Many reviewers 
expressed concerns about their time constraints in 
the classroom. Some of the reviewers’ comments 
regarding the global warming module include:

I feel this is very effective at allowing the students 
to teach themselves the topic of global warming. 
I love the students being involved in the research 
and graphing the data. Activities #1 and #2 are 
useful review of the core science.

I think the chance to see ice cores and tree di-
ameters will really help the students. The people 
who introduced their research and the student 
manipulation are wonderful. I would definitely 
have my students do those two activities but may 
not always have them do the module from start 
to finish. (time constraints) 

I definitely would assign this module. I would 
take my students to the computer lab and we 
would complete each segment together and stop 
for sharing thoughts and concerns. This allows 
me to supplement if I feel it necessary.

Based on the data associated with the CHANCE 
research modules, these multimedia pedagogical 
tools offered teachers an up-to-date alternative 
to traditional pedagogical tools to teach core 

curriculum more effectively. Not only did these 
modules support the learning of scientific inquiry 
skills, but they also supported the vision of the 
Next Generation Science Standards© (NGSS 
Lead States, 2013) for high school and the goal 
of Vision and Change in undergraduate biology 
education. Additional research and analysis sug-
gested these online multimedia tools were evolving 
to meet the needs of today’s youth and educators. 
The adoption and diffusion of the modules into 
high school and undergraduate classes has being 
monitored through website analytics. Adoption 
has grown exponentially as more students expe-
rienced exposure to the modules and then shared 
the link with others.

The CHANCE research modules have taken 
full advantage of the digital propensity of students 
and teachers alike and promoted inquiry-based 
learning by allowing students to explore, observe, 
question, hypothesize, manipulate, analyze, and 
think critically about real science data and infor-
mation from accredited research programs from 
around the world. Experienced teachers embraced 
the authentic peer-reviewed science that forms 
the basis for online multimedia instruction and 
“picked up” easily on the interactive nature of 
the materials. This computer-based interactive 
approach was particularly attractive to secondary 
students, most of whom enjoyed the virtual experi-
ences current technology afforded (Oh & Reeves, 
2014). Best of all, these modules promoted active 
learning by providing opportunities for students 
to participate as individuals directing their own 
learning process.

Table 5. The effects of the CHANCE module implementation on student learning outcomes 

Using the CHANCE research modules helped my students: Strongly 
Disagree Disagree Neither Agree or 

Disagree Agree Strongly 
Agree

Better understand what a researcher does. 0% 17% 33% 50% 0%

Become better advocates for the environment. 0% 0% 33% 67% 0%

Discover scientific ideas and concepts for themselves. 0% 0% 17% 83% 0%

Learn how to analyze real data to draw conclusions. 0% 17% 0% 67% 17%
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Following this research on adoption, new 
research was underway to examine the diffusion 
and adoption of the modules to support education 
in high school and undergraduate classrooms. 
Exploration of the mechanism of diffusion of in-
novation within biology education was necessary 
so that we could make more forward progress in 
the implementation of engaging pedagogy. The 
research overlaid Rogers’ diffusion of innovation 
theory (Rogers, 2003) and Moore’s chasm (Moore, 
2006) onto the state of biology education reform in 
a diffusion model of biology education innovation 
that theorized the flow of successful innovation 
from innovators to majority stakeholders.

The Use of the CHANCE 
Research Modules in Chinese 
Undergraduate Classrooms

CHANCE research modules were used to supple-
ment instruction related to biodiversity and envi-
ronmental restoration for undergraduate students 
studying environmental engineering in China 
during two semesters. The topics of the modules 
were biodiversity of the deciduous forest, global 
warming, and leatherback sea turtle extinction. 
Both sessions of instruction were presented in 
English. Vocabulary lists in Mandarin supple-
mented the modules used in the second session. 
At the end of each session, the students completed 
course evaluations to assess the impact of using 
the modules on their motivation to learn and their 
retention of the information presented.

Researchers wanted to determine what factors 
of the education were most motivating to the 
students and would help them achieve the great-
est learning levels through the four components 
necessary for learning and performance: attention, 
retention, motor production, and motivational 
processes (Bandura, 1977). To gather these fac-
tors, students were asked within the evaluation, 
“What did you like most about the lesson?” and 
“What did you like least about the lesson?” These 
two questions from the course evaluations were 

analyzed separately to determine the themes re-
flected within the responses.

Analysis of the 107 responses (52 for the first 
semester and 55 for the second semester) to the 
question, “What did you like most about the les-
son?”, revealed four themes: 

• Module interaction and research, 
• Teaching style of the instructor, 
• Learning about biodiversity and biomes, 

and 
• Opportunity to practice English speaking. 

These themes reflected the students’ lived 
experiences and what motivated them the most 
during the lesson to help them interact with the 
concepts and increase their probability of retain-
ing the information presented.

The use of the modules and research were 
liked most by 40 percent of the students. Stu-
dents enjoyed the interaction of the presentation 
and the teaching style of the instructor for the 
course; 37 percent reported liking the teaching 
style and course interaction as the most liked. The 
instructor provided background information to the 
primarily Mandarin speaking students in English 
to form the foundation knowledge necessary to 
link the new information with prior learning. The 
remaining students reported they most liked the 
topic of biodiversity and biomes or were pleased 
to practice their English speaking, listening, and 
writing skills.

Student comments revealed the level of moti-
vation provided by participating in the research 
within the modules. As a supplement to the lesson 
learned within the modules, the students attended 
an outdoor session at the nearby urban wetlands 
to reinforce the concepts presented in the lecture 
and within the modules. Some of the comments 
by the students about what they liked most about 
the lesson:

I like the phenomenon of the lesson. It can raise 
up my interest of this course.
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I like the teacher, especially the way that she gave 
a speech. It’s really interesting and active. I also 
enjoy modules. I can learn a lot from them.

She showed us a lot of interesting pictures and 
video [in the modules] that let us learn more 
about our world.

My favorite about the lesson is the modules.

Learning the online module together. I love sea 
turtles!

I liked the teacher activity to the wetland and the 
use of the online modules.

Four themes were found during the analysis 
of the second question, “What did you like least 
about the lesson?” The themes included: 

• The amount of homework, 
• Problems associated with understanding 

English, 
• Time required to complete the work, and
• Nothing. 

The theme of nothing was that the students 
liked everything about the course; nearly 15 per-
cent of the students reported that “no thing” was 
what they liked least; they completely enjoyed 
the course taught in English and the use of the 
CHANCE modules. Nearly 80 percent of the stu-
dents reported that they least liked the amount of 
homework, the difficulty understanding English, 
or the time required to complete the work.

Comments from the students who experienced 
language barrier problems revealed issues asso-
ciated with motivation to complete the work for 
some students or the motivation to practice English 
more for others. Motivation has served as a criti-
cal role in students initiating or continuing their 
learning tasks (Kim & Pekrun, 2014). Much of the 
dislike of the homework and the time to complete 
the tasks were related to the difficulty with the 

English language. Even though language was a 
barrier to completing the assignments quickly, the 
students who saw the language issues challenge 
as an incentive to further improve their language 
skills stated that the work was necessary to practice 
their English reading, writing, and listening skills. 
Some of the comments by the students about what 
they liked least about the course:

Doing homework takes a lot of time, but I really 
learn something and experience a different world 
on foreign websites.

Sometimes, I can’t understand the teacher very 
well. I feeled [sic] puzzled. I thought I should 
work hard to improve my English.

Sometimes the lessons are too embarrassing be-
cause no one can answer the questions.

So many strange words. While we have to know 
them, of course it’s challenge and change chance.

It’s perfect. Students speaking English needs to 
be improved.

In an effort to increase the opportunity for 
using the CHANCE modules in China to reduce 
the issues the first class experienced with under-
standing the concepts due to the English listening 
comprehension barriers, the students in a second 
class in China were provided vocabulary support. 
Definitions of scientific terms were available for 
reference by the students that were presented in 
both English and Mandarin. Some English terms 
did not have a Mandarin equivalent word. Native 
speakers of Mandarin studying Biology in the 
United States and studying science and engineer-
ing in China translated the English definitions and 
added information in Mandarin to help communi-
cate the biological terms used within the modules.

The intent of providing a vocabulary resource 
was to help reduce the cognitive load for the 
students, break the English language barrier, and 



1573

Environmental Science Education in the 21st Century
 

link the terms and concepts to prior learning. 
Without a prompt, greater than 20 percent of the 
students provided feedback specifically stating that 
the vocabulary list reduced the effort necessary 
for them to understand the concepts. More than 
half the students commented they attained better 
understanding by having the vocabulary and the 
list in both languages helped them connect the 
new information presented in the modules to prior 
learning. Students commented in their feedback 
when asked to describe how helpful the vocabulary 
lists were to their understanding of the concepts:

The vocabulary list helps understand the knowl-
edge and differentiate one concept from another.

The vocabulary list helps me understand the 
concepts in a better way. It also improves my 
level of English.

It is better to have the English explanation to 
understand the professional vocabulary, and it 
helps more if with examples.

It helps a lot on understanding the connection of 
vocabulary in this class with what I learned in 
high school.

The average years of English language study by 
the students was nearly 10 years. Even though 
the students had studied English for a significant 
portion of their lives, students responded that the 
vocabulary helped them improve their English 
speaking and reading skills by linking the pro-
fessional vocabulary in English to their under-
standing of the science concepts. Two students 
with more advanced levels of understanding of 
English commented they did not require the English 
and Mandarin vocabulary lists due to adequate 
understanding of the text and the meaning of the 
words from the context of the sentences. One of 
the students with more than 14 years of English 
language education commented:

It helps understand the vocabulary; however, I 
could find the definition of some professional 
vocabulary in the article, so there is no need of 
the vocabulary list.

The real-world science settings included in 
the modules served as means for the students in 
China to learn about other countries. The inter-
national problems exposed through the authentic 
experiences depicted in the modules situated the 
students’ cognition in a problem they needed to 
solve. The authentic learning challenges of au-
thenticity, complexity, uncertainty, and student 
self-direction engage students in creating genuine 
products (Gordon, 1998). Such experiences in a 
learning environment encourage students to not 
only learn about science, but also to be scientists. 
The contextualizing of the knowledge in a realistic 
context reduces the likelihood that the information 
remains inert and helps students think in the same 
ways as professionals working in the real-world 
contexts (Herrington, Reeves, & Oliver, 2014). 
Students described their experiences working 
with the modules as opportunities to learn what 
they had not learned in prior classes and their 
expansion of knowledge about other regions. 
Students commented about what they learned 
through the lesson within their responses of what 
they liked most:

Learning and knowledge that I have never known. 
And the lesson is interesting.

We can know about population, environmental 
values of trees, how to restore broken forests, and 
so on. It’s interesting. 

I can learn lots of plants and animals that I didn’t 
know before.

Through that I learn more. Then, the story she 
told us sometimes may make me so sad, for the 
destroyed ecosystem and I know it’s very important 
to protect the environment.



1574

Environmental Science Education in the 21st Century
 

The authenticity of the module’s research ex-
periences provided a complex learning situation 
that promoted the students’ uncertainty about the 
solution and engaged the students in self-directed 
problem solving. The social interaction with fel-
low classmates and the virtual interaction with 
the scientific researcher connected the students’ 
prior knowledge with new knowledge to help the 
students think like a scientist. Observation of the 
students’ reactions and analysis of their written 
comments on the evaluation fortify the impact 
of motivation of the attainment of meaningful 
learning by the undergraduates in China.

CONCLUSION

Biology education is evolving. Four topics had 
been identified as top priority: cell structure and 
function, matter and energy transformations, mo-
lecular basis of heredity, and natural selection and 
evolution (American Association for the Advance-
ment of Science, 2005). The authors of the Next 
Generation Science Standards© suggested that 
science education “should reflect the intercon-
nected nature of science as it is practiced in the 
real world” (NGSS Lead States, 2013, appendix 
A, para. 1). The CHANCE research modules have 
been part of the evolution of biology education 
from top priority concepts to the framework of 
crosscutting concepts as the modules have inspired 
students to interconnect the theories and models 
within science to their own hypotheses formu-
lated while interacting in the authentic learning 
environments. The interdisciplinary design of the 
CHANCE research modules has been successful 
to have students take on the roles of learners, 
scientists, and teachers while interacting in the 
virtual environments. The results of the self-
directed learning within the research modules 
have been found to elicit an increase in student 
motivation and academic performance, especially 
when compared to more traditional methods of 
presenting the concepts to students.

The goal of the series of studies related to 
the implementation of the CHANCE research 
modules in high school and undergraduate class-
rooms was to determine the existence of evidence 
within the research to drive curriculum reform for 
biology education. Positive learning gains were 
noted at all levels of education (high school and 
undergraduate) as a result of interacting with the 
modules’ complex learning environments. Instruc-
tion through the multiple-channels of information 
presented in the modules’ authentic situations has 
allowed the students to process the information 
efficiently and in support of other research related 
to multiple-channel and single-channel presenta-
tions of educational materials (Moore, Burton, & 
Myers, 2014). The appropriate reinforcements 
have been designed within the research modules to 
encourage the learners to complete the challenges 
for the situations presented and evaluate the solu-
tions to the environmental problems presented.

One research question within the studies has 
been, “What is the effect of using technology to 
teach science on how science is taught?” The 
answer to this question has been that technology 
has opened the door to allowing interdisciplinary 
teams of research scientists and skilled educators 
to work together to strategically design interactive 
technology learning environments that cultivate 
positive motivational, emotional, and academic 
gains. The findings of the studies completed 
in high school and undergraduate educational 
environments support the findings of numerous 
studies related to educational communications 
and technology integration, multiple-channel 
instruction, authentic educational environments, 
and situated cognition (Herrington, Reeves, & 
Oliver, 2014). The multiple educational settings 
explored in the high school, teachers and instruc-
tors, and undergraduate research studies indicate 
that race and ethnicity were not a factor related 
to the success for using the modules.

Effective higher-end inquiry learning environ-
ments introduce students to real-world concepts. 
Depending upon the expertise of the students, 
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the time required to convey the information to 
the student may be a longer duration than the 
time necessary to present the same concepts in a 
traditional lecture format. The research completed 
using the CHANCE research modules indicated 
that the perceived efficiency was not efficient due 
to the reduced effectiveness of the education pre-
sented in the traditional lecture format compared 
to the research modules. As found in the studies, 
increased student achievement for those students 
interacting in the authentic, problem solving situ-
ations in the research modules in a longer time 
frame actually resulted in higher retention per unit 
of time than the traditional methods of instruction. 
Even though the students took a longer time to 
learn the concepts presented in the open-inquiry, 
their level of meaningful learning was higher; 
thus, the amount of meaningful learning per unit 
of time was higher for those students engaged in 
the open-inquiry multimedia learning tools.

Researchers and teachers have looked for the 
most efficient and effective method for intellectu-
ally challenging students to engage in scientific 
inquiry to help evolve biology education. One 
finding of this research is the impact on students 
following the completion of the modules to be 
stewards of the environment. The well-designed, 
interactive technology learning environments have 
allowed the students to experience firsthand the 
wonder of scientific inquiry. The students have 
engaged in the real-world issues and problems in 
the safety of the virtual learning experience. In 
times where costs are escalating and educators are 
searching to find cost effective methods to give 
students real-world experiences from within their 
institutions’ walls, the CHANCE research modules 
provide a haven for students and teachers to exit 
their classrooms to the virtual world where they ex-
perience the problems and challenges of scientists 
seeking solutions to global environmental issues.

Reaching beyond the core content in textbooks 
is necessary to inform students of the changes 
in the environment. Publication dates on some 

textbooks may be before the birthdate of some 
students in classrooms. The no cost solution of 
implementing CHANCE research modules into 
the curriculum helps teachers supplement the aged 
materials with the virtual engagement with interna-
tional issues and problems and allow the students 
to engage in the scientific process. Educational 
supports, such as vocabulary lists or scaffolding, 
included within the learning environments have 
been found to increase the student motivation 
for initiating and completing learning tasks. The 
CHANCE research modules have addressed the 
challenge and opportunities both globally and at 
home and are helping to move biology education 
from Vision to Change.
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