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INTRODUCTION

Multimedia Learning and 
Multimedia Instruction

As textbook-only coursework has declined 
in appreciation among educators and their 
students, a wide variety of technologies are 
helping undergraduate biology instructors re-
define their “pedagogical toolboxes” for the 
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ABSTRACT
Technology	is	helping	undergraduate	biology	instructors	re-define	their	pedagogical	“toolboxes”	for	the	
21st	century	classroom.	Indeed,	new	multimedia	learning	tools	are	evolving	to	fill	the	niche	to	assist	student	
transition	from	simple	inquiry-based	learning	(textbooks,	less	student	responsibility)	to	professional	science	
practice	(research,	more	student	responsibility).	Moreover,	these	tools	are	creating	interactive	classrooms,	
empowering	instructors	to	be	facilitators	of	learning,	and	helping	to	excite	the	next	generation	of	researchers	
and	good	citizens.	This	article	will	review	what	is	meant	by	multimedia	learning	and	multimedia	instruction;	
present	one	example	of	a	new	type	of	multimedia	learning	tool,	“research	module,”	that	is	being	used	in	
American	high	school	and	undergraduate	classrooms;	describe	research-based	parameters	to	follow	when	
creating	a	research-based	pedagogical	activity;	and	highlight	evidentiary	support	for	the	benefits	and	success	
of	these	multimedia	modules.

21st Century Classroom. These multimedia	
learning tools are evolving and, through their 
evolution, are allowing instructors to re-imagine 
possibilities for teaching in innovative and ex-
citing ways. Moreover, these technologies are 
making classrooms interactive and empowering 
instructors to be facilitators of learning, and 
helping them to excite the next generation of 
researchers and good citizens. To assist science 
educators in harnessing the best interactive 
methods this article begins by reviewing some 
basic pedagogical terms, including multimedia	
learning and multimedia	instruction.DOI: 10.4018/ijopcd.2012010101
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One of the most influential researchers 
in the area of multimedia learning, Richard 
E. Mayer and his associates at the University 
of California, Santa Barbara, have conducted 
research for years aimed at pinpointing research-
based principles for the design of multimedia 
methods and materials. As a result, Mayer and 
Moreno (2005) have proposed a “Cognitive 
Theory of Multimedia Learning” to explain 
how the mind works in multimedia learning.

According to Mayer, multimedia	learning 
takes place when students build mental repre-
sentations from exposure to words and pictures. 
Thus, multimedia	instruction is the presentation 
of words and pictures that are intended to foster 
learning. However, beyond this simple union of 
words and graphics lie two contrasting views 
of multimedia learning: multimedia	 learning	
as	 information	 acquisition and multimedia	
learning	 as	 knowledge	 construction. Only 
one of these views, however, provides a solid 
foundation for creating effective instructional 
multimedia design.

Basically, if one views multimedia learning 
as information acquisition, then multimedia is 
merely an information	delivery	system (analo-
gous to a parcel delivery person). According to 
this viewpoint, learning is a series of deposits 
to a student’s memory bank. This view entails 
assumptions such as: learning is based on 
information; the student’s “job” is to receive 
information and, therefore, he or she is a passive 
recipient of information and stores it in his or 
her memory. The role as the teacher is merely 
to present information using the media. By 
contrast, if one views multimedia learning as 
knowledge construction, then multimedia is a 
cognitive	aid. According to this view, multime-
dia 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 com-
modity that can be transferred from one mind 
to another, knowledge is personally constructed 
by the learner and cannot be transferred exactly 
from one mind to another. This view assumes 
that the student’s role is to make sense of the 
presented material, actively organizing and 

integrating the material into a coherent mental 
representation. In this view, the teacher’s role 
is to assist the student in the sense-making 
process. As Mayer himself puts it, the teacher 
becomes “an aid to knowledge construction.”

Mayer’s knowledge construction perspec-
tive is most plausible, because it is more aligned 
with established research on how people learn 
(Bradsford et al., 1999). Indeed, constructivist 
learning theory holds that “learning consists less 
in recording information than in interpreting it. 
To interpret what is received and is attended to, 
the learner must personally construct meaning 
for it” (Wubbels & Girgus, 1997).

Module Creation  
Research-Based Parameters

The knowledge construction view of multimedia 
learning is consistent with the goal of effective 
multimedia in the classroom: to help students de-
velop a genuine understanding of the presented 
material rather than simply exposing students 
to, and overloading them with, vast quantities 
of information. If one is an advocate of this 
knowledge construction view, the goal is to 
create and use interactive media that fosters this 
specific type of learning. The following are five 
keys steps to creating an effective multimedia, 
research-based activity or “research module.”

Think of Students as 
Research Scientists

Scientific inquiry exists on a continuum—from 
a pure verification experience in a classroom 
or laboratory (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. A widely used approach to under-
graduate education involves direct mentoring by 
a scientist, such that an undergraduate works in 
the lab to perform hands-on research alongside 
experienced scientists. Using this approach, 
students engage in many of the activities and 
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critical-thinking processes as scientists such as 
making observations, formulating questions, 
gathering evidence, interpreting reproduc-
ible data, and communicating results. These 
apprenticeship-based and authentic research 
experiences, however, generally only take place 
outside the normal course time and only a hand-
ful of students can actually be mentored at this 
level by a research-oriented faculty member.

The sad reality is that science is a practice 
that must be engaged in, while most textbooks 
teach instead the history of science. As a result, 
science currently is taught as a series of facts 
(National Science Council, 2003), ranking at 
one of the lower levels of inquiry–recall and 
recognition. Complicating matters more is the 
evidence that most students in high school and 
college classrooms are not reading their sci-
ence textbooks, and those who do often fail to 
understand the content (American Association 
for the Advancement of Science, 2000).

Mayer describes four characteristics of 
effective multimedia design, all of which are 
grounded in learner-centric or constructivist 
teaching principals. Concisely, these prin- 
ciples include:

1.  Students learn more deeply from words and 
pictures than from words alone—in both 
book- and computer-based environments. 
This is called the multimedia effect.

2.  Students learn more deeply when extra-
neous material is excluded rather than 
included, also in both book and computer 
environments. This is the coherence effect.

3.  Students learn more deeply when printed 
words are located near rather than far from 
corresponding pictures. Again, it’s the same 
for text or computer learning environments. 
This is called the spatial contiguity effect.

4.  Students learn more deeply when words 
are presented in conversational, rather than 
formal, style in both environments. This is 
called the personalization effect.

The goal, then, is to create learning sce-
narios that go beyond the purely verbal, which 
pay attention to the learner’s “two-channel” 

process by including only crucial information 
and by careful positioning of that information. In 
so doing, says Mayer, multimedia materials can 
help learners engage in cognitive processing by 
paying attention to incoming words and pictures, 
mentally organizing them into coherent verbal 
and pictorial representations” while integrating 
this with previous knowledge.

To illustrate how these principles apply to 
science education in particular, example ”re-
search modules” created as part of an innovative, 
research-based program known as CHANCE 
(Connecting Humans and Nature through 
Costa Rican Experiences) will be reviewed in 
detail. Broadly speaking, these modules were 
designed to transition students out of simple 
inquiry-based learning tools (textbooks and 
PowerPoint; “drill and practice” paradigms, 
etc.) and toward professional science practice 
(research; more student responsibility; prob-
lem solving paradigms that focus on student 
understanding and application of knowledge). 
The modules aim to:

1.  Empower biology teachers to create inter-
active classrooms.

2.  Act as architects who help students to 
construct knowledge.

3.  Bring cutting-edge research to their lessons.
4.  Help to excite the next generation of re-

searchers and citizens.

Identify Appropriate Research 
and Prospective Partnerships

One method of building higher-level inquiry 
is translating concept into practice. Begin by 
picking the broad topic, then defining the key 
concepts that need to be taught (think about 
what’s covered in a chapter of the biology text-
book). Once the concepts have been defined, 
the next step is to identify corresponding, “real-
world” research and researchers associated 
with this topic.

For example, the CHANCE professional 
development program is a partnership between 
The Pennsylvania State University (PSU) and 
the Pennsylvania Department of Education 
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(PDE), along with several funders since it 
originated. It was developed to (a) engage Penn-
sylvania in-service and pre-service high school 
teachers in environmental and conservation sci-
ence through the excitement of hands-on field 
research in selected ecosystems in Costa Rica; 
and (b) enhance the way Pennsylvania teachers 
teach and the way Pennsylvania students learn 
by creating and using multimedia-based learn-
ing tools, the so-called CHANCE “research 
modules,” that embrace constructing biological 
knowledge via the use of real-world scientific 
data in the classroom.

The overarching goal of the CHANCE 
modules is to produce levels of understand-
ing, knowledge retention, and transfer which 
is greater than those resulting from traditional 
teacher centered classes. This can be accom-
plished by blending teaching and basic research 
through multimedia technology. The expecta-
tion is also that multimedia and interactivity 
will engage students in a more intensive way 
than the simple lecture based textbook readings.

Basically, the research modules are a set 
of internet-based, environmentally themed, 
research-driven multimedia learning tools 
(McLaughlin, 2006 a, 2006b, 2010a, 2010b; 
McLaughlin & Arbeider, 2008). Initially target-
ing biology high school students, more recent 
modules have been constructed for AP biol-
ogy high school and college undergraduates. 
Each module features a student-as-researcher 
approach that incorporates the manipulation 
of a data set contributed by scientists who are 
currently investigating the same topic. They 
attempt to capture the true nature of scientific 
research by providing students opportunities to 
work with real scientists and their research data.

Since all CHANCE modules are freely 
available to any educator with internet access, 
students and teachers in classrooms anywhere 
in the world can also implement the modules.

Thus far, seven modules have been devel-
oped and are already in use in high schools, 
colleges and universities, and educational or-
ganizations throughout the world. Completed 
CHANCE modules focus on the following 
global environmental topics: invasive plant 

species; raptor migration; amphibians as in-
dicators of environmental change; sea turtle 
nesting behaviors and survival; deciduous forest 
biodiversity; species extinction; and, global 
climate change. While the topics covered in 
the modules are fairly broad conceptually, each 
module focuses only on a very specific instance 
of scientific research, and allows students to 
work with actual data sets gathered in the field.

Apply Multimedia Guidelines to 
Specific Research Scenarios

Once a topic has been defined and narrowed, 
the next step is to create context for the research 
to be performed using multimedia technology. 
For example, the CHANCE modules transport 
the students away from textbooks to a virtual 
research location. The format is similar to the 
idea of a virtual field trip, although facilitated 
by the classroom teacher the students are chap-
eroned by an established research scientist.

Design-wise, this contextual step should 
be supported by the module design, which 
should always adhere to Mayer’s coherence 
and contiguity parameters. For example, each 
module’s home page should contain pertinent 
background information and a sidebar menu 
linked to teacher guidelines, State Standards 
addressed by the module (essential for high 
school instruction), suggested web sites for 
further exploration, and related classroom 
activities, etc. as well as the actual curriculum 
“activity pages.” The teacher guidelines should 
strongly recommend that each teacher complete 
a selected module in entirety before his or her 
students interface with this technology. Teach-
ers who have mastered the material themselves 
are typically empowered to be facilitators of 
learning and to create interactive classrooms 
wherein students take on more responsibility.

Contiguity and coherence can be enhanced 
through teacher preparation and presenta-
tion. Teachers who take the time to review 
the content of each activity page are better 
prepared to help students orient, navigate, and 
enhance student learning. For example, as in the 
CHANCE AP/undergraduate module, “Global	
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Warming-Turning	 Up	 the	 Heat,” there is a 
highly recommended introduction to isotopes 
and methods used by the scientists to study 
surface temperature from ice layers. Teachers 
may also elect to have students complete certain 
activity pages only based upon the topics they 
are planning to cover, and the time they have 
to devote to teaching specific topics.

One of the hallmarks of CHANCE modules 
is the hands-on personal “feel” that stems from 
real-world researchers’ experiences in the field. 
For example, in the global warming module, 
students are transported to Costa Rica to work 
with Dr. Deborah Clark, an ecologist at the Orga-
nization of Tropical Studies, and 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 in Activity 5, 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. In another activ-
ity, students travel to Hawk Mountain Sanctuary, 
Kempton, PA and field sites in South America 
under the guidance of American ornithologist, 
Dr. Keith Bildstein, to discover the following 
about raptors: their special adaptations; world-
wide distribution and taxonomy; their nesting 
behaviors and why and how they embark on a 
semi-annual migration; how their feeding habits 
in an aquatic food web affect other popula-
tions of organisms; and, how actual long-term 
migration counts at Hawk Mountain allowed 
conservation scientists to understand the demise 
and return of American bald eagle populations.

Another design element that enhances 
deep learning is the “Progressive Notebook.” 
The Progressive Notebook is structured so that 
students type his or her individual responses to 
regular assessment questions in a nearby text 
box. Each response is saved and at any point in 
the module the user can click on the Progressive 
Notebook button to view his or her work thus 
far. Notebook data can be saved and/or printed 
out for later viewing.

Make it Personal

The key to enhancing personalization is through 
partnerships. Working with peers, scientific 
researchers, related agencies, organizations 
and businesses naturally builds the relation-
ship of the multimedia to the actual, real-life 
scientific work. For example, the CHANCE 
modules are unique from start to finish due to 
the way in which each module is developed 
through an intricate collaboration between the 
director, teachers, university faculty experts in 
teaching and learning, a prominent scientist(s), 
research institutes, governmental organizations, 
non-governmental organizations, instructional 
technology experts, and business partners. 
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 engag-
ing instructional technology from animations 
and videos to virtual experiences that allow 
students to explore, critically think about, and 
understand key environmental science issues 
and biological concepts.

Embrace Change

Research modules must be research-based. It 
is important to understand that despite all of 
the work that has been put into creating the 
“perfect” module, this module can always be 
improved, and these improvements should be 
research-based. To monitor the effectiveness 
of multimedia creations, research should be 
conducted to measure the actual degree to 
which the modules exceed traditional instruc-
tion. In the case of the CHANCE modules, the 
research modules’ were compared to text-based 
learning and assessed for their impact upon 
student learning of core biological concepts 
and required Pennsylvania Environmental 
and Ecological Standards set forth by the 
Pennsylvania Department of Education (http://
www.pde.state.pa.us/k12/lib/k12/envec.pdf). A 
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research plan was developed and orchestrated to 
assess learning before and after module use in 
selected Pennsylvania high school classrooms. 
Comparisons were made with similar groups 
of students who were taught the same concepts 
using a textbook only.

RESEARCH METHODOLOGY

CHANCE Module Development

As previously mentioned, each module was 
developed through an intricate collaboration 
between teachers, university experts in teaching 
and learning, a prominent scientist(s), the pro-
gram director, research institutes, governmental 
organizations, non-governmental organizations, 
and instructional technology experts. This 
partnership helped ensure a valid representa-
tion of current scientific research, address the 
most recent pedagogical practices in science 
education, and utilize effective and engaging 
instructional technology from animations, 
videos, and virtual explorations.

New module development is an intensive 
process that incorporates the feedback and ex-
pertise of all of the stakeholders. Each year, a 
few teachers who participated in the CHANCE 
field course in Costa Rica are asked to co-
develop new modules. This process, known 
as storyboarding, includes writing a detailed, 
accurate description of the content for each 
and every page of a new module. The module 
development team works together to craft the 
text, activities, links, and animations.

In this study, teachers and scientists were 
instructed about effective storyboarding, and 
were mentored throughout the development 
of each new module outline. Ten pre-service 
and in-service teachers have participated in 
this process since 2004. The storyboarding 
training took at least one month, and a sto-
ryboard took approximately three months to 
complete thereafter.

This carefully constructed professional 
development opportunity allows pre-service 
and in-service science teachers to focus on 
how people learn science by using theories 

of multimedia learning, such as techniques to 
prevent cognitive overload (Mayer & Moreno, 
2003) and how to assess and address student 
pre-conceptions. These knowledge-centered 
presentations of materials consist of both a 
conceptual framework and a set of coherent 
facts. CHANCE participant “authors” also 
learn how to integrate formative assessment that 
allows learners to interact with new knowledge 
on-screen and on paper for a balanced curricular 
approach (Bransford et al., 1999; Donovan & 
Bransford, 2005; Duschl et al., 2007).

Importantly, teachers are carefully paired 
with experts in the selected field of study (called 
CHANCE mentors) to acquire current and rel-
evant information and guidance. Storyboards 
are continuously edited and co-authored by the 
CHANCE Director. Modules are extensively 
reviewed for scientific accuracy by CHANCE 
mentors and other research scientists. When 
finalized, a new module is sent to the CHANCE 
instructional design staff for electronic page 
development and uploading; this process is 
also supervised by the Director and the selected 
teacher authors. Finally, high school teachers 
from around the nation field-test the new mod-
ule. From start to finish, each module takes six 
to eight months to complete.

CHANCE Module Structure

Each module is a web-based (Figure 1), mul-
timedia science lesson that guides students 
through a series of web pages that strategi-
cally build upon basic environmental science 
concepts aligned to Pennsylvania and national 
standards. Using multimedia technology, the 
modules transport the students away from 
textbooks to a virtual research location. The 
format is similar to the idea of a virtual field 
trip, but instead of being guided by a teacher, 
students are chaperoned by a renowned research 
scientist. After completing several interactive 
and challenging assignments that cover essential 
core concepts, students are taken to a research 
location where they engage in the same process 
of scientific inquiry used by the researcher who 
co-authored the module. Students then manipu-
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late authentic data in order to draw conclusions 
about an environmental issue. For example, the 
amphibian module, “Amphibians as Indicators 
of Environmental Change,” starts with some 
simple taxonomy, graduates to an international 
mapping activity and the life cycle of Costa 
Rica’s Golden Toad (Bufo	 periglenes), then 
progresses to an activity that details the science 
behind the global greenhouse effect. Students 
then analyze a published research study by Dr. 

Rick Relyea, Associate Professor and Director 
of the Pymatuning Laboratory of Ecology at the 
University of Pittsburgh that provides evidence 
that specific amphibian populations in western 
Pennsylvania are declining due to pollution 
from pesticides.

In addition to the curriculum activity 
pages, each module’s home page contains 
pertinent background information, teacher 
guidelines, PA State Standards addressed by 

Figure	1.	CHANCE	modules	table	of	contents
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the module, suggested web sites for further 
exploration, and related classroom activities. 
Key is that teachers (think teachers as research-
ers) master the material and the process them-
selves and become empowered to be facilitators 
of learning and to work to create interactive 
classrooms wherein students take on more re-
sponsibility.

The Progressive Notebook (Figure 2) is 
structured so that students type their responses 
in a text box located below the question. The 
Progressive Notebook page resembles a spiral-
bound research notebook and each question 
and answer is presented in the order it was 
completed. The page can be printed or saved 
as a .pdf file for assessment or study purposes.

Within each module, students take actual 
measurements and record real data. For ex-
ample, in the module entitled, Turning	up	the	
Heat, students take measurements of canopy 
tree annual growth over a sixteen-year period 
in the fifth activity (Figure 3), gathering data 
published by Clark in 2003 to demonstrate 
how increased canopy temperature affects 
rainforest productivity. In the final activity, 
users meet Dr. James Hansen, Director of 
NASA’s Goddard Institute for Space Studies, 
to learn about the urgency that lies within our 
present climate crisis, and the reality of the 
gap that exists between scientists and policy 
makers. Users also learn how and why the ice 
is melting in the Arctic Circle, and how and 

Figure	2.	Image	of	progressive	notebook
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why we must act now to lower CO2 emissions 
into the atmosphere.

CHANCE Module Assessment

This research compared six high school classes 
in three different Pennsylvania high schools 
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). 
The study population (n = 212, with 115 students 
in the textbook groups and 97 students in the 
module groups). The study participants were 
selected from Pennsylvania Pocono Mountain 
(suburban), Allentown (urban), and Salisbury 
Township (suburban) School Districts in the 
spring of 2008. The study population comprised 
twelve classes of 20-30 tenth grade students 
per teacher. The tenth-grade students who par-
ticipated in this study were enrolled in either 
Gifted High Potential (n = 61), College Prep 
(n = 92), or Applied levels (n = 59) of biology 
study. Student placement in these levels was 
based on mutual agreement and collabora-
tion of school, counselors, teachers, parents, 
and students. Students’ past performance and 
standardized test scores were considered, but 
did not directly determine student placement.

Concerning student groups, gifted/high 
potential students are offered extended, rigorous 
coursework in the areas of English, Social Stud-
ies, Math, and Science. Activities and methods 
focus on developing higher order thinking skills. 
This program requires more time and work than 
courses at the College Preparatory level. The 
College Preparatory curriculum is moderately 
paced and serves the student who requires the 
traditional academic preparation necessary 
for higher education. Students are required 
to analyze pieces of literature, use traditional 
research methods, make oral presentations, 
and write papers. It is designed to build skills 
and knowledge needed for students who plan 
to enroll in a four-year college or university. 
Applied Level courses are offered in the areas 

of English, Mathematics, Science, and Social 
Studies. They are recommended for students 
who are planning some formal education be-
yond high school in a trade or technical school, 
community college, or four-year college or 
university. Projects, real-world applications, 
and career-based learning are emphasized in 
Applied Level courses.

Five tenth grade teachers were selected for 
administration of this study. Four acted in the 
classroom as Research Assistants who carried 
out teaching and assessment duties and also as-
sisted with the collection of the informed consent 
documents, and with recruitment, 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 ensure 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: Concept 
Assessments and Attitude Surveys. The Director 
and her undergraduate research assistants, Ste-
phen Seaquist and Foram Dave, blindly scored 
assessments and surveys, carried out statistical 
analysis, and interpreted data.

All teachers worked with the principal 
investigator to complete a day-long module 
training workshop, agreed to participate in 
this study, and 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 Val-
ley campus and presented by David Bray, Sales 
Representative, Holt, Rinehart and Winston.

Student data were analyzed statistically 
including mean, standard deviation, statistical 
significance, and confidence levels for the test 
results. Both groups were tested before begin-
ning study of the scheduled ecology unit; fol-
lowing study of the ecology unit topics covered 
in chapters 4, 5, and 6 in the course textbook 
and after the ecology unit concluded.
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Figure	3.	Activity	5	of	CHANCE	module,	Global	Warming:	Turning	Up	the	Heat
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RESULTS AND DISCUSSION

Data analysis revealed that between the pre-tests 
and post-tests, 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. Post-test scores for the module 
group showed a gain of 12.99 percentage points, 
while the textbook group showed a gain of 5.91 
percentage points. A t-test evaluating the dif-
ference in the final post-test scores between the 
textbook and module groups indicated statistical 
significance at the p = 0.001 level (Table 1 and 
Figure 4). Both student populations showed 
no significant difference at the pre-assessment 
stage (the groups varied by only 1.91 percent-
age points), suggesting that both groups overall 
possessed similar academic ability.

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) 
is separated into groups depicting academic 
levels of the students involved, analysis reveals 
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 Concept Assessments 
than the students using only their textbook 
(Table 2; Figures 5 and 6).

Table 2 shows the average test scores as 
per academic level for the test results plotted 
in Figures 5 through 7. The results revealed a 
statistically significant difference between the 
pre- and post-test scores of the Gifted High 
Potential (p = .012 level) and College Prep 
groups (p = .004 level). For the Applied Group, 

Table	1.	Mean,	standard	deviation,	statistical	significance,	confidence	for	high	school	group	tests	

Number of 
Students

Mean 
Grade

Standard 
Deviation t p-Value

All Textbook Groups Pre-Test 115 55.792 4.048
0.896 0.186

All Module Groups Pre-Test 97 57.708 3.638

All Textbook Groups Post-Test 115 63.107 3.666
3.114 0.001

All Module Groups Post-Test 97 69.937 4.222

Figure	4.	Textbook	vs.	module	groups	test	data	(all	groups)	
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however, results did not reveal a statistically 
significant difference between, the pre-test and 
post-test scores (p=0.37 level).

The only exception to the trends displayed 
by the Gifted High Potential and College Preps 
groups was seen in the Applied Group (n = 59) 
which faired lower (Table 2 and Figure 7). Even 
so, the difference was not found to be significant. 
Based on additional survey data, this group also 
expressed a low motivation to learn science in 
comparison to the other groups, which may 

factor into this group’s statically insignificant 
change.

All groups of high school students involved 
in this study also completed pre and post atti-
tudinal surveys to assess their attitudes toward 
learning science, doing research, and using 
technology. Overall, student data revealed that 
these students have positive attitudes toward 
learning about science and understanding how 
research is conducted with the exception of 
the Applied Group. The surveys also assessed 
students’ perceptions of textbooks. In post-

Table	2.	Average	test	scores	as	per	academic	level	

Pre Ch 4 Ch 5 Ch 6 Post

Gifted High Potential (n = 61)

Textbook Group 60.44% 79.62% 72.40% 62.55% 62.36%

Module Group 63.00% 84.14% 74.48% 70.81% 70.64%

College Prep (n = 92)

Textbook Group 61.36% 82.46% 73.63% 72.66% 67.55%

Module Group 59.24% 82.69% 77.76% 75.54% 76.65%

Applied (n = 59)

Textbook Group 42.80% 72.70% 61.80% 66.77% 56.36%

Module Group 48.76% 73.18% 60.16% 60.74% 59.04%

Figure	5.	Textbook	vs.	module	groups	test	data	(gifted	high	potential)	
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survey responses to the statement “I find my 
biology textbook interesting,” 52 percent of the 
students disagreed. Yet, in response to the state-
ment “I feel comfortable using computer-based 
resources as learning tools,” 81 percent of the 
students agreed. This information suggests that 
students in this study may be comfortable with 
the use of technology due to its use in their daily 
life. Figure 8 shows 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 
1 = Strongly Disagree to 5 = Strongly Agree.

Additional project data provides a qualita-
tive look at students’ and teachers’ perceptions 
of the use of the modules, feedback on the 
CHANCE module design, appropriate high 
school level science content, and the likelihood 
of teacher adoption (McLaughlin & Arbeider, 
2008). Following a two-hour workshop on 
CHANCE module use in the classroom, sixty-
eight teachers (10 pre-service and 58 in-service 
teachers) evaluated the “Invasive Plant Species 
in Pennsylvania” module using both the cyber-
guide for Web Site Design, and the cyberguide 
for Content Evaluation (MacLachlan, 1996). 

Figure	6.	Textbook	vs.	module	groups	test	data	(college	prep	group)	

Figure	7.	Textbook	vs.	module	groups	test	data	(a	plied	group)	
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To gauge the likelihood of adoption, a subset 
of 46 teachers including, 10 pre-service teach-
ers, also completed a brief implementation 
survey noting their likelihood of using the 
module in the future. Responses to the cyber-
guide evaluations were equally strong among 
both pre-service and in-service teachers. Teach-
ers’ responses served as a feedback mechanism 
for module design. Of major interest was that 
the pre-service teachers showed more interest 
and likelihood to implement digital technology 
in general than their more experienced coun-
terparts. In the free response comments, pre-
service teachers noted that they would attempt 
to implement the CHANCE modules during 
their student teaching practicum.

Other pre-service teacher comments are 
as follows:

“The	modules	 really	 are	 engaging.	 I	 felt	 an	
adrenaline	 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	meaningful	about	the	environment	
as	they	use	it.”

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

Additionally, the teachers that implemented 
the CHANCE modules in their classrooms 
indicated a number of positive effects on there 
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 professional 
development program (Tables 3 and 4). These 
teachers further reported that CHANCE module 
use resulted in increases in student understand-
ing and influenced students’ behavioral deci-
sions relative to the environment (Table 5).

Additionally, in spring 2009 a national 
textbook company began conducting blind 
reviews of the modules. The company re-
cruited a cohort of teachers from 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. 

Figure	8.	Post-study	student	survey	responses
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Now complete, the analysis has been over-
whelmingly positive. One of the most fre-
quently stated weaknesses is the time involved. 
Many reviewers expressed concerns about their 
time constraints in the classroom.

Some of the reviewers’ comments regard-
ing 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.”

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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Additionally, although blind reviews were 
conducted, it should be noted that the partici-
pants may have been influenced by the fact that 
they were recruited by the text-book company. 
This concern is tempered by the participant’s 
apparent willingness to express concerns such 
as those listed above, but none the less should 
be considered accordingly.

CONCLUSION

Based on the data associated with the CHANCE 
research modules, these multimedia pedagogi-
cal tools, offer teachers an up-to-date alternative 
to traditional professional development and 
curriculum opportunities. When based upon 
ongoing research and analysis, these modules, 
attempt to evolve to meet the needs of students 
and educators such as those in this study. As 
indicated by the data, not only do these modules 
support the learning of scientific inquiry skills, 
but they also support the vision of the National 
Science Education Standards.

Similar to the findings of Lin and Ward 
(2011), these data suggest that these multimedia 
research modules take advantage of the digital 
propensity of students and teachers alike, and 
promote inquiry-based learning by allowing 
students to explore, observe, question, hypoth-
esize, manipulate, analyze, and think critically 
about real science data and information from 
accredited research programs from around the 
world. The experienced teachers in this study 
embraced the authentic peer-reviewed science 
that forms the basis for multimedia modules such 
as the CHANCE modules. This computer-based 

interactive approach was particularly attractive 
to the higher skilled students in this study, most 
of whom enjoyed the virtual experiences this 
technology affords. Best of all, these modules 
promoted active learning by providing oppor-
tunities for students to participate as individuals 
directing their own learning process.

Important findings from this research 
indicates an increase in positive effects upon 
students’ learning, as demonstrated via both 
short-term (immediate assessment) and long-
term (three months post assessment), after 
using the learning-centered, multimedia “re-
search 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 learn-
ing of science (application, integration, and 
understanding) and to expand their cognitive 
abilities. Mayer (2009, pp. 20-21) defines three 
types of learning outcomes: no-learning; rote 
learning, and meaningful	learning. “Meaning-
ful learning is distinguished by good transfer 
performance as well as good retention perfor-
mance.” Future research will critically examine 
the design features of the CHANCE research 
modules so as to further enhance their ability 
to engage students in real-world research and 
foster meaningful learning.

Although this study highlights a high level 
of positive results surrounding the use of multi-
media modules, a number of limitations are also 
evident. For example, 17% of future teachers 
reported that they strongly disagreed with the 
statement, “When teaching biology in the future, 
I will engage in scientific research by carrying 

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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out a real experiment.” This response rate seems 
to correlate with the teacher’s incoming research 
experience, which may suggest the that teachers 
with very limited research experiences may re-
quire extended research experiences in addition 
to training with the multimedia modules in order 
to improve their comfort level. Additionally, a 
number of these teachers teach in challenging 
environments that may create barriers to them 
in carrying out authentic research activities in 
their classrooms.

In addition, in Table 4, 84% of teachers 
reported that they either strongly disagreed 
or disagreed with the statement, “Using the 
CHANCE research modules helped me to adjust 
the pace of instruction to meet a wide variety of 
learners in my classroom.” Teachers commented 
that they needed “more time” to chaperone this 
level and type of instruction; and, that many 
of their students needed more time to adjust to 
the “research module’ environment and all its 
newness. This however is not unexpected as the 
CHANCE modules attempt to move students 
up Bloom’s Taxonomy, which requires more 
time and planning to achieve.

Related to this, in Table 4, 17% strongly 
disagreed with the statement, ““Using the 
CHANCE research modules helped me to 
teach scientific concepts more easily than with 
a textbook alone.” This response rate strongly 
correlated with those teachers that taught the 
Applied Group. These teachers commented that 
they struggled in general to motivate the Applied 
Group students, and often resorted to vocabulary 
drill and worksheets rather than struggling to 
engage them in higher order thinking activities 
such as the research modules.

Finally, in Table 5, 17% of respondents 
disagreed and 0% strongly agreed with the fol-
lowing two statements: (1) “Using CHANCE 
research modules helped my students better 
understand what a researcher does;” and, (2) 
“Using CHANCE research modules helped my 
students learn how to analyze real data to draw 
conclusions.” Concerning those teachers that 
disagreed with these statements, the consensus 
was that these teachers felt that more experience 
with the modules and/or field experiences would 

be necessary to help their students reach this 
level of enlightenment. As for the lack of strong 
support for these statements, the data does not 
clearly point to a specific reason. Further study 
may help highlight what factors may increase 
the strength of support on these items.

Future research will also involve a longi-
tudinal study to determine whether the stronger 
learning outcomes among high school students 
are attributable to the CHANCE modules and not 
to the novelty effect (Bauer, 2004). Additionally, 
new “research-based lesson plans” specifically 
geared for K-6 and 7-12 student populations are 
presently under development, and we plan to 
assess learning and learning outcomes of this 
group in the near future.

Robert DeHaan reports in his exemplary 
review on the state of 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). Convey-
ing complex data at a level that allows high 
school students and college undergraduates 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.

In closing, the cultural importance of 
science education is not just for students but 
for society as a whole. Consider the follow-
ing excerpt from an article published in the 
Salon Daily Newsletter entitled, Why	America	
is	 flunking	 science? by Chris Mooney and 
Sheril Kirshenbaum:

“It	(science)	is	simultaneously	admired	and	yet	
viewed	as	dangerously	powerful	and	slightly	
malevolent	—	an	uneasiness	that	comes	across	
repeatedly	in	Hollywood	depictions.	As	science-
fiction	film	director	James	Cameron	(“Aliens,”	
“Terminator,”	 “Titanic”)	 has	 observed,	 the	
movies	 tend	 to	depict	 scientists	“as	 idiosyn-
cratic	 nerds	 or	 actively	 the	 villains.”	 That’s	
not	only	unfair	to	scientists:	it’s	unhealthy	for	
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the	place	of	science	in	our	culture	—	no	small	
matter	at	a	time	of	climate	crisis,	bioweapon	
threats,	pandemic	diseases	and	untold	future	
controversies	that	will	surely	erupt	as	science	
continues	to	dramatically	change	our	world	and	
our	politics.	To	begin	to	counter	this	problem,	
though,	we	need	to	wake	up	to	a	new	recogni-
tion:	Fixing	the	problem	of	science	education	
in	our	schools,	although	very	important,	is	not	
the	sole	solution.	We	also	have	to	do	something	
about	the	cultural	standing	of	science	—	heavily	
influenced	by	politics	and	mass	media	—	and	
that’s	a	very	different	matter.”

As the authors make clear, all science edu-
cators (at institutions of higher education and in 
K-12 schools) must deal with the abundance of 
rampant science misinformation, not to mention 
powerful and social beliefs that students often 
cling to and fight for. But it’s not our place to 
argue or force scientific information onto our 
students. Instead, we must figure out the best 
ways to intellectually challenge them, and to 
allow them to “experience” firsthand the won-
der of scientific inquiry. And well-designed 
interactive technology is proving to be one of 
the best ways to do just that. By creating and 
implementing learner-centered interactive envi-
ronments that allow teachers and their students 
to engage in real-world (take out the Hollywood 
fantasy and drama) scientific research, we can 
help students gain a stronger understanding of 
the scientific process and of the social impact 
of the enterprise known as science itself.
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