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Abstract 

The Web-based Inquiry Science Environment (WISE) supports research on student 
learning and design of curriculum materials. An international community of 
researchers, teachers, designers, and technologists contribute to the ongoing 
success of WISE. The community has helped shape the knowledge integration 
framework that synthesizes findings in design patterns and principles. Over 5000 
K-12 science teachers and more than 250,000 students take advantage of the WISE 
curriculum materials annually. WISE materials are free, available in 7 different 
languages, and used in numerous countries around the world. Research teams 
regularly contribute new insights about online learning, improved curriculum 
materials, and innovative ways to support teachers using WISE units. 

Each WISE inquiry unit is organized around a personally-relevant question such as, 
What can I do to reduce greenhouse gas emissions? WISE curriculum materials 
and assessments feature powerful, interactive scientific visualizations to illustrate 
unobservable phenomena such as chemical reactions at the atomic level, large-scale 
phenomena such as climate change, and phenomena that happen quickly such as 
collisions. The online environment logs student interactions and responses to 
embedded assessments. WISE offers teachers grading and classroom management 
tools to monitor student progress, provide feedback to students, and personalize 
instruction.  

This year, WISE released a new, open source environment that makes it easy for 
teachers, researchers, and developers to adopt the WISE technology, learning tools, 
and curriculum materials. WISE is establishing an international open source 
community including researchers and developers who extend WISE and apply it in 
their local contexts. This paper reviews WISE research, describes the new version 
of WISE technologies, and introduces opportunities for educators around the world 
to participate.  

Keywords: online, open source, learning, teaching, visualizations, assessment, 
science, inquiry. 
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Introduction  

The Web-based Inquiry Science Environment (WISE) has been supporting research 
on inquiry-oriented science on the Web for nearly 15 years. Throughout this time, 
we have offered WISE free-of-charge to the community. Many researchers and 
curriculum designers have added projects and features to WISE. 

A wide audience of K-12 science teachers use existing WISE curriculum projects. 
Currently, there are over 250,000 student accounts with approximately 3000 new 
student accounts being added each month. Each year, about 5000 teachers use 
WISE (around 400 each month). Each year many teachers and researchers actively 
author new WISE units specific to their state standards and contexts. 

Over the years, the WISE user interface has been translated into 7 different 
languages, and employed in thousands of schools. This year, we celebrate the 
release of our newest version of the WISE technology, which has been configured 
as a modular open source project that should make it easy for developers to adopt 
and adapt the WISE technology, learning tools, and curriculum materials. Below, 
we review the research foundation, then describe our new version of WISE 
technologies, and introduce opportunities for educators around the world to 
participate. 

WISE curriculum and assessments feature powerful, interactive scientific 
visualizations to illustrate unobservable phenomena such as chemical reactions at 
the atomic level, large-scale phenomena such as climate change, and phenomena 
that happen quickly such as collisions. Each inquiry project is organized around a 
personally-relevant question such as, “What can I do to reduce greenhouse gas 
emissions?” The WISE units are designed using the knowledge integration 
framework (Linn & Eylon, in press; Slotta & Linn, 2009). The environment 
captures student interactions in embedded assessments and offers teachers grading 
and classroom management tools to provide feedback to students, track student 
trajectories, and monitor student progress. 

In this paper we describe the knowledge integration framework that we use to align 
instruction, curriculum, and assessment. We discuss the curriculum design process 
and summarize some recent research. We describe the latest version of WISE as 
well as the resources available to everyone free-of-charge.   
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Background 

The WISE software, curriculum, and teaching approaches are based on more than 
twenty-five years of research on learning with technology. Early research 
investigated the use of simulations and probeware to help students understand 
science topics more deeply (e.g., Songer & Linn, 1991; Linn, 1995). This work 
produced the first version of the Knowledge Integration Framework. The 
framework emerged from longitudinal study of students learning thermodynamics. 
It describes the complex repertoire of ideas students bring to science class and 
stresses the importance of building on student ideas and using personally relevant 
contexts to make science accessible. The framework emphasizes the benefits of 
using powerful technologies to make thinking visible and the importance of 
encouraging students to learn from each other. The framework called for using 
technology to encourage carefully designed reflections that could foster a lifelong 
habit of autonomous learning (see Linn & Hsi, 2000). 

With the arrival of the World Wide Web, we developed new technology 
environments such as KIE – the Knowledge Integration Environment that offered 
powerful inquiry projects and made use of the wealth of resources from the Web 
(Bell, Davis & Linn, 1995). This research explored ways to take advantage of 
online learning. One group investigated effective designs for reflection prompts 
(Davis & Linn, 2000). Another group explored the use of technology scaffolds for 
argumentation (Bell, 2004). Some researchers studied the role of social information 
in helping students develop scientific arguments (Hoadley & Linn, 2000). Others 
explored effective designs for online discussions (Hsi & Hoadley, 1997). Another 
group explored the role of advance organizers and cognitive hints to support 
effective use of Web resources (Slotta and Linn, 2000). A group led by former 
teachers researched effective teaching practices for inquiry with technology as well 
as effective professional development approaches (Slotta, 2004; Williams, Linn, 
Ammon & Gearhart, 2004). 

This research informed the design of WISE, including the overall technology 
environment, the specific learning tools (e.g., drawing tools, concept maps, online 
discussion forums, etc), and the design of all curriculum and assessments.  
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The Knowledge Integration Framework: Guiding the design 
of WISE Curriculum and Assessments  

The knowledge integration framework describes the learner as holding a repertoire 
of ideas, rather than a single account of most any scientific phenomena, consistent 
with extensive research in the field (Case, 1985; diSessa, 2000; Howe, Tolmie, 
Duchak-Tanner, Rattray, 2000; Metz, 2000; Siegler, 1995; Sisk-Hilton, 2009). The 
framework describes how instruction can take advantage of the repertoire of ideas 
held by individuals, and by the group of learners in the classroom (Eylon & Linn, 
in press; Linn, 2006).  The framework describes four processes that jointly lead to 
knowledge integration. The processes enable students to sort out their repertoire of 
ideas to form a more coherent understanding of science. Designers and teachers use 
the pattern to inform creation and customization of curricular activities. The four 
processes are:  

Elicit ideas. Knowledge integration emphasizes eliciting and building on student 
ideas. Research shows that students develop a repertoire of ideas about scientific 
phenomena that reflect their observations, experiences, and intellectual efforts. 
Many studies show the benefit of eliciting ideas or making predictions (e.g., 
Gunstone & Champagne, 1990). By articulating their ideas students are prepared to 
test them against new ideas.  

Add ideas. Adding new ideas is the goal of every science activity. Technologies can 
make unique ideas visible (Linn, Lee, Tinker, Husic, & Chiu, 2006). Interactive 
visualizations illustrate phenomena that are too small (chemical reactions), fast 
(collisions), or massive (the solar system) to explore in the classroom. Virtual 
experiments can allow students to investigate situations that are complex (global 
climate change), dangerous (airbag deployment), or prolonged (genetic inheritance). 
In knowledge integration activities, new ideas are introduced using interactive 
experiments, visualizations, and other activities that allow learners to explore the 
relationships among all their ideas.  

When new ideas meet the criteria of pivotal cases they are effective for promoting 
knowledge integration (Linn, 2005). Pivotal cases typically contrast two conditions 
that form a controlled experiment. For example, to help students interpret their idea 
that metals are naturally cold, developed from numerous observations that metal 
objects feel colder to the touch than wooden objects when at room temperature, Mr. 
K, a collaborating teacher asked students to contrast how metal and wood feel on a 
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hot day at the beach and a cold day in the snow. In addition, pivotal cases are 
personally relevant and elicit a narrative. For example, when contrasting wood and 
metal on hot and cold days, the many students immediately start describing their 
own experiences getting into a hot car, walking on wooden or metal ramps, or 
freezing their fingers to a car door. Finally, pivotal cases emphasize the language 
and methods of science. For example, to make the metal and wood case effective, 
students are encouraged to contrast how objects feel on hot and cold days with their 
temperatures as measured using a thermometer. Instructors model the process of 
distinguishing heat flow from temperature using scientifically normative language. 
WISE designers seek pivotal cases so that new ideas are generative and productive. 

Distinguish ideas. Students require carefully designed, supportive instruction to 
help them consider new ideas and distinguish productive ideas from unproductive 
ones. Students are prone to add new ideas and use them in the context where they 
were learned (school) but to ignore them under other circumstances (Linn & Hsi, 
2000). Visualization can be deceptively clear: students may believe they understand 
a visualization without considering the details (Chiu & Linn, in press). WISE can 
guide students to distinguish among ideas by, for example, making drawings of 
their observations, conducting experiments to compare alternative explanations, or 
critiquing interpretations of visualizations. 

Sort out ideas. Students need opportunities to try out their new ideas, reflect on the 
alternatives, and reorganize the connections among their ideas. WISE can guide 
students to organize their ideas in a narrative, explain their ideas to a peer, write a 
persuasive argument to a government official, or make a visual representation of 
their knowledge. These activities help students prioritize their ideas and identify the 
most coherent and generative views. Ultimately students need to coordinate 
productive ideas, prior knowledge, and experience to achieve coherent and durable 
scientific understanding.  

Together these processes comprise the knowledge integration pattern (see Figure 4). 
The pattern can be used to design, review, or critique curriculum materials. It can 
offer new directions for refining an activity. WISE supports authors desiring to use 
the knowledge integration principles and pattern to design curricula that promote 
coherent scientific understanding and to design assessments to measure student 
ability to integrate their ideas.  
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A complete summary of WISE research, theoretical framework, technology and 
curriculum features is provided in a recent book by Slotta & Linn (2009). In 
addition Kali, Linn, & Roseman (2008) summarized the similarities and differences 
between the knowledge integration framework as reflected in the research by the 
Technology-Enhanced Learning in Science (TELS) center (see http://telscenter.org) 
and the curriculum framework employed by the Center for Curriculum Materials in 
Science (CCMS).  

Research Findings  

An extensive set of research findings supports the use of the WISE curriculum 
materials. Each WISE project in the curriculum library has been iteratively refined 
in classroom trials. These studies investigated the effectiveness of the overall 
design as well as specific features. The investigations improved the units and also 
provided insights that informed the knowledge integration framework.    

Investigating Mitosis and Meiosis  

Elisa Stone investigated the mitosis and meiosis activities for middle and high 
school. Understanding concepts of cell division and growth is a fundamental topic 
in biology. When high school students and teachers were asked what concepts in 
cell biology are particularly challenging, they identified the processes of cell 
division- mitosis and meiosis- to be among the most difficult topics to learn.  

In response, the WISE “Investigating Mitosis and Meiosis,” was designed and 
piloted in a 10th grade biology classroom. This WISE unit guides high school 
students to explore web-based animations and cell images, build and analyze their 
own models, make connections to excellent web resources on cell division, and 
undertake an internet research project on related human diseases. The goals of this 
research were to (1) learn more about how students understand concepts of the cell, 
(2) evaluate the WISE cell division curriculum, and (3) determine how the unit 
could be revised to improve cell biology instruction. To determine the extent to 
which students developed a coherent understanding of meiosis and mitosis, 
knowledge integration scoring rubrics were developed and student work from 
several different assessments was analyzed. Embedded assessments, student models, 
pre/post test drawings, multiple choice exam questions, and student reflections 
were examined.  
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Different ways that students constructed their understanding of cell division, and a 
variety of challenges they encountered while learning about cell division in the 
WISE project, were revealed by evaluating student work from different methods of 
assessment. For example, analysis of students’ reflection notes, captured as part of 
the WISE curriculum design, revealed that interpretive questions revealed more 
about what students had learned than descriptive ones. Analysis of drawings and 
models suggested that students did not fully understand mitotic spindle function, 
and revealed a need for more emphasis on this component of cell division. 
Throughout this evaluation, it was noted that students who did not perform well on 
some assessments might unexpectedly perform well on another. For instance, 
several students did not respond fully or accurately in writing but made creative, 
thoughtful models using the WISE drawing tool. Thus, not only are multiple 
methods of assessment beneficial for teachers, but they can also be beneficial for 
students in allowing them to demonstrate their understanding in different ways. 
These conclusions are consistent with the research literature on alternative 
approaches to assessment. Using a variety of alternate approaches to assessment 
benefits learners by giving them varied ways to succeed. In addition, when used as 
formative assessment, varied outcome measures help teachers improve their 
practice by providing a nuanced image of student learning.  

The first classroom trial of this WISE project showed that the curriculum met its 
learning goals. Throughout the WISE curriculum unit, students increasingly 
integrated their understanding of the process of cell division, the events that 
characterize mitosis and meiosis, the function of cell structures important for cell 
division, and to modeling of defects that occur in related diseases. A number of 
revisions were made for the next iteration of this curricular unit that aimed to 
improve the curriculum and increase the number of students that reach fully 
integrated understanding of cell division. The revised WISE unit, called “Cell 
Reproduction & Human Diseases” was taught the next year in a 10th grade biology 
class and customized for a 12th grade biotechnology class.  

The second year of research focused on how students used models to represent their 
ideas about cell division and cancer. Models were analyzed at three points in the 
curriculum unit (early, middle and late) with rubrics that determined students' 
conceptual understanding of the structure and function of cellular components 
required for cell division, and their ability to reason about causes of diseases. 
Knowledge integration rubrics were used to measure student models. They were 
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particularly useful for evaluating student drawings by offering an objective way to 
discern evidence of learning. Data obtained from scoring with these rubrics showed 
that students progressively integrated their knowledge of cell division from the 
beginning to the end of the unit. Moreover, students developed a greater 
understanding of the nature of science by learning to evaluate their own models and 
to appreciate the purpose of models in general. This study demonstrated that 
adaptations to the curriculum after its first year resulted in increased learning gains 
in the second year of its implementation. Additionally, analysis of student data 
demonstrated areas where students continue to have difficulty in conceptual 
understanding. These analyses suggested changes in the curriculum for a third year 
of implementation.  

In sum, evidence for the progression of student ideas about cell division was seen 
in multiple ways. Student explanations of cell division metaphors, cellular models 
of disease, and drawings of the process of cell division were especially effective in 
understanding students' ideas about mitosis and meiosis. Using different kinds of 
assessment throughout the WISE unit revealed which elements of the curriculum 
were successful in promoting student learning in cell biology.  

Investigating Genetic inheritance  

Jacquie Madhok explored how students learn in the WISE “genetic inheritance” 
project. She reports on two research questions: 

1. How does the TELS Simple Inheritance project contribute to student knowledge 
integration compared to a typical curriculum? 

2. How effective is the project for high and low performing pretest students, i.e., do 
both students who score low and students who score high on measures of genetic 
inheritance at the pretest show progress in their understanding of genetics by the 
posttest? 

While using this unit, students explore the content within a personally relevant 
context (see Figure 1). Students assume the role of a school newspaper reporter and 
are guided by the project’s “Managing Editor” to investigate the fictional case of a 
boy who has cystic fibrosis. Students collect evidence on cystic fibrosis to be used 
for writing an article about this boy (named “Eric”) in their school newspaper.  
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Figure 1: Students learn about Eric who has cystic fibrosis, his symptoms 

Students then use interactive, dynamic visualizations to develop family trees with 
online tools (see Figure 2), explore phenotypic outcomes of gene combinations, and 
change parents’ genotypes to see samples of genotypes for children. 

 
Figure 2: Students use embedded drawing tools to create Eric's family tree. 
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To measure the impact of this week-long WISE curriculum unit, pre- and posttests 
were given to the students, and a delayed posttest was given 6 months later. Figure 
3, below, shows some sample assessment items. 

 
Figure 3. Sample assessment questions for genetic inheritance. 

To answer the question “How does the Simple Inheritance module contribute to 
knowledge integration, compared with a typical curriculum?”, comparisons were 
made between students for one teacher, Lisa, who employed the WISE curriculum 
in year 1 and year 2 and the typical curriculum in year 4. The 300 students who had 
used WISE were compared with the 113 students who had experienced the typical 
curriculum. There was a significant difference in the yearly benchmark test scores 
across these two groups, with F (1, 639) = 26.05, p <.0001. Specifically, the 
students who used WISE achieved much higher scores on the inheritance measures 
than the students who had studied without the WISE module (see Figure 4). 
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Figure 4. Students who studied with the module (TELS [n = 300]) significantly 
outperformed those students who studied without the module (Typical [n = 113]) 

To answer the second question, “How effective is the module for high and low 
performing pretest students?” progress in the understanding of inheritance at pre- 
and post-module were analyzed using test results from three teachers. The Simple 
Inheritance module resulted in significant gains in measures of the students’ 
understanding of inheritance for both students’ with low pretest scores, F (1, 78) = 
100.61, p < .0001 and the students’ with high pretest scores, F (1, 60) = 46.74, p 
< .0001 (see Figure 5). 
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Figure 5.Both students who scored low on the pretest [n = 79] and those who 
scored high on the pretest [n = 61] made significant gains from pretest to posttest. 

In summary, the combination of visualizations, reflection, and connections to a 
personally relevant story help to make WISE curriculum units effective. Wider use 
of such research-based units in classrooms has strong implications for improving 
science education results. 

Promoting an Open Source Community of Research and 
Development 

From the outset, we have attempted to make WISE technology and materials 
available to the wider audience of researchers and educators around the world. 
WISE is open source and useful for researchers and developers. Users can author 
and customize units using an accessible set of authoring tools, and hundreds of 
interesting curriculum projects have been created for WISE, many of them 
adaptations of our research-based materials. Software designers have contributed 
new capabilities to WISE, adapting their own powerful learning tools into Java 
Applet forms, to run within Web pages for WISE projects, or even fully integrating 
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their tools into the WISE architecture. Teachers and professional developers have 
customize curriculum units based on evidence from student work. Researchers have 
used WISE curriculum and assessments (which are aligned with the curriculum unit) 
to test alternative educational treatments. 

WISE has a long tradition of supporting open exchange of technology and 
resources. The technology itself has undergone several major revisions, in order to 
achieve a higher level of modularity and accessibility to an open source community. 
A great deal of this work has focused on developing the Scalable Architecture for 
Interactive Learning (SAIL) which can be used in turn to develop a wide range of 
technology environments (Slotta and Aleahmad, 2009). Recently, we have 
produced the 4th major release of our software, which features a new portal and 
user registration system, an improved “Virtual Learning Environment” (VLE), a 
structured content model (similar to xml) and new functionality for interoperability 
with other platforms and learning tools. In the next section, we review the basic 
elements of this technology. 

Introducing WISE Version 4 

WISE4 is committed to providing the best open source solution to inquiry-based 
learning. It is built using proven open source frameworks and tools such as Spring 
Web Framework, Acegi Security, Hibernate, and jQuery. These tools are each 
backed by a strong group of specialized developers and users and provide a stable 
and reliable development environment for WISE. Using these technologies, WISE 
has developed a user and course management system (the WISE portal) and a 
Virtual Learning Environment system (the WISE VLE), both of which are offered 
under an open source, license.  The two technologies can be used independently, 
but have been developed to work smoothly together, and can be downloaded from 
the WISE software project page: http://code.google.com/p/wise4/. 

The WISE portal is a server-side Java web application that coordinates user 
sessions, permissions, user data and content storage and delivery (see Figure 6). It 
is an open-source project that was created by contributors from across 4 different 
institutions in over 3 years. It is currently being used in (and consequently, 
supported by) 3 major software initiatives, including WISE 4. The portal features a 
separated language tree, allowing it to be presented in most languages, and its 
design and behavior can be customized to fit the specific needs of a wide range of 
applications. It supports most recent browsers, and works best with Firefox. 
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Currently, work is in progress to translate the portal text into additional languages 
and improving compatibility with more browsers. 

 
Figure 6. WISE Portal Homepage 

The WISE Virtual Learning Environment (VLE) is a client-side technology written 
with HTML, Javascript, and CSS (see Figure 7). The VLE handles loading, 
rendering, and saving of curriculum content and learner data. These main functions 
are “componentized” so that any individual component can be replaced by an 
alternative component with different behavior or view. In other words, if 
researchers or developers need to use one of their own pre-existing components, 
they can replace the default ones that are provided with WISE . Various initial 
parameters can be passed to the VLE, such as session data, location of the 
curriculum, and visual theme and language of the VLE interface. Like the portal, 
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individuals can customize both the visual layout and the language of the VLE. 

Figure 7. The WISE VLE running the “Plate Tectonics” Project 

Institutions that have developed their own online educational tool can take 
advantage of WISE4’s plug-in architecture to embed the tool as a WISE step type. 
Developers can reference the online documentation at the following URL: 
http://code.google.com/p/wise4/wiki/HowToCreateANewWise4Step. Making a tool 
into a WISE4 step plug-in allows WISE to deliver the tool as an integral part of the 
WISE project, instead of as a stand-alone application. This means that WISE will 
handle user and data management, reporting, and deployment, thus freeing up the 
developer to focus on improving the functionality of the tool. WISE offers a default 
suite of “core step types,” including reflection notes, open response items, evidence 
pages, drawing tools, concept maps, and other assessments formats such as 
multiple-choice and fill-in-the-blank items. Some of these step types were written 
by developers outside of the core development team and folded into WISE using 
the plug-in method. 
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The WISE content model is loosely based on the IMS Learning Design (IMS/LD). 
The data files for a sample curriculum project called Plate Tectonics can be 
downloaded from the project website (see platetectonics.zip on this page: http:// 
code.google.com/p/wise4/downloads/list). The content for each step (or “node”) in 
the project is stored in its own separate file. A main “project file” stores references 
to all of the nodes within the project and how they should be sequenced and 
displayed. The project is stored as a JavaScript Object Notation (JSON), similar to 
a .xml representation, and can be stored in its entirety in a folder, as seen in the 
sample project (i.e., without external resources that are referenced from within the 
project). This allows for easy compression, parsing, versioning, and transferring of 
the project. 

Extending WISE to the International Community 

WISE has been designed to support international partners in creating language 
translations of both the curriculum and the user interface. Authoring WISE 
curriculum in a language other than English requires no additional effort on the part 
of the author, as any language can be entered into the WISE authoring tool. The 
WISE portal will be developed in several different languages in the near future. As 
of this writing, WISE is being installed or has already been used for research in at 
least 5 different institutions outside of Berkeley: University of Washington, 
University of Virginia, Rutgers University, South China Normal University, and 
National Kaohsiung Normal University (in Taiwan). Some of these research groups 
have progressed quickly to using WISE in classroom trials, and others are still 
refining their tools for upcoming efforts. Our partners in China and Taiwan are 
currently engaged in translation efforts. 

WISE in Taiwan 

In Taiwan, students, teachers, and researchers have collaborated to create WISE 
materials by customizing US materials. Chang and her colleagues have designed 
and studied for projects (see Figures 8-12) 
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Figure 8. WISE interface for Hydrogen Fuel Cell Cars in Taiwan. 

Figure 9. Curriculum Activity in WISE Hydrogen Fuel Cell Cars 
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Figure 10. Curriculum Activity in Hydrogen Fuel Cell 

 
Figure 11. Curriculum Activity in Hydrogen Fuel Cell Cars 
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Figure 12. An assessment activity in Hydrogen Fuel Cell Cars 

Implementing WISE 

To set up an instance of WISE, a user with basic knowledge of Web server 
administration can simply visit the WISE software project page and follow the 
instructions for downloading and installing the project: 
http://code.google.com/p/wise4/wiki/StableWISEDeploymentModel. The 
documentation of all WISE software continues to be improved, and currently 
reflects the most up-to-date information and released software. WISE4-dev 
(http://groups.google.com/group/wise4-dev) is a group of WISE developers and 
server administrators that help each other through the WISE installation and 
maintenance processes. It is recommended that the server administrator join this 
group before he or she begins the installation process. 
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Conclusions  

In summary, the new WISE4 technology makes it easy for educators at other 
institutions to adopt, customize and use WISE for their own research or educational 
programs. The plug-in architecture allows existing software to easily integrate with 
WISE. Curriculum materials that were authored at one institution can be easily 
moved to a WISE instance running at another institution. In the future, the plug-in 
tools can be shared with the wider community of WISE users and developers, 
similar to browser extensions. Sharing software code and curriculum content across 
multiple institutions will allow researchers to scale and share their research in new 
ways. 

WISE4 offers teachers and researchers proven science inquiry curriculum units for 
middle school and high school students. To create a WISE4 account, go to 
http://wise4.telscenter.org/ where you will find WISE very easy to use and access 
examples and support materials. There is no commitment required for joining 
WISE. We will be continuing to add new curriculum units over the next year, as we 
move them from the previous version of WISE (still located, for the present time, at 
http://wise.berkeley.edu). WISE is funded by the U.S. National Science 
Foundation.  

For more information contact either: Marcia Linn (mclinn@berkeley.edu) or Jim 
Slotta (jslotta@oise.utoronto.ca). 
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