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Abstract: We draw on three examples from the Technology Enhanced Learning in Science 

(TELS) project to show how collaborative activities designed following knowledge 

integration patterns contribute to science learning. By knowledge integration we refer to 

learners sorting out their many, often contradictory, ideas to develop coherent understanding. 

Research on instruction suggests four interrelated processes that jointly lead to integrated 

understanding: eliciting current ideas, adding new ideas, evaluating ideas, and sorting out 

ideas. These processes characterize design patterns that promote knowledge integration. We 

describe how knowledge integration patterns informed the design of collaborative activities 

for Chemical Reactions and report on the value of heterogeneity in small groups. We describe 

how teachers learned from each other while refining an on-line teacher’s guide for Asthma. 

We describe how teachers engaged in collaborative customization of the plate tectonics unit 

and show that the revised unit resulted in improved student learning.   

Introduction 
Designing effective collaborative activities has proven difficult (Linn & Eylon, 2006). One goal of the 

knowledge integration framework is to help people learn from each other. TELS technologies and professional 

development materials have incorporated numerous collaborative experiences. TELS technologies include the 

Web-based Inquiry Science Environment (WISE) and Teacher Guides. In prior work we have identified design 

principles (Kali, 2006) and design patterns (Linn & Eylon, 2006) that promote knowledge integration. Designers 

used these patterns and principles in the process of creating instructional materials. The NSF-funded TELS 

research program involves over 7 school districts and 100 teachers across the United States. Here we report on 

three successful efforts and show how they benefitted from knowledge integration patterns or principles. 

 

Supporting Student Collaboration in Chemical Reactions and Asthma 
Chiu (2009) designed the chemical reactions unit using knowledge integration patterns (Linn & Eylon, 2006). A 

key premise of knowledge integration is that students hold multiple ideas about any scientific phenomena. The 

knowledge integration pattern helps learner sort out these ideas by: eliciting ideas so that learners become aware 

their views of the situation, adding ideas to fill in missing information to make sense of the topic, developing 

criteria for distinguishing among ideas so that students can determine which ideas to promote, and reflecting and 

synthesizing ideas by reviewing the repertoire of ideas and developing more coherent views. TELS technologies 

support each of these aspects of the knowledge integration pattern with multiple activities. Here are some 

examples from the Chemical Reactions and Asthma units.  

Eliciting ideas. The Chemical Reactions unit 

uses an online brainstorming step to elicit students’ 

ideas about the greenhouse effect and global warming 

(Figure 1). Through the brainstorm, pairs of students 

can collaborate with each other and with other pairs to 

elicit a rich repertoire of ideas. 

Figure 1. Screenshot of the TELS brainstorm tool used in 

Chemical Reactions to elicit students' ideas about climate 

Adding ideas. Often the normative ideas 

about a topic are missing and new ideas are needed. 

Each TELS activity features powerful visualizations 

to help students add ideas about processes that cannot 

be easily observed. In Chemical Reactions, students 

experiment with a visualization of hydrogen 

combustion. Students can observe intermediate states 

in a reaction, determine the effect of adding heat on 

molecular motion, or trace the path of a single atom. 

Student pairs are guided to focus on a series of aspects 

of the visualization: a) how the spark provides energy, b) how the atoms combine and change, c) how chemical 

equations link to the visualization, and d) how the visualization connects with observable phenomena. By 

guiding students to revisit the models with slightly different foci each time, the curriculum helps reduce the 

complexity of the visualizations and take advantage of the varied levels of expertise in the class. 
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Evaluating ideas. Pairs of students discuss these new ideas and try to distinguish them from existing 

ideas. Teachers often model the process of evaluating ideas and help students develop criteria to use in 

comparing ideas. The peer critique activity in the Asthma unit guides students to create a rubric that make 

explicit the criteria for a well-supported decision. Students use the rubric to critique each other’s decision 

justifications. The peer feedback informs not only their revisions of their justifications, but also the connections 

they make between new and existing ideas. 

Figure 2. Average gains from pretest to posttest for groups using Chemical Reactions according to a 

median split. Homogeneous pairs consisting of two students below or above the mean gained about the 

same (low-low: n=30 pairs, M(SD)=6.49(2.98); high-high: n=45 pairs, M(SD)=6.31(3.31)) whereas 

students in heterogeneous pairs with one student above the mean and one below gained more (low-high: 

n=56 pairs, M(SD)=7.78(3.58). 

Reflecting and sorting out ideas. After brainstorming their ideas, student pairs review the kinds of 

chemical reactions that contribute to greenhouse gases (hydrocarbon combustion), and explore other kinds of 

chemical reactions that may be more environmentally friendly (hydrogen combustion). To sort out their ideas, 

students write a letter to their congressperson describing how chemistry relates to climate change. Students are 

encouraged to use notes from the entire project to construct their letter, which is posted in an online discussion 

for the class to comment and critique. This online discussion allows students to synthesize and refine 

connections among ideas collected throughout the project. 

These TELS activities offer students the opportunity to assume multiple roles, a key advantage of 

collaborative learning. For instance, a student may be an expert at explaining how chemical reactions relate to 

energy, yet be a novice at interacting with dynamic visualizations. The partner student may have expertise in 

constructing models, yet struggle to design consequential experiments. Each TELS unit enables students to take 

advantage of the expertise of their partners.  

Our findings support the combination of students with varied expertise. In one study, we paired 

students based on pretest scores (Chiu, 2009). We performed a median split and created pairs with 2 high scores, 

2 low scores, or one high and one low. Preliminary findings suggest that pairing students with different levels of 

prior knowledge benefits both members of the pair more than grouping students with similar prior knowledge 

(Figure 2). This finding is consistent with the idea that students with varied prior knowledge can help each other 

add ideas to their repertoire.  

Supporting Collaborative Design of the Asthma Teacher’s Guide 
We explored an online Teacher’s Guide to help teachers share ideas about teaching for knowledge integration. 

Teachers play a significant role in the success of curriculum intended to promote knowledge integration. 

Teachers manage the presentation of content, determine the appropriate scaffolds that support student learning, 

and coordinate the time and materials necessary to create an effective learning environment (Schneider et al, 

2005; Tal, Krajcik & Blumenfeld, 2006). The Teacher’s Guide promotes teacher learning by encouraging the 

integration of ideas from multiple users. We studied this process with the Asthma unit guide. 

Collaborative Design of Teacher’s Guide. To support teachers’ enactment of the Asthma unit, the 

design team, comprised of education, science, and community partners, developed the online Teacher’s Guide 

based on the experiences of the first users (Novia, 2007). The Guide communicates the objectives of each TELS 

activity, provides student materials such as evidence organizer worksheets and lab instructions, and includes 

specific entries related to the discipline and pedagogy.  
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Discipline entries provide normative explanations for the science and decision-making presented in the 

unit and highlight common student difficulties identified in observations and analysis of student work. For 

example, one entry reads, “The unit teaches three physiological symptoms of an asthma attack - airway 

inflammation, mucus production, and bronchial muscle constriction. Students often focus on the ideas that 

oxygen is restricted from entering the body. The unit also points out that carbon dioxide is restricted from 

exiting the body.” Pedagogy entries suggest teacher practices intended to promote student understanding. For 

example, “Making the Best Decision: The Supporting Your Decision step is a good point to stop the class and 

have a discussion. Often students are at different points in the unit, so it may be best to review this page at the 

beginning of a class session.” 

We report on the iterative design process of the Asthma unit and online Teacher’s Guide (Tate et al, 

2008). In three school years, ten teachers across five schools have implemented the unit in their classrooms. 

Each use of the Asthma unit has resulted in gains in student learning from pretest to posttest (Tate, 2009). Seven 

teachers have used and improved the online Teacher’s Guide, which provides a space for information about 

teaching practices to persist that users believe will improve student learning. Teachers added new activities, 

refined existing activities, and collaboratively redesigned activities using the Teacher’s Guide. The following 

examples illustrate how teachers use the online Teacher’s Guide and how it contributes to teacher learning.  

Refinement of a debate activity. The first online Teacher’s Guide entry about the debate activity 

presented worksheets to guide students as they planned for the debate and two options to help teachers facilitate 

the activity. For option one, pairs of students would debate each other. Option two suggested a group format 

where students split up into two debate teams. In year one, all teachers who implemented the debate followed 

option two with varying success. Some teachers were able to effectively facilitate the turn taking of students and 

support them as they articulated their claims, evidence, and questions related to their decision-making. Other 

teachers struggled to appropriately scaffold students to participate in the highly interactive debate and were 

frustrated when unsubstantiated arguments went unquestioned.  

In year two, three teachers revised the Guide to include tips based on successful implementation of the 

debate. One teacher’s revisions included adding more structure, clarifying presentation types (e.g. opening 

statement, rebuttal, response, and closing statement), setting time limits, and adding work periods where 

students come together to plan for their next presentation. Spontaneous student cross talk was limited so that 

students thoughtfully used their evidence to support their arguments and counter arguments. In addition, this 

teacher created planning worksheets and scoring rubrics for students and for teacher grading of student 

contributions following the knowledge integration framework. The new debate format was added to the online 

Teacher’s Guide and three other teachers implemented it. 

Refinement of a critique activity. Analysis of student responses from year one implementations of the 

Asthma unit indicated that students needed additional opportunities to critique and construct their decision 

justifications. In response, the design team added a peer critique activity described earlier. Initially, the online 

Teacher’s Guide presented a basic set of instructions to guide teachers’ implementation of this peer critique 

activity. The first teacher to implement the activity designed an introductory activity where she elicited students’ 

ideas about what “critique” meant to them and helped students develop class criteria for critique. To scaffold the 

critique process, she asked the class to apply the rubric to a sample argument that she constructed. These 

teaching practices were added to the online Teacher’s Guide. Another teacher believed her students needed 

more understanding of the purpose of a critique, what a rubric is, and how it supports a critique process. To help 

students understand this, she created a PowerPoint presentation that explained rubrics and the features that could 

be included in them. She added a rating system to make the evaluation more concrete for students. The revised 

plans were added to the online Teacher’s Guide and three new teachers implemented them. 

These examples show how collaboration around the online Teacher’s Guide can elicit teachers’ ideas 

about using a specific activity, add new ideas from the community, evaluate ideas in empirical tests, and support 

integration of these ideas.  As a result, teachers benefit from expertise across a community even when the 

participants do not meet face-to-face. The online Teacher’s Guide allows new teachers to learn about curricular 

objectives, access suggested practices, and report back on their experiences.   

Supporting Collaborative Customization of Plate Tectonics 
TELS assessment and feedback tools promote the exchange of ideas between teachers and students. TELS 

embedded assessment questions make students’ thinking visible as they work through a project adding, 

distinguishing and integrating new ideas. This gives teachers insight into students’ reasoning and level of 

understanding, which allows teachers to customize their instruction and feedback to students based on their 

individual students’ needs.  

Using evidence from student work. Embedded assessments capture student thinking in the moment and 

make it available to teachers. These artifacts give teachers insight into the coherence of students’ knowledge, 

and the ways that students make sense of novel curricular elements such as the dynamic visualizations. Teachers 

can collaboratively review these comments in professional development workshops. The goal of TELS 
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professional development is to help teachers consider and practice using the evidence from the embedded 

assessments combined with classroom observations and guidance from experts (e.g. mentor teachers, curriculum 

and assessment developers, scientists, technologists) to customize their instruction based on their students’ 

expressed ideas. Teachers participate in annual, 5-day summer workshops and are supported by a selected 

mentor teacher during the school year.  

Workshops are designed based on the knowledge integration framework. The TELS professional 

development workshops elicit teachers’ ideas about technology-enhanced inquiry instruction in discussions of 

pedagogical dilemmas. We provide opportunities for teachers to add new ideas by collaboratively analyzing 

student work on embedded assessments, sharing curriculum implementation experiences, and participating in 

discussions about instruction with experts. Teachers are supported to distinguish their ideas by negotiating 

criteria with colleagues to categorize the range of their students’ thinking according to a knowledge integration 

perspective. The professional development activities provide opportunities for teachers to sort out and connect 

ideas as they collaboratively link analyses of their students’ reasoning with customizations to their inquiry 

project and associated pedagogical strategies. 

To examine how mentored customization of instruction in professional development impacted 

teachers’ interactions with their students, we analyzed longitudinal data from three teachers who participated in 

TELS professional development and taught the same TELS unit (Plate Tectonics) for at least two consecutive 

years. We investigated the customizations teachers made to the unit, their associated teaching strategies, and the 

effects of their customizations on student learning outcomes (Gerard, Spitulnik, Lee & Linn, 2009).  

Analyses suggest that teachers’ use of TELS embedded assessment data in the summer workshop 

changed the way that the teachers interacted with their students’ ideas in the classroom. In terms of curricular 

customizations, the most frequent categories of customization were adding information and modifying 

embedded assessment questions or text. Customizations primarily helped students focus on the key concepts in 

the computer models, or emphasized the key points in the embedded assessment questions. These curriculum 

customizations allowed students to work more autonomously through the Plate Tectonics unit, providing the 

teacher greater opportunity to facilitate learning. This is evidenced by the change over time in teachers’ 

pedagogical strategies. 

Teachers demonstrated the greatest changes over time in their teaching practice in terms of increasing 

assessment, using physical models and promoting good discussions when teaching the Plate Tectonics unit. This 

suggests that as teachers gained more experience with the TELS unit and more practice in the summer workshop 

using students’ ideas to customize their instruction, they created more opportunities to listen to their students’ 

thinking while teaching the TELS unit, and interleaved additional opportunities for students to interact with the 

concepts such as laboratory activities and homework.  

 To determine how teachers’ use of ideas to customize instruction impacted their students’ knowledge 

integration, we analyzed students’ pretest and delayed posttest results for three years. Regression analysis shows 

that with each year teachers engaged in evidence-based customization of instruction, their students’ learning 

gains significantly improved (Figure 3). The impact of the professional development was greatest after teachers 

had 1 year of experience customizing the curriculum (Gerard et. al, 2009).  
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Figure 3. Impact of collaborative customization on student learning over three years. 
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Designing online feedback. We examined how teachers use TELS assessment and feedback tools to 

listen to and provide targeted feedback to facilitate students’ knowledge integration. Teachers who participated 

in the Year 2 summer workshop were concerned about how to provide timely feedback to students during a 

TELS project; they rarely had time to write individual comments to each student for each assessment. To 

address this problem, the teachers started by creating unit-specific feedback using the knowledge integration 

rubric. Teachers who taught the same TELS unit jointly selected a few key questions and graded a random 

sample of student work. They identified student ideas that fit the five levels of knowledge integration and 

created specific rubrics for these items. 

The teachers then designed feedback for specific responses that was intended to motivate learners to 

improve the integration of their ideas. The teachers worked in small groups, mixed by school and grade level, 

and focused on one of the knowledge integration categories. They created a variety of options that could be 

applicable to students’ work in multiple TELS units as well as responses specific to each unit. Each teacher then 

entered the comments they would like to use in the upcoming school year into the Teacher Portal. Using the 

portal they could then assign responses rapidly to multiple student groups. 

This collaborative activity had several benefits. First, the teachers gained valuable insights into the 

ideas held by their students. Second, the agreed-upon responses motivated teachers to provide more feedback to 

their students. Specifically, we analyzed the feedback given by six teachers, one from each grade level at both 

schools in the two school districts. In the year prior to this professional development activity, the teachers 

provided a total of 1788 comments (about 300 comments per teacher). After the professional development the 

teachers gave a total of 4302 comments (about 700 comments per teacher), a significant gain. By supporting 

collaborative design of comments and providing an easy way to store and use comments, the professional 

development dramatically increased targeted feedback to students.  

Conclusions 
Knowledge integration patterns and principles inform the design of curriculum, assessments, and professional 

development activities in TELS. As these examples illustrate, the framework leads to successful collaborations. 

Using knowledge integration patterns to design the Chemical Reactions unit creates opportunities for students to 

help each other achieve an integrated understanding of science topics. Collaboration around the online Teacher’s 

Guide for the Asthma unit illustrates how teachers can build on their past practices, incorporate appropriate 

customizations made by their peers, and reuse effective materials. Support for evidence-based customization in 

professional development using knowledge integration patterns can lead to curricular revisions that result in 

improved student understanding. 

These examples show that collaborative experiences can contribute to improvement in learning 

outcomes for students and teachers. These efforts succeeded, in part, because of the alignment of curriculum, 

assessment and professional development with the knowledge integration framework. Results from these studies 

underscore the importance of taking advantage of the varied expertise in the learning situation; when students, 

teachers, and teachers and students pool their knowledge they have a better chance of making progress. 

Investigations illustrate the value of technology-enhanced curricula in terms of making information (e.g. 

students embedded assessment responses, teachers’ suggestions for implementing a particular activity in 

Teacher Guide) accessible over time, enabling learners to benefit from the expertise of others.  

These studies suggest that the knowledge integration patterns add value to collaborative experiences. 

Combining the patterns and the evidence from the technology amplifies the impact of collaboration on teacher 

and student learning. These combinations benefit from trial and refinement as seen in the refinement of the 

Teachers’ Guide for Asthma, the customization of the Plate Tectonics unit, and the iterative design of Chemical 

Reactions. We are capturing effective refinements in elaborations of the design patterns. Using the patterns to 

design curriculum and professional development can increase the impact of collaboration on teacher and student 

learning.   
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