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I. How to Use This Manual

The life cycle of a VaNTH domain project is shown below:

The left hand panel shows activities in developing instructional materials.  The right panel depicts key documents that should be reported and archived.  Many of the stages in this cycle need to be documented for research, archival and dissemination purposes.  It is the goal of this document to discuss the contents of the items in boxes on the right hand side of this diagram (“Modular Design Template”, etc).

This manual is designed to provide VaNTH domain project leaders and investigators with forms and guides for the development of instructional materials.  It includes the following items:

A. VaNTH Modular Design Template:  This form is needed to define the goals of any VaNTH inspired research effort.  It shows the design and intent of the investigator.  It is a vital research document by which we assess the intended “input” into the educational research effort and will be crucial in helping in the assessment of “outputs” such as measures of student progress.  A formal description of the intended instructional innovation is needed.  Completion of this form (in consultation with LS, LT and AE experts) is required for all supported research.  Useful background material for filling out this form is given in the Appendix.

B.  VaNTH Dissemination Materials Guidelines:  Dissemination materials are in two forms.

1. The Project Profile is designed to acquaint others with the content of the course or module that has been or will be developed.  This brief overview should be revised as the project progresses so it can act as an executive summary for persons interested in a given CMMG.
2. The Dissemination Materials are the actual courseware that another teacher would use in his or her instruction.  Requirements for these documents are given in this section.

Appendix: This contains some useful summaries of HPL and VaNTH principles for instructional design that might be useful.  These materials are drawn from our larger works on these subjects.

I.  VaNTH HPL Modular Design Template

A.  Overview

The design template is a basic document that provides information on the input to a VaNTH innovation—the investigator’s course/mosaic/module/granule (CMMG) design.  It is necessary to have this information in order to analyze any research on the module—we need to know the “input” (instructor’s design) before we can understand the output (student performance).  The template is meant to be improved as research continues.  The design process cycles through a series of steps beginning with an initial concept that is developed, implemented and refined over time.  In VaNTH we like to use design teams
 consisting of representatives from all the thrust groups (DE, LS, LT, AE) to work together to optimize the learning potential of the materials relative to the HPL framework
,  explore the opportunities to use technology, and increase the opportunities to gather data that support research on learning and evaluation of the effectiveness of the learning materials.  The domain project leaders can initiate this conversation with a description of their goals and initial vision for their course design that considers dimensions of the HPL framework and opportunities where technology can enhance the learning process and embed assessments.  Then our design teams can work together to:

· Optimize the potential for improving learning and implementation of instruction (with various levels of technology, from paper to web resources), design assessment questions that provide evidence of students’ learning and optimize the potential for an effective research/evaluation plan. 
· Identify the potential for sharing and researching the materials between institutions within VaNTH and beyond 
· Complete the Modular Design Template that includes a status report on the current state of the modular design and highlights to opportunities and next steps the design team identifies.  
The design of a module should be based on the answers to several major questions that are presented in Appendix Attachment 1. 

In the following template, the Section Titles for material are presented in Arial bold (blue), instructions and examples are in italics (red).  Replace red (italics) text with your material.

VaNTH Modular Design Template

DESCRIPTION: The following template provides a workspace to articulate the response to the many driving questions of the VaNTH design process.  The structure of this template is designed to provide a consistent method for reporting information about a project. All projects are required to complete this template.  Example entries are shown in italics.
A. Describing the Course/Unit

1. General Information

Project Title:

Key words to describe component content/skills:

Project Leader and Members of Design Team: 

Institution, course number, name, and fraction of overall course covered by module (in %): [ VU BME 210: Physiological Transport Phenomena, 33%]

2. Course Background

Brief Course Description (catalog style):

Target student population:  [junior BME majors in elective course]
Entire course syllabus (attach
Identify major COURSE OBJECTIVE(S):

This is the high level goal that defines how students will be able to apply their newly acquired domain knowledge when they complete the course.  These objectives are defined in explicit, measurable terms for what students are able to do at the end of the course. Both knowledge and ABET skills should be  considered. 

“By the end of this course students will be able to…”

Identify-sub objectives necessary for achieving the major course objectives:

3. Describing Instructional Unit (Mosaics/Modules/Granules)

The product of our VaNTH designs are instructional materials and learning activities that can range from small interactive sessions with technology/peers/instructor, to instructional sequences that support the inquiry of large complex systems and challenges.  This template provides a general structure for defining important information necessary for the other thrust members to provide input about the design.  In addition, this same information will be important to future users of these materials. 

Identifying OBJECTIVES of Instructional Activity (could be subsets of course objectives)

By the end of this learning activity students will be able to:

What evidence would convince you that students have achieved this outcome? 

This is important in designing assessment and in focusing instruction on the real goals of the module.

Identify scientific/technical content (taxonomy of major concepts) targeted by the learning activity(s).

This can be downloaded from the taxonomies on the VaNTH curriculum web site.

B.  Identifying Student Needs

Students’ ability to comprehend and apply domain knowledge can be a factor in our decision of what, how and when we teach specific materials. Concepts that are easy for students to learn require less instructional time, where fundamental and complex concepts will require a stronger focus on how the instruction is designed and what methods are used to track students’ progress.  Identifying these factors will also help focus our research plan for the project.   These questions are designed to help highlight some of these factors.

Identify learning obstacles students often have in your (course) module (e.g. students’ misconceptions, difficulty in differentiating critical concepts with principles, conceptualizing abstract principles, unfamiliarity with basic representations, anxiety with the use of new tools, etc.)  
What evidence would you use to determine if students successfully acquired the knowledge taught during this learning activity?  

For example, specific questions on a final exam could illustrate where the majority of students still have difficulty.  Or from your teaching experience, students may consistently ask the same questions year after year.

What is your theory for why students have this problem and your thoughts on how to overcome these learning difficulties? 

C.  Designing Instruction

The challenge question is the centerpiece for VaNTH’s instructional model.  The challenge needs to set up the context that illustrates the use of the knowledge, sets up research activities to explore the relationship of concepts to each other and be accessible and interesting to the students.  Appendix Attachment 4 discusses methods that can be used to identify interesting challenges.

1. Describe potential “challenge statements” that target the combination of concepts and potentially build toward the examples listed above. 

2. Describe method(s) for having students’ generate initial ideas about the challenge prior to instruction (e.g. post initial thoughts before class using on line discussion, eLMS assessment, email etc., or in class discuss in group, then share ideas, write one paragraphs essay before class).

3. Describe “research and revise” type activities that support students’ learning of specific concepts related to the challenge (e.g. pre class reflection activity followed by a lecture, building and testing a model to solve a class of problems etc.)

4. Describe “test and refine” activities that encourage students to display what they’ve learned and methods used to help them evaluate and refine their current abilities (e.g.  build and test a model for a class of problems, solve homework problems, on line quiz, interactive learning environment where student …  etc.)

This is the key element of the template-see Legacy cycle in Appendix Attachment 5.  (These activities may include interaction with technology.  Please identify these technologies explicitly).

D. Identifying implementation issues

Sharing our innovations with others will depend on what resources others have available.  Many of our innovations may depend on the use of technology or the structure of the department/university and other available resources.   Anticipating the unique factors of your setting will help highlight potential factors that will influence the effectiveness of this project when used by others.
What special equipment or infrastructural resources are necessary in order to achieve the learning outcomes as planned?

E. Evaluation and Assessing Plan for the Project

Every project pursues the basic research question that students will be able to demonstrate achievement of the learning objectives for the project. Therefore, measures of the objectives must be clearly defined and aligned.  Some projects may have additional research questions that demonstrate how the project increases the potential for achieving these outcomes compared to other methods, or that the instructional methods are repeatable.  The following sections provide a brief structure for outlining an evaluation plan for the project.

1.  Assessing Student Learning

Every project should share the common outcome of improving students' learning. Therefore, at a minimum, a project should define pre and post measures of students' ability to display some level of proficiency of the objectives. In this section describe potential assessment methods you would use to determine students' achievement of the desired learning objectives describe in the previous sections. (For example, sample test problems, instructions for a report that requires the synthesis of ideas and concepts targeted in course, interactions with a simulation, building and testing a model, designing and testing a device, etc).

2. Scoring Rubric

Each assessment item above should requires criteria on how the item will be scored to indicate that the student has achieved an objective.  The most common method is to define a scoring rubric for each step necessary to answer the question and an indication of what would be an acceptable range of answers for that item.

3. Extended research.

Project may plan to evaluate the value added by a particular method compared to other instructional methods or prior years implementation of the materials used in this project. Designing an effective and reliable comparison study requires identifying potential testbeds for future this comparison (e.g. future course in the domain, other instructors at same institutions, other instructors at different institutions, etc.).  In this section, identify potential courses that could serve as a comparison group for this project. This testbed will need to share similar objectives, have similar "coverage" of the materials and be willing to use the assessments described above (See Assessment Primer for descriptions of how to setup various evaluation studies).


F- Issues, Opportunities and Next Steps
 II.  VaNTH Dissemination Materials

A. Overview

There are three elements to the dissemination of domain materials beyond the originating unit;.  These are as follows: 1. The Project Profile; 2. Course and module materials for reuse outside VaNTH; 3. Research and other publications including textbooks.  It is the goal of VaNTH to make these materials available by electronic or other means as soon as possible.  Guidelines for preparation are presented below. 

B.  VaNTH Domain Project Profile
This is a MS Word template that will be saved as an HTML document and used as a webpage for communicating your project to a general audience.  It will be placed on a public access website.  It should be brief, but intelligible as a stand alone object.  It is one form of dissemination, but is not intended to provide the courseware or teacher’s manual for the module/course itself.  Please consider the following:

· The audience is expected to be bioengineering faculty within and outside VaNTH, possibly other engineering and biology faculty, and probably NSF personnel.  At least annual updates of this presentation will be required to reflect progress. 

· Further instructions are given on each page.  Replace the red (italics) placeholder information with material relevant for your module.  Don’t replace blue text.  Those are links that reference sections in the document and are already set up.  Do not insert page or section breaks between sections or around figures.

· You may freely use the terms HPL, Legacy Cycle, and elements of the legacy cycle.    These terms in your presentation will be linked by the VECTR project personnel at VaNTH to brief descriptions of these concepts that can be found in the Appendices of the Domain Project Manual . 

· Arial lettering will be the VaNTH standard for this form.  

· In the Learning Activity section especially, feel free to add figures, movies, photos, etc. that make the description visually interesting, or to add links to materials where the reader can find more detail.  Format pictures to be “in line” with the text using the “format picture” window.  CAUTION: make sure that links reside on stable sites.  If there is any question about this,  please send the materials you want to link to to Patrick Norris who will install them on the same site that holds this presentation.

· When you are finished, send the presentation to Patrick Norris (patrick.norris@vanderbilt.edu) along with any other files to which your presentation refers.  

· Questions?  Rob Linsenmeier (r-linsenmeier@northwestern.edu) or Betty Stricker (betty.stricker@vanderbilt.edu)
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Project Profile

Replace with project name

Replace with domain

Project Director: Replace with PD name
Replace with email address of PD

Project Participants: Replace with participants
Contents

Audience

Learning objectives

Sequence of learning activities

Innovations

Placement in the taxonomy

Assessment

Dissemination timetable

References 

Go back to the list of projects

Revised: November 21, 2003
If you are interested in adopting this material, please contact the project director or designate (if designate, give email).  
Audience

For what level of education is this module/course suitable, and what do students need to know before they attempt this module?

Go back to the top of this profile
Learning Objectives

Use a bulleted list to give the learning objectives for this module or course.  For courses, this might be quite long, so if you have a web link that contains this information, give it here.  Another option would be to give this information briefly here, and to provide a link to a .doc file and provide the file to Patrick Norris for uploading onto the same site as this file.

Go back to the top of this profile
Sequence of Learning Activities

This is a brief story board of how the module/course is utilized in context.  What is/are the challenges? Does it run in a Star Legacy cycle? What is done in class? Outside of class?  What time is allocated for the module? Does it use CAPE/eLMS or another learning technology? 

Screen shots, figures, photographs, or simulated simulations that you might use at a scientific meeting will enliven this presentation.

If there is a link to a functional demonstration of part or all of the module, include it here along with any instructions about how to access it.  If you do this, include a statement that use of the content for education is not approved until the user signs a licensing agreement form and contacts the project director. 
Go back to the top of this profile
Innovation

Why is this material better than what a faculty member might have used previously to teach this material?  You might refer to 

·  Features that support learning – HPL compliance

·  Formative assessment

·  Use of learning technology

·  Simultaneous teaching of content and core competency such as communication, ethics, etc.

·  Special features or cautions in using the module

Go back to the top of this profile
Placement in the Taxonomy

The taxonomies of the major domains are posted at www.vanth.org/curriculum.  Cut and paste the relevant part of the taxonomy here, and use colored highlighting to show what part of the taxonomy is covered by this module/course.

Also show what parts of the core competency taxonomies are covered by this module/course (ethics, communications, teamwork, etc.)

Go back to the top of this profile
Assessment

Briefly discuss the design of the assessment of learning and/or student engagement that have been done or are planned.  You may give results if you wish.  Even for modules that have had extensive assessment, there is no reason to go overboard here.  Assessment results will be reported in other documents. 

Go back to the top of this profile
Timetable

Potential users will want to know what phase this project is in and when they might be able to use it in their class.  

How many times has the module/course been run so far?

Is it undergoing revision?

Go back to the top of this profile
References

Give references to any presentations or papers about this module.  Many of these are collected on the VaNTH website for easy access, and you can point to those

Go back to the top of this profile
Go back to the list of projects
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Example Project Profile

Laboratory in Indirect Calorimetry

Systems Physiology Domain

Project Director: Robert A. Linsenmeier

r-linsenmeier@northwestern.edu

Project Participants: David Kanter, Ann McKenna, H. David Smith, Cara Rieger, Katherine Linsenmeier
Contents

Audience
Learning objectives
Sequence of learning activities
Innovations
Placement in the taxonomy
Assessment
Dissemination timetable
References 
Go back to project list

Revised: November 21, 2003
If you are interested in adopting this material, please contact the project director.
Audience
The primary use of this module is in a physiology course or a laboratory course.  The student level can be anywhere from freshman through senior, provided that the students know basic aspects of cellular energetics (conversion of energy in substrates to energy in ATP) and basic principles of gas exchange, either from previous work or from lecture accompanying this module.

Go back to the top of this profile
Learning Objectives

At the end of this module, the student should be better at:

•   Describing and using relationships between cellular respiration and whole-body metabolic rate, specifically relationship of food and oxygen to production of physiologically useful energy, and principles for converting from oxygen used to Kcal. 

•  Measuring metabolic rate and understanding the advantages and disadvantages of different techniques

•  Identifying and/or postulating sources of error and variability in physiological data; comparison to expected values; drawing conclusions from data containing variability

•  Breaking down a complex problem into component parts; then identifying factors that need to be addressed in order to solve component parts.  (A component of adaptive expertise)


Go back to the top of this profile

Sequence of Learning Activities

This module is a hands-on laboratory in which students measure their own metabolic rate via indirect calorimetry.  It is preceded by a prelab discussion, and followed by a lab report.

The challenge is to determine the amount of food that would be required by astronauts on a two week mission in space so that they don’t lose or gain weight.

Prelab - 1.5 to 2 hours in which students are presented with the main challenge and then work in small groups to “invent” indirect calorimetry and solve important subsidiary challenges necessary for doing the experimental work.  This involves having students generate ideas and receiving feedback from the professor and peers.  Some of the issues that arise are: How can we measure metabolic rate in the laboratory?  Does weightlessness affect metabolic rate?  If we use oxygen consumption to measure metabolic rate, how does this translate into KCal?  What assumptions are we making in these measurements? 

Lab – 2.5 to 3 hour period in which students measurements of resting and exercising metabolic rate.

Written Lab Report - Written answers to the challenge, using laboratory data and other information.  Format is a brief report to NASA.
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Go back to the top of this profile
Innovation

Several HPL features are incorporated in the prelab.  The discussion is assessment-centered, learner-centered and community-centered.

The challenge is motivating to students and prompts discussion about effects of weightlessness, which provides an opportunity to discuss what energy is actually used for in the body, and what might be different under weightless conditions.

We know of no alternative laboratory module in this area.  While there are “metabolic kits” that can be used for indirect calorimetry, these are to some extent black boxes as far as students are concerned, whereas in this lab, it is very clear what is being measured.
Go back to the top of this profile
Placement in the Taxonomy

This module covers concepts in red from the Systems Physiology Taxonomy at www.vanth.org/curriculum:

2)   Cellular Metabolism


a)    Energy in Biological Systems


b)    Chemical Reactions


c)    Enzymes


d)    Metabolism


e)    ATP Production


f)     Synthetic Pathways

19)    Endocrine Control of Metabolism


a)    Energy Balance and metabolism


b)    Endocrine Control of Metabolism: Pancreatic Hormones


c)    Neurally Mediated Aspects of Metabolism

       
d)    Endocrine Control of Growth

21)    Exercise


a)    Metabolism and Exercise



i)    Role of Hormones



ii)   Oxygen Consumption



iii)   Factors Limiting Exercise


b)    Ventilatory Responses to Exercise

In addition, it covers topics related to metabolism during weightlessness, relation of whole body to cellular metabolism.  Also uses laboratory skills and report writing.

Go back to the top of this profile
Assessment

The module has been run in 2002 and 2003 with true experimental and control groups.  The control group had a prelab experience that was a lecture rather than the HPL-inspired discussion.  The lab experiment and report were the same for both groups.  

Both student satisfaction and student learning of concepts related to metabolism were higher in the experimental condition.  While the differences did not generally achieve statistical significance the effect sizes were in the moderate range.  

Go back to the top of this profile
Timetable

The  module is being improved during the winter and spring of 2004, but is ready for adoption at beta test sites.

The following further information is available:

•  An expanded description of how the lab is run in class

•  The script that a faculty member can follow for the prelab

•  The lab manual, including instructions for the lab report

•  Extra material to post on a website with more detail about some concepts

•  Lists of materials needed for the lab

•  Assessment instruments

•  A teacher’s manual incorporating the above materials and other information is in preparation.

Go back to the top of this profile
References

Kanter et al.,  Inquiry-based lab throws out the cookbook and improves learning.  ASEE, 2003.

Linsenmeier et al.,  Indirect calorimetry laboratory, Biomedical Engineering Society Annual Meeting, 2003 


Go back to the top of this profile

Go to the list of projects

B. Course and module materials for reuse outside VaNTH 

1.  Instructor’s manual

· Instructions for obtaining materials for teacher and students

· Syllabus of instruction

· Student assessment instruments (homework, exams, etc)

· Answers to assessment instruments

· How to run this module in a course

· Data on evaluation of module efficacy

· References to published materials on module or to related topics

2.  Actual curricular materials for dissemination 

This is an organized collection of text documents, power point presentations, active elements (simulations, CAPE exercises, INDIE exercises, etc).  These materials should be transmitted to the VaNTH archive through VECTR in the LT Thrust (Patrick.Norris@vanderbilt.edu) by file transfer, email attachment or other electronic means.  Special consultation on active elements may be necessary in order to make them run on the VaNTH server. 

3.  Contact information for technical support


APPENDIX

Attachment 1-Driving Questions related to phases of the VaNTH Design Process
Attachment 2:  Description of How People Learn Framework

Attachment 3: A Team Approach to HPL-Inspired Innovation

Attachment 4: Designing Effective Challenges

Attachment 5-Legacy Cycle and Evaluation

Attachment 1-Driving Questions related to phases of the VaNTH Design Process
I. Describing course/units

· Who are the target learners?

· What are the major learning objectives for the course?

· What objectives are necessary to achieve this major objective?

· What are the sub objectives necessary to achieve these major objectives?

· How well does the current method of measurement cover all relevant features of the objectives?

II. Identifying the needs of the learners

· What concepts in you course are commonly difficult for the students?

· What evidence do you have for identifying these learning difficulties?

· What are your thoughts about why these concepts are so difficult?

· What methods might be used to overcome these difficulties?

· What kinds of technology might assist in overcoming these difficulties (individually or during class)?

· What measures could be used as a pretest to demonstrate students have adequate background to successfully achieve the desired outcomes?

· What measurement methods could be embedded in the instructional sequence that would provide information on students’ current level of understanding?

III. Measuring and Scoring outcomes

· What evidence would exemplify achievement of these objectives, sub objectives?

· What assessment methods are currently used to target these objectives?

· How likely will the measure show a change from pre- to post-test from your proposed instructional intervention?

· What scoring methods are used for the assessment methods?

· What is the reliability of this scoring scheme?

· What opportunity does technology provide for automating the instructional or assessment process?

IV. Designing Instruction

· What instructional sequence do you currently use to meet the course objectives? 

· What potential challenge statements would set the context for acquiring the knowledge necessary to achieve these objectives?

· What instructional methods have you used in the past to over come these learning difficulties?

· In a storyboard form, what is the sequence of learning activities that students will participate in as they explore the content related to the solution to the posed challenge?

V. Identifying implementation issues

· What will students be expected to do before class, in class and after class?

· What are unique characteristics of the way this instruction will be delivered? (e.g. unique resources available at university or in the lab).

VI. Identifying Research and Evaluation Questions

· Are multiple sections of the course taught in a given semester/quarter?

· Could students be assigned to a course (or “pull-out”) on a random basis?

· On what schedule is the course taught (e.g. annually, each semester/quarter?

· Does the module/course require new measures?

· Can these measures be developed ahead of time so that they could be used in a baseline comparison?

· If not, is a “later” comparison available?

· Is there a comparable non-HPL class available at one of the other VaNTH sites?  At another university?

· Are comparison faculty willing to use these assessment materials that you have devised or intend to devise?

· Could students be paid to complete the HPL or Traditional material and testing?

· Within your class, can you develop parallel pre and post-test materials for other non-HPL parts of the course? 

Attachment 2:  Description of How People Learn Framework

The National Academy Press book, How People Learn (HPL), takes learning from speculation to science. Within this seminal work, a framework is provided that describes the components of a learner-centered environment. In a learner-centered model, the emphasis is placed on learning rather than on teaching. The framework provides these four overlapping “lenses” to use when creating and developing learning environments:

· Learner-centered environments focus on the knowledge, skills, and attitudes that students bring to the learning situation

· Knowledge-centered environments focus on content that is organized around big ideas or core concepts

· Assessment-centered environments help students’ thinking to become more visible so that both they and their teachers may assess and revise their understanding

· Community-centered environments capitalize on local expertise to create a sense of collaboration among students 

A key feature of the framework is that it is designed to combat the common problem of students’ inability to apply learning to relevant situations. Challenge Based Instruction is one model that provides various opportunities to balance the dimensions of the HPL framework. Challenges provide students with the conditions for when and how to apply specific knowledge.

Five criteria for HPL driven design:

· Students develop own ideas for solving a complex problem

· Explicit outcomes to enhance student self-assessment

· Students work in groups—social mediation of knowledge & solutions

· Students test own solutions through hands-on activities and computer simulations
· Instructors provide well-defined structure for learning opportunities
Challenges should:

· Be accessible to students (in the sense that they can generate ideas)
· Be motivating to students (by tapping into their interests)
· Provide a context for how knowledge is used (and can be used to provide access to multiple perspectives on knowledge for a given context)

· Be complex enough to provide links into several concepts that help students to differentiate how these concepts are used and relate to each other

Attachment 3: A Team Approach to HPL-Inspired Innovation


Transforming education to conform to the learning principles in the HPL framework and incorporating computer technology into the educational process requires the knowledge and skills of an interdisciplinary team. Within VaNTH, this transformation begins early in the development process. Prior to implementation of an innovative curricular change, the proposed innovation is subjected to a “Team Review”. During this review, experts in learning sciences (LS), learning technology (LT) and assessment and evaluation (A&E) meet with experts in bioengineering to examine, in detail, the elements of a proposed innovation (e.g., a module).  As depicted in Figure 1, each area of expertise focuses on a set of distinct, but complementary, design issues. The purpose of this brief note is to highlight the content and processes associated with these reviews. 

(A) The Role of the Domain Expert


Team Review begins with a relatively concrete proposal developed by a domain expert. The proposal could be for a module on a limited topic (e.g., biotransport), a sequence of modules (a mosaic) or the revamping of an entire course.  The elements of a proposal include:

1. Problem specification. The initiator has identified a set of substantive topics that have been difficult for students to master in the past (e.g., Free Body Diagrams in Biomechanics);

2. Empirical evidence. The nature and extent of the problem is easier to understand and specify when the domain expert has provided empirical evidence (e.g., the distribution of scores from prior exams). 

3. Learning Goals. With a well-specified problem, measurable learning goals can be articulated. 

4. Measurable outcomes. Well-articulated learning goals need to be translated into measurable knowledge-based outcomes and core competencies.  

Having a well-stated problem, clearly defined learning goals, measures of outcomes and an operational description of the proposed module (designed to reach the stated goals) the expertise of the LS, LT and A&E collaborators can be brought to bear. The review process generally proceeds in an iterative fashion, with each area having its own set of issues and concerns. 

(B) 
Key Issues for the Learning Scientist

For the learning scientist, the central issues in the Team Review include: 

1. HPL Principles. Reviewing the extent to which the innovation contains appropriate content and activities associated with the four types of “centeredness” described in the HPL framework. For example:

· Are learner’s preconceptions and misconceptions assessed?

· Do learners receive feedback on their progress?

· Does topical coverage include key principles?

· Do learners have an opportunity to share their ideas with others?

2. Knowledge-based assessment. Determining if the proposed knowledge-based assessments are well aligned with the goals of the module; and 

3. Scoring. Articulating how exams are to be scored in order to capture important learning outcomes (e.g., understanding, expertise, adaptive expertise).

(C) Key Issues for Learning Technology


Learning technology serves several important functions that can be infused into the module or innovation.  These include:

1. Delivery. The use of technology to present the content in the module and through asynchronous presentation of additional out-of-class materials that support the learning objectives of the innovation;

2. Formative assessment. A main theme within HPL involves making materials learner- and assessment-centered. Technology provides a powerful vehicle for gathering these data. 

3. Tailored Delivery.  Learning with understanding can be facilitated by monitoring learner performance and tailoring (through adaptive programming) the delivery of material to meet the individual learner’s needs.

(D) Key Issues for Assessment and Evaluation


Within undergraduate bioengineering education, the adaptation of the HPL principles into the curriculum is relatively novel. Given this novelty it is important to assess if HPL-inspired innovations produce the intended enhancements in learning. Although there are a variety of ways to answer this type of question, within the VaNTH ERC we have taken an experimental approach. This approach involves:

1. Comparisons. To assess the “value added” of HPL-inspired innovations the performance of learners exposed to an innovation is contrasted with the performance of learners who receive traditional instruction. The A&E experts have to identify, adapt or develop appropriate comparison conditions; 

2. Devise Field Testing Procedures. The details of data collection (e.g., pretests and posttests, control measures) and methods of implementing experimental or quasi-experimental designs all have to be tailored to the particular circumstances of the innovation.  

3. Specify Analytic Plans. Depending upon the nature of the comparison groups that are established, measurement and statistical procedures need to be specified to minimize the influence of biases. 

Main Challenges

A collaborative Team Review is needed because of the complexity of the issues that need to be addressed before implementing an HPL-inspired innovation. A main challenge for members of the Review Team is to reconcile the competing demands that inevitably arise. For example, evaluating the effectiveness of the module in enhancing learning outcomes requires the development of knowledge-based exams that can be used with students who receive the same content, but through a traditional form of instruction. A host of technical (e.g., sample size, statistical power, comparability of the exam across conditions) and practical (e.g., finding a suitable comparison group) assessment and evaluation issues need to be resolved.  

However, the main advantage of the Team Review is that these competing demands are addressed in a collaborative fashion; often the final design is substantially stronger (and more comprehensive) than in its initial form.  

Attachment 4: Designing Effective Challenges

   Challenges should - 

· Be accessible to students (accessible in the sense that they can generate ideas)

· Be motivating because the tap into students’ interests 

· provide a context that display interaction between key principles

· be complex enough that it provides links into several concepts that help students to differentiate how these concepts are used and relate to each other

One example of a challenge for the introductory biomechanics course could review the general principles of physics and geometry as they apply to an athlete using equipment, such as a gymnast on rings or parallel bars, or performing floor exercises like a handstand.   An athlete performing a feat of strength by maintaining an iron cross position could lead to a range of investigations that students can explore including –

What are the strength requirements of the cables and rings to ensure the safety of the athlete?

What muscles provide most of the strength and stability?

What forces are exerted on the bones?

Where is the athlete most susceptible to injury in this position?

Providing challenges like this in class and for homework provides students with           the opportunity to explore the content within a context.  Also, it requires students to demonstrate their ability to accurately and fluently analyze a system of forces applied in a “biological system”.  This helps them understand how to apply this knowledge in various situations, rather than learning it as rote facts or only procedural skills.  

Attachment 5-Legacy Cycle and Evaluation
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Assessment and Evaluation Processes

· The Quest for Higher-Order Thinking Skills 

· Problem-based learning and establishing desired outcomes for higher-order thinking skills and levels of understanding 

· Survey - (ACOS- Academic and Career Orientation Survey) 

· Sent to all BME majors each academic year

· Experiences and Benefits from this Course (EBC Survey) 

· Sent to student cohort groups enrolled in an undergraduate BME course, with the provision that no student can receive a survey for more than 2 courses.

· Course Characteristics and Instructional Strategies Survey

· Sent to each faculty member teaching each BME course

· Higher-Order Thinking Skills in problem-based learning

1.
Adaptive expertise 

· transfer and application of knowledge and skills in contextual problem-based learning environment 

· measuring students outcomes via use of knowledge based–questions and rubrics

· attitude, motivation, intelligence 

· VaNTH web-based surveys, ETE, concept mapping

2. Faculty Change (AC) – 

· changes in classroom, faculty styles and curriculum content design

· Case Studies (FIPP) – participants, interview, VOS, IRB approval form

· Resource:  Internet Resources for Higher Education Outcomes Assessment

· http://www2.acs.ncsu.edu/UPA?assmt/resource.htm 

3. CPS / PRS (personal response system) VSAS – formative preconceptions

4. CAPE & eLMS – adaptive assessment and dissemination

Assessment

Learner performance on the learning objectives was assessed before and after the classroom interventions.  The tools used to conduct this assessment were designed by the coordinated efforts of multidisciplinary teams at both test sites.  Domain-specific questions targeted each of the learning objectives on which the modular materials are based.  This strategy is a pre/post assessment that seeks to measure the change in learner capabilities on specific topics following an educational experience.  In addition, learner comparisons across test sites can also be made, provided that suitable grading rubrics can be demonstrated with sufficiently high interrater reliability.

Scoring Rubric Development

The assessment questions were developed based on the learning objectives of each module.  Each question was scored on multiple dimensions (subitems) to gauge the depth and breadth of learner performance.  A scoring rubric was developed and applied for each subitem.  This process was multidisciplinary and iterative, using sample learner work to refine the assessment and rubric before application on all learner data.  The same set of assessment questions and rubrics were applied at each performance site.

Example of Taxonomy Concepts and Skills to Be Taught in an Introductory Course in Biomechanics

1. FUNDAMENTALS

1.1  units

1.2  vector analysis, vector components, vector products

1.3  forces

1.4  moments, couples

1.5  equivalent force systems, resultant force systems

1.6  composite body center of gravity, center of mass

centroid, distributed body centroid, distributed load

2. MUSCULOSKELETAL SYSTEM AND STATICS

2.1  levers, musculoskeletal machines

2.2  bone, joints, tendon, ligament, muscle

2.3  equilibrium, free body diagrams

2.4  types of support

2.5  2 force and 3 force system statics, method of sections

2.6  equilibrium analysis - upper extremities

2.7  equilibrium analysis - lower extremities

3.  DYNAMICS

3.1  linear kinematics, linear kinetics

3.2  angular kinematics, angular kinetics

3.3  impulse-momentum methods

3.4  area and mass moments of inertia, moment of impulse

3.5  dynamics of limb movement

4.  STRENGTH OF MATERIALS

4.1  deformation, stress and strain

4.2  material properties, Hooke's law, axial loading

4.3  bending - shear and moment diagrams

4.4  bending - normal stress, bending - shear stresses

4.5  stress concentration

4.6  statistically indeterminate

Critical Competencies (ABET Outcomes)

A.  An ability to apply knowledge of mathematics, engineering and sciences at the interface of engineering and biology 

B.  An ability to design and conduct experiments, including experiments on living systems;an ability to analyze and interpret data, including data from measurements on living systems.

C.  An ability to design systems, components or processes to meet desired needs, including systems involving the interaction of living and non-living states.

D.  An ability to function on multi-disciplinary teams.

E.  An ability to identify, formulate, and solve engineering problems, including problems at the interface of engineering and biology.

 F.  An understanding of professional and ethical responsibility.
G.  An ability to communicate effectively in writing and by speaking.
H.  A broad education including biology and physiology as well as the humanities and social sciences.

I.  Recognition of the need and ability to engage in lifelong learning.
J.  Knowledge of contemporary issues, including societal problems and opportunities stemming from knowledge in technology and biology.
K.  An ability to use techniques, skills and tools in engineering practice and be prepared for further education in engineering, medicine or biomedical science.

The Legacy Cycle is one method of challenge-based instruction that supports the HPL framework.





Legacy Activities


Identify course objectives – these are statements of what a student will know and do as a result of instruction.


Design challenges for instruction – these are statements that pose a complex goal to the students. You need to develop interesting challenges that engage students in a process of inquiry that requires them to apply the desired concepts beyond simple manipulation of mathematics. 


Generate ideas – provides students with the opportunity to explore what they currently know about the challenge. This includes their naïve concepts or models of the domain and will provide a baseline or pre-assessment of what they know about the challenge.


Multiple perspectives – these are statements by “experts” describing what they see in the challenge. Their comments provide insights into various dimensions of the challenge, but do not provide a direct solution to the challenge. Students can compare their initial thoughts with the experts. 


Research and revise – provides a series of learning activities (such as simulations, lectures, homework, labs, and readings) designed to help students focus on the important dimensions of the challenge. These activities are designed to help the students make a link to the original “Challenge.”


Test your mettle – this assessment method (homework questions, online quizzes, essays, etc.) provides students the opportunity to apply what they know and evaluate what they need to study more. It also allows the students to reflect on how well they’ve learned the content and to evaluate if they are ready to Go Public with what they know. 


Go Public – this is the final assessment of what students know at the end of the module. This assessment could be a presentation of the content, a quiz or test, an essay, homework, etc. 





The Legacy Cycle is based on these general principles of instruction: 


Contextualize the knowledge – challenges provide a goal statement for the students to see how knowledge is applied.


Students need to generate and demonstrate what they know – the cycle provides for multiple opportunities for student expression and activities.


Illustrate knowledge in multiple contexts – the opportunity to explore several challenges aids in understanding the general conditions under which the knowledge can be used.
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� Design teams consists of representative from each major thrust.  See Appendix Attachment 3 for a description of some of the roles of these team members.


� The How People Learn Framework provides a guiding structure that VaNTH uses to help make instructional design decisions. See Appendix Attachment 2 for a brief description.


� Designing effective challenges requires considering important factors such as the desired learning outcomes, the needs of the students, and their prior knowledge.  Challenges need to provide the conditions for applying knowledge and be accessible and interesting to students.  See Appendix Attachment 4 for more details.
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