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Forensic science has been popularized recently by such television shows as American Justice, CSI and Cold Case Files.  In the eyes of young adults, scientists have never been so glamorous and scientific investigation has never been presented in a way that captures their imaginations.  Furthermore, it is a subject with tangible real world implications.  Here is a subject that could really turn some students on to science!

The rationale behind creating an inquiry unit is to create independent learning skills and to do so “educators must offer a series of experiences in which students develop and use those skills to learn important content” (Stripling, p. xviii).  This project presents two inquiry-based units for two different grade levels: 6th grade and 12th grade.  Each unit is designed to give students an opportunity to experience science in an unconventional, exciting way appropriate to their grade level.  The information skills they utilize include research, evaluation, analysis, synthesis, critical thinking and communication.  

Forensic science is a fantastic subject for an inquiry project because its goals are the same as those of science inquiry in which students “are searching for the truth, for explanations about the physical world that are based on accurate and replicable evidence” (Stripling, p. 22). A natural byproduct of the inquiry process is information fluency, which is attained as he or she “seeks all evidence from as many legitimate sources as possible; analyzes the evidence gathered; is always open to new evidence; and makes decisions for actions based on the best evidence obtained” (Callison, 2004).  The approach taken in this unit is consistent with a constructivist teaching practice in which teachers “engage students in constructing their own ideas through guided experiences” (Stripling, p. 4).  


Unit Overview

A detailed description of the units appears in the Teaching Materials (CourseQuest3File2.doc) and Learning Materials (CourseQuest3File3.doc) sections.  This is merely an overview:

12th Grade Unit

Overview of Forensic Science – begin unit, journal

Bones and the Badge Webquest – web-based approach to solve a case

Forensic Expert Inquiry – research an area of forensic science

Who Killed Myra Mains? – hands-on approach to solve a case 

6th Grade Unit

Introduction - Cyberbee Who Dunnit? webquest 

Solving Mysteries – Interactive online mysteries 

Knowledge in Action – Laboratory activities

Forensic Expert Inquiry – research an area of forensic science 


Inquiry Model

The library media specialist takes the lead in the inquiry process. “As teacher, the library media specialist collaborates with students and other members of the learning community to analyze learning and information needs, to locate and use resources that will meet those needs, and to understand and communicate the information the resources provide" (AASL & AECT, p. 4).

The librarian will variously take on the role of “organizer, locator, identifier, advisor and counselor” (Kuhlthau) as needed at each stage of the process. These roles may involve “mediation with the student to help in the location and use of sources and information” or “education for learning tools, sources, and concepts of information and strategies for locating and using tools and sources” (Kuhlthau).
The units will follow the 8 Ws of Information Inquiry (Lamb):

12th Grade Unit

Watching (Exploring): students explore and become observers of their environment.  This step was accomplished in the Introduction and Bone and the Badge sections.

Wondering (Questioning): focuses on brainstorming options, discussing ideas, identifying problems, and developing questions. Using Inspiration software, brainstorm to create a concept map.  The chosen area will appear in the center.  Suggestions for webs extending from the main idea can include: education required, job duties, area of science involved, techniques, associated vocabulary, professional organizations, history, case studies, future innovations, challenges in the field.

Webbing (Searching): directs students to locate, search for and connect ideas and information.  One piece of information may lead to new questions and areas of interest.  Students select those resources that are relevant and organize them into meaningful clusters.  Students collaborate with the school media specialist to develop a list of resources and create a bibliography.

Wiggling (Evaluating): evaluating content, along with twisting and turning information looking for clues, ideas and perspectives.  As students read their sources, they journal about what they are learning.

Weaving (Synthesizing): organizing ideas, creating models and formulating plans.  It focuses on the application analysis and synthesis of information.  Students determine what shape their presentation will take:  a slide show, a paper, a poster, a scrapbook, a web page, a film.  Students create an outline of the structure and content of their product.

Waving (Communicating): communicating ideas to others through presenting, publishing and sharing. Students share their ideas, try out new approaches and ask for feedback.  Students create their projects to share their information with the class.  They provide a short presentation of their project to the class.  

Wishing (Assessing): assessing, evaluating, and reflecting on the process and product. Students begin thinking about how the project went and consider possibilities for the future.   Each student is asked to journal about their own and three other projects.  For their own: a commentary on the research process, what they learned and whether they would want to pursue this profession.  For others:  what did you learn that you didn’t already know?  What do you want to learn more about?  What features of the product did you like best?  Would you want to pursue this occupation?

6th Grade Unit

Watching (Exploring): Ask students to list the forensic activities they have experienced so far. Using this information, they should be able to select a Forensic Expert as their topic for inquiry.  The librarian should be available to discuss options and decision making with students until a focus is determined.

Wondering (Questioning):  Talk about brainstorming, identifying key concepts, and developing questions. Demonstrate creation a concept map.  In the center put Forensic Expert.  Extend the who, what, why, when, where, and how spokes of the wheel.  

Webbing (Searching): Ask students come up with a list of keywords for their information search. Next, help students to search the library catalog, relevant databases and the Internet for information relating to their topic.   Ask students to select up to three resources that are relevant. The library media specialist will provide a bibliography format and ask students to create one for their project. 

Wiggling (Evaluating): As student look through sources they will evaluate content and make notes on note cards.  Each card will include the name of the source and the information. 

Weaving (Synthesizing): Ask students to decide on what format will be best for presenting their findings.  This may be a poster, a scrapbook, a PowerPoint presentation, or something else.  Students create an outline of the structure and content of their product.

Waving (Communicating): Now students will create a project communicating their findings.  They will be asked provide a short presentation of their project to the class.  

Wishing (Assessing): After each presentation ask the presenter if they think this is a job they might enjoy.  Ask students in the audience to answer these questions:  what did you learn that you didn’t already know?  What do you want to learn more about?  What features of the product did you like best?  Would you want to pursue this occupation?

The benefits of the use of the 8Ws model, is that is provides a structure and procedure for students undertaking research.  The watching stage provided an opportunity to undertake a webquest while introducing students to potential topics for their inquiry research.  The wondering stage allowed students to brainstorm and expand the scope of their topic beyond what they had already been exposed to.  Webbing placed them in the library with a media specialist available to intervene as needed.  Weaving and waving are intertwined activities in which students synthesize their information and mold it into a product that communicates their ideas.  The challenges of using this model are providing the support students need to develop the research skills involved in each stage.  This is where the expertise of the media specialist is crucial.


Audience

12th Grade Unit

This geared toward students who have been exposed to a state standards-based science and language arts curriculum.  In addition, a certain level of information literacy appropriate to the high school grade level is assumed.  These skills include “evaluation and selection techniques, research and reporting techniques, listening and viewing, literature appreciation, technology application and media literacy” (Callison 2002, p. 72). A sufficient level of maturity is required for students to work independently and in groups, perform laboratory analyses, journal, use computers and handle the subject matter.  Most, if not all, students will have encountered forensic science in a book, magazine, newspaper, movie or television show. Given the student reactions reported in the materials used in this unit, it is expected that students will be interested in the subject matter, excited to perform the hands-on portions and curious about the mystery aspect of solving cases.

An ideal class size for the 12th grade unit is approximately 25 students.  This will allow the students to form investigative teams of sufficient size for the introductory investigation.  However, smaller groups can double up on some of the functions if necessary.  The school setting may be rural or urban, and in fact, some of the materials have been used home-schooled students.  School funding will need to be at a level such that computers, rudimentary laboratory facilities and a library are available.

The unit is appropriate for students who have completed coursework in biology and/or chemistry, which they will be able to put to use within the unit.  In fact, it is implemented in collaboration with a biology or chemistry teacher so that laboratory facilities and supervision are available.  Students will have basic laboratory skills such as using a microscope, using chemistry lab equipment, and the ability to follow detailed instructions.  They will know how to use an Internet browser, the library catalog, run software (such as Inspiration) and use presentation technology (such as word processing, PowerPoint, and video).

6th Grade Unit

This differs from the 12th grade unit in terms of background knowledge required (none) and the maturity level of the subject matter (no dead bodies here!) and activities (nothing that could injure anyone).  There is some information literacy assumed for the Inquiry portion, although the library media specialist is available to teach students how to use library resources.  Students might be expected to know how to use an Internet browser, productivity software (like Word, PowerPoint, and Excel). It is expected that the technology aspect (using computers) and hands on lab activities will generate a great deal of interest for most students.

The class size is expected to be approximately 25 students.  As long as there are adequate computer facilities class size should not be much of an issue: students are divided into investigative teams at certain points.  The school setting is immaterial as long as computers and a library are available.


Standards

Indiana Academic Standards – High School

This unit incorporates the following Indiana Academic Standards:

English/Language Arts

12.2.1 Apply knowledge of Greek, Latin, and Anglo-Saxon roots and word parts to draw inferences about new words that have been created in the fields of science and math (gene splicing, genetic engineering).
12.2.3 Verify and clarify facts presented in several types of expository texts by using a variety of consumer, workplace, public, and historical documents.

12.4.1  Engage in conversations with peers and the teacher to plan writing, to evaluate how well writing achieves its purposes, and to explain personal reaction to the task. 

12.4.2  Demonstrate an understanding of the elements of discourse, such as purpose, speaker, audience, and form, when completing narrative, expository, persuasive, or descriptive writing assignments. 

12.4.4 Structure ideas and arguments in a sustained and persuasive way and support them with precise and relevant examples. 

12.4.7 Develop presentations using clear research questions and creative and critical research strategies, such as conducting field studies, interviews, and experiments; researching oral histories; and using Internet sources. 

12.4.8 Use systematic strategies to organize and record information, such as anecdotal scripting or creating annotated bibliographies. 

12.4.9  Use technology for all aspects of creating, revising, editing, and publishing. 

12.4.10 Accumulate, review, and evaluate written work to determine its strengths and weaknesses and to set goals as a writer. 

12.4.11 Revise, edit, and proofread one’s own writing, as well as that of others, using an editing checklist. 

12.4.12 Further develop unique writing style and voice, improve sentence variety, and enhance subtlety of meaning and tone in ways that are consistent with the purpose, audience, and form of writing. 

12.5.6 Use varied and extended vocabulary, appropriate for specific forms and topics. 

12.5.7 Use precise technical or scientific language when appropriate for topic and audience. 

12.5.8 Deliver multimedia presentations that: combine text, images, and sound and draw information from many sources, including television broadcasts, videos, films, newspapers, magazines, CD-ROMs, the Internet, and electronic media-generated images. Select an appropriate medium for each element of the presentation. Use the selected media skillfully, editing appropriately, and monitoring for quality. Test the audience’s response and revise the presentation accordingly. 

12.6.1 Demonstrate control of grammar, diction, and paragraph and sentence structure, as well as an understanding of English usage. 

12.6.2 Produce writing that shows accurate spelling and correct punctuation and capitalization. 

12.6.3 Apply appropriate manuscript conventions in writing — including title page presentation, pagination, spacing, and margins — and integration of source and support material by citing sources within the text, using direct quotations, and paraphrasing. 

12.7.4 Use logical, ethical, and emotional appeals that enhance a specific tone and purpose. 

12.7.5 Use appropriate rehearsal strategies to pay attention to performance details, achieve command of the text, and create skillful artistic staging. 

12.7.8 Evaluate when to use different kinds of effects (including visuals, music, sound, and graphics) to create effective productions. 

12.7.19 Deliver multimedia presentations that: combine text, images, and sound by incorporating information from a wide range of media, including films, newspapers, magazines, CD-ROMs, online information, television, videos, and electronic media-generated images. Select an appropriate medium for each element of the presentation. 

· use the selected media skillfully, editing appropriately, and monitoring for quality. Test the audience’s response and revise the presentation accordingly. 

Science

Nature of Science and Technology 

Scientific Thinking

Mathematical World 

High school biology

B.1.1 
Recognize that and explain how the many cells in an individual can be very different from one another, even though they are all descended from a single cell and thus have essentially identical genetic instructions. Understand that different parts of the genetic instructions are used in different types of cells and are influenced by the cell's environment and past history.

B.1.5 
Demonstrate that most cells function best within a narrow range of temperature and acidity. Note that extreme changes may harm cells, modifying the structure of their protein molecules and therefore, some possible functions.

B.1.8 
Understand and describe that all growth and development is a consequence of an increase in cell number, cell size, and/or cell products. Explain that cellular differentiation results from gene expression and/or environmental influence. Differentiate between mitosis and meiosis. 
B.1.17 Understand that and describe how the maintenance of a relatively stable internal environment is required for the continuation of life and explain how stability is challenged by changing physical, chemical, and environmental conditions, as well as the presence of disease agents.

B.1.19 Recognize and describe that metabolism consists of the production, modification, transport, and exchange of materials that are required for the maintenance of life.

B.1.21 Understand and explain that the information passed from parents to offspring is transmitted by means of genes which are coded in DNA molecules.

B.1.27 Explain that the similarity of human DNA sequences and the resulting similarity in cell chemistry and anatomy identify human beings as a unique species, different from all others. Likewise, understand that every other species has its own characteristic DNA sequence.

B1
High School Chemistry

C.1.1 
Differentiate between pure substances and mixtures based on physical properties such as density, melting point, boiling point, and solubility.

C.1.2 
Determine the properties and quantities of matter such as mass, volume, temperature, density, melting point, boiling point, conductivity, solubility, color, numbers of moles, and pH (calculate pH from the hydrogen-ion concentration), and designate these properties as either extensive or intensive.

C.1.3 
Recognize indicators of chemical changes such as temperature change, the production of a gas, the production of a precipitate, or a color change.

C.1.5 
Describe solutions in appropriate concentration units (be able to calculate these units), such as molarity, percent by mass or volume, parts per million (ppm), or parts per billion (ppb).

C.1.7 
Use appropriate nomenclature when naming compounds.

C.1.9 
Describe chemical reactions with balanced chemical equations.

C.1.11 
Predict products of simple reaction types including acid/base, electron transfer, and precipitation.

C.1.25 Recognize the importance of chemical processes in industrial and laboratory settings, e.g., electroplating, electrolysis, the operation of voltaic cells, and such important applications as the refining of aluminum.

C.1.26 Describe physical changes and properties of matter through sketches and descriptions of the involved materials.

C.1.35 Infer and explain physical properties of substances, such as melting points, boiling points, and solubility, based on the strength of molecular attractions.

C.1.44 Convert between formulas and names of common organic compounds.
C.2.7 
Describe how the discovery of the structure of DNA by James D. Watson and Francis Crick made it possible to interpret the genetic code on the basis of a sequence of “letters.”
Indiana Academic Standards – Grade 6

This unit incorporates the following Indiana Academic Standards:

English/Language Arts

6.4.1 Discuss ideas for writing, keep a list or notebook of ideas, and use graphic organizers to plan writing.

6.4.5   Use note-taking skills.

6.4.6 Use organizational features of electronic text (on computers), such as bulletin boards, databases, keyword searches, and e-mail addresses, to locate information.

6.5.3   Write research reports that: 

- pose relevant questions that can be answered in the report. 

- support the main idea or ideas with facts, details, examples, and explanations from multiple authoritative sources, such as speakers, newspapers and magazines, reference books, and online information searches. 

- include a bibliography.

6.7.4    Select a focus, an organizational structure, and a point of view, matching the purpose, message, and vocal modulation (changes in tone) to the audience. 

6.7.5   Emphasize important points to assist the listener in following the main ideas and concepts.

6.7.6   Support opinions with researched, documented evidence and with visual or media displays that use appropriate technology. 

6.7.7 Use effective timing, volume, tone, and alignment of hand and body gestures to sustain audience interest and attention.

6.7.11  Deliver informative presentations that: 

- pose relevant questions sufficiently limited in scope to be completely and thoroughly answered. 

- develop the topic with facts, details, examples, and explanations from multiple authoritative sources, including speakers, periodicals, and online information.

6.7.14  Deliver presentations on problems and solutions that: 

- theorize on the causes and effects of each problem. 

- establish connections between the defined problem and at least one solution. 

- offer persuasive evidence to support the definition of the problem and the proposed solutions.

Science
6.1.2 Give examples of different ways scientists investigate natural phenomena and identify processes all scientists use, such as collection of relevant evidence, the use of logical reasoning, and the application of imagination in devising hypotheses* and explanations, in order to make sense of the evidence

6.1.3 Recognize and explain that hypotheses are valuable, even if they turn out not to be true, if they lead to fruitful investigations.

6.1.4
Give examples of employers who hire scientists, such as colleges and universities, businesses and industries, hospitals, and many government agencies. 

6.1.5
Identify places where scientists work, including offices, classrooms, laboratories, farms, factories, and natural field settings ranging from space to the ocean floor.

6.1.6
Explain that computers have become invaluable in science because they speed up and extend people’s ability to collect, store, compile, and analyze data; prepare research reports; and share data and ideas with investigators all over the world.

6.2.2
Use technology, such as calculators or computer spreadsheets, in analysis of data.

6.2.5
Organize information in simple tables and graphs and identify relationships they reveal. Use tables and graphs as examples of evidence for explanations when writing essays or writing about lab work, fieldwork, etc.

6.2.6
Read simple tables and graphs produced by others and describe in words what they show.

6.2.7
Locate information in reference books, back issues of newspapers and magazines, CD-ROMs, and computer databases.

6.2.8.1.1 Analyze and interpret a given set of findings, demonstrating that there may be more than one good way to do so.

The following Information Literacy Standards (AASL & AECT, p.8) are applicable:

The student who is information literate

ILS 1: accesses information efficiently and effectively.

ILS 2: evaluates information critically and competently.

ILS 3: uses information accurately and creatively.

The student who is an independent learner is information literate and

ILS 4: pursues information related to personal interests.

ILS 6: strives for excellence in information seeking and knowledge generation.  

The student who contributes positively to the learning community and to society is information literate and

ILS 7: recognizes the importance of information in a democratic society.

ILS 8: practices ethical behavior in regard to information and information technology.

ILS 9: participates effectively in groups to pursue and generate information (shares and collaborates).
Consider the Waving (Communicating) step of the Forensic Expert Inquiry portion of the unit.  In it, students communicate ideas to others through presenting, publishing and sharing. Students create their projects to share their information with the class.  They provide a short presentation of their project to the class.  This corresponds to the English/Language Arts Standards 12.4.7, 12.4.8, 12.4.9, 12.5.6, 12.5.7, and 12.5.8 listed above (correspondingly, (6.53, 6.74, 6.7.4, 6.7.5, 6.7.6, 6.7.7, 6.7.11, and 6.7.14).  In addition, the 12th graders may be presenting scientific techniques associated with one or more of the science standards, depending on the area of expertise they are describing. The 6th graders are involved with Science Standards 1 and 2 (The Nature of Science and Technology, Scientific Thinking).

This communication step in the 8Ws, Waving, “is communicating ideas to others through presenting, publishing, and sharing. Students share their ideas, try out new approaches, and ask for feedback” (Lamb).  This corresponds to similar steps in other inquiry models.  For example, it maps to the “Prepare to Present or Write” stage in Kuhlthau’s Information Search Process Model (Callison 2002, p. 29):

· Task – conclude information search

· Thoughts – identify any additional information for specific gaps; also notice most of additional information is redundant and resources options are nearly exhausted

· Feelings – relief, satisfaction, but disappointment if some information needs are not met

· Actions – recheck sources for information and bibliographic citations; organize notes, write outline.

· Strategy – return to library to make a summary search to assure all information leads have been exhausted

Looking at the Big 6 Model (Callison, p. 30), Waving is like the Sythesis stage (organize information, present information).  Pathways to Knowledge (Callison, p. 33) also has a Communication step:

· Construct and present new knowledge

· Apply information – choose appropriate communication format, solve a problem, answer a question, and respect intellectual property

· Share new knowledge – compose, design, edit, revise, use most effective medium such as video, report, mural, portfolio and animation.


Field Testing

Since this unit has been developed by someone without teaching experience or an environment in which to field test it, it was important to select some activities that had actually been performed by teachers “in the real world.”

Barbara Sandage, on whose article the “Who killed Myra Mains?” exercise was based:  “This exercise was successful for a number of reasons. The students had a job to do but were given few directions on how to do it, allowing them to use critical thinking skills and experience the excitement of doing authentic investigative science. In addition, they used problem-solving and lab techniques that they had learned in all of their science classes. Finally, students really enjoyed this activity and were motivated to do a good job and solve the case. The results of this forensic unit encourage me to find more problem-based lessons that integrate all the sciences” (Sandage).
Clarissa Labor, author of the Bones and the Badge webquest: “This lesson began as my personal interest in forensic science grew. I found whenever I discussed real crimes and case studies in my class, you could hear a pin drop in the room. One year, I simulated a "who done it crime" with limited success, but stimulated student interest. When I didn't do it the following year, students expressed their disappointment. The decision to try this using the webquest format was simple, but the actual collection of evidence was a little more of a challenge. Photographs of evidence is not readily available. To overcome this problem, I asked the media teacher at school if he could spare a few students to film crime scenes and create QuickTime VR with some of the evidence. As you can see, they did a terrific job. 

By the time students worked on this project, they were already taught about many of the theories and techniques they would be using throughout their research. However, during this activity, we are not able to go in depth with many of the areas mentioned in the lesson. The students become true experts in their field by using the links provided for each topic.

To further increase student interest, arrange to have guest speakers from the law enforcement community, including police officers, detectives, lawyers, and forensic scientists visit your classroom. A trip to a court room, police department, or forensic lab may also be exciting.

For me, this lesson is a great way to prove the validity science in our lives. Forensic science requires experts in all areas of science. I would use this webquest as a culminating activity that incorporates all topics we discussed throughout the school year” (Labor).

Comparison of Units

Both units cover the same subject, but each at an age appropriate level.  Each unit demands only the maturity level one may expect for that grade level.  For example, 6th graders are not dealing with murder cases and 12th graders are not exposed to cartoon character imagery.  The skills the students are expected to bring to the project also vary a great deal (for example, in terms of presentation technologies suggested, laboratory skills, complexity of the cases, the depth of the research expected).  Another difference is the way students are first introduced to the subject matter.  The 12th grade unit begins with a discussion of forensics, a bibliography of sources and a mandate to investigate various fields in forensics.  By contrast, the 6th grade unit is somewhat “sugar coated” with fun software and hands on activities. More scaffolding is available to the 6th graders than the 12th graders in that the materials rather than the student’s response to the subject matter control the scope and depth of experiencing content. As one might expect, the depth of the 6th grade inquiry project is more superficial than the 12th grade unit.  The inquiry deals with a basic Who/What/Where/Why/When/How concept web, whereas the 12th grade unit allows for a many-faceted web of greater complexity and virtually unlimited brainstorming.

While the content of the units is clearly different, the inquiry portion is essentially the same.  The same inquiry model is utilized and the same assessment tool.  This is because at its heart, all inquiry can follow a predictable pattern (hopefully an inquiry model!).   The basic research skills an inquiry unit develops will be the same, while the depth and expectations for the product will vary.  Thus, these units represent two snapshots in a student’s educational career.  Hopefully, the progression assures that they will have the skills they need to thrive in their careers and become lifelong learners.

References

American Association of School Librarians and Association for Educational Communications and Technology.  1998. Information Power: Building Partnerships for Learning. Chicago: American Library Association.

Callison, Daniel. 2004. “Key Word: Information Fluency.”  School Library Media Activities Monthly, in press , 2004)

Callison, Daniel.  2002. Key words, concepts and methods for Information Age instruction: A guide to teaching information inquiry. Baltimore, MD: LMS Associates.

Harada, Violet H. and Joan M. Yoshina. 2004. Inquiry learning through librarian-teacher partnerships. Worthington, Ohio: Linworth Publishing.


Kuhlthau, Carol. 1994. “Students and the information search process: zones of intervention for librarians.” Advances in Libarianship 18.

Information Power: Building Partnerships for Learning. 1998. Chicago: American Library Association. 

Labor, Clarissa.  “Bones and the badge: know where the truth lies.”  San Diego Unified School District. http://projects.edtech.sandi.net/kearny/forensic/t-index.htm (accessed 24 April, 2006).

Lamb, Annette. 2001. “Ws of Information Inquiry.”  Information Inquiry for Teachers.

http://eduscapes.com/info/topic71.htm, accessed 04/24/06.

Sandage, Barbara. 2002. “Who killed Myra Mains? Students investigate a mock crime scene in an integrated science unit.” Science Teacher 69, no. 3: 38-43.

Stripling, Barbara K. and Sandra Hughes-Hassell. 2003. Curriculum connections through the library. Westport, Connecticut: Libraries Unlimited.

