Lesson Plan: Swords and Shields 
Project Overview 
The swords and shields project offers students and teachers specific examples that illustrate how Autodesk software, in conjunction with a variety of prototyping technologies, can support students in developing a deeper understanding of history, people, events, culture, and technology through research leading to the re-creation and personal interpretation of historical artifacts. The significance of this project is captured in this statement by Smithsonian Institution anthropologist Daniel Miller: “Objects continually assert their presence as simultaneously material force and symbol. They frame the way we act in the world, as well as the way we think about the world. To understand the past, we have to understand the artifacts of the past.” 
 

In this project, students engage in research related to the functional design and symbolic meaning of two of the most pervasive forms of weaponry found across civilizations. An investigation into these two fundamental types of artifacts sparks and engages students in their exploration of historical factors including relations with enemies and allies, economic power, technological resources, design, and innovation. In a largely illiterate world, these implements of warfare were not only extremely practical, they also served to convey meaning without words. Decorative elements such as the embossing of metal, inscriptions, colors, patterns, 2D and 3D shapes imbue the sword and shield with powerful messages about the power, wealth, ferocity, and bravery of a society and its warriors. 

 

Research about these historic artifacts through texts and references to original source documents leads students into designing their own interpretation for a sword and shield linked to a particular culture and time. Autodesk software then supports the essential process of critical thinking. Students must use their knowledge of a society, their technological capabilities, desires for social expansion, allies and enemies, and spiritual beliefs in order to imagine themselves as a member of that society who is charged with the job of designing these two fundamental artifacts. 
Sample Lesson
The specific lesson for this topic involves the design and fabrication of a shield used by the Vikings. Knowledge about the arms and armor of the Viking age is based on archaeological finds, pictorial representation, and to some extent on the accounts in the Norse sagas.  According to custom, all free Norse men were required to own weapons and were permitted to carry them all the time. These arms were indicative of a Viking's social status. A series of technical videos guides students through the process of re-creating a shield depicted in historical documents. This is accomplished by creating a virtual model in Autodesk® 123D® Design, which can subsequently be translated into a physical artifact through 3D printing or laser cutting using Autodesk® 123D® Make. The technical videos and additional software tutorials available online are intended to empower students with the creative skills to take their project further by developing a personal interpretation of a sword and shield. Like all the projects in this series, the specific lesson example is intended to be illustrative of the process that could be applied to any historical inquiry enhanced through artifact re-creation and personal interpretation.
 
Software:
Autodesk 123D Design
Optional: Autodesk 123D Make, Autodesk® 123D® Catch, Autodesk® Meshmixer®
Time:
1 to 5 hours
Subject(s):
Social Studies, History, Engineering, Art, Math, Science
Concepts Addressed
· Historians and social scientists use historical artifacts to discover how societies functioned, the technologies they employed, the values that shaped their culture, and the events that influenced subsequent cultures and historical periods.
· The tools and materials that were used in the original creation of historic artifacts provide critical clues about a society in terms of its knowledge, technical capabilities, and connections to other societies.
· The field of archeology plays a critical role in the discovery, validation, and examination of artifacts that help illuminate historic events, civilizations, and their impact on the world. 
· Ornamentation applied to many historic artifacts can provide valuable insights regarding the beliefs and value systems of a society.
· The functional and aesthetic qualities of historical artifacts related to weaponry and defense convey extensive information about a civilization’s capacity to deter invasion and expand empires.
· Software such as 123D Make, in conjunction with rapid prototyping technologies that include 3D printing and laser cutting, can be used to translate virtual models of historic artifact re-creations or interpretations into 3D physical models.
· Software such as 123D Design can support learning and engagement by providing students with tools that enable them to re-create and or re-interpret artifacts based on textbook content, original source documents, and/or existing artifacts. 
Learning Outcomes
As a result of engaging in this project, students will be able to:

 

· Articulate the importance of studying historical artifacts in order to develop a deeper understanding of the past.
· Demonstrate skills in conducting historical research related to weaponry design.

 

· Demonstrate skills in using Autodesk 123D software to create a historically and culturally relevant shield design.
· Demonstrate skills related to incorporating virtual and physical representations of historical artifacts into a variety of presentation formats that can include written essays, and oral and visual presentations.
· Demonstrate competence in effectively utilizing digital media.

Prerequisites
Have the students watch these technical videos to prepare for the project:
Part 1: Basics and Project Overview
Part 2: Sketching and Creating the Shield's Components
Part 3: Creating the Handle
Part 4: Adding Fasteners
Part 5: Adding Decals/Paint  
Key Terms 

Historical artifact is an object made by a human being, typically an item of cultural or historical interest such as a coin or tool.
Archeology is the study of human history and prehistory through the excavation of sites and the analysis of artifacts and other physical remains.
Bog iron refers to impure iron deposits that develop in bogs or swamps by the chemical or biochemical oxidation of iron carried in the solutions
Vikings were seafaring north Germanic people who raided, traded, explored, and settled in wide areas of Europe, Asia, and the North Atlantic islands from the late eighth to the mid-eleventh centuries.
Shield is broad piece of armor made of rigid material and strapped to the arm or carried in the hand for protection against hurled or thrusted weapons.
Steel is an alloy of iron and carbon.
Key Terms: Autodesk 123D Design

Gallery contains examples of models completed in 123D Design.
Groups contain one or more objects, as well as other groups.
Intelligent snapping allows a 2D or 3D primitive to be dragged onto any geometry and snap to the nearest face or edge.
Kits contains custom parts and pre-built kits.
Navigation tools are used to move around the scene. These include, pan, orbit, and zoom.

Patterns create circular, rectangular, path, and mirrored patterns.
Redo is a command that allows the user to return to a previous action that had previously been removed through the Undo command.

Select based options displays only the relevant options based on the selected 2D or 3D primitive.
Undo is a command that allows the user to remove up to 30 of the last actions taken in Autodesk 123D Design.

View cube is used to look at and orbit around the scene.
Discussion Guide
Essential Project Conceptual Questions

· Why is the study of artifacts considered to be an extremely valuable aspect of research in the fields of history and social studies?
· What types of insights about a society can be gained by studying the objects they created for functional, aesthetic, spiritual, or emotional purposes? 
· What types of insights can the materials and methods of fabrication that were used to originally create an artifact reveal about a culture and historic time period? 
· What types of insights might an artifact reveal about the distances that people of a particular society traveled and other societies they came into contact with as allies, foes, or subjects?
Essential Project Design Questions

· What physical evidence exists that help us define the characteristics of a Viking shield?

· What literary evidence exists that help us define the characteristics of a Viking shield?
· What shapes and sizes of shields were utilized by Vikings?
· What materials were used in the construction of Viking shields?
· What do we know about the individuals within Viking society who would have owned a shield and/or sword?
· What do we know about how and when shields were used by Vikings?
· How did the design of Viking shields evolve between the eighth and eleventh centuries?
· What were the practical and symbolic purposes for decorative ornamentation on shields?
· What connection did Viking shields have with the longboats designed, built, and sailed by Vikings?
Teacher Preparation

1. Read the Design Thinking Guide.
2. Review the technical videos associated with each lesson.
3. Be prepared to partner with your students in learning the new software techniques.
4. Show students how to find help in the curriculum and use the software Help feature.
5. Point out which videos the students need to catch up on if they need reference.
IMPORTANT!
First-Time Users of Autodesk Software and the Autodesk® Digital STEAM Workshop 
· Watch: Use the video “What is 3D?” and the “Industry and Careers” videos to bring the software to life. Watch and follow the 123D Design basics intro tutorials at http://www.123dapp.com/howto/design.
· Interact: Autodesk has created an interactive application to teach students about visual design and the language used in design. There is also a hands-on lesson and a short quiz included in the downloadable teacher resources. This is a great starter project for any age group. It examines visual design in 3D space, which helps students make that connection with design when they start learning Autodesk software.
· Experience: Watch the project introduction video(s). Seeing how industry professionals approach the design process, and learning about the conceptual content, gives students insight into the possibilities and adds context to support the early stages of learning new software when students are often frustrated. Start the Autodesk software and introduce the interface. Give your students a broad, high-level overview of the tool and then let them explore the project technical videos and the Digital Study Packet videos.
· You are now ready to start a project! 
Day-to-Day Plans 
As noted at the start of this lesson plan, the specific project presented below and documented in the accompanying technical videos is intended to illustrate  the process that could be applied to any historical inquiry enhanced through artifact re-creation and personal interpretation.
Hour 1: 
Understand: Watch and Listen 
To establish a solid foundation for the Viking shield project, students need to have a clear understanding about the importance of research involving historical artifacts. The best starting point is to carefully review the project design brief. Distribute the student pre-test and have students spend 10 to 20 minutes developing their responses to the questions. Your next job is to facilitate a student discussion built around the pre-test questions. These can be conducted as a full class or small group discussions. As outlined in the project brief, the primary goal of this phase is for your students to establish an understanding of the purpose and meaning behind the Viking shield.

Explore: Develop a Knowledge Base 
Through the Explore process, you want students to develop an understanding of the society that they are studying and the practical and symbolic value of the artifact(s) to be reinterpreted. A good place to start is to form teams in which students can discuss the essential project conceptual and design questions listed above. 
Define: Clarify Requirements 
This critical stage in the design process involves establishing the criteria for the project. In order to create an historically accurate and relevant interpretation of a Viking shield, you need to understand specific parameters related to factors such as dimensions, materials used, construction techniques, color schemes, and symbols applied to shields.
Note: Open the Design Criteria Worksheet to help you in completing the Define and Explore phases.
Hours 2–4 
Ideate: Creativity 
In order to develop their own interpretive design for an artifact that is historically accurate with respect to the period being studied, students must base their interpretive design on the criteria that they have documented in the Define stage. This means they have completed their research in order to subsequently justify why their design would have reflected the values and technological capabilities of the selected historic period. Students can initiate the Ideate stage in a number of ways: by developing sketches on paper, building quick study models out of materials such as paper or clay, or just simply start by using Autodesk 123D Design. The goal is to get students to visually communicate to themselves and others the essential direction that they will take and refine in the next phase of prototyping.
Prototype: Test
In this phase, students translate key concepts derived from the Ideate phase into virtual and possibly physical prototypes with the software. Students can watch the technical learning videos, explore the datasets from the example project, and refer back to the online tutorials as they learn the skills that transform their concepts into reality. Encourage students to assist each other in learning the software.
Hour 5 
Refine:  Almost There 
In this phase, you want your students to leverage the power of the software to refine aspects of the design. As students proceed through this phase, remind them to keep referring back the basic criteria that they previously established. Encourage students to engage in a mental practice of asking themselves whether their historical artifact interpretation could have conceivably existed during the time period being studied. 
Solution:  Final Presentation 
This phase is vital for preparing students for future success in school, careers, and life in general. The Solution phase is when you ask students to demonstrate how this project has helped them expand and enhance the four Cs of their learning and innovation skills: critical thinking, communication, collaboration, and creativity. 
Instruct the students to prepare and conduct small group presentations that capture the important aspects of each of the previous phases. Ideally, students should be aware from the outset that the results of their efforts in design phases 1–7 will culminate in a final presentation. 
Note: Emphasize that a successful presentation must clearly define the problem that guided the design and articulate the key criteria that are addressed in the solution. 
Stress the importance of using software tools to visualize, animate, and present in the same way real professionals do every day. Remind students that many colleges, universities, and employers place high value on digital portfolios that convey how a student thinks, works with others, generates creative solutions, and communicates ideas and knowledge through a variety of written, visual, and oral formats. By investing effort into this project, your students will be one step closer to their goals for careers and or college.
Note: If time is limited, you may opt to have students share their final presentations electronically. This provides an opportunity to generate feedback from peers and teacher.
Differentiated Instruction
· Encourage students to review the lesson and skills videos in small groups.
· Have small teams of students collaborate to complete one design criteria matrix by dividing up the work.
· Identify specific websites that students can use for the Define and Explore stages. 
· Provide some students with a set of predefined design criteria and background content to modify the Define and Explore stages. 
· Have small groups collaborate on the Ideate, Refine, Prototype, and Presentation stages. Have some students focus on the development of physical sketches and sketch models while collaborating with team members who focus on digital prototyping.
· Provide students with self and peer evaluation forms to be filled out at the completion of each phase.
· Provide students with models of successful student presentations with clear examples of each design phase.
Non-Native Speakers
· Encourage students to tap into their own culture and life experience to discover prior knowledge of the project topic. 
· Provide English/first language translation dictionaries and/or electronic translation devices.
· Allow the student to prepare materials in their primary languages and have them translated later.
· Pair ELL students with native English speakers.
· Provide a translator for viewing videos.
Special Needs Students
· Provide prefabricated modeling components.
· Engage the help of aides to assist in physical sketch modeling and prototypes.
· Accommodate students by allowing additional time and/or reducing the scope of project requirements.
· Provide any necessary accommodations for access to technology such as alternative input devices, larger font sizes, speech recognition, and so on.
STEAM Connections

Background
STEAM stands for the integration of science, technology, engineering, art, and math. The study of historical artifacts provides a perfect window into the past to help reveal the roles that these key domains of skill and knowledge played in a particular society and time period. 
Science 
· The Vikings were renowned for their expertise in ship building and navigation. One of their great achievements entailed the design, construction, and sailing of what are termed longships. One category of longships called the drekar or “dragon-headed longship” enabled the Vikings to navigate ocean waters by sail and then switch to oars for quick attacks. Such innovations enabled the Vikings to excel in trade and establish a solid reputation as fierce warriors. Examine historical documents about Viking longships and explain what scientific knowledge they needed to possess related to the physics principals of buoyancy, balance, and the transfer of mechanical power. Explain how you think this knowledge was translated into the design and operation of the longships.
· Because many important Viking artifacts were made of wood (for example,  ships and shields) historians have been able to employ the scientific method of tree ring analysis to date artifacts and also identify the possible location of the trees that were cut down to produce the timbers and planks used to construct ships and shields. Investigate the process of tree-ring analysis. What can this process reveal about the geologic and weather conditions of a particular region and time? 
Technology
· Due to a lack of iron ore deposits in Scandinavia, most iron artifacts, such as the metal boss at the center of the Viking shield, were made from “bog iron.” Investigate this process and the geological conditions that create bog iron ore, and compare it to traditional iron ore and smelting processes. What types of tools and processes might the Vikings have used to form the bog iron into useful artifacts?
· Historical artifacts reveal that the Vikings were masters of ocean navigation. Although there is some conjecture about the existence of an elementary Viking compass, it is most likely that they relied on the sun and stars to sail great distances including travel from Norway to Greenland. What types of navigation instruments might they have employed to use the sky to sail long distances beyond the sight of land?
Engineering
· Literature suggests that some Viking round shields were made from laminated wood, wherein one layer of wood was attached to a second layer with the grain running in a perpendicular direction. Investigate how this early type of “composite engineered material” would have increased the strength of a Viking round shield. If laminated wood was used, how would the two layers have attached to one another?

· The design and fabrication of Viking swords relied on knowledge of metals and metal forming processes. Swords produced by one particular family known as Ulfberth are described by British historian Alan Williams as perhaps the “greatest sword ever made.” This honorific assessment is based on the fact that the Ulfberth sword was forged from a quality of steel that would not be surpassed until the Industrial Revolution that occurred 1000 years later.  Investigate how the Ulfberth sword may have been produced and what scientific knowledge about transforming iron into steel may have been known by this master swordmaking family.

Art
During the Viking age, many everyday objects were decorated with detailed ornamental motifs that varied throughout the ninth to twelfth centuries. Historians have identified several key styles of Viking Art that include styles titled Borre, Jelling, Mammen, Ringerike and Urne. Select one style and investigate the motifs that were used as ornamental designs on objects ranging from ships to jewelry. Examine the techniques used to apply the ornamentation to a variety of materials such as wood and metal. Investigate the symbolic meanings behind the motifs and how they influenced art in other regions of Europe.
· Some of the most valuable historic artifacts that offer insights into the Viking era are the thousands of stone monuments carved with inscriptions using a phonic-based alphabet called rumor. The runic inscriptions often tell tales honoring the dead, especially those who participated in Viking expeditions. Investigate some of the historically significant monuments such as the Turinge, Kjula, and Ingvar “rune stones.” Investigate the relationship between the characters of the runor alphabet and the meanings they were intended to convey. Explore the relationship between the rune stones and other artistic motifs used throughout the Viking era.
Math
· Based on the remains of historic artifacts, the diameter of Viking shields were generally in the range of 80 to 90 cm or 32 to 36 inches. Some shields were as small as 70 cm (28 in.), and remnants of shields as large as 94 cm have also been discovered. These shields were generally made out of planks of wood that were butted together. The woods that were used included pine, spruce, fir, and linden. Investigate the densities of these woods. Calculate the weight of a 90-cm shield for each of these four wood species. What might the diameters and weights of the shields tell us about the size and strength of Viking warriors?
· Based on archeological discoveries, the Vikings exhibited great skill and ingenuity in the design of a type of protective armor called chain mail. Rings of metal are connected in a way that provides protection from stab wounds while allowing much greater flexibility than plate armor. The patterns created by the individual metal pieces offer clear evidence that the Vikings possessed an understanding of geometry. In 1922, Danish archeologist Professor Brumm led a dig at a site called Ingenmannslandfjorden, where the remains of what appeared to be a famous metal smith or armor craftsmen were buried. The chain mail found at the burial site was constructed from a geometric pattern of interlocking parts that had never been seen before. Investigate the design of this chain mail and describe the geometry that gave these mail specific functional and aesthetic characteristics.
Alignment with Math and Science
The accompanying Math and Science matrices provide the teacher with suggestions regarding various concepts and operations that could be presented and reinforced through the projects. 
Science and Math Matrices

Projects in the Digital STEAM Workshop create opportunities for teachers and students to connect concepts in Math and Science to real-world projects. For example, with the Viking shield, students could develop algebra projects around variables such as wood species, weight, material volume, and numbers and size of metal fasteners. The functional and aesthetic design features such as the central metal boss on the shield or inscriptions on the handles of swords can be directly linked to knowledge of geometry. 

Math Matrix
	Grade 7
	Grade 8 
	Algebra I

	Area 
	Ratios and proportions
	Systems of linear equations

	Volume
	Area
	Ratios and proportions

	Ratios and proportions
	Volume
	Area

	Modeling
	Transformations
	Volume

	Graphing
	Tessellations
	Transformations

	
	Systems of linear equations
	Tessellations

	
	
	Quadratic equations


	Geometry
	Algebra II
	Trigonometry

	Area
	Systems of linear equations
	Use of vectors

	Volume
	Modeling
	Determine forces acting on materials and objects

	Transformations
	Linear inequalities
	Determine distances, speed, acceleration

	Calculating measurements indirectly
	Right triangle trigonometry
	Triangle trigonometry for indirect measurement

	Cartesian coordinates
	Cartesian coordinates
	Coordinates: Cartesian, polar

	Right triangle trigonometry
	Production costs of modular parts
	


	Pre-Calculus
	Calculus

	Linear equations
	Area of complex shapes

	Inequalities
	Volume of complex shapes

	Multivariable equations
	Forces

	Trigonometry
	Vectors

	Calculating indirect measurements
	Optimization


Science Matrix
	Chemistry
	Physics

	Materials and material finishes
	Forces on objects 

	Resistance to corrosion 
	Simple machines

	Adhesives
	Energy conservation

	Interchangeable materials 
	Ergonomics

	Makeup of molecules
	Electronics systems

	Chemical composition of recycled content
	Micro-electronics

	Strength and weight of materials
	Electrical conductivity

	Chemistry of phone accessory production
	Radio waves


Build It
When you ask adults what they remember most about school, the answer often refers to something they produced something they built, wrote, performed, or generated through some form of visual media. Such activities can take extra time, but the benefits are worth it. 
Extension Ideas
· Use Autodesk® 123D Design software to develop a variety of chain mail armor designs and produce these using 3D printing. 
· Use Autodesk® 123D Design software to develop a broad axe with ornamentation that reflects the artistic styles of the Viking era.
Assessment Processes
The assessment process for all of the projects in this curriculum provides students with formative feedback for each of the seven essential phases. The rubrics that are included as a separate document guide students in knowing what is expected for each phase and the criteria used to evaluate the quality of the work. For each project, students complete a self and peer evaluation. These include a reflective narration for each phase, accompanied by a point score derived from the rubric. These evaluations are accompanied by a teacher evaluation that also includes a narrative and numerical score for each phase along with a cumulative score. The STEAM questions, Extension Ideas, and the optional Build It activity offer students an opportunity to take what they learn in the assessment process and apply that knowledge to enhance the quality of their work and increase their scores. 
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