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Abstract

Visualization in Technology Education (VisTE) is a standards-based initiative designed to promote the use of graphic visualization tools (same as used in common engineering graphics courses) among students in grades 8-12. By using simple and complex visualization tools, students can conduct research, analyze phenomena, problem solve and communicate major topics identified in the Standards for Technology Literacy (STL) from the International Technology Education Association (ITEA) as well as topics aligned with national science and mathematics standards. In the future, therefore students will come into engineering and technology programs at the post secondary level already having these basic visual skills with a need to learn more diverse visual skills related to their disciplines.  This paper will explain this new national project and discuss the impact it will have on the content and process we use and teach in engineering graphics related courses.

Introduction

The NSF VisTE Project is standards-based and designed to promote the use of higher order thinking and communication skills and the understanding of technology, mathematics, and science through the use of graphic visualization tools. High school students using simple and complex visualization tools conduct research, perform analyze, solve problems, and communicate major topics identified in the STLs. Twelve discreet modules reflecting the twenty STL standards have students engaged in activities such as aerospace engineering design, environmental impact studies and the research and development of products, structures, and devices. Developed in partnership with North Carolina State University, the Southern Regional Education Board (SREB), and the North Carolina Department of Education, these modules are mainly being piloted in SREB “High Schools That Work” sites that were selected to provide student diversity and the collection of evaluation data. The project process and outcomes being assessed by the Research Triangle Institute (RTI), a leading national research based institute.

For a variety of reasons, certain powerful graphic tools (other than traditional sketching and CAD) are not commonly employed in the technology education classroom. To address this need, the VisTE Project has designed modules that have students spending a major amount of their time developing data-driven and conceptually-driven graphic models directly related to technology. The rationale of this strategy is several fold. Used correctly, both types of modeling are powerful analytic, problem solving, and communication tools. Data-driven models (even simple ones like graphs and charts) can help one see relationships not easily seen from raw numbers or written reports. Data-driven models also argue for and enforce the use of mathematics and scientific data upon which most technology is founded. Conceptual graphical models (such as the flow of fluids across a foil, visualization of scientific and technological phenomena, artifact or structure) permit one to demonstrate technological and scientific concepts and principles, which would be difficult or impossible to replicate with text, mathematical or spatial models. Employing these visualization tools in the technology classroom will help students develop better problem solving, analytical, and communication skills as well as a deeper appreciation and understanding of technology’s most important and fundamental concepts and their related scientific and mathematical principles.
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At the end of three years, the project’s products and outcomes will include 12 standards-based modules (in print and CD format) written for a diverse audience of high school students as well as for national dissemination of the modules, teacher training workshops, local and national presentations, and a formal evaluation of the project’s process and student outcomes.

Brief History of VisTE

Rapid advances in computer graphics technology in the 1980’s led to a new area of graphic visualization.1  While first largely confined to expensive, specialized workstations, these graphic tools diversified in terms of function and cost such that powerful graphics tools became available on ordinary desktop computers by the early 1990’s. During this time period numerous technology education initiatives began exploring the use of these technologies in their curriculum. Similarly, Eric Wiebe, one of the authors of this paper, began exploration as to how scientific visualization techniques and technologies could help support engineering education at the post-secondary level2.  These trends in technology education and scientific visualization converged with the creation of a new curriculum in North Carolina specifically focused on the adoption of scientific visualization within the technology education framework.3, 4
The Scientific Visualization project is linked to a number of different national and international trends in technology education.5,6  The curriculum embraces a belief of engaging students in an authentic practice, primarily with tools and techniques that would be used by engineers, technologists, and scientists. In doing so, it maintains a strong emphasis on new and emerging information technologies. While graphics is as old as human civilization, the emphasis in the curriculum is on new and emerging computer graphic tools and techniques. The curriculum was developed from the standpoint that the interrelationship of science and technology argued for the integration of content from both subject areas within the materials.

The VisTE project continued to build on this tradition, but responded to a number of emerging areas within technology education. First was the continued evolution and maturing of the design and technology curriculum in the UK7 and second was the development of national standards for technological literacy.8,9  An increased focus on design and problem-solving as vehicles for exploring issues in technology and science, including the design of graphic communications, was influenced by both these movements. Similarly was the importance of putting these problem-based activities in the context of real-world issues and problems. That is, that the context in which solutions are explored responds to real-world constraints and reflects on both the historical and future impact of these technologies on society.

Promoting Technical Literacy

With the recent release of the Standards for Technological Literacy, the need for America’s students to develop a deeper knowledge of the nature, creation, and potentials of technology and its symbiotic role in human society, as well as develop a broader range of technological skills9 has never been more apparent.  While many educators utilize technology (such as computers, projectors and calculators in the classroom), far fewer recognize that technology is also the machinery behind science (that which facilitates discovery and application); in fact, never before have science and technology been so intertwined. Biotechnology provides one example of the merging of science and technology.  Key biotechnology such as the Polymerase Chain Reaction (PCR), a technique used for copying segments of DNA material, builds on an already existing biological system which can then be manipulated and modified through the use of technology.  Use of this technology has become a revolutionary tool for modern molecular biologists as well as for laboratory technicians.

Due to this merging of science and technology, it has never been more important to teach students the technology behind emerging scientific developments. In order to address the need for students to learn about technology used in the sciences, supplemental curriculum materials like VisTE have been developed for technology educators, but can be easily used by mathematics and science classes. Through the use of 2D and 3D graphic visualization tools, VisTE allows students to delve into cutting-edge technology that they would never be exposed to in the classroom. VisTE presents the opportunity to integrate technological design, as outlined in the science education standards, with a deeper understanding of the nature of technology, as outlined in the technology education standards.10 While mathematics may not be the explicit vehicle for many VisTE activities, mathematical literacy, particularly algebra and geometry, is critical in cultivating student understanding of VisTE and in their creation of visualizations. 

The effective use of technical and scientific graphic communication promotes higher order thinking and requires students to master sophisticated computer-based technologies. The result is a deeper understanding of the underlying principles involved in the creation and manipulation of graphics and of the concept or data for which they are communicating with. Visualization plays a key role in science for communicating scientific findings in a graphical format.  Being able to communicate is the key and is at the heart of literacy – scientific or technological.  The VisTE Project (funded by NSF grant #ESI-0137811) is structured into separate units that can be implemented as part of the regular science or technology curriculum.  

Activities within VisTE utilize the “design brief” approach, which presents the problem of communicating about a technical or scientific topic using visualization tools.  VisTE promotes scientific and technological literacy by having students design either data-driven or concept-driven two-dimensional (2D) and three-dimensional (3D) visualizations.  The problem-solving, design and creation processes can be undertaken individually or as a collaborative effort.  Problem solving requires the students to take scientific and technical ideas and transform them into a graphical representation which can effectively and appropriately communicate to the target audience.  Previous research has demonstrated that the process of creating a visual representation of a science concept can often bring forth knowledge gaps that students were seemingly unaware of having.2,3,4,11  Such an experience within the context of problem-solving acts as an effective motivator for students to seek out the missing knowledge.  

One goal of the VisTE curriculum is to attract a more diverse audience of students to science and technology education.  An attractive aspect of VisTE is that the projects allow science and technology concepts to be expressed and represented in formats other than the traditional written and verbal.  One way VisTE does this is by emphasizing the interplay of society and technology. VisTE brings in current controversial issues which have the potential to pique students’ interests and to promote the learning of science and technology in students who otherwise are unmotivated or unsupported by the more traditional curricula.

Teacher’s Guides, background materials, resources, design briefs and evaluation rubrics are provided for each project.  Materials are currently undergoing a second year of testing at seven nationally distributed pilot-sites which include two middle schools and five high schools. Part of the piloting phase provided teacher training workshops, which not only included teachers experience with the materials but also allowed them to provide informative feedback for modifying and improving the curriculum. So far, teacher feedback has led to revisions that have strengthened the curriculum such as improvements in the unit structure as well as the addition of unit roadmaps for increased usability. 

Throughout the school year, teachers provide assessment of the appropriateness and utility of the materials.  Together with evaluations of student attitudes toward technology, content knowledge in science and technology, and comprehensive student portfolios, these assessments provide formative and summative evaluation of the curriculum. The pilot teachers, external evaluators, and an advisory panel do evaluations collaboratively.  

Questions that the aforementioned assessments currently address include 1) Does VisTE improve student content knowledge and conceptual understanding of science and technology? 2) Does participation in VisTE improve student attitudes toward technology, science, and mathematics? 3) What is the impact of participation in VisTE on teachers? 4) Is the process of developing and pilot testing the VisTE modules effective and efficient?

While work is on-going in the design and assessment of VisTE materials, current efforts will culminate in a solid curriculum piece that addresses the need for technological and scientific literacy in today’s technology and science courses. The final VisTE curriculum will be published and disseminated at a national level, and will be made available to educators in science, mathematics, pre-engineering and technology who are interested in bringing the world of technology to their classrooms.

Areas of Visualization in VisTE

Areas of study within VisTE surround the use of science as the topic to create and develop good visualizations to better explain a given topic.  By the creation of these visualizations, students will learn to use different types of computer software that will someday be useful as they select a career path.  Areas within computer science, technology, mathematics, and communication will be enhanced as they learn to communicate to a variety of audiences.  Students are not only developing good visualization skills, but at the same time are learning useful information and gaining skill sets that will make them better communicators and presenters.  The overall design of VisTE materials is to link technology literacy standards (STLs) to areas within science (scientific literacy), visual and spatial relations (visual literacy), and through the understanding and development of knowledge and skills in scientific and technical visualization (See Figure 1).
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Figure 1:  Linking VisTE to other areas of literacy

VisTE explores many areas related to both 2D and 3D visualization as a form of communication.  Students learn the projection theory necessary to determine what is the best practice to use in creating visualizations required for a targeted audience.  Students also learn to use a design brief to carry out the needed research on a topic within a selected activity.  VisTE teaches good design concepts so that students can learn to use the design process to enhance their problem solving capabilities as well as their critical thinking skills.

Conceptual modeling and data-driven modeling are the two fundamental types of visualizations that students create within VisTE activities.  To go more in-depth than what was indicated earlier, conceptual models are created when a topic or idea cannot be easily explained with words or mathematics, but need an image or animation to better communicate the idea or process.  These models can be either 2D or 3D based upon the complexity of the topic.  Conceptual models are either static or dynamic, or better defined as either a picture or animation.  An example of a conceptual-based topic would be the explanation of a chemical chain reaction.  We know that this takes place, but it usually is not seen and therefore is harder to explain without the use of visualizations.  Another example of a conceptual model would be the topic of a human virus.  No one has ever seen a virus, but we know they exist, so a model can be created showing the “designer intent” for what the virus would look like in his or her interpretation.  Data-driven models use data sets to convey a large set of numerical information into a small comprise way that is easily understood.  The many different types of charts and graphs are used to show this type of information.  Data-driven models also can be either 2D or 3D based upon the number of independent variables to be shown within the visualization.  An example of a data-driven model would be empirical data collected at a farm with different soil samples looking at Ph levels in the soil and a chart created to show all this information in an easily understood form.  Another example would be the creation of bar charts to show information collected from the last US census and explaining that large amount of information with simplified charts and graphs (See Figure 2a).  Whether the visualization is conceptual or data-driven, students need to know the fundamentals of how best to show the type of information they are given in a VisTE activity and then to develop a model which is presented to the class using the appropriate software tools (See Figure 2b).

Framework for Units in VisTE

Each of the 12 units will consist of introductory, intermediate, and advanced activities, all surrounding the creation of models and visualizations.  All activities within each unit will have content knowledge about the subject, a graphic communication cognitive area, and one activity that will focus on issues and trends related to technology and society (See Figure 3a). The introductory activities within each unit will be exploratory and engaging to the student.  The structure for these introductory activities will be guided by the teacher with the locus of control for learning being the teacher by having student complete a predefined introductory activity.  If a teacher wishes to continue the study of the unit, intermediate activities will allow teachers to elaborate on the topic with advanced content knowledge and graphics.  Each unit will have an accumulating advanced project that will allow students to expand their knowledge through self-discovery.  Advanced activities will be self-defined by the student, with the teacher’s permission, centered on the student’s knowledge gains (See Figure 3b).  Each activity, whether introductory through advanced, is independent from one another and gives the teacher the choice to complete all activities for a given unit, or only those activities of interest.
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  Figure 2a:  Type of visualizations

           Figure 2b:  Example software
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  Figure 3a:  Level and focus for each unit
              Figure 3b:  Level and instructional method for each unit  

Unit Topics

VisTE will have all 12 units with activities for each unit by the summer of 2005.  Each of the units will be piloted and students will be tested for outcomes related to usability, learning gains, technical content, and overall interest.  As of the fall of 2003, eight of the 12 have been developed and are going through the testing and feedback process.  Listed below are the current eight units with simple brief explanations as to the content and activities students will accomplish within each unit. 

Communications Technology: Introduction to Visualization

This unit is centered on Information and Communication Technologies of the Designed World. Students will learn about the design process for graphic communication of technical and scientific information. The inadvertent and purposeful misrepresentation of information with graphics will also be examined.  Students will develop visualizations both conceptual and data-driven that are 2D and comprise of topics related to insulation and temperature.

Medical Technology: Imaging

This unit is focused on the formal topic of Medical Technologies as well as Information and Communication Technologies of the Designed World. Students will learn about the history and societal ramifications of medical technology.  Students will learn to analyze MRI scans and take measurements using these images from animals.  

Biotechnology: The PCR

This unit is focused on topics related to Agricultural and Related Biotechnologies of the Designed World. Students will learn about the history of biotechnology with relation to PCR and why and how this technology is used. Students will also learn about the societal and ethical implications of using biotechnologies such as the PCR.  Activities include the modeling of both a PCR machine and visualization on DNA. 

Transportation Technology: Visualizing Rocketry

This unit is centered on Information and Communication Technologies of the Designed World and Transportation Technologies. Students will learn basic aeronautical principles, the use of chemical reactions for rocket transport, and the use of Newtonian physics and mathematical tools in rocket design.  The activities include the design and construction of model rockets to be tested.

Communications Technology: Introduction to 3D Modeling and Animation

This unit is centered on Information and Communication Technologies of the Designed World. Students will explore 3D computer animation tools and have the opportunity to use object-oriented graphics software to represent different types of pump technologies. The material will help students develop an understanding of the mathematical and geometric bases for 3D modeling and animation.  Students will make 3D animations of medical pumps for use on the human body.

Energy and Power Technology

This unit is focused on Energy and Power Technologies of the Designed World. Projects focus on the forms of energy, the law of conservation of energy, and the role that technological tools play in the transformation of energy from a non-useful form to a useful form. Students will also explore renewable and nonrenewable resources of energy.  Students will develop data-driven models surrounding an energy topic as it relates to technology. 

Bioprocessing

This unit is focused on Agricultural and Related Biotechnologies of the Designed World. Students will learn about bioprocessing technology and how it is used to produce and manufacture many different products for the industrial, pharmaceutical, food, and environmental sectors.  Students will model bioprocessing and machines used in the processes.

Prosthetics

This unit is focused on Medical Technologies of the Designed World. Students will learn about the history of prosthetics and will explore and solve some of the design problems associated with prosthetics construction. Students will also explore the societal implications of providing support for persons with disabilities as well as the engineering and design involved in creating that support. Students will model both internal and external prosthetics for humans.

Over the next year, four more new activities will be developed to complete the required 12 units for the project.  These four include both knowledge and hands-on activities in topic areas related to bio-security, nano-technology, image processing with weather data, and careers associated with graphics and its link to technology.

Links to Engineering and Graphics

The need to teach students to visualize is something that all professionals in engineering and technical graphics desire.  The basic areas that VisTE activities encompass will ensure that students coming to our classes do have a basic fundamental understanding of visualization.  The fundamentals taught in VisTE activities are the same that we teach in an introductory engineering graphics class, except that less emphasis is placed on traditional ANSI drawing standards and other standard engineering projection techniques.  The activities are designed to teach students to communicate to a wide variety of audiences and interests, not just engineering.  The units are designed to attract more than the typical secondary education graphics student that is interested in mechanical drafting or architectural design, but to appeal to students that are interested in other engineering areas that are related to science, technology, and mathematics.  Activities are design to attract a diversity of student’s interests and backgrounds, whether they are academic or vocational track, as well as to help with the recruitment of females into graphics, engineering, and technology related careers. The activities are designed to be easily associated with an interest students may have and/or help in career awareness.  

Activities within each unit teach good visual and computing skills that all students with an interest in engineering/technical graphics need to know.  Emphasis is placed on technical data presentation and the integration of discipline areas like mathematics, science, and technology into real-world scenarios.  The activities teach good visual skills in both 2D and 3D theory that will later lead to success in related engineering graphics courses in college or in a vocational/technical program.

Conclusions and Recommendations

Conclusions and recommendations based on the assessment research to be conducted for this NSF project are too early to be indicated, but some observations on behalf of the authors can be stated.  First, there is a need to address secondary education standards for areas in science, mathematics, and technology.  If educators in post-secondary institutions are to help improve education as a whole, we need to help our colleagues at the secondary level meet national standards related to mathematics, science and technology so that we as college educators will know what to expect from our students and the fundamental background of knowledge they bring to the classroom.  Once this is known, gains can be made in the direction of updating our curricula and offerings more advanced study for our students.  Second, in the area of engineering graphics, students coming to us need to know how to visualize.  More than just the innate ability they were born with, they need to have skills in the ability to communicate visually to a wide variety of audiences.  Third, we as engineering graphic educators need to re-think the audience we try to reach within our given institutions.  The skills that we teach are useful to a wide range of students and their majors; do we do enough to convey this to students outside of traditional engineering disciplines?  Better yet, can we change our classes to accommodate more than just the technical side of graphics to reach these diverse students and the different majors and backgrounds they can bring to our classes?  It is the opinion of the authors that topics like these in VisTE are appropriate for all students, no matter what level, and can teach all students good visual literacy, but changes need to happen if we as a discipline are to do so.  Finally, the role that engineering graphics educators can play in areas related to science, technology, engineering, and mathematics needs to be addressed at the national level.  The ability to offer the knowledge and skills we have been teaching our students is important for their success as engineers and/or technologists, but what about mathematics and science?  Can we reach those students as well without changing our philosophy of what we believe is true to our discipline?  We believe that all students in post-secondary need to know how to visualize, and, with simple changes to our curriculum, we can “open the door” for many other students outside of our traditional areas and let them see the role that graphics can play in their future and career.  
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