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Abstract 

 
Do you believe that technological literacy should be a 
component of basic literacy? Are you convinced that 
engineering can be used as a vehicle for integrating science 
and math in K-12 settings, inspiring today’s youth to be the 
innovators of tomorrow? Do you want to incorporate 
advances in engineering and technology to spice up the 
learning of science fundamentals? Are you and your 
engineering students compelled to engage in K-12 
engineering yet don’t know where to start? Truth be told, do 
you dream of a searchable, online collection of classroom-
tested K-12 engineering lessons and hands-on activities that 
explore science and math in an age-appropriate, applied 
fashion relevant to the lives of youth? If you do not know 
for which math or science that fourth- or eighth-grade 
teacher you are working with is accountable, or if 
compliance with K-12 educational standards baffles you, 
then the TeachEngineering digital library collection was 
created for you! 
 
The NSF-supported TeachEngineering digital library collection is a powerful resource for those 
in K-12 or higher education, industry and professional communities wanting to engage young 
students in the joys and creativity of an engineering future. In partnership with K-12 teachers, the 
initial collection was developed and classroom-tested by engineering students and faculty from 
four engineering colleges working on NSF GK-12 initiatives. The TeachEngineering curricula 
are aligned with national STEM educational standards and include quality-control criteria to 
ensure teacher-friendly, low-cost lessons and activities that integrate STEM concepts through 
engaging engineering exploration. See TeachEngineering.com. 
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Introduction 
 
The TeachEngineering digital library collection is part of NSF’s National Science Digital 
Library (NSDL) initiative (www.nsdl.org). TeachEngineering is a searchable, web-enabled 
collection of standards-based K-12 engineering curricula, capitalizing on using engineering as a 
vehicle for teaching science and math in K-12 classrooms. The collection was released in early 
2005, and includes more than 20 curricular units, more than 100 lessons and nearly 200 hands-on 
engineering activities developed by the partner institutions. Some of the curricular materials use 
“living labs,” student-friendly web portals to real and archived data from real-world systems for 
use in math, science and engineering activities. We plan to markedly expand the collection 
during the next few years by including hundreds of engineering lessons and activities created by 
countless engineers involved in K-12 outreach nationally. Use of the TeachEngineering 
collection is available free of charge at TeachEngineering.com. 
 
Why K-12 Engineering? 
 
In a knowledge-based society, education creates the foundation for our capacity to perform, both 
individually and collectively. As we explore the value of engineering and technological 
education as early as elementary school, we approach a new frontier. We are compelled to 
navigate this frontier for several reasons: the poor science and math performance of our nation’s 
youth; flat engineering enrollments nationally; under-representation of women and minority 
students in the engineering professions; the unflattering public perception of the role engineers 
play in creating new technologies and in improving our quality of life; and the need for 
technological literacy for all of our citizens. 
 
In spite of soaring U.S. college enrollments in the last 25 years, the number of undergraduates 
completing degrees in engineering has declined dramatically after peaking in 1988,1 and is still 
below the number of new B.S.-level engineering graduates in 1988.2 An engineering education 
creates access to a successful and rewarding career and personal future, and people from all 
backgrounds should have ample opportunity to share in that future. 
 
The participation of women in engineering and technology programs has stagnated, with females 
accounting for fewer than 21% of B.S. engineering graduates. Sadly, as society has become more 
technology driven, the representation of women prepared to contribute to the technological 
revolution is shrinking. For instance, in 2004, girls comprised fewer than 15% of the high school 
students who took AP computer science exams, down from 17% in 1999 — by far the lowest 
percentage of girls’ participation in any AP subject tests administered in 2004.3 

 
Moreover, although African American and Hispanic students comprise ~30% of university 
student populations, they collectively accounted for fewer than 11% of 2003 B.S. engineering 
graduates ─ a lower percentage than in 1999.4 
 
Responding to these collective backwards trends, the demand for inclusion of engineering 
experiences in the K-12 setting is growing. The use of standards-based, age-appropriate 
engineering curricula that integrates science and math, and builds upon the wonder of hands-on, 
scientific inquiry, coupled with critical thinking and reasoning skills, becomes an attractive 
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Making and destroying O2 and O3 molecules using gumdrops 
and toothpicks, fifth-grade students conduct an interactive 
ozone depletion model to explore the real-world dynamics 
that engineers take into consideration when designing air 

pollution cleanup methods. 

approach. Using engineering as a vehicle for the integration of science and mathematics 
promotes technological literacy and at the same time helps students understand the relevance of 
applied science and math in the engineering context, which so shapes the world in which they 
live. 
 
The National Science Foundation’s GK-12 program, initiated in the late 1990s, spawned the 
development and classroom testing of quality K-12 engineering curricula in more than 20 
engineering colleges. From these geographically distributed, localized initiatives sprung a 
grassroots call to create an online, shared and evolving repository of hands-on engineering 
curricula so that educators — university professors and K-12 teachers alike — would be able to 
engage in K-12 engineering without a large resource commitment or steep learning curve. 
 
Effective K-12 Science/Math/Engineering Curriculum 

 
According to a rich body of literature, highly effective science and math curricula should be 
inquiry-based; i.e., involving the active process of asking questions, collecting and analyzing 
data, critical thinking, constructing new knowledge based on these answers, and problem 
solving.5, 6 Studies conducted with science students found that inquiry-based science activities 
have positive effects on students’ science achievement, cognitive development, laboratory skills 
and understanding of science content as a whole when compared with more traditional teaching 
approaches.7, 8 Students participating 
in hands-on activities, performing 
their own science experiments learn 
more than those who do not.9, 10 A 
hands-on inquiry-based approach is 
particularly appealing to students 
with disabilities (special education), 
teaching them to use kinesthetic 
modalities, verbal modalities, 
pictorial representations and 
creativity.11 Other studies have shown 
that students in classrooms 
employing an inquiry-based approach 
have improved attitudes toward both 
science and school as opposed to 
more negative attitudes resulting 
from traditional teaching methods.12, 

13, 14 Furthermore, Eisenhardt15 
showed that change in interest results 
in change in achievement. 
 
Engineering projects taught in teams provide hands-on, inquiry-based opportunities for learning 
in a cooperative setting. Baker16, Meyer17, and Johnson and Johnson18, for instance, show that 
most female students prefer and take a more active role in creative, cooperative learning 
activities, whereas Kahle & Meece19 show that hands-on, conversational curricula lead to higher 
retention and interest by female students. Other work has shown that African American and 
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Hispanic students performed better in cooperative learning and workshop environments.20, 21 The 
inquiry-based approach used in the TeachEngineering curricula has been demonstrated as an 
effective instructional method for students with disabilities,11 while the use of hands-on, project-
based learning has proven effective in educating students enrolled in ESL (English as a second 
language) and special education programs.22, 23 Finally, research has demonstrated that improved 
learning occurs if the curriculum is interesting and relevant to students’ lives, and promotes 
connection to applications and other subjects.5 Topics must be dynamic and organic, address 
real-world problems, and provide opportunities for extension, either in terms of meaning or 
significance.24 
 
Alignment with Educational Standards 
 
Developing curriculum to the above criteria for effective teaching and learning is challenging. 
However, most K-12 teachers also face the additional challenge of being required to teach to 
specific educational standards. This implies that any effective K-12 curriculum must be aligned 
with relevant state and national standards, and must include ways to assess learning objectives 
and outcomes. Project- and inquiry-based hands-on curriculum may be exciting for teachers and 
students alike, but without ways to gauge how well the educational standards and learning 
objectives are met, teachers might find it difficult to justify using such curricula. 
 
The TeachEngineering collection is comprised of inquiry-based, hands-on learning curricula 
mapped to educational content standards. So, in addition to a varied collection of curricular 
materials, the digital library also provides K-12 teachers with ways to assess learning outcomes, 
and aligns every curricular item with state and national educational standards. 
 

The TeachEngineering Curriculum  
 
The TeachEngineering digital library collection was developed as a joint initiative among faculty 
from five institutions of higher education and ASEE. Four of the institutions had active NSF GK-
12 grants that focused on helping university educators teach engineering in grades K-12. Each 
grant team was looking for a way to disseminate to a larger audience the K-12 engineering 
curricula it had developed. At the same time, ASEE was developing a K-12 focus within the 
society at large, and thus joined the team as the marketing partner for the collection. 
 
While the engineering faculty brought together curricular materials that promoted hands-on K-12 
engineering, we had marked differences in how our materials were structured and presented. 
Some institutions had created comprehensive curricular units comprised of multiple lessons and 
activities to be taught as integrated units; others had developed independent lessons and 
activities. Moreover, each had developed its own distinctive and different “branding” look for its 
curricular materials. 
 
Early in the collaboration, the participating faculty spent two days solidifying their vision for an 
online, searchable digital library collection, initiating the concept of a joint “branding.” The team 
readily agreed that everything in the collection should have a common look and feel for ease of 
use by teachers. Reaching consensus on the specifics of both content and common look and feel, 
however, required considerable work. 
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The underlying system architecture was developed by faculty and students at Oregon State 
University’s (OSU) College of Business, who participated in all functionality discussions about 
the collection. Building upon the K-12 engineering education vision, the OSU team created 
mechanisms for each participating engineering school to add their curricular contents to the 
TeachEngineering collection, created a common look and feel, provided functionality for 
searching and displaying items, and devised a checking system to make sure all linked 
connections within the collection remain operational. 
 
A method for associating curricular materials with each other was agreed upon, with every 
curricular item directly or indirectly linked to one or more of 13 Subject Areas (algebra, physical 
science, science and technology, etc.). The collection’s items are also classified as Curricular 
Units (themes or related topics), Lessons (focused topics; sometimes grouped into Units) or 
Activities (hands-on components; often associated with Lessons). To be part of the collection, 
each curricular item must contain certain elements; other elements are optional. Table 1 provides 
a summary of the required and optional elements for curricular Units, Lessons and Activities. 
 
Correlating State and National Standards 

 
Because the curriculum-developing faculty members were based in Colorado, Massachusetts and 
North Carolina, the decision was made to correlate standards between these three states and 
various national standards. Hence, contributors provided their curricular materials using their 
own state standards. 
 
A centrally-stored cross-correlation between state and national standards helps teachers from 
states other than the one for which the curriculum was explicitly indexed associate the lessons or 
activities with broader, national sets of standards. For instance, if a lesson is indexed to 
Massachusetts standard 1.1, TeachEngineering’s search engine finds it when someone searches 
for curricula related to AAAS Benchmark 3.B.1 or McREL 4.4, because of the high correlation 
between that Massachusetts standard and those two national standards. The correlation is a 
comparison of each grade level standard to the national standards for the same grade level for 
each state, scored on an ordinal four-point scale. 
 
The standards correlation in TeachEngineering indexes the Mid-Continent Regional Laboratory 
(McREL), the AAAS Benchmarks for Science Literacy, the National Science Education 
Standards (NSES), the National Council of Teachers of Mathematics (NCTM) standards, and the 
International Technology Education Association (ITEA) Standards for Technological Literacy. 
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Key:  Bold = required element; Italics = optional element 

 
TeachEngineering Infrastructure 

TeachEngineering is implemented using a traditional digital library architecture based on the 
well-known Linux, Apache, MySQL and PHP (LAMP) family of software tools. The following 
scenario briefly describes the fate and path of a TeachEngineering curricular item through the 
system’s architecture. 
 
1. Once the content of a curricular item is created, it is formatted using Altova’s Authentic 

software, which stores the document in XML form. This allows for a series of internal 
validity and integrity checks. After the document passes all editing and formatting tests, it is 
uploaded to the central document repository. 

Table 1. Required and optional curricular elements in the TeachEngineering collection. 
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2. Once daily, a Java-based spider program “crawls” the collection, extracting information 
needed to support user searches of the collection. The extracted information is stored in a 
MySQL relational database.  

3. Once daily, a PHP-based process extracts a different set of information from each document 
in the collection and makes it available to the outside world as metadata, or data describing 
the documents. These data are periodically “harvested” by digital library service providers 
such as cross-institutional search engines; e.g., NSDL. 

4. To explore or search the collection, users point their web browser to the TeachEngineering 
home page to access the document search engine. The search engine, written in PHP-DOM 
and SQL, runs queries against the database built by the spider and returns any matches to the 
users’ browser. A variety of searches is supported; e.g., a simple word search, or by grade 
level, time required, group size, expendable cost, educational standard, etc. 

5. Once a user selects a document listed in the search engine’s results, a request is made to the 
system’s rendering engine, also written in PHP-DOM and SQL. This software converts the 
XML document into browser-displayable HTML. In the process, it queries the database for 
relevant information not directly stored in the document, such as the relative place of the 
document in a larger curricular unit. At this point, a user may log into his/her own “MyTE” 
personal space, for purposes of keeping track of chosen curricular materials and submitting 
curriculum reviews. 

6. Although K-12 teachers and engineering faculty comprise the target population of 
TeachEngineering users, requests to the search engine originating from programs are 
honored as well. These are processed through a Web service written in PHP-SOAP. Whereas 
typical user requests are expressed by means of interaction through a browser, web services 
are mediated through an exchange of XML packages. 

 
The integrity of the collection is monitored by a set of automated, periodically-invoked quality 
control tools. Among these are facilities that log all user interactions with the TeachEngineering 
system to a central database. Through analysis of these logs, TeachEngineering use patterns can 
be assessed for system usability improvement. 
 
Searching the TeachEngineering Collection 
 
Whereas most generic digital libraries, such as Google™ or NSDL, provide collection searches 
based on keywords or strings (of one or more words), K-12 teachers benefit from searches that 
index on attributes such as grade level, educational standard, expendable cost or combinations 
thereof. Hence, TeachEngineering offers three interfaces for searching the collection: 
 
1. A simple word search. This search accepts a search string (of one or more words), and looks 

for it in the title, summary and keywords of every curricular item. 
2. An advanced search that accepts grade level, time required, group size, expendable cost, 

keywords or combinations thereof. 
3. A search based on educational content standards. Users first choose a standards source; 

i.e., a state’s standards or one of the national standards sets such as McREL or AAAS 
Benchmarks. To focus the search, additional (and optional) search criteria include the 
standard’s subject (e.g., mathematics or science), topic (e.g., physical science or life science), 
specific number, or combinations thereof. 
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Search results are returned in a tabular format so they may be sorted in either ascending or 
descending order according to the values of any of the table’s columns (see example). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Living Laboratories 

 
The TeachEngineering collection includes a number of “living labs” — web portals to real and 
archived data from real-world systems for use in math, science and engineering activities. Each 
living lab is constructed in a middle-to-high school, student-friendly manner. Students can 
immediately start working with the data or engage in guided activities provided by curricula in 
the TeachEngineering collection. For example, the Engineering our Water living lab is built 
around the rich collection of U.S. stream flow and rain gauge data maintained by the U.S. 
Geological Survey. The Wind Engineering living lab provides access to wind turbine data, 
regional anemometer data, and wind turbine and wind farm design tools. 
 
As described earlier, effective curricula are student centric, involve inquiry and are relevant to 
students’ lives. The aim of the living labs is to encourage students to explore, construct their own 

Example search results for curricula meeting Colorado science standards. 
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meaning, think critically about data, and use data to perform engineering analysis and design. 
The data can lead students in an unlimited number of directions, from evaluating the suitability 
of streams in their state for kayak racing to redesigning a city’s transit schedule to minimize 
passenger travel time. Because living lab curricula are stored in the TeachEngineering digital 
library, they can be searched for in the same way as other TeachEngineering curricula. 
Moreover, educators are encouraged to submit their new activities that use the living labs in 
effective ways for inclusion in the TeachEngineering collection. 
 
Getting Involved in TeachEngineering 
 
The TeachEngineering digital library collection is a forum for those already engaged in K-12 
engineering education as well as those just becoming interested in engineering education at the 
K-12 level. From university faculty to K-12 teachers to parents, the collection enables educators 
to increase the awareness of engineering by K-12 students. There are many ways to become 
involved in this dynamic and continually expanding collaboration. 
 
K-12 Educator Involvement — K-12 teachers and students were the main catalyst for developing 
the TeachEngineering digital library collection. The initial curricular units, lessons and activities 
were developed in partnership with classroom teachers in an effort to engage and promote the 
science, math and technological literacy of K-12 students. One major goal of the collection is to 
provide K-12 educators with a rich resource of relevant and useful engineering lessons and 
activities for a diverse audience of students and school settings, including extracurricular 
programs. 
 
K-12 teachers who desire to become involved can publish their own original engineering lessons 
or activities in the TeachEngineering digital library collection. Submissions may range from 
newly developed, fully instrumented curricular units to the addition of a hands-on activity to an 
existing lesson. Teachers can also rate content for value and appropriateness in the classroom. 
An average of all submitted review ratings is displayed on the rendered website document. This 
feature allows K-12 educators to let other teachers and contributors know how useful a document 
is, in practice. Educators may also provide input, such as making suggestions for extension 
activities or suggesting better standards mapping, on particular components of a lesson or 
activity. K-12 educators can also help advertise the collection by introducing the website to 
friends and colleagues. 
 
Engineering Faculty Involvement — Engineering faculty drove the development of the 
TeachEngineering digital library collection and continue to play a central role in its expansion. 
The initial curricular units, lessons and activities in the collection were created at each of the 
TeachEngineering university partner institutions from materials developed under NSF GK-12 
and other grants. Every teacher, teaching fellow, teaching assistant and faculty member involved 
with K-12 engineering outreach is encouraged to contribute engineering content to the collection. 
By placing engineering materials in a single searchable, web-enabled location, teachers and 
students alike can easily search and select from a variety of cutting-edge K-12 engineering 
curricula. 
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The TeachEngineering consortium encourages engineering faculty to submit their own content 
for publication in the digital collection. Thus, engineering faculty who have not previously 
participated in K-12 outreach can readily communicate their research passions by creating new 
curricular materials that incite curiosity in the minds of youth and solidify in them a lifelong 
interest in learning. Faculty who desire to become involved will use curricular templates as 
guides for creating TeachEngineering-compliant curricular units, lessons and activities based on 
their own K-12 research and interests.  
 
TeachEngineering Collection Challenges 

 
Creation of the TeachEngineering collection positions the engineering education community to 
collectively make available, share and continuously improve the impressive K-12 engineering 
curricula that has been developed at dozens of engineering colleges. With this national 
distribution mechanism, already-developed K-12 engineering curricula can, for the first time, 
become available to the educational community at large, free of charge, and with the added 
advantages of a common look and feel, and consistent curricular components. However, the 
collection is in its infancy, and collection maintenance and expansion mechanisms are currently 
under development. 
 
Continued Collection Growth — The vision for the TeachEngineering collection is that 
contents increase at least 10-fold in the next three to five years, due to contributions from a broad 
spectrum of both engineering educators and K-12 teachers. This requires the establishment of 
quality assurance and quality control mechanisms to maintain high standards for the collection’s 
content, as well as a central processing capability for newly submitted curricula. 
 
Collection Maintenance — Collection maintenance challenges abound, and include routine 
upgrading of the system software, responding promptly to broken web links, and upgrading 
curricular components to reflect user feedback. 
 
Expanding the State Standards to Include All 50 States — As the TeachEngineering 
collection grows beyond its initial base, the ability to tie the curricula to the educational 
standards of all states becomes critical. Understandably, teachers prefer to use the standards from 
their own state instead of the national ones, due to two factors: 1) national standards are a 
recommended set of items for a content area, but are not always adopted at the state level, and 2) 
state standards are the measures used for individual state testing, which will be increasingly more 
important when No Child Left Behind (NCLB) testing goes into full swing in 2006. 
 
Expanding educational content standards to include all 50 states could be relatively easy if we 
did not desire to make TeachEngineering a national resource for teachers. Contributors from 
each state would simply enter their curricular content mapped against their own standards, and if 
someone from another state desired to use that lesson, that user would have to rely on the 
correlation between the original state’s standards and the national standards. However, we do not 
consider this a practical long-term or teacher-friendly approach. We are of the opinion that for 
TeachEngineering to become a nationwide resource for teachers, we must have a way for the 
standards of one state to be correlated with those from another. This is a major task that is 
currently being addressed by two non-TeachEngineering groups with NSDL resource grants. We 
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are coordinating with these groups and hope to pilot in TeachEngineering in the near future the 
standards correlation/mapping tools they develop. 
 
State Standards Currency — In addition to cross correlations between all states, keeping the 
collection current with the most recent state and national educational content standards presents a 
challenge, as most states update or revise their standards about once every five years. For 
example, the static correlation table for the state standards for three states that was developed for 
TeachEngineering is likely to be outdated in four to five years. Although one of the standards 
correlation resource projects currently underway will maintain a current database of all the state 
standards, TeachEngineering must accommodate these changing standards. 
 
Conclusion: Creating Value for K-12 Engineering Education 

 
Our collective challenge as educators is to design a more seamless K-16 education that integrates 
science, math and engineering with the liberal arts, in which technological literacy is considered 
a component of basic literacy and not relegated to the tech lab. We strive to design a more 
relevant education that creates tomorrow’s leaders, prepared for a world in which analytical 
decision-making is expected of policy makers and implementers at all levels. 
 
Our national conscience is not aware of the role that engineers play in advances in medical 
research, in alleviating human suffering through providing safer water and cleaner air, or in 
creating the MP3 player that puts 5,000 tunes at our fingertips. Engineers do not like failures, 
and yet we have collectively failed to communicate the excitement and satisfaction of our 
creative profession. As engineers, we understand that innovative, technological breakthroughs 
are driven by the convergence of disparate disciplines. And yet, we have historically drawn 
unnatural distinctions between collegiate-level engineering education and the K-12 educational 
experiences that drive both the preparation and the passion of youngsters to pursue engineering 
futures. 
 
Engineering educators have long lamented that the “pipeline” into the engineering profession has 
too many leaks. With the resources of the TeachEngineering digital library we can now 
collectively move to action. The curricular resources in the collection — envisioned to grow 
dramatically in the next few years — provide wide-ranging opportunities for engineering 
educators and students to partner with local K-12 teachers to use hands-on, inquiry-based 
engineering content to cement the science and math fundamentals for which teachers are already 
accountable, and promote technological literacy for youth through the exploration of high 
quality, standards-based K-12 engineering curricula that has been classroom tested and designed 
for teachers. 
 
The TeachEngineering collection provides educators from all walks of life with easy-to-use, 
searchable, hands-on engineering curricula and portals to “living labs” that integrate science and 
math concepts via the exploration of engineering. The lessons and activities relate to everyday 
encounters in the lives of youth, thus providing a powerful applications-based context for student 
learning. We invite you to learn how to use the collection to meet the needs of your community, 
and contribute your K-12 engineering curricula to expand the TeachEngineering collection. 
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