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Abstract

Due to a recent decline in mathematics and sciped®rmance among primary
school students in Denmark and waning interesngireering, the Engineering College
of Copenhagen (IHK) sponsored this project to iasee engineering enrollment. The
project created six short-term, high-interest, Isaod programs allowing Danish students
to experience the everyday activities of enginedpsiantitative and qualitative analysis
of programs revealed success at increasing engigeterest and awareness. Program
materials were left with IHK for future program ilementation at other Danish schools.
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Executive Summary

In recent years, there has been a decline in Dastisdents’ performance in
standardized science tests and the number of Dahislents pursuing engineering as a
profession. [1, 2] As a result, schools such asBhgineering College of Copenhagen
(Ingenigrhgjskolen i Kabenhavn, or IHK) have begpegiencing declines in engineering
enrollment. To facilitate a turnaround in this tlenHK asked Worcester Polytechnic
Institute (WPI) for an Interactive Qualifying Proje(IQP) team to develop ways to
increase interest in engineering. The main objeativthis project was to develop several
short-term, hands-on programs aimed at increasiagidd student interest in various
engineering fields.

There is plentiful previous research in the fiefcengineering outreach programs
[3-11] and numerous existing outreach programgiatld with or run by WPI [4, 12].
Due to the prevalence and demonstrated succes®esd programs, this project focused
on the development and implementation of multigikicary, hands-on engineering
outreach programs for the Danish school system . pfoject was influenced in particular
by “Adventure Engineering,” a project undertaken @klahoma University to engage
grade-school students in interactive real-world naces that require the use of
engineering.

Additional background information was gathered aréing the Danish
educational system to determine what grades woalanbst beneficial to target with
engineering outreach programs, as well as to sethehan extracurricular or a class-
replacement approach would be more suitable. Dedfigmitreach programs and learning
styles were also researched prior to program dpuatnt. Teaching styles within the
context of the Danish education system were ingattd through interviews with several
Danish teachers.

As a result of the wide scope of the overall goaincrease engineering interest
among primary and secondary school students, tgettaudience of this project needed
to be chosen carefully, to ensure that the qualitthe programs was high and to target
the student group most likely to pursue engineerbegause of these programs.
Ultimately, after receiving the input of several ridsh educators [13-15], the last two

years offolkeskole(the Danish primary education, K'@rade) and the first two years of



gymnasium(Danish secondary education,™02" grade) were chosen. This choice was
primarily becausgolkeskole students must choose whigdymnasiumto attend (the
choices are a standard non-specialized school,chnital-oriented school, and a
business-oriented school); additionaljjymnasiumstudents must decide which (if any)
university to attend, and in what field of studye@tive and exciting hands-on programs
introducing these students to engineering may vezlf push them in the direction of
choosing to pursue engineering in higher education.

IHK is the principal sponsor of this project; tbfare, the programs were
developed in fields of study that IHK offers, whiahe all engineering fields: building
and civil, mechanical, production, electronics andhputer, export, and electrical power
and information technology engineering. IHK is aofetwo colleges in Denmark that
offers export engineering, a major that blendsnewi fields with language and business
studies; thus IHK wanted a program to highlight theld. Additionally, because
Denmark is renowned for its alternative energy sesir(most notably its high use of
wind turbines), a program to build windmills thabguce electricity was developed. The
windmill program explores the fields of mechanicaid electrical engineering. A
program designed to explore the form and functidntrebuchets, in the areas of
mechanical engineering and physics, was also cte@tecover the discipline of building
and civil engineering, a program involving the ding of structurally sound bridges was
developed. These four programs were all intendedde at thdéolkeskoleevel, with the
trebuchet and export engineering programs for biglear students, and the bridge and
windmill programs for ninth year students.

In order to introduce a more multidisciplinary gram for the fields of
mechanical and electrical engineering and compadience, it was more advantageous to
start with a product that had already been developee LEGO Group, based in Billund,
Denmark, was contacted regarding the use of thémd8orms NXT kits. These kits
contain motors, various sensors, and componersg patiuild a robot, as well as easy-to
use robot programming software. The project growgs wltimately able to obtain a
donation of five educational version MindstormsKir use in Danish schools. A hands-
on program involving the building and programminfytbe Mindstorms robots was

developed for first yeagymnasiunstudents.
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Finally, for second yeagymnasiumstudents, a different program approach was
taken. Rather than taking part in a hands-on progthe students are introduced to how
an engineer goes through higher education and ama&ngineer does for a career. The
program has one day where students participate IkE-student led experiment similar
to one that might be run in a university class. $heond day of the program involves
contacting a local engineer to come into the ctassr and discuss various aspects of
engineering, such as what their company does, tiajifto-day activities and how they
use math and science on the job.

Once the six programs were ready for implememati®achers from one
gymnasiunand onegolkeskolevolunteered to run the programs in their classisonhis
was primarily done to ascertain the effectivendsh@se programs at increasing student
interest in engineering, with a secondary bendfib@ng able to refine the programs
based on the results. Thakeskoleteachers chose to implement the windmill program;
the gymnasiunteacher implemented the LEGO Mindstorms prograii \is first year
class and hosted an engineer from Maersk with ltisngkyear class. Surveys were given
to each class before and after testing to gaugenthence of the programs on several
factors, including student perception of the vatienath and science, and knowledge
and propensity for engineering.

Results from the survey were highly encouragingufe 0.1 shows the effect of
the programs on botlymnasium(G) andfolkeskole(F) classes. Students were asked to
respond on a scale of 1-5 (with 1 being strongbadiee and 5 being strongly agree) how
they agreed with certain statements regarding nsaience and engineering both before
and after experiencing the program. Figure 0.1 shtdve statements with the largest
increases in averaged response, which occurred“iggiming math and science is fun”
(2), “I know what an engineer does” (5), “I coulde k& successful engineer (6),
“engineering is enjoyable” (7), and “l would be sassful in a job that required math or
science” (10).

With feedback from students and teachers, andradtsens from the project
team, the programs were modified to be more effectind easier to administer in the
future. The final design of each program was shett it could be run by an otherwise

untrained teacher with no further instruction. Ea€ the six programs has a teacher’s
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Figure 0.1: Program implementation effect ggmnasiumandfolkeskolestudents.

manual which includes preparation for the programiist of required parts and their
approximate cost, a time breakdown for each sulbsecf the program, and detailed
information regarding the appropriate engineerirsgiglines. Any handouts for students
are also provided. All handouts are located in Awpees 13 through 18 of this report.
This material is currently available online at fireject team’s website, and has also been
provided to IHK digitally for distribution on thewebsite. Some programs required a
more expensive or difficult to procure componeng.(¢he Mindstorms kits or a working
trebuchet); these components are being storedkafdHany teachers wishing to run the
programs in their class in the future.

At the conclusion of the project, a “Program Pn¢aton Fair” was held at IHK
to raise awareness for teachers who might be stedein running the programs with
their class in the future. Unfortunately, due titig issues, only some students and their
parents were able to attend the fair. However, re¢\teachers, including the ones who
hosted programs while the project team was on-bdéwe already pledged to run the

programs with their classes in future years.
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Despite the setback of not being able to implenadinsix programs, it is clear
that the ones that were implemented still achigted goal of increasing student interest
in engineering. The programs have all started ggipiopularity among local teachers,
and hopefully this trend will continue. IHK was yepleased with the results and expects
to continue distribution and implementation of thegrams in autumn of 2007 and
beyond.
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1. Introduction

Ingenigrhgjskolen i Kgbenhavn (IHK), or the Engmeg College of
Copenhagen, has seen a decline in students chotsimg into engineering as a
profession. IHK has asked our project team to ingate possible ways of increasing
enrollment in engineering programs. After assesgmigpr efforts through similar
Interactive Qualifying Projects (IQPs) at Worce$Retytechnic Institute (WPI) and other
universities in the United States, we intend toiexah this objective by creating and
disseminating interest-generating hands-on prograifese programs are tied to
curriculum, designed for students aged 13-17, smmie various (and multiple)
engineering disciplines, and can be repeated isexpent years in Denmark.

Because of the Danish educational structure, stadgnerally must decide what
field to pursue by the time they are 16 years dluus, initiatives to introduce Danish
students to engineering must be undertaken at diereage if they are to be effective.
Previous research has indicated that interactiograms are much more effective at
maintaining interest and encouraging inquiry themgassive lectures. [11, 16, 17] Thus,
our project is focused on designing age-appropri@tgaging, hands-on activities and
packaging them for implementation by otherwise aind mentors. Our goal is to leave
behind easy-to-read and comprehensive manuals, letanpith kits of parts, so that in
future years the activities can be run in Denmaithwo further outside assistance
required.

Results obtained from this project include subyjectanalysis of the programs
from participants of the program (both students euethtors) and observations by project
team members during implementation of the prograinsurvey (found in Appendix 3)
was also administered to participating student®reeind after the project in order to
more objectively measure the program results imseof an increase in engineering
interest. All of the evaluations were used to mpdlife program manuals before leaving
the project site.



2. Background

This section details research related to this ptaje a variety of fields. First,
previous findings from IQPs with similar goals atiekir applicability to this IQP are
examined, followed by existing outreach programgv/&l. Then, efforts at other schools
are investigated. A fundamental understanding a& tanish school system and
infrastructure are necessary for the successfuleimgntation of any outreach programs.
These were enhanced by on-site interviews withouarindividuals involved with some
part of the Danish educational system. Also, kndgteof engineering learning styles is
necessary to ensure that basic concepts are graspednderstood as part of this IQP’s
outreach programs. An explanation of why the tageage group was selected is
provided. A brief history of the Engineering Cokkegf Copenhagen and their interest in
this project is given, followed lastly by a simiksection for the LEGO Corporation.

2.1 Previous Research (WPI)

In the endeavor to bring the excitement of scieaend engineering to Danish
schools, initial efforts involved finding previowssearch done in similar fields at WPI.
Several Interactive Qualifying Projects have beammleted in recent years that involved
engineering outreach to area elementary, middle ragkl schools. Although many of
these projects were focused on one particular,felchad a different overall goal from
this project, several useful features of programgetbped by other IQP teams can be
applied to this project.

In “Developing a Robotics Outreach Program,” [3] MgRudents utilized LEGO
Mindstorms kits to develop a relatively inexpensiradotics tournament for area high
school students. Enlisting the help of teachergas mentors, the IQP team taught high
school students to build and program the robofeuin weeks for a competition the IQP
team designed. Although the current project is eganore towards noncompetitive
learning, several key features of the Robotics €éadin Program were relevant. For
example, their IQP team kept detailed journalshirt interactions with students and
teachers in order to accurately portray methodsvieae either effective or unsuccessful.

They also found that when giving the teachers/nrerdgorimer in the applicable subject
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matter, it was better to assume teachers had mimatkground knowledge, given the
differing technical backgrounds of the WPI studeatsl the high school teachers.
Another key feature of their project was the us@migramming “cheat sheets” for use
by students. These allowed for increased indepemd@h high school students and
required less involvement on the part of the 1Q&hteOne final important note from the
report was that any files used in conjunction whk program were converted to PDF
format to guarantee compatibility across platfoand varying degrees of accessibility.

Another IQP focused on younger students. The aubhdLEGO Robotics in
Elementary Education” [18] developed an extracutdac program for elementary school
students, also using LEGO Mindstorms kits, to foste engineering mentality. The
project is more similar to the current one in thats not competitive in nature, and
focuses on a “learning-by-making” approach. [18]eTlElementary Education” IQP
dealt heavily with the different learning styles sitidents (kinesthetic, visual, auditory,
interpersonal and intrapersonal) and therefore pitugect was suited for all learning
styles. Two important features of the report wedre tise of colored instructions for
activities in order to promote ease of use, andptlesence of alternative activities for
uninterested or rowdy students, (which were no mioteresting or involving than the
main project program in order to discourage otliedents from becoming disengaged
from their own projects).

Another IQP focused on modifying an existing outte@rogram. “Design of a
Robotics Workshop for Camp REACH?” [4] aimed to deea robotics program that could
be implemented into Camp REACH, a WPI-run summenpdor middle school-aged
girls. The IQP designed the program, and investdydhe feasibility of its integration
into the existing camp infrastructure, with theistssice of previous graduates of the
program. Two major points that emerged from the t€dn’s interview with camp staff
member Amy Adams were that girls preferred workshityat included a demonstration
or exciting example of principles the students wlolle investigating, and that a
successful program had easily obtainable experamheasults when the workshop was
done carefully and completely. [4] This projectviié implementing the demonstration
aspect of the Camp REACH project in order to enagerstudent enthusiasm about the

programs and also to increase teacher familiaritly the subject.
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2.1.1. Outreach Programs (WPI)

Several outreach programs have already been gmdckt WPI, spanning a wide
age group. Since WPI has always been focused dndéagy, science and engineering, it
follows that the school supports many outreach amog. Perhaps the most prominent of
these programs is the Massachusetts Academy of MattScience, a public high school
tailored to juniors and seniors with an interesengineering. Seniors in the Academy
actually take first-year courses at WPI; this isilfeated by the proximity of the two
schools.

There are many other programs that cater to misich®ol-aged students. Three
of the outreach programs that are most relevatttisoproject are Intellect Quest, Camp
REACH, and the Kids to College Program. Intellecte& is a six day summer program
for students in fifth to eighth grade that engagesients with “lots of science, math,
robotics, and art.” [12] Camp REACH is a two weeknsner program designed for girls
entering seventh grade. The camp has been the fafcasimerous other Interactive
Qualifying Projects, from the one that proposedcitsation to others investigating the
feasibility of certain projects for use at the carmipe Kids to College Program is a six
session seminar for minority sixth grade studedesigned to introduce them to the
college setting. The most appropriate portionsawheof these programs were applied to
this project in a similar manner as previously ctetgd IQPs.

We interviewed Martha Cyr, the director of K-12 t@ach at WPI, for further
explanation of the K-12 outreach programs. Sheteéldome of the findings of her
experience that were useful for this project. (Nof@m the interview are detailed in
Appendix 4.) She noted that especially for girlse tecision whether to become an
engineer has generally been made by the time amstinds passed the fourth grade. [19]
She suggested that we research the local Danistataloal standards and try to develop
projects for learning that fell under those craeri{19] She also referred us to
prefabricated lesson plans that were already iraoseng outreach programs nationwide,
produced by the International Technology Educafisaociation. [19] She recommended
that for training mentors for a program, the maospaortant principle to follow was that
student self-discovery is the highest-impact forflearning; any mentor assistance

should be provided in a manner that steers studemtard a suitable solution without
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simply providing them with an answer. [19] She adsggested that the mentors should
go through the program themselves to determine evtitery might have questions, but
mostly to see how the students will be learning] [1

The main outcome of the interview with Ms. Cyr wiaag@ awareness of these
prefabricated learning modules. Although the intehthis project was still to create
original modules, viewing pre-developed ones onilamtopics helped to ensure that all

necessary facets of a successful project were edver

2.2 Previous Research (Other Schools)

Of course, research of this nature is not restticie WPI. Several other
universities have undertaken similar efforts. Ppshmost similar to this project is the
case of Oklahoma University’'s “Adventure Enginegrin5] This initiative is designed
to directly replace science and/or math classesttatents in grades 5 to 9, and is based
on several brief scenarios that encourage studerntseatively engineer solutions. One
such example involves an asteroid collision withitreawhere students must design
cavernous shelters for a given population basegemfogical maps and hands-on testing
of various rocks. This design is ideal becausequires very little in terms of resources
and funding, yet still encourages a great degreehanhds-on engineering and
brainstorming. Adventure Engineering (AE) speciftedt “once the scenario, obstacles
and activities have been developed, the AE tearmpapes a teacher’s guide designed to
lead a teacher with no prior engineering experieswee with no help from AE team
members through the implementation of the curri€uld] This situation is optimal
because it allows for the introduction of enginegnprinciples in a format the teacher or
mentor can understand, even if the research teamoti®n site to provide support; it
would be ideal for this project to follow many dfiet guidelines set by Adventure
Engineering since one of its primary goals is fatimplementation following May 2007.

Several objectives were outlined in the AdventunegiBeering paper that
contributed to the objectives of this project. Thie paper stated that “the program of
study in science for all students should be devekgally appropriate, interesting,
relevant to students’ lives, should emphasize studederstanding through inquiry, and

be connected with other school subjects.” [5] TIg# will similarly be targeted at
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relevant interests of students. Similarly to AEistiQP’s “activities are designed to
facilitate concept understanding and immerse stigsden the engineering design
experience.” [5] The main difference between the imitiatives is that AE was designed
to be implemented into American schools’ existinggsce and math curricula, due to the
infrastructure already in place. It is logisticallgore difficult to launch a similar
extracurricular activity without introducing bialsy implementing the AE curriculum as
part of the regular school day, each student isired (or given the opportunity) to
participate in this experience; this format resuit®qual exposure regardless of gender,
race or economic status, factors which otherwisghimaffect attendance at an after-
school activity. In Denmark, extracurricular adiiws are much less common than in the
United States due to pre-existing activities dutingt timeframe. As a result, and with
the recommendation of several advisors [13-15%, pnoject was implemented during the
school day as a direct replacement to some clag3asish curricular structure is
examined further in section 2.3.

Perhaps the most useful feature of the Adventugin€ering report was the use
of surveys to quantify the success of the progragis survey provided a model for this
project, as it covers many necessary topics anilusenclusions can be drawn from the
data. The survey is designed to be administerech lbEfore and after student
participation in the program; by asking the samestjons both times, a direct link can be
made as to the success of the program. A compgtteflthe survey questions used in
this project can be found in Appendix 3. Resultsnfrthe survey are tabulated in
Appendix 19 and discussed in Section 4.3.

Another outreach program of interest was launcbeer 30 years ago by the
University of Wisconsin at Milwaukee. The Gateway Engineering, Science and
Technology (GEST) Program is geared toward middieé high school students from
underrepresented groups. [6] The GEST Program t@eademic enrichment and
reinforcement activities for talented students &l w&s those interested in seeing what
these career paths have to offer.” [6] A key featoir the program that this project could
utilize was “science and technology expositions &is” that “enable the students to
receive recognition for their accomplishments.” [8aving a portion of the program

dedicated to showcasing the efforts of studentseiseficial for several reasons. First,
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Danish students will have some recognition for tak hard work they put into the
project; perhaps parents will also be able to keere¢sults of their child’s hard work.
Additionally, some students might not be particylamterested in the activities afforded
by the given projects; these students could developters or another means of
presentation for the product created by the stwdeRinally, an exhibition of the
programs held outside of normal school hours cpoliggntially attract teachers, students
and parents not participating in the program durtagnitial run; this exhibition could
then serve as a catalyst in spreading the progvasther schools in future years.

A project undertaken by lowa State University a@sed at the opposite end of
the spectrum: it focused on increasing the teclhiitesacy of college students majoring
in primary and secondary education. [20] The gdathe project, “An Engineering
Linkage to K-12 Teachers,” was to “explain the pioikes behind many of the
technological innovations in wide use today via dlection of hands-on laboratory
experiences based upon simple systems construcitedfd.EGOs and controlled by
small computers.” [20] The program utilized the LEB®lindstorms kits to increase the
quality of the program without significantly inceag the cost. Overall, the university
professors involved with the development of thegpam were satisfied with the degree
of interactivity the Mindstorms kit offered. Theseaof use experienced by the education
students was an important reason why this proj@asidered the use of Mindstorms kits.
A more thorough description of the Mindstorms peogris in Section 4.1.5; an
evaluation of the effectiveness of the Mindstormsgpam can be found in Sections 4.2
and 4.3.

2.3Danish Education System

The Danish education system is a three-tiered proghat is funded entirely by
the state for the benefit of all Danish citizenkeTirst level is referred to delkeskole
or alternatively, “basic education.” This levelrequired for all children, starting at age
seven and continuing for nine years. There aredpimnal years available in addition to
the required portion, one offered before and ofered after the normal time period. [1]

The next level of education is upper secondary @ighehich allows students to

begin specialization in fields of study that inwrehem. Thegymnasium, hgjere
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forberedelseseksamen, hgjere handelseksameéhgjere tekniskeksameme all part of
the upper secondary education program, which pespatudents for progression to
higher education. [21Gymnasiunprovides an unspecialized general academic pragram
Hgajere forberedelseseksamisnmuch likegymnasiumbput is intended for students who
completed the optional tenth year of flidkeskoleand thus is only two years long. [1]
The hgjere handelseksameas a three-year high school that provides a speeth
program intended to prepare students for work siri@ss. [1Hgjere tekniskeksamas
also a three year program, designed to providentegheducation above and beyond the
general academic curriculum. In addition to tradi@il schools, the Danish upper
secondary education system offers a strong voatiprogram for those students less
inclined towards academia. These schools have amogyiof comparable length to other
secondary schools, but focus on direct trainingpmskills, with other subjects available
as options. [1]

The highest tier of the system is simply called gtter education” and
encompasses a wide variety of programs to prepaudersts for their careers.
Professional academies are the shortest higheraBdncprograms; they provide two
years of advanced training in technology and bgsingth a few months of project work
to conclude studies. [22] Medium-cycle programs @esigned to provide a bachelor’s
degree in one or two subjects within three ye&2] Finally, the long-cycle education
programs extend two or more years beyond a bachealegree. These programs award
advanced degrees after extended periods of stugth & program is necessary for a
medical degree, and is highly recommended for trsisdents who are interested in
science-based careers.

It is important to note that only nine years ofsibaeducation are in fact
mandatory. With this legal requirement, many Darsshidents choose not to pursue
education beyond the mandatory period. From 192Déd, attendance of general upper
secondary education decreased by a total of 9.28& vaduring the same time, there was
no significant change in attendance of vocatiormgdes secondary education. [2] At this
point in the decline, experts expected only 55%toflents to enter into a general (rather

than vocational) upper secondary program. [2] Fthese enrollment rates, it is easy to



conclude that some combination of factors is detgrDanish students from pursuing
academics beyond the bare minimum requirementsedftate.

In recent years, the average age of students irruppcondary and higher
education has increased, because more studentsyeaclthoose to take a break from
their studies and return at a later time. [2, 2Bhdugh not directly disadvantageous, this
delay along with the late starting age of the Dar@ducation system causes the Danish
workforce to be older than in similar countries]. This break can also lead to a delay in
when students choose a field to study further. Midty students interviewed had not
decided to go into engineering fields until a fewnths prior to starting studies at IHK.
[23]

The overall decrease in interest among studentdféxting all programs, but
science and engineering disciplines are sufferingremthan others. Students are
performing poorly and choosing to pursue otheretsj if they do advance beyond basic
education at all. An example of this is given bg BISA test. The PISA is a standardized
test that is administered internationally, to asgbe relative aptitude for language, math
and science of 15-year-old students around thedw@24] Danish students achieved
approximately average scores overall and aboveageescores in mathematics, but on a
science test with an international average scof0f Danish students received only 481
points. [25] The Danish Ministry of Education caesis these scores to be indicative of a
generally inadequate science education programhe dasic school system. [26]
Additionally, administrators and faculty at botletBngineering College of Copenhagen
and the Danish Academy of Technical Science hapeesged concern as to the quantity
and quality of applicants. [27] These institutidres/e experienced a measurable decrease
in the number of academically acceptable studerits wish to primarily pursue an
education in science or engineering. [2]

Different Danish institutions have attempted totitnte programs capable of
reinvigorating student interest in technical fieldis 1993 an act went into effect that
required science education in years one throughokiolkeskole This program was
well-received by teachers, students and parentsbbth the Academy of Technical
Science and the Ministry of Education found thaacters often lacked sufficient

knowledge of the subject matter for fully effectiteaching. [26, 27] In order to facilitate
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the process, the Ministry of Education has contigugipported both the development of
advanced teaching aids which incorporate technoiotgythe classroom, and programs
continuing the education of teachers while theykw{f7] The program for development
of teaching aids was first proposed in 1994, batdhs little data on its success, and it
has since been integrated into the broader “Bé&tkrcation” program which began in
2002. [24, 28] The currently available compiled @nelsented data extends only one year
into the most recent program and provides littleght into the value of the programs.
Introducing the product of this project to univées that train students to become
teachers could be a very popular way to fulfill twatinuing education programs already
in Denmark. [15] Currently, a large drawback to iimplementation of the programs this
project proposes is the rigidity of the curriculumthat a certain amount of teaching
hours are allotted by subject area. To implemeafptiograms during class time, the time
must be docked from other relevant subjects. [18$ Ts an important factor to consider
in designing programs for curricular implementation

To supplement data gathered from written sourcassgmup interviewed Henrik
Bang, a Danislgymnasiumteacher who is currently spending a year teachinthe
United States. He was able to supply us with aumiopsight into the attitudes and
abilities common in Danish schools. He was alse édbicomment specifically on aspects
of our existing plans that he believed would sudagbken attempted in Denmark. [13]

Mr. Bang made it a point to stress the differenisesveen the basic and upper
secondary education systems. He described a damisinge in academic rigor and
general mood upon transition out folkeskole The folkeskoleclasses are not divided
according to ability or interest and are insteadigieed to accommodate all students.
Because of this method, no field of study atotkeskolecan progress beyond the
capabilities of the least talented or least mo@dagtudents. He suggested therefore, that
we should expect to encounter relatively poor trgnn fields of mathematics beyond
arithmetic. [13] To ensure the greatest level ompeehension, our programs for
folkeskolewould have to be carefully tailored to avoid algebvhile still presenting
fundamental scientific concepts.

In contrast to thefolkeskole the gymnasiumis an academically rigorous

institution, which serves students who have chdsawontinue their education. Mr. Bang
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explained that within their three years agynnasiumstudents learn more advanced
mathematics, up to and including calculus. [13]fele that with such a rapid, intensive
program, it was reasonable to expect studentsnged#iie end of their first year to have
sufficient mathematical skills to perform calcutetts required for introductory science
and engineering concepts.

Mr. Bang also discussed with us the time limitasioof both students and
teachers. Ifolkeskolerthe teachers are expected to spend the majorithesf time
teaching and to use what little time is left togaee lesson plans. He believed that most
of these teachers would be grateful for preparssoles and student activities (especially
for science and engineering, in which only a srpaltion offolkeskoleteachers are well
trained). Mr. Bang also felt that the matters afdiand training were less likely to be a
concern amongymnasiunteachers, but few were likely to reject our ofééassistance.
The only time during which outside projects would & burden is the final year of
gymnasiumaAt this level, students are likely to be busyituig prospective colleges and
preparing for their final exams, which determinagaiment at colleges. [13]

There were a few matters of attitude and perceptibat also needed
consideration. As mentioned before, fldkeskolerfoster an open environment, while
gymnasierare much more focused. There is some concern thige f@lkeskolestudents
will see projects as a normal part of the curriouliuhose at gymnasiunwill perceive
the temporary change as a departure from real w&otk be less concerned with truly
incorporating concepts into their working knowleddg&rograms aiggymnasiercould
require more work towards increasing the mentalftgngineering as a profession rather
than trying to teach the subject. Other common @spef Danish education for
consideration were an increased emphasis on groonk \®nd avoiding extensive

lecturing.

2.3.1. Danish Engineering Education

After brief interviews with several Danish enginag students at IHK, it was
discovered that many engineering students don't e®ose to go into engineering until
as late as the year before they start attendingetsity. [23] Many students take this year

off from school to travel. The vast majority of entiewed students said they would like
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to see more efforts to include engineering in primeducation. [23] However, this desire
is countered by a general lack of time in classesafiditional science courses. [29]
Another trend discovered was that there are fewgnams to introduce students to
engineering at school; many engineering studeniy karew about the field because at
least one parent was an engineer. [23] Fortunditglyhis project, the situation leaves
much room for improvement regarding adding engingecurriculum to Danish lower-

level classrooms.

2.4 Outreach Program Design

Although children have a tendency to be drawn tdwegineering at a young
age, this desire is seldom developed. In geneeaktis little focus on cultivating interest
towards science and math at an early age. Recéimdse has been a movement
concentrating on childhood understanding of teabaml If children are aware of how
things around them work and are developed, theyrane likely to be inclined to go
toward a technological field. Increasing and impmgv science and mathematics
education in K-12 students is the only way to preghem for studying engineering in
college. [30] However, a good education isn’t erfougrograms are needed to “develop
their engineering intuition and learn to use thesvrengineering perspective.” [31] There
are two main reasons that experts believe intémesmgineering is declining: a “limited
understanding of the profession and loss of interesnath and science.” [7] Young
students not only need to increase their knowledigengineering, they need to be
inspired.

Blame is currently placed on lower level schoolstfe decreasing numbers in
university engineering enroliment. Curriculum neéds$e revamped to bring math and
science to the forefront, but that is not the tosalution. Many teachers feel
uncomfortable teaching engineering concepts. Urfamwith the material themselves,
they do not want the responsibility of introduciihdgo their students. If classrooms and
school programs are to advance in this field, a gesap of educators need to be looked
at: current and future scientists. [32] Having acdfic focus in science and engineering,
professors and college students are the ideal emtscdar developing young engineers-

to-be. They have the interest and the skills tmbeedynamic instructors.

-12 -



Outreach programs are an ideal way of incorporapngfessors and college
students into a student’s learning process. Thesgrgms come in many different styles,
either incorporated into the curriculum or as aera$chool activity. The main objective
of engineering outreach programs is to infuse &lshregular education with a science
and technology education they may not otherwiseeivec This process involves
engaging students and showing them a new worletarining. Outreach programs not
only help children “learn to analyze technologiesl @evelop, build and test their own
design,” [8] but they also excite the children abethat they are doing, engaging
teaching methods. There are a variety of benefitd tome from these programs.
Making math and science more approachable makederggi more likely to take
advanced courses in the future, thus increasinfpib@ of potential engineers.” [9, 10]

Making the connection between a classroom actiaitg reality is vital, as
“children lose interest in science and math whezy tho not see the connection to the
real world around them.” [7] By incorporating owtod programs within the curriculum,
children are able to learn in a new way. Insteathiking their lessons will be useless
to them in the future; students can see real waglths. “It is not enough to read about
engineering in a book. The students must be agtiergaged in questions, in

observation, in prediction, in experimentation, amdesign.” [16]

2.4.1. Program Learning Styles

Giving students hands-on experience is a key wageeping their attention. If a
child is more involved in the learning processytiall appreciate it more. “By nature,
engineering is a hands-on field;” [11] if studen&yver see anything outside of a textbook
they will not understand how exciting a techniagald can be. By actually experiencing
the actions and reactions of an experiment, stsdesnt “feel the underlying physics.”
[11] Hands-on experiments are educational and shdid fun. These interactive
activities “result in children not even realizifgat they are gaining valuable knowledge
and skills.” [17] There are many resources avadathlat give ready-made in-class
procedures introducing a wide range of scientiboaepts with a high “wow” factor,
which make it easy for educators to incorporatetvifnay want to convey in an exciting

manner.

-13-



Sometimes recreating an existing experiment ismiugh. By incorporating the
students into the entire process they can grasp avhangineer does. Problem-solving is
a major part of engineering and is an easy cortoeptroduce to children; it emphasizes
the importance of an engineer, showing how manyveoiences exist because of
someone in this field. Letting students ask thein@uestions increases their interest and
relates science and math to their own life. “Adies that emphasize observation and
exploration through experimentation can facilitdtis inquiry.” [16] This idea builds on
the hands-on approach, linking observation andagapbn.

2.4.2. Engineering Learning Styles

While better teaching techniques can reach studerasiew light, there are even
more ways to break down boundaries. Being attuodtbtv a child learns is a necessity
for any educator. Since outreach programs are ecessarily taught by educators
familiar with a particular age group or with teawiiat all, emphasis must be placed on
appropriate teaching methods. The educators muestatiare of the different learning
needs and capabilities of students when targetiagsmom materials to specific age
groups.” [7] A significant amount of research insthield has improved the overall
learning experience. According to a study by theefioan Society for Engineering
Education there are four different types of leasnennovative, analytical, common-
sense and dynamic. [33] There are very specifitstridnat each style exhibits (see
Appendix 1 for more detail). A large portion of ghproject is ensuring that aspects of
each program appeal to all four learning stylesrder to engage every student.

Teachers and mentors are often the biggest infegenca child’s life. If one of
these mentors is an engineering student, the daoildd have a different view of the
engineering process. The younger student would hia@e someone to look up to and a
career to strive for. Undergraduate participatiomutreach programs adds the benefit of
directly impacting younger students. [34] Role nisdmn contribute just as much to the
growth of a child as the educational portion ofartreach program.

Outreach programs can be implemented in a few ilmtat Two effective
methods involve taking students to a university, taking the program to the

participating school. Allowing students to expedera new way of learning in a new
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environment is a very powerful approach. Being anaersity would “introduce K-12
students to state-of-the-art technology and réaldingineers while giving them a
glimpse of campus life.” [7] On the other hand kitey engineering outreach materials to
the K-12 schools is possibly the quickest and reffstient way to reach a large number
of K-12 students and introduce them to the fieldengineering.” [7] Ultimately, both
systems can be very effective so long as eachvesgbarticipation from both students

and educators.

2.4.3. Teaching Techniques

It is very important that a student knows exagtlyat to expect out of a course.
Especially in engineering education, there muststracture for students to maintain
interest and participation. Introducing instrucibnbjectives at the beginning of a lesson
shows students what they will be learning and hoey tare expected to demonstrate the
knowledge they have acquired. Instructional obyesi“contain a stem specifying the
point at which the mastery should occur, followgdome or more phrases describing the
expected behavior, with each phrase beginning anthction verb.” [35]

Example Instructional Objectives:

When this chapter has been completed, the stuthendds be able to define the
variables in the ideal gas equation of state imtgra high school senior could
understand, calculate the value of any one of #méables from given values of
the other three, estimate the error in the calcedatvalue, and outline the
derivation of the ideal gas equation from the kim#teory of gases.

Example Common Stem Statements:
When this chapter has been completed...
In order to do well on the next test35]

The most effective verbs are very specific (e.gdpmt, list, design, identify). Vague
verbs such as “know” or “understand” could lead ftwther questioning from the
students; students might wonder how to demonstiraderstanding of the material.

Instructional objectives can cover many levelsha learning process. Learning
can be defined as a hierarchy consisting of sigliev

1. Knowledge—repeating memorized information
2. Comprehensior—paraphrasing text, explaining concepts in jargoeefterms
3. Application—applying course material to solve straightforw@rdblems
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4. Analysis—solving complex problems, developing process racuatel

simulations, troubleshooting equipment and systeshlpms

5. Synthesis—designing experiments, devices, processes, armi@io

6. Evaluation—choosing from among alternatives and justifyirg¢hoice,

optimizing processes, making judgments about thieemental
impact on engineering decisions, resolving ethatlEmmad36]

Knowledge, comprehension and application are censdllower-level skills that
are used to introduce a topic and allow studenbetmme comfortable with the material.
Analysis, synthesis and evaluation are considerglen-level skills that are developed
after basic skills are mastered.

While introducing a new topic, teachers often da explain why the subject
matter is important, and how it can one day be uls&Vith this approach, educators
expect their students to believe they will everjuahderstand why they had to learn the
material. This method is called the “Trust Me” apgorh. [35] Even when word problems
are introduced, they do not relate to the studéfggis A more successful approach is
putting each new lesson in context, including tdalexamples that could be provided by
students.

Example Approach:

For the next two weeks we're going to be discussimaracteristics of a fluid
flowing through a pipe. In groups of three, come up withrasy situations as
you can thatinvolve this subject—three people talking, one ingitdown the
ideas. You have omainute—go[35]

After students are aware of the applicability ohew topic, they can be given a real-
world problem to solve.

Real World Problem Solving:

OK, you’re now engineers designing a piping sydtemove fluid from a storage
tank to a reactor at a specified rate. What wiluyeeed to know or figure out?
Same groups, twminutes—go[35]

This approach increases interest in the classroarirdroduces students to future career
possibilities.

Engineering courses rely on both concrete and adistnformation. Concrete
information includes facts, observations, experitaerdata, and applications. [35]
Abstract information is very different, focusing awoncepts, theories, mathematical

formulas and models. [35] Both categories are dsdea an engineering education but it
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can be difficult to strike a balance within a lasgq@an. A popular approach is called
“teaching around the cycle,” [35] which begins watltoncrete experiment, documenting
observations, creating an abstract model, expetinggnand testing the model.

Interrelation of concrete and abstract areas ig waportant. Students must be able to
understand how theory works in real life. If theasd is not experiment-based, it is
imperative to ensure concrete information is nogdtten. All topics must be interrelated

rather than compartmentalized in the educationabcgss, to facilitate student

understanding. This method can be implemented plagxng a theoretical concept, then
providing a visual of how it really works. The lessmust be tied to reality if it is to have

any effect.

In the traditional classroom setting, a teachendsgan front of the students and
lectures. “Research indicates that this mode dfung8on can be effective for presenting
large bodies of factual information that can be roeped and recalled in the short
term.”[35] However, this method is not particulatlgeful for teaching the complexities
inherent in engineering concepts. To break the nwoyand increase retention of the
subject matter, students could work together ofepte or even simple problems. Hands-
on activities reach out to all types of learningest. Active learning encourages student
involvement and cooperation. Teamwork benefitsestt&lin many subject areas and is a
desired skill in the workplace.

To maximize the benefits of cooperative learniagteacher must split the
approach into five main parts: positive indepenéeiedividual accountability, face-to-
face promotive interaction, appropriate use of rpgesonal and teamwork skills and
regular self-assessment of team function.

Aspects of Cooperative Learning

1. Positive independenceThere must be a clearly defined group goal (e.g.
complete the problem set, write the lab reportjghethe process) that requires
involvement of every team member. If anyone falsld his/her part, everyone is
penalized in some manner.

2. Individual accountability Each student in the team is held responsible for
doing his/her share of the worknd for understanding everyone else’s
contribution.

3. Face-to-face promotive interactiorAlthough some of the group work may be
parceled out and done individually, some must beedateractively, with team
members providing one another with questions, faeklband instruction.
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4. Appropriate use of interpersonal and teamwork skillStudents should be

helped to develop leadership, communication, ccinftesolution, and time

management skills.

5. Regular self-assessment of team functioninfeams should periodically be

required to examine what they are doing well togetand what areas need

improvement. [35]
To successfully implement this technique in thesslaom, the lesson plan must establish
a clear goal, but allow the students freedom oérpretation and design. Allowing
independence will draw the students into the ptopead allow for new ideas and
solutions. This also gives the group a valuablsdesn leadership, cooperation, and time
management. It is also important to have clearnnddfrules on how much each team
member contributes. If not everyone participatég whole group is penalized. [35]
Having such a focus on group effort enforces moteraction, rather than the team
compartmentalizing tasks. Students will then bevedgeable in all aspects of the
design, and not just their own individual sectidhroughout the process, students should
be assessed on how well their group is interacngd, what areas need to be improved.
Allowing time for students to reflect on their gmppdynamics helps them improve in team

work, and creates a better environment to learrcohe subject matter.

2.4.4. Input from Danish Educators

Several Danish educators were interviewed in tloegss of gathering relevant
information regarding the development of the outhearograms. [13-15, 37, 38] Perhaps
the interview most relevant to the outreach progravas that of Per Velk, the head of
development at the Experimentarium (a Danish seienaseum packed with hands-on
exhibits aimed at teaching students of all agesfum, interactive manner). Per, being the
father of both aolkeskolestudent and gymnasiumstudent, was able to relate to the
many complexities of increasing interest in scieand engineering. In particular he felt
that the best way to get children interested inftbkels was for them to have a good
teacher (which unfortunately is difficult to affedtrectly). [37] He also mentioned that
the best way to get the attention of students wamswer the question “why should we
use this technology?” [37] Making the subject nratié the programs relevant to the
everyday life of its participants and those running programs would be a good way of
improving the image of the programs and would ftatg the spread of the programs in
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later years. Per also strongly recommended thaptbgrams make a specific effort to

include female students as much as male students.

2.5IHK History and Involvement

Ingenigrhgjskolen i Kgbenhavn (IHK), or the Engneg College of
Copenhagen, is a progressive school located jusideuthe city in Ballerup. The
university was founded in 1881, but moved to iter@nt location in 1995. The campus
covers 42,000 square meters and offers extensoigiés. These include very modern
classrooms, high-tech labs, recreational facilitied a library.

With approximately 2,250 enrolled students, IHKeo$f bachelor degrees in civil
engineering, mechanical engineering, productionregging, electronics and computer
engineering, electrical power and information tesbgy engineering and export
engineering. IHK has an atypical education desigih & focus on projects and group
work mixed with short lectures to give a more nealld approach to learning. IHK also
provides several opportunities for foreign studig#K students can study abroad, and
IHK also provides programs for international studerfFor these reasons, the IHK
outlook on education can be compared to WPI's @ogiThis same mentality allows for
great collaboration and common understanding. Reglithe importance of real life
experience is a huge common factor. WPI's globagmm fits right in at IHK making
the two universities great partners. (WPI has betmnacting with IHK since 2000, when
the two schools signed an agreement to share @E®uAs a result, IHK hosts the
orientation for all students attending the Copeena@P site, and has recently started to
furnish 1QPs for WPI students.)

IHK is highly interested in increasing engineer@grollment. To that end, they
have requested the following with regard to thi®1Q

A discussion about middle and high school studeptsir skills in natural
sciences has been going on for years in Denmauidk if@any other countries as
well). Physics and chemistry are not among the rmpoptlar subjects in primary
and secondary schools. For engineering schools asi¢HK there is obviously a
big focus on attracting more students. So far, dinategy has been to produce
pamphlets, brochures, ads, commercials, etc.,tdoledoward the target groups.

IHK is, however, considering changing the focusaods a more direct contact to
the students, teachers, etc. in the underlying &thmal system. This contact
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could be guest lectures from IHK, "student for & daIHK," labs and exercises
at IHK, etc.

Recommendations or ideas for initiatives that cappsrt a greater degree of
interaction between IHK and the primary and secon@alucational system are
desired. These recommendations or ideas shoulddeilon:
A description on how one or more American univésitor engineering
schools are working to attract students and
An analysis of differences/similarities between iaggring educations in
the United States and Denmark.
Interviews etc. with Danish high school teacherd stadents.
Since the ultimate goal of this project is to fostgerest in IHK among Danish
primary school students, four IHK students havenbgieen project credit to assess the
methods and results produced by this project (ggeeAdix 7 for more detail). [14] It is

IHK’s intention to perpetuate the programs after pinoject team leaves Denmark.

2.6 LEGO History and Involvement

The LEGO Corporation was founded in 1932; its pagybas always been “to
inspire children to explore and challenge their aseative potential.” [39] Ever since its
inception, LEGO has designed new products interidestimulate young minds. This
passion for encouraging children’s learning ledhe creation of the Mindstorms NXT
kits, which are simplified sets of electrical anéahanical parts that allow for a user to
design, build and program a relatively simple LE@®Dot. It is this complex technology
in a simple package that is appealing to use fier ihoject. By utilizing pre-made kits
that have motors, sensors and even a central [@ogesnit, a program can focus on
design and engineering over acquiring the partsamsémbling them into a user-friendly
interface. Therefore, it became clear that the LB@Gi@dstorms kits were optimal for an
electrical and mechanical engineering program witthis IQP. The main concern
regarding this kit was the cost: Mindstorms kitgallefor 250USD. Schools that
otherwise might wish to explore engineering in tiericulum could back down if faced
with a seemingly excessive cost. However, LEGO drasiously provided us with five
educational version Mindstorms kits to be usedyanasierin Denmark. The kits will

all be left with IHK, so that angymnasiunwishing to implement the LEGO Mindstorms
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program in the future will have access to the kitsno cost. This would facilitate the

spread of our program to more schools.
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3. Methodology
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Figure 3.1: Methodology flow chart for on-site work.

3.1.Target Age Group Selection

Given the limitations of time and budget for thi®ject, it was necessary for to
focus efforts on one particular age group, in otdexnsure that appropriate attention was
given to the curricula. We chose to work with yeaight and nine ofolkeskole(the last
two years) and the first two years ggmnasium The final two years ofolkeskoleare
very important because at the end of that timeesttedmust choose whether or not to
attend upper secondary education, and whjgimnasiumto attend. Exposure to
engineering as an exciting and accessible disephtiay very well steer students towards
a technical high school or pique their interestugioto simply continue education.
Students at gymnasiunhave not yet decided upon a particular field amoutd be made
aware of the opportunities presented by engineefit®] The last year ofymnasium
was avoided for fear of interfering with the busheadule typical of students in that year.
[13] Targeting these years provides the greateshadh of delivering knowledge while
advertising the various fields of engineering.

3.2Initial On-Site Interviews

During the first two weeks in Denmark, first-hanérmation was gathered about

the whole of the Danish education system from asymavolved groups as possible.
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Interviews, focus groups and surveys were aimedeatifying the exact deficiencies that
have led to the problem with engineering educatiodenmark and helped to gauge
receptiveness to change. This information was use@dapt preliminary program
concepts to achieve the highest possible effeatiseand repeatability.

The project team conducted informal interviewshvdtudents at the Engineering
College of Copenhagen to determine the level ofoorgysupport that can be expected
from IHK students in future iterations of this proj. Of primary concern was the
willingness of IHK students to act as mentors ackeers for young students. Due to the
suspicion that most students would be hesitandke time from their busy schedules to
volunteer, we had investigated the possibility lKIproviding wages, course credit or
some other form of incentive to help students fyshie use of their time prior to arriving
on site. Our liaison at IHK, Professor Knud Holmndan, informed us that as head of the
Export Engineering department, he could arrangestne project credit for students
requiring academic compensation for their effofts4] Unfortunately, the level of
commitment available from IHK students was a lingtifactor in the breadth and depth
of outreach programs. Therefore we designed progthat any school teacher would be
capable of running untrained and unassisted.

The IHK interviews had a secondary advantage o¥igdmg insight into what is
successful at attracting Danish students to sciandeengineering fields. Unfortunately
for the purpose of this project, many intervieweddsnts had been interested in
engineering due to a family member already being@ragineer, or pre-existing personal
hobbies related to engineering fields. [23] A fallop to this project in future years
could be testing to see whether simply exposingi€hastudents to engineering can be a
motivating factor in choosing engineering as a gseion.

Other interviews have led to the conclusion thawvould be easiest and most
effective to attempt to integrate outreach prograinsctly into the Danish educational
system as part of the curriculum. Danish classesvary open, and teachers have the
advantage of being able to choose when to presastdirc curriculum topics. [13, 38]
This setup allows for the engineering outreach g to be integrated as direct class
replacements. All teachers who volunteered to tihggrograms run in their class were

open as to how much involvement they wanted thgepréeam to have. They also gave
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input as to the preliminary concepts within the greans and promoting seamless

integration of engineering programs into their muwlum.

3.3.Program Design

During the first three weeks in Denmark, progranese assigned to different
grade levels and IHK student mentors were introducethe programs. The programs
were adapted for specific grade levels by ensuitag students would be able to fully
understand the concepts without oversimplificati®articular attention was paid to
existing standards for math and science educasonedl as the available subject matter
relative to each class. [40] The curriculum for leayrade was designed to include
activities that did not completely depend upon igbflor science and mathematics, to
ensure that all students would be able to makesdiyp® contribution. The portion of the
time spent on complex concepts and mathematiceased with age. There was also a
specific effort made to provide programs that ipoosate multiple disciplines to reach a
single goal.

Six programs were developed in total. These ireduidur for thefolkeskole(two
each for the eighth and ninth years) and two felgymnasiun{one each for the first and
second years). Thiolkeskoleprograms dealt with windmills, trebuchets, bridgexl
export engineering. The first yegyymnasiumprogram was the LEGO Mindstorms
program. The second yegymnasiumprogram was not a hands-on project like the
others, but was instead aimed at showing studelnét an engineer does both before and
after attaining an engineering degree. All the paogs are explained in more detail, in
their completed versions, in sections 4.1.1 throigh6; all program manuals are located
in Appendices 13 through 18.

Once the specifics of the programs were developedyas necessary to
completely describe each one in a self-containedole plan and kit of parts. These
packages were designed to be implemented by amyatrekilled in either engineering or
teaching; the packages contained sufficient backgtoinformation, instructions and
teaching aids to successfully guide a class ofesttsdthrough a program with minimal (if
any) outside assistance. To this end, each ledaannzludes a primer on the appropriate

points of discussion for the scientific principkeeplored therein. Professor Knud Hansen
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has been established as a permanent contact attdHi€lp answer the questions of
teachers who use the programs without the direciwvement of IHK or WPI.

Several logistical factors needed consideratigganding program development.
The export engineering program in particular regglimuch collaboration with the four
volunteers from IHK. On several occasions braimsiog sessions were held in the
project team office at IHK to discuss an overabhgram that would accurately portray
the everyday affairs of an export engineer, andrléte details of the project needed
working out, again with the help of the IHK student

The other programs required a large amount of woide to implementation. All
programs except the bridge program required dematist materials for the classroom.
The trebuchet program involved building a workingdal from materials provided by
IHK as well as certain other parts obtained elseehecluding cloth for the sling,
barbell weights for the counterweight and stringattach the weight and sling to the
frame. The LEGO model involved determining the beay to utilize the sensors and
mount them to the frame, as well as mastering theaional version of the software.
This process took several days of dedicated workkevdimultaneously developing the
program “game” fogymnasiunstudents, including finding the components for ghene
field and assembling them. The work for the windmibgram mainly required locating
sufficient supplies for the number of studentsha pilot class. These supplies included
wire and magnets (provided by IHK and timékeskol¢, glue gun (purchased at a local
hardware store), and large amounts of wood (pravigle thefolkeskolés woodshop or
purchased at a local home improvement store).

A crucial factor of this project is the objectiamalysis of its effectiveness at
increasing engineering interest. A survey was dpel to be given to students prior to
and following the program experience. The survey ba found in Appendix 3. It is
broken down into sections gauging student feelmegmrding “perceived value of math
and science,” “engineering,” “ability and expectafic “gender bias,” and
“expectancy/intention.” [5] These sections were ditinctly separated in the student
version of the survey. The most important sectitmnghis project were the “perceived

value of math and science” and “engineering” sestidoecause those sections include
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topics that can influence a student to pursue eeging. An improvement in feelings

toward math, science and engineering would be a@tiie of a successful program.

Engineering
Qutreach
Programs

Folkeskole

Year 8
(13-14 years old)

Year 9
(14-15 years old)

Gymnasium

Year 1
(15-16 years old)

Year 2
{16-17 years old)

Figure 3.2: Proposed program breakdown by grade level.

3.4 Project Budget

The major budgetary constraints for this projectrendirectly related to the
programs. Simply obtaining the parts required far ¢éxperiments was expected to cost a
significant amount of time and money. FortunatélgGO Corporation covered a great
deal of this expense by donating five educationaldgtorms kits for use on-site, and
furnishing a commercial version at half-price feogram development at WPI. A major
concern of this project was procuring the mateniatpiired for the other programs at low
cost to encourage program implementation in Denmaltkough IHK agreed to front
the costs of the programs during their pilot rub4][ our aim was to keep the cost of all
materials for each program, including the startiip for reuse, under 300 Danish kroner

(approximately $55). This limitation should encayeduture program implementation at
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other schools. [15] Additional costs, particulafidy the windmill program, were covered

by the participatindolkeskole

3.5Program Testing

During the program testing phase, we implementedesof the programs at
@sterhgjskolenfglkeskol¢ and Christianshavns Gymnasium and gathered sura&y d
and observations. The programs were all run witlheast one volunteer IHK student
present to facilitate any language barrier issdes.initial survey was conducted to
determine existing interest in, knowledge of, amlityg for engineering. The survey
guestions are located in Appendix 3. For the domatf the program we monitored
reactions of students, mentors and teachers. We r@sorded our own personal
observations to document the entirety of the pacéd the end of the program,
participating students filled out the same surveyatithe beginning of the program to
determine changes in attitude regarding engineering

Upon the completion of the programs, we ran a @ogpresentation fair at IHK
so that students could showcase their productgher students, parents and teachers.
More importantly, the exhibition was aimed at attirag teachers from other schools to
further interest in the programs. The fair featurstidents from @sterhgjskolen
displaying their windmills. Unfortunately, due tbet short notice and the timing of the
event (a Monday afternoon), no teachers were abééténd. However, teachers who ran
the programs with their class were asked to infteinr colleagues about the programs,
and IHK will be posting the program materials oaitlwebsite.

3.6 Analyzing Outcomes

For the final two weeks of our project, we analyzkd results of the program
tests. Program success was quantified by compdhnagre- and post-program survey
results and by examining behavior toward engingediring the program. Students were
asked to write any comments they had regardingptbgram experience on the back of
the post-program survey. These comments, along witl feedback and survey
responses from program participants, were usecttermine the overall success of the

program from the participants’ view, to see whidgpects of the programs students did

-27 -



and didn't like, and to seek areas of improvemant fiiture implementations of the
programs.

The thoughts of the mentors regarding the prograere documented (the IQP
team, IHK students, and any involved teachers)aio ¢heir viewpoints on the overall
success of the program, and also to see which tsspkethe program were thought to be
either successful or needing improvement. This Haek was used to improve the
program manuals to ensure that they were all mezteve at achieving the goal of
increasing engineering interest to young Danistesits.

It was ultimately decided to leave all program miats in their original English
form rather than translating to Danish. Many teaslielt that using the English handouts
would incorporate another facet to the experieand, would also facilitate the allocation
of more time to the programs, as it would coverlBhgn addition to math and science.
Once the booklets were completed, physical andalligopies of the program manuals
were left with IHK and the participatinfplkeskoleand gymnasiumto facilitate future

implementation of the same programs.
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4. Results & Analysis

This section details the outcomes of this projectiuding the finalized programs
ready for implementation in Danish schools. Darsgldent and teacher responses to the
programs are used for qualitative analysis of hawcessful the programs were at
achieving their goals. The survey results are afslyzed to quantify the success of the
programs. Danish motivations for pursuing an ergying career are discussed, followed

lastly by an examination of the future of the peogs in Denmark.

4.1.Hands-on Engineering Programs

This subsection describes the six programs dpedlavhile in Denmark. These
programs were all modified with the input of IHKudent volunteers and after running
some of them at the volunteer schools. The teaahdrstudent program handouts are

located in Appendices 13-18.

4.1.1. Trebuchet Program

The programs in sections 4.1.1 to 4.1.4 are desdidarfolkeskolestudents. For
the trebuchet program, students are given a scettat requires the use of a trebuchet
for defense (i.e. your medieval castle is beingapghed by Norman invaders. Design a
defense system using the following parts...).

For the first hour of the program, an introductito the problem statement
(similar to the one begun above) is given. The raeis of the trebuchet's operation are
discussed briefly, and teams are introduced t&ithef parts. There is an included hand-
out, which explains the basic physics necessargheooperation of trebuchets for the
benefit of students and teachers. Students ardedivinto small groups of about five
students, and begin brainstorming. For a perioappiroximately one hour following this,
students create a complete and detailed drawiniiesf trebuchet design. Due to the
relatively complex nature of the trebuchet, thessighs must be approved by a mentor
prior to construction. Students, upon receivingrapal, will then have to decide how to
cut and drill the wooden pieces provided to theomfithe kit of parts. Students mark any

necessary cuts or holes needed for constructigheaf trebuchet design. After a second
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check to ensure the design is reasonable, studaihisegin construction. Teachers can
perform any operations requiring power tools, wherstudents can perform safer tasks,
such as hand sawing and hammering.

During the next two to three hours, studesdsemble their trebuchets and test
them only within their group. The overall goal @ fthe trebuchet to be accurate and
powerful. In the first test, maximum range will Bssessed from firings. In the next test,
students are asked to launch a projectile at @stay target from any position on the
field. Groups will be ranked on proximity to thardget. This method emphasizes
precision more than simply distance. This methed ahcourages an engineer's thinking
process, as the projectile must be thrown accyraather than simply as far as possible.
During the last hour of class time, students tesirttrebuchets in front of the rest of the
class to see whose product is the most successfathaeving the goal. A wrap-up

discussion takes place regarding the engineeringegs students experienced.

4.1.2. Windmill Program

The windmill program teaches students mechaniedledectrical engineering by
having them design and construct a small wind-pedéurbine capable of generating
electricity. Prior to the program, a predefined amtoof materials are purchased for each
group, including wood, nails and screws. Those rrasewhich are more difficult to
obtain, such as magnets, wire and a multimeterdpaeted at IHK for teachers to borrow
when needed.

The first hour of class time begins with an introtion to the history and theory
of wind power. An example wind turbine and handssaare available to the teachers to
supplement their knowledge of the basic princigiephysics used in the design of wind
turbines and for use as reference material by tindests. After demonstration of basic
concepts the students are divided into groups Hoed to brainstorm.

During the next two hour period, students desiggirtturbines. The example
turbine remains available for student referencentors are available for design
consultation. The students first draw a detaileslydim of their design for inspection.
Once a teacher or mentor has verified the destgdesats mark the supplied lumber for

machining and obtain any fasteners (from the listparts that have already been
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purchased) that they require. In the same fastsaihetrebuchet program, students may
use hand tools and request that a teacher perfoyrpaver tool operations required.

In the next two hours, students construct thenbihes according to their
previously generated designs. Mentors provide &@sgie as necessary and perform any
last-minute woodworking. At this point mentors iti§ndesign flaws and question the
students as to their implications and potentiadgixwithout providing a definite solution.
This process requires the students to think chiyiabout their designs and helps ensure
that each turbine functions as well as possibled&its join the mechanical and electrical
portions of their turbines.

For the final hour, the turbines are tested fairtpower generation capabilities.
In order to achieve the most realistic results,tdst should be performed outdoors; the
power output of the turbines is tested with a rmudtier. Students discuss their designs as
a class and attempt to identify the best featufemaoh design. A teacher-led debriefing

discusses those aspects of the program that ammaorasks of different engineers.

4.1.3. Bridge Program

The bridge program introduces students to designass involving budgeting.
Not only do the students design a structurally solbimdge, but they are also introduced
to how important resource allocation is to engise&his program is different from some
other bridge-building competitions in that it adttee element of efficiency, a key
engineering concept. The bridge that can hold tbstiweight does not necessarily win;
instead, the bridge that can hold the most weighupit cost will be judged the best.

In the first hour of class time, the students iateoduced to basic concepts of
structure. Various bridge types will be describedthie students through the student
manual. After the students have a simple introducto bridge design they will be in
charge of choosing what style would be best fos fharticular project through further
research on the internet. The first hour alsouithes budgeting tips. Certain tips include
how planning the final product will cut back on we material and other basic
recommendations on how the students should hahelieldudget.

During the next two hours of the program the stidgoups are given a price list

for the materials that are available for use instarction. Students then begin the
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planning process. After receiving the materialg, like students will use technical
drawing templates to draw and plan the actual desigheir bridge. After completing a
bill of materials list, the students can purchasatever materials they want knowing that
all materials used will be added to the final bedgudget. Since the glue for the bridges
needs time to dry, the students can begin assemoiilyg this time.

The fourth through sixth hours of the program ammpletely dedicated to
building and finishing the bridges. During the fil@urs of the program, the bridges are
tested to see which one can withstand the mosthiveitne instructors then calculate the
amount of weight each bridge can hold comparedhé¢ocbst of the bridge to determine

the most efficient bridge.

4.1.4. Export Engineering Program

Export engineering is a program designed to comlengineering with the
“softer” fields of languages and writing in orderfbster international business relations.
Students involved in the major take not only stadaangineering courses (math, physics,
etc.) but also language and communication cou@s.major is designed to introduce
students to process streamlining and business msarkéhe context of engineering.

In the export engineering program, the class i8ddd into five groups or
“countries” and students are allowed to chooseoblpm they would like to solve as a
group. The students then design new technologyhwidves the stated problem. Each
country is then given certain “natural resourc@siese resources are later used to create
the piece of technology they design. To practicgotiation skills and to foster
interdependence, the students must trade, sellparndr with the other groups. Since
export engineering deals heavily with internatiomatle the groups are expected to speak
English during transactions. Groups then have @iceamount of time to assemble their
product. At the end of that period, student gropgesent their products to the remainder
of the class. The “countries” then have an oppatun improve upon their designs after
hearing other groups’ designs and suggestions. &heyequired to ask permission of
other groups if borrowing from their designs (tonslate copyright laws and patent
protection), still under the language restrictidvi.the end of the students’ engineering

process, each group determines the value of ther @ffoups’ product, and the most
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successful team is the one with the highest vapwreduct. Finally, a debriefing of the
export engineering program is given to students.

This program was developed in conjunction with tber student volunteers at
IHK, who all supported this project as represeméanf their field and appropriate for

implementation irfolkeskole

4.1.5. LEGO Mindstorms Program

The programs in sections 4.1.5 and 4.1.6 are dedifor gymnasiumstudents.
The LEGO Mindstorms program is the most sophistaif all six programs. As such, it
requires the most time in the classroom. The titfegnaent for this program is twelve
hours of project work.

The first hour of the program is an overall intuotdlon, which includes a primer
to the basics of programming. The method of intoboly students to computer
programming is similar to “Peanut Butter and J&llpgramming,” a simple exercise in
which students form small groups and write downaitied instructions on how to
construct a peanut butter and jelly sandwich usimly peanut butter, jelly, two slices of
bread, two knives and a plate. Using the list sfrirctions the students have prepared, a
mentor then follows them step-by-step in front bé tclass to gauge its accuracy.
Students then are able to clearly see which kgysdtave been left out due to oversight.
In the Danish version, the peanut butter and jellgdwich is replaced with the Danish
specialty,smgrrebrgd(an open-faced sandwich). This exercise serveanasxcellent
introduction to the realm of computer programmiagia properly programmed robot will
perform exactly as it is coded. However, if time risstricted, this portion of the
introduction may be omitted. The remainder of tiist fhour is devoted to introducing
students to the software used to program the LEGi@I8torms robots.

The bulk of the remaining time is devoted to studgroup work. At the start of
the second hour, the game sheet is distributedutbests, and they can see the game
board and learn the rules of the challenge. Stgdem then broken into groups of about
five, and have to brainstorm possible ideas ofeachg the program goal. Each student
group is divided into a building team and a prograng team; the former is in charge of

assembling the robot and attaching all the sertbatsare deemed necessary by the team
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(using the provided manuals if time is short, osigeing from the ground up if more

time is available), while the latter is responsifide using the Mindstorms software to

program the robot to play the game. The groups meitieive minimal help from any

mentors in order to foster a discovery-based legrenvironment. Teachers or mentors
are responsible for ensuring that students stataskand are productive throughout the
time period allotted.

The final hour of the program is used for testihg completed robots against
each other to see which best performs the gameorlicg to the game plan provided
with the manual, the field is a 1-meter by 0.75-enethite plastic board with a black tape
“X” spanning the field. Situated at each cornea isall holder which holds either a red or
blue plastic ball (holders and balls come with Mmdstorms kits). The robot must
knock down the two red balls and leave the two blaks on the holders. The positioning
of the balls is random for each test, but behingl ibd balls are speakers emitting a
continuous beep. Ideally, students will have tlghtlisensor determine how to drive
toward the ball, the ultrasonic sensor to stoprtimt before hitting the ball holder, and
either the light or sound sensor to determine Ilall is red or blue. The task is simple
enough such that it can be completed in a relgtishbrt amount of time by a focused
team, but complex enough that the whole team musk wogether to design, program
and troubleshoot the robot. Any team which knocksrwnly the appropriate balls has
successfully achieved the goal; tiebreakers majudlac fastest time or most elegant
program, among several other options. After tesngpmpleted, a discussion session is
held where the teacher explains that the buildegmt performed tasks common to
mechanical and electrical engineers and the pragiag)team worked in the same
manner as some computer scientists. Finally, alhdgiorms kits are put away and

returned to IHK upon completion of the program.

4.1.6. “Experience Engineering” Program

The Experience Engineering Program is very differelom the programs
developed for the earlier years. Rather than camg with another program, a new
approach was taken with the older students whostaming to look at what to do after

gymnasiumIn the unspecializegymnasiumpupils have not necessarily chosen a career
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path. This program focuses on available engineeiiglgs when looking at potential
colleges, and actual careers in engineering. Thegetwo sessions for this particular
program, the first of which involves guest lectsteFhese are speakers who currently
work in an engineering field and show the studargimpse of life as an engineer.

The second session focuses on the students’ morediate future in college,
because students begin visiting colleges in thé¢ yasar of gymnasium an earlier
introduction to IHK may prove beneficial for studexomfort and may help solidify the
choice of school at an earlier age. The secondiosedeatures an IHK-student run
laboratory using the facilities of IHK, followed laybrief discussion about the experience
of being an engineering student. This exclusivet \gkould leave a lasting, positive

impression with students about IHK and engineering.

4.2 Program Implementation

There were several setbacks with the implememtadgfothe programs at Danish
schools. The main problem was the general lackuotess in arranging class time with
Danish schools. With the help of the four IHK stntleolunteers, severdblkeskoler
(Dsterhgjskolen, Hgjagerskolen, Egebjergskolen,vBanget Skole, Skoleveerkstederne,
Hedegardshallen, Grantofteskolen) gydnasie(Christianshavns Gymnasium, Aurehg;j
Gymnasium, Ordrup Gymnasium, Gammel Hellerup, Bgaspd Gymnasium) were
contacted during the first weeks of March in adufitto the schools contacted before the
project team arriving on site in early March. Onenth later, only threéolkeskolerhad
not turned down the project team and only ggmnasiumhad scheduled any lectures to
run the program. Fortunately thiymnasiumteacher taught both first and second year
students. In the end, only of@keskolewas able to appropriate enough class time during
the specified time period for the project teamuwo the programs. As a result, the bridge,
trebuchet and export engineering programs could beoimplemented irfolkeskoler
because not enough classes were available to inepkethem. Instead, these three
programs were developed and finalized during th@ementation of the other programs.
By the end of the project, printed material for sl of the programs was compiled and

available for distribution.
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The most successful implementation was with th&OEMindstorms program.
We received a response from two teachers at Gim@tavngymnasiumMads Petersen
and Mette Grage. Both these teachers were verygastic about having our programs
run in their classes; they were both unable tocatl® as much time as we had initially
hoped. We received five hours of class time witteRen’s class, which was much less
than the twelve hours we had initially plannedtfoe activity. Mette Grage unfortunately
had to cancel the program because most of herad@aihours occurred after the project
team had left Denmark. Due to the shortened tinslale to run the program, many
efforts were taken beforehand to ensure that tlaé gmuld still be attained. These efforts
included sorting the LEGOs into the trays proviaéth the educational versions of the
kits, having demonstrations led by the project tgaather than asking the teacher to
learn the material beforehand), skipping fmegrrebrgdactivity at the beginning of the
program, building the robot from the provided instton manual rather than from the
ground up, and having student groups work simutiasly at developing a program and
building the robot. The project team’s observatiand reactions to the implementation
of all programs are located in Appendix 11. Perlthpsmost surprising observation was
that all students were engaged and excited abeuwdtivity despite holding the first day
of the program with Petersen’s class on a Fridagradon. Students were very
enthusiastic about the program and jumped rightMaost students immediately knew
whether they wanted to build a robot or developdbmputer program necessary to have
it play the game. This was especially surprisingaose the class was in the “language
track,” meaning students had already decided tdysthe “softer” fields of Danish,
foreign languages, history, and social sciencderahan take math and science courses.
It was decided on-site that all students shouldehtére basic introduction to the LEGO
Mindstorms programming software so that they coaltl have the appropriate
background knowledge when it came time to statingshe robots on the field.

The other major implementation was the windmitbgnam. The @sterhgjskolen
folkeskole expressed interest in introducing eighth-year estisl to the building of
windmills, because it is introduced in the classnom the ninth year. The presence of
windmills in the curriculum is encouraging in terro the longevity of this project.

Students were very enthusiastic about the prog&ame the teams were in the woodshop
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and had their hands on the materials and tooly, tleeded very little encouragement
along the way. The large class size of 43 studestessitated that the project team and
IHK student volunteers were available for the entime to assist students with designing
and assembling the more difficult portions of thendmills. Seven full hours were
allotted to the program by the school, which wasimcioser to the proposed amount of
time. In that time, students were introduced to phagram, filled out the pre-program
survey, were given a brief introduction to the agptcof moving magnets past wire coils
to generate electricity, designed and built theadel windmills, tested them outdoors,
and filled out the post-program survey. Many tedngt wind turbines that functioned in
the light breeze outside, which resulted in a latggree of student pride and enthusiasm.
Two groups were so excited that they volunteeredtlmn spot to showcase their
windmills at the program presentation fair. Thejpcoteam was very satisfied with the
folkeskolestudents’ accomplishments and the length of tifrtbeprogram.

The final program implementation was “ExperiencwilBeering” for the second
yeargymnasiunstudents. Caroline Beijertsen, a Swedish Well Bitgineer from Meaersk
Oil, came to Christianshavns Gymnasium to talk &liwr experiences as an engineer.
Students were very receptive to her, and she keptlass engaged. Among the topics
discussed were schools she attended, her reasodsomsing engineering, a description
of Meersk, and her everyday job description. Unfoately, due to a lack of time for
adequate preparation, the “college” section ofERperience Engineering program was
unable to be completed, despite IHK student interesiding with that section of the
program. [23] The surveys that were administerethéoother program participants were
not utilized for this program mainly because of dintonstraints; the partial
implementation of the Experience Engineering progtasted about 45 minutes, and the
surveys took about 15 minutes to conduct each time.

The presence of IHK students was instrumentaiteéosticcess of the windmill and
LEGO Mindstorms programs. Having a Danish engimgerstudent to discuss (in
Danish) her experiences as an export engineerindest at the conclusion of the
programs caused several students to leave commgrtisas “export engineering sounds
cool.” This feature would continue to be a sigrafit part of the programs if the student

resources can be obtained.
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4.3.Survey Results

A comprehensive compilation of the survey rescdts be found in Appendix 19.
The same survey was administered to student programicipants both prior to and
immediately following program implementation. Segiarversions were administered for
folkeskole and gymnasiumstudents, but the only changes between the twae wer
references to their current level of schooling aeférences to the next higher level of
education. For each statement, students were dekexspond on a Likert scale of 1-5
whether they strongly disagree (1) through stroragkee (5) with the statement. Survey
results for all students were compared both beéoré after program implementation;
results among individual schools were also analy2etiajor objective of the survey was
to reveal trends about predominating feelings towaath and science and to determine
how effective the programs were at increasing dvari@rest in engineering. Secondary
goals of the survey included determining the gengap (if any) as perceived in
Denmark, and students’ future plans for higher atan.

Immediately visible with the initial survey resulvas the lack of a gender gap.
Each of the 26 students in the class from Chrishamns Gymnasium thought that
gender made no difference with regard to beingcaessful engineer: student responses
averaged above “agree” with a value of 4.35 for wonand 4.42 for men. Also quite
apparent immediately was a general student diglikmath, science and engineering, as
students in the class were in the “language trakudents largely disagreed (survey
averages below 2) with statements referring to matid science education or
engineering: “Learning math and science is fun"™92}, “I could be a successful
engineer” (1.69), “I am interested in pursuing eeeain engineering” (1.62), “l would be
successful in a job that required math or sciefiter3), and “I plan to take math/science
classes in upper education” (1.73/1.77). Studelsis did not feel “determined to use
their math or science knowledge in their futureeear (1.92).

However, following the program, there was a dratnatcrease in response
averages for many of the engineering-related surgégtements. Perhaps most
importantly were the changes for “I know what argiaeer does,” “I could be a
successful engineer,” and “Engineering is enjoyalfi¢atements 5-7), with average

increases of 0.74, 0.86 and 0.91 respectively. Haistic includes no students
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responding less than “neutral” for knowing what engineer does. Other notable
increases were responses to statement 2 (“leamatly and science is fun,” +0.52) and
statement 10 (“I would be successful in a job ttemuired math or science,” +0.77).
Figure 4.1 shows the averaged response value sesdar statements that had increases
over 0.5. Although these values are statisticallgsgionable (there were eight fewer
surveys returned after the program than beforey ttill suggest strong trends in a
favorable direction, namely that knowledge of amigriest in engineering was enhanced.
These trends are further supported by oral andenmristudent feedback solicited at the
time of the post-program survey. One student dagdfslt she was not going to like the
program beforehand, but “actually enjoyed it a”ldther students wrote that the
program “was a good way to learn about the subjectd “was super cool to try.”
Generally, the feedback received from participatstgdents was constructive and
positive.

Gymnasium: Changes in Response Averages
due to Program Implementation

5
4.5
4
3.5
3
Averaged

Response 2.5
Value

Hpre
W post

2 5 6 7 10

Statement Number
Figure 4.1: Program implementation effect ggymnasiunstudents.

In general, the @sterhgjskoléalkeskolesurveys changed less favorably with

regard to the project goal compared to themnasiumsurveys. The most notable
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difference between the two data sets is that teeppsgram survey averaged response
values tended to be much higher in fokeskolethan the correspondingymnasium
values. This trend could be due to the fact thatlestts are more open-minded with
regard to engineering, or have not yet startechilaktabout their career paths or even
possibly which gymnasium to attend. However, over the course of program
implementation, four statements still saw an averagponse increase of 0.5 or more (2,
5, 6 and 7, with increases of 0.78, 0.58, 0.55 @68, respectively). It is encouraging
that these four statements also saw large incremsdéle gymnasium Again, it is
important to note that these are simply empiridadevvations and could be statistically
guestionable, especially since the number of stigdemmpleting surveys was less after
the program (33 students after compared to 43 stadeefore). Reasons for this decline
in both schools may include students not attendiags the last day of the program, or
disinterested students not returning the post-giragsurvey (which may skew the results
in a positive direction, which was one reason t®ft value was set at 0.5). This theory
would be supported by noting that statement 9 @V¥eéhbeen doing well in math and
science this year”) spiked 0.55 points in gyennasiunsurveys, a statistic that is hard to

explain otherwise.

Folkeskole: Changes in Response Averages
due to Program Implementation
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Figure 4.2: Program implementation effect folkeskolestudents.
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In addition to the numerical datdplkeskole students were also verbally
supportive of the program. Five students volunigene the spot to attend the program
presentation fair to demonstrate their windmilled aseveral others approached the

project team to say how much they enjoyed the @ogr

4.4 Danish Motivations for Engineering

Based on several interviews and the results optbgram implementations, there
are several conclusions that can be drawn aboutsBamotivations for pursuing
engineering as a profession. Denmark produces friewgdr engineers compared to larger
nations such as the United States or China. [29 Asect result, Denmark benefits most
by focusing on specialty areas in which they hol@ading edge, including combining
engineering with “softer issues” such as societdds. [29] Another Danish specialty is
wind turbines, which was the main reason a progdaaing with the construction of
working windmills was developed.

It appears, from observations during program immgletation, that many Danish
students in primary and secondary schooling hageqgprceived notions about the nature
of work of engineers. Many had the impression thiagjineering consisted of solely
studying math and physics in college, and doingtitrcomputational work. However,
in class after having experienced what some enggreeually do for a living (between
both the LEGO Mindstorms program and the windmithggam), as well as when the
IHK student volunteers explained what they did apogt engineers, many students
became much more interested in the subject maiterthey were at the beginning of the
program. This was evidenced by student respongseases to survey statement 5, “I
know what an engineer does,” as well as oral contsnand enthusiastic behavior from
the majority of students. Many students participgin the windmill program seemed to
be much more encouraged once members of the pteet said their designs looked
very good, and saw that even outside in the wimeiy wvindmills actually worked. These
same students also cheered during the projectdunttaon and wrap-up when it was
mentioned that Denmark was a world leader in wiridexchnology.

Despite success from the students’ perspective, isbue with having these

programs implemented may lie with the teachers. Matkeskoleteachers have little
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time to adequately prepare for lessons about whigy have little background
knowledge, and might be reluctant to try out artralss program such as those presented
by this project. [13] Another issue altogether iisding the time in the classroom to
incorporate these programs into the curriculum, P This dilemma was counteracted
by choosing topics that either already exist in iBarcurriculum, or by covering several
topics taught in classes in order to be able twaidass time from multiple subjects.
Perhaps the most interesting result was thatripraved post-program outlook
on engineering was common across communities: mwghavns Gymnasium is located
in the heart of the city of Copenhagen, while @stgskolen is located in more rural
Ballerup. Despite being in contrasting settingsidehts from both areas reacted very
positively with regard to exposure to engineerimyis result is very encouraging for
future implementation of the programs developedhy project, and suggests that the

success and longevity of the programs will not vésaue.

4.5 Program Continuation

After the implementation of the windmill, LEGO Mistorms and Experience
Engineering programs, observations and survey teeswgre taken into account in the
revision of all programs. The completed versionglbprogram materials (including the
comprehensive teacher’s guide, student handoutsaapdther supplementary guides)
are reproduced in completed form (except formattedetter paper rather than A4) in
Appendices 13-18. PDF versions of all program nmaltekvere provided on CD to IHK
for placement on their website and other distrinutas IHK saw fit. Additionally, the
materials created for use with all groups were Vath Knud Hansen at IHK. (These
supplementary materials included the five Mindstrkits for the LEGO program, the
weights, cloth and trebuchet model for the trebughgram, the magnets for the
windmill program, and a glue gun for the exportiaegring program.)

The four IHK student volunteers from Export Engirieg are following up on
this report with recommendations to IHK on how tesbproceed with the programs
created by this project. Presumably, since IHK bhesen to continue to fund and

support these programs, additional student resswvidebe allocated in the future.
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5. Conclusions & Recommendations

This Interactive Qualifying Project was successtfuhchieving its goal during the
time when the project team was on site in Denmenkl, promises to continue its success
afterward. The engineering outreach programs aledi&ing this project increased
interest in science and engineering among stuakmsg the pilot runs, were relatively
inexpensive to launch and maintain, and are abhletonplemented again with materials
left at the Engineering College of Copenhagen. @ube limited amount of time that the
project team was in Denmark and the limited amadfmass time Danish teachers were
able to afford for the pilot runs, all of the pragrs could not be implemented; however,
based on what results were obtained, both the girtgam and sponsor were optimistic
about continuing positive outcomes in the future.

Several factors allowed the project to be as ssfakas it was. One major reason
was the receptiveness of the participating teadmehsving this engineering experiment
take place in their classrooms. Students were abopst unanimously, interested in
learning about engineering despite being in varysgjtings and from differing
backgrounds. Both the project team and IHK areident that the programs developed
by this project will continue to excite young Ddmistudents about engineering well into
the future.

The project team strongly recommended to IHK thatprograms be continued in
Denmark starting in the fall of 2007. Implementelysix programs will greatly increase
the amount of exposure to engineering Danish stadeeceive. It is hoped that the
propagation of the programs will, in time, helpitmrease engineering enrollment at
Ingenigrhgjskolen i Kgbenhavn.

Based on the work completed this term, there axeral areas in which this
project can be continued for future work. Followisug several suggestions which could
lead to additional Interactive Qualifying Projeas the Copenhagen project site and
possibly in conjunction with IHK.

Many Danish teachers (and some students) repatieshtisfaction with the
currently available supplementary materials fornsis¢ry and physics classrooms. At

present, most science classes are held in classrt@nhave none of the posters, models
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or other adornments relevant to the subject métegrcan be found in many American
classrooms. An effort to develop and distribute sledand other materials that are
designed to stimulate young minds and excite stisdabout science would be highly
appreciated in Danish schools.

Starting with our model of implementing hands-aongrams into Danish lower-
level education, new programs could be created. Duthe limited time available to
work on this IQP, only five hands-on programs cohéd created (plus the Experience
Engineering program). Future projects could devetop test additional hands-on
programs to increase the total number availabl®amish folkeskoleor gymnasium
teachers for implementation. Increasing the nuroberograms available would increase
the diversity of the project and the likelihood ttHaanish teachers would want to
implement them in the classroom, especially if ¢hesograms follow topics already
existing in the Danish curriculum.

When responding to the calls for volunteers to tha programs, many teachers
said that a big reason for hosting the program thias American students would be
running it in English. Future teams working on sanprojects should bear this in mind if
they plan on implementing similar programs.

Unfortunately, there was only enough time avadaldr the project team to
develop, implement and analyze programs for thetas years ofolkeskoleand the first
two years ofgymnasiumFuture projects could expand the window of agéhsd more
students infolkeskoleare targeted by programs. Following the trendbsefAmerican
programs like Exploratorium [41] and Danish progsasuch as the Experimentarium,
targeting science and engineering discovery prograinyounger students could be more
effective.

A section of the background that could be furttheveloped as a focus in a future
project is the psychology of teaching. A more diedcapproach at knowing how students
learn, especially Danish students, might prove meffective in honing appropriate
programs for implementation in Danish schools.

Topics that could be analyzed by future projentdude trends in the number of
students enrolled at IHK on an annual basis, and $tudents’ reasons for choosing

engineering as a major. Such data collection msglygest alternative routes to increase
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student interesting in science and engineeringsd hepics were not explored further in
this project because it was not an immediate conadr IHK (this project’'s main
sponsor). However, these issues may become impantéuture years after this project’s
programs have the chance to be implemented andgatgd.
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6. Appendices

6.1. Learning Style Categories
From [33]
Innovative Analytical Common-sense Dynamic
Learner Learner Learner Learner
*Seeks meaning *Wants to know *How do things *Needs self-
*Wants reasons facts work? discovery
for learning *Perceives *Seeks utility *Takes risks
*Needs abstractly *Hands-on Likes change
involvement *Processes *Practical *Follows through
eLikes working reflectively *How will it be eLikes trial and
with others *Creates concepts useful? error
eImaginative *Builds models *Give itatry *Actively tests
*Divergent *Data collector ideas
thinker

Teaching Method:
*Motivator
*High interaction

Teaching Method:
eInformation
provider
*Knowledge giver

Teaching Method:
*Coach
eInvolves student
*Feedback

Teaching Method:
*Resource
*Evaluator
*Multiple learning

styles
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6.2. Survey/Focus Group Discussion Questions
(S) questions require a show of hands. (Q) questiequire open-ended response.

In-class Focus Group Activity for Young Students

1.

© © N o o b~ w0 N

Introduce topic of engineering and identify theupas engineers

(S) Does anybody here know any engineers?

(Q) Who?

(S) How many of you know what an engineer does?

(Q) What are some things you see everyday thahgmeer might have made?
Supplement answers with examples. Cite landmaréiscammon technology.
(S) Do any of you want to be engineers when yowgrp?

(Q) Why?

(Q) Who can be an engineer?

10.(Q) What do you want to do as an engineer?

11.(Q) What do people have to do become engineers?

12.(Q) Do you think you could be an engineer if yountea to?

13.Introduce program as an opportunity to try engimeger

Questions to Gauge IHK Student Interest in Outreach

1.

a k~ 0N

When did you decide to study engineering?

What caused you to choose engineering?

Did anyone in your childhood try to interest youlhe subject?

Which type ofgymnasiundid you attend?

Do you recall any programs or classes that incoegsar interest or helped you
to better understand engineering?

Do you feel there should be more effort made inDhaish school system to
increase engineering awareness?

Would you be interested in participating in progsaim bring engineering to the
folkeskol®@

How much of your time do you think you could devtieéhese programs?

9. Would you need any sort of compensation, in thexfof wages or class credit, to

be able to participate?
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6.3. Survey for Folkeskole/Gymnasium Program Participian
This survey was adapted from a survey in [5].

Questions are asked using the Likert scale foramsg (1=Strongly disagree,
2=Disagree, 3=Neither agree nor disagree, 4=A&=8{rongly agree)

Subsection: Perceived value of science and math

1. I like math and science.

2. Learning math and science is fun.

3. It is important for me to be good at math andrsze.

4. Math and science will be useful for what | dteaf finish school.

Subsection: Engineering

5. I know what an engineer does.

6. | could be a successful engineer.

7. Engineering is enjoyable.

8. | am interested in pursuing a career in enginger

Subsection: Ability and expectancy
9. | have been doing well in math and scienceyeéa.
10. I would be successful in a job that requiredhneat science.

Subsection: Gender bias

11. Most women use math or science in their careers
12. Most men use math or science in their careers.
13. More women than men use math in their careers.
14. More women than men use science in their career
15. A woman can make a good engineer.

16. A man can make a good engineer.

Subsection: Expectancy/intention

17. If I learn math or science well, | will have reccareer choices.

18. If I do well in math or science classes in fent level of school), then I will do well
in (next level of school).

19. | plan to take math courses in (next levelabio®l).

20. | plan to take science classes in (next levethool).

21. | am determined to use my math or science kexbgd in my future career.
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6.4. Interview with Martha Cyr, 1 February 2007

This appendix contains notes and suggestions gedvry Martha Cyr, the
director of the K-12 Outreach program at WPI.

Ms. Cyr found in her personal experience that daffgdor females, fourth grade
is the time the decision is made whether or ndtident will enter engineering.
There are two main types of programs offered by ¥R112 outreach program,
those that are in the style of a “summer camp” twode that are “extended day”
programs during the school year.

It is important to develop outreach programs tmatgender-neutral so as to hold
the interest of all participants.

Ms. Cyr suggested that it would be highly benefid@a investigate Danish
educational standards and determine which (if apple) our programs would
fall under.

The following resources were recommended to ufufther research:

o TeachEngineering.org, which has lists of K-12 eaging activities

o TeachersDomain.org, which has engineering-relatéeovclips and other
multimedia files from WGBH

o International Technology Education Association (#@JEhas packets
organized by grade and engineering or scienceptiisei(see below)

If mentors for the program already have the retpiishowledge to understand the
mechanics of the program, they are already equigpeahswer questions and
only need to be instructed to guide the studentsst a self-discovery process
rather than simply answering questions.

Prior to running the program with students, mentangld also complete the same
program as the student with the developers to addaa@y questions they may
personally have, but also to understand the stigiir@ught process.

Programs that are competition-based can sometimeessurcessful;, major

detracting factors include some students becombsgssed with winning at the
expense of learning and a decrease in female sttere

o0 Suitable alternatives to head-to-head competitrmiude contests where
all students are striving for a superlative (higrsseed, longest distance,
etc.) rather than “winning” or “beating” other sards.

o Programs where there isn't a clear-cut “best” whgalving the problem
are better because students can be evaluated angfieeering process
rather than the result.

Programs must refer back to engineering in theecaraf why engineering is a
good thing to do (for society), and is useful.Hbsld be explained to students that
they can use math and science (but don’t havejay ¢éimem as a prerequisite).
Engineering should be referred to as “looking f@partunities” rather than
“solving other people’s problems.”

A program has a much higher chance of long-terncess if an institution
commits to keep it running (rather than an indiaiu

- 49 -



The following points were gleaned by perusinglfieA booklets.
Find out local age-appropriate Danish learningdtats ASAP

Program outlines should have the following mairtises:
Title
Purpose
Objectives (students will be able to ...)
o (which national/regional educational standardssatesfied)
Materials/cost
Preparation/time to allot
Procedure
Safety
Questions to ask
Student note sheets (with appropriate spaces égram-specific data)

Suggested topics (from grades 6-8)
Biology/Chemistry/Biochemistry
Chromatography (dyes in drinks and markers)
Corrosion (different removing chemicals, differéorims of corrosion)
Growing MOs (contact-Prof. Camesano)
Making soap from lye (only if chem. lab available)
Civil Engineering
Bridge building (tools: straws, masking tape, sais, and weights for testing)
City design (boullion, sugar, gelatin cubes (1f/8vater))
Computer Science
PB+J programming (1 student is robot, rest havetoe up w/simple program)
Electrical Engineering
Circuitry (3 houses in series, make a circuit—barcomponents from EE dept)
Static Electricity (Leyden jar)
Industrial Engineering
Quality control (number of red and total M&Ms irbag, graph data)
Mechanical Engineering
LEGO Robotics (can take challenges from previceemy of FLL)
Magnetic Exploration (atomic level to macroscdpiel)
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6.5. Interview with Henrik Bang, 8 February 2007

This appendix contains notes from a personal irgerconducted with Henrik
Bang, aGymnasiummathematics teacher spending a year teachingibtiited States.

Danish students can transfer between high schools
Grades 8 and 9 should be easiest to affect
Folkeskolas a low pressure environment with minimal testing
Gymnasiums significantly more difficult and may be too nhuor some students
Folkeskolgeachers need only be qualified in four subjects.
At lower grades, teachers with math and scienckgvaands are rarer.
Existing after-school programs
o Additional exposure to music, drama and arts alkilan the evenings
o Biannual Festival of Natural Sciences seeks toeim®e interest among
students
Guest lectures from experts availabledggmnasium
Folkeskolestudents have should have something to show garent
IHK student visits w/ Experiments?
School day — 8am-3pm
o through 4 grade: “play time”/day care after school day uBfim
o After 4" grade: optional youth clubs every day
o Private organizations also available 4pm-5pm
Recommends investigating the possibility of workwith youth groups
Be aware that curriculum is not fixed at any leveljld easily add programs to
schedule
Field trips are easy to set up, little paperworkay require partial bus fare from
students
An online catalog of programs would be helpful tany teachers.
Folkeskoleteachers — prepare 1/3 of time teach 2/3 of time
Gymnasium- %2 prep ¥z teaching
Teachers develop curriculum with input from studenbt from officials
Try to cooperate with teachers — easiergigmnasium
IHK students — present shows/exhibitiongymnasium
LEGO can be difficult to integrate into curriculuas students may regard it as an
event, rather than as a part of their education.
It may be easier to integrate “fun” activities ifitdkeskole
Consider:
o Forensic science may be interesting and useful
o Catapults are good for entertainment, but may eeth well
0 Robots can be used to perform other scientific expnts
Folkeskolestudents should not be expected to have learigetha
Math should definitely be included, but we musttheeful to ensure that students
will be able to complete calculations on their own
8"-11" grade equivalent would be a good testing grountipbtside help should
be provided for 8 and §'
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IHK focuses orgymnasiunstudents being proficient vs. overall motivatiG (
Women tend not to work in private sector enginegrjobs are difficult to get and
benefits are not conducive to starting a family.

8" grades and above will be able to understand Emdist we should prepare to
translate technical terms.

During March students take time to visit the neo$$ble educational institution.
12" grade students may be too busy with looking degek to try a new program
Group work is very important; individual knowledigetested at the end of the
year.
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6.6. Interview with Thom Thomsen, 25 January 2007

This appendix contains notes from a personal id@arwith Thom Thomsen, the
Dean of International Studies at WPI. He is a rat/Denmark.

In Denmark, extensive after-school programs ar@béished, but more for fun than
educational purposes

Engineering is a respectable profession in Dennthéeke is really no stigma
associated with it

There is no such thing as “campus life”, studenly go to the campus for classes
The dormitories are centrally located in the ciby im the same area as the university
The students may be hesitant to volunteer for tbgnam because their studies come
first

Export engineering is a specialty of IHK, it is yaimilar to industrial engineering ,
but focuses more on international business andikges
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6.7. E-mail correspondence with Knud Hansen, C Term 200

This appendix chronicles our conversations withfégsor Knud Holm Hansen of
IHK during C term 2007. He is the head of the Exfgorgineering department. This
appendix shows how the funding sources for thigeptavere developed, as well as how
the project acquired Danish students as volunteers.

From: Lebowitz, Jeremy
Sent: 24 January 2007 16:00
To: Knud Holm Hansen
Subject: Greetings from WPI

Dear Professor Hansen,

Hello! My name is Jeremy Lebowitz and | am in thej@ct group for the development of an
engineering outreach program for Danish studerash & third year student majoring in chemical
engineering. The group also includes Erin Yokathia year industrial engineering student, and
Dan Murphy, a third year mechanical engineeringestd. We are all very excited about this
project and have been looking forward to havingtactwith you. We would like to make sure
we are going in the right direction with our init@oject ideas. If you have any suggestions or
think that we have the wrong idea about anythitepsge let us know.

The project description we received is as follows:

A discussion about middle and high school studeyasr skills in natural sciences has been
going on for years in Denmark (and many other atesias well). Physics and chemistry are not
among the most popular subjects in primary andrs#any schools. For engineering schools such
as IHK there is obviously a big focus on attractingre students. So far, the strategy has been to
produce pamphlets, brochures, ads, commercials datected toward the target groups.

IHK is, however, considering changing the focusdaodg a more direct contact to the students,
teachers, etc. in the underlying educational sysféns contact could be guest lectures from
IHK, “student for a day at IHK,” labs and exercisg¢dHK, etc.

Recommendations or ideas for initiatives that agpsrt a greater degree of interaction between
IHK and the primary and secondary educational systee desired. These recommendations or
ideas should be based on:

-A description on how one or more American univiésior engineering schools are working to
attract students and

-An analysis of differences/similarities betweegieeering educations in the United States and
Denmark.

-Interviews etc. with Danish high school teacherd students.

Ouir first idea for a proposed project involvesiagttip a program that could be run annually. It
would involve having a different project for eaaday of students with increasing difficulty and
complexity as the student becomes older. Thesegigjvould be focused on a different area of
science and/or engineering each year and woulcbesion activities designed for small groups
of students to work together. The activities wduddre meetings that could be run by volunteer
students from the Engineering College of Copenhafyeran example, our idea for one of the

-54 -



advanced projects involves the LEGO Mindstormsékij would have students working on a
project in the field of electrical or mechanicagj@reering or computer science. We have
contacted LEGO and are trying to arrange for theation of several of these kits to be

given to the school where we run the first projedise would like to hear your thoughts about our
ideas.

We were also wondering if you were aware of anyiSlapublications with information on the
number of Danish students enrolled in universitgireering programs compared with other
fields of study. If you have this information we wad appreciate you sending it along. We look
forward to hearing back from you and thank you swimfor your help.

Our group email account is ink@wpi.edu.

Sincerely,
Jeremy Lebowitz, Dan Murphy and Erin Yokay

From: Knud Holm Hansen
Sent: 25 January 2007 05:50

To: ihk@wpi.edu
Subject: Re: Greetings from WPI

Dear Jeremy, Erin and Dan,

Good to hear from you. | am looking forward to wiackwith you as well and seeing you all here
in Copenhagen in March.

Your thoughts and ideas sound good to me. Setfingrojects (or just identify subjects, themes,
etc. for further development) for each year of etud could be very beneficial. For you it could
also be a way to make some delimitation of theqmto]LEGO-projects could be one type of
projects. By the way: Are you aware that LEGO [siee Danish company? Another type could
be like this, which we at present are offering twécyear to students from “grade 11-12" (last
two years in the Danish equivalent to High Scho&f):opportunity to attend a half-day seminar,
where a professor (from Chicago! Richard Gesteltgabhes “Intercultural Communication” or
“Cross-Cultural Business behavior”. It has beenesiiccessful on this level.

Maybe you can find some valuable information gb:hitvww.ciriusonline.di{choose English)
http://www.ciriusonline.dk/Files/Filer/Publikation@006/The_Danish_Edu

cation_System -_2006__ Second_edition-plaé biggest problem about numbers, statistics, etc
is, that is has to be in English. If | can find shing relevant | will let you know.

Please feel free to contact me if you have questtout the project, or just like to know
something about Denmark, IHK, etc.

Med venlig hilsen (“With Kind Regards” or “Sinceyg)
Knud

1 lesson in cultural difference:

Knud is my firstname. Hard to pronounce for Amensgaut something like “canute”. When |
visited US back in October the officer at the imratgon booth said: “Are you not (nut?)
Hansen?” — Well, it wasn’t the right place to fekes, so | just replied: “Yes, sir!”. In Denmark
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(all over Scandinavia, but not typical in the reSEurope) even students use the professors first
name. You are of course welcome to do so as wadh €know you might feel it “strange”.

From: Lebowitz, Jeremy

Sent: 31 January 2007 23:25
To: Knud Holm Hansen

Subject: Re: Greetings from WPI

Hello again! We have been in contact with LEGO. @nrerican contact has been talking with
some contacts in Denmark, and they have showialinitierest in getting us Mindstorm kits in
Danish. The Danish LEGO employees have sent us gdiestions, including who our contact at
IHK was. We were wondering if it would be alrigbtdend them your email address and name in
association with our project. We just wanted to enalre that you were comfortable enough with
our project to be able to answer any questions LE@ght ask you. | have attached their
guestions and our answers below.

In other news, we are about to launch our projetisite, which will have our introduction and
background research, as well as some initial dlansur stay in Denmark. We will send you the
link when it is up and running. Again, let us kndwt is alright to send LEGO your email
address.

>How is the Engineering College of Copenhagen (liiKplved and can you refer me to a
contact person?

IHK and WPI have been cooperating through the &ative Project for several years. This year,
IHK has asked us to work on the project involvingtinand science interest for folkeskole
students, since IHK is experiencing a decline igiegering enroliment. They will be providing
us with working space for ourselves and to caryoan project with the younger students on
their campus. We will e-mail our laison at IHK detlhim know you will be contacting him
shortly.

>Which Middle schools in Denmark will they be coogting with?

We have only recently begun talking with our cohttdHK, so we have not yet identified
middle schools to be involved in this project.

>Do they expect to create curriculum relevant teagmaterial for science...or is it more some
FLL warm up activities?

We expect the outcome of our project to be a teactdol that allows college students at IHK or
teachers with little engineering background to lgadnger students through the activities we will
be designing. We mentioned FLL because we likednitall student-to-mentor ratio and high
degree of interactivity. However, we think thatrénare broader

applications for the Mindstorms kits than just Eid program. Our limited time in Denmark,
coupled with the large target age group of ourgmjleads us to want to try a different approach
to introducing students to engineering using Miodsts. Our project may actually increase
interest in FLL after students are exposed to Miuiss.

>Will Danish IHK students be involved?
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Our intent is for IHK students to be involved, wiiwas one reason we were considering holding
the program at IHK. We would like them to run thhegrams with our help when we are there
(and independently in future years), based oniéie they are studying.

>Why is this specific project not mentioned in g you sent me earlier?

The pdf sent before was from a publication compilready completed and published projects.
Our project will not be listed until it is complete

To address your concern about the benefits for LEE@Gcation:

Our ultimate goal is to leave behind a sustainpbdgram for the advancement of Danish science
education. This program will highlight many fieldengineering and science. By using LEGO
Mindstorms to teach electrical and mechanical esgging concepts, we will not only increase
childrens’ interest in engineering and educatidogs, but also in programs such as FLL. We
expect that upon the successful implementatioruopoogram this year, it will be adopted by
other schools around Denmark.

From: Knud Holm Hansen
Sent: 3 February 2007 16:52

To: ihk@wpi.edu
Subject: Re: Greetings from WPI

Hi there,
Sure, no problem.
My contact information for LEGO is (Danish/English)

Knud Holm Hansen

Studieleder/Head of study — head of department
Eksportingenioeruddannelsen/Export Engineering
Ingenioerhoejskolen i Koebenhavn/Engrg. Colleg€apenhagen
Lautrupvang 15

DK-2750 Ballerup

Phone: +45 44805200

Direct: + 45 44805203

Fax: + 45 44805210

E-mail: khh@ihk.dk

LEGO are more then welcome to contact me for furithfermation.
| have attached the more formal agreement betwdehand IHK — if needed.

Looking forward to visiting your website.

Venlig hilsen
Knud
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From: Knud Holm Hansen
Sent: 11 February 2007 07:01

To: ihk@wpi.edu
Subject: Re: Project Update

Hello there,

Before answering your questions, | can inform ywat 1 have been in contact with Mr. Kristian
Oestergaard (from mikrov.dk). It seems that Legpiaterested in your/our project and will
donate some (?) Lego Mindstorm. | am not quite dameto me it sounded that Lego would be
more interested in projects towarded against stsdeges 15-18) in “high school” (Danish:
Gymnasium) than “folkeskole”.

You were also asking about statistics and numBeyswww.uvm.dk (English).

Answers to your guestions are put in below:

Hi, hope all is going well. We have run into a fieaues that need your input.

We would like to know if there are any folkeskdhes would be interested in signing up to send
students to our program. We are looking for abdi20 students for each school year from ages
9-14.

Well, | guess so. However, 6 times 10-20 studergsdot, and will need some time to be
organized. IHK are located in a municipality call®&allerup Kommune”, which are responsible
for the “folkeskole”. We have a well-establishedwark, so it might be easy to make some
contacts.

We were wondering if IHK would be offering facdgito hold the after-school programs at. If
there was a room we could use on campus, that woald it easier to have students from any
folkeskole (and maybe more than one) attend thgram. If you are interested in contact with
students from the “gymnasium” we have a schooltedaery close to IHK.

No problem. Does it necessarily have to be “aftdresl”? It might be easier to organize
something with a teacher and a whole class fronfifdtkeeskole” during their regular hours.

We were hoping that it would be possible, once eteéggDenmark, to have some professors ask
their students if they would be interested in bementors for our program. We were also
wondering, if no students volunteer for the positib IHK has any funding that would be
available to compensate students wanting to be fmithe position, or if IHK would be able to
arrange some class credit for students wishing thah of compensation.

There are three options. | guess the last onéb@ithe most successful. As a “head” | can
organize it as an optional course/project for asiesome Export Engineering students.

What sort of facility will we be working in? Is tieea computer lab that we can work out of?
Also, what sort of attire should we expect to watahe college?

I will have a small room/office for you — equippefith 1 pc and a printer (are you bringing
laptops?). Close by there is a physics lab, whidiari from fully booked.
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It can be hard to see any difference between DamdhAmerican students, so don’t worry about
the dress code (we don’t have any). Remember g lbvarm clothes (lay by lay), especially a
“wind breaker” (it's often windy) and something wgtroof, and good shoes. The global
warming has reached DK, too. Nevertheless it Isistpossible to predict the weather. From
March to May everything can happen.

We are starting to put together the projects far students next week. We are looking forward to
our trip, and cannot wait to start working with yatlHK. We hope to hear back from you soon!

All the same to you.
Knud

From: Knud Holm Hansen
Sent: 12 February 2007 10:45

To: ihk@wpi.edu
Subject: Re: Project Update

Hi Jeremy

This is the good news from Lego — in Danish: “LEG&Qucation og Mikro Veerkstedet vil gerne
stotte jer med op til 5 seet LEGO MINDSTORMS NXT 997 til jeres roject”.

Translated it means something like: “LEGO will sappyour project with up to 5 kits”.

At your first day at IHK we will take a picture gbu and give you access cards to the building.
You are welcome anytime — also during Easter. Apr8, 8, 9 are holidays (many of the shops
are closed!) and if you are going to feel the Dlamgy of living you will enjoy it as an extended
weekend. In schools (and IHK as well) it is a ttiath that they are closed (i.e.: no lectures)
during the “Easter period”, which this year is Ma&1 — April 9.

All the best,
Knud

From: Lebowitz, Jeremy
Sent: 20 February 2007 14:06
To: Knud Holm Hansen
Subject: WPI/IHK Project

Hello again!

We were hoping that you could help us out withva fleings prior to our arrival in Denmark.
There were three very important issues that we teeaddress as soon as possible.

First, have any folkeskoles or gymnasiums (or tee)hexpressed interest in the program so far?
If not, do you think it would be possible to fintlaast one or two teachers from each school that
would be interested in having us try out our prigexth their classes? We are currently
developing projects involving LEGO Mindstorms (fbe gymnasium class), and projects
involving windmills, catapults, bridges and bio-avagring for the folkeskole students). We
would need one to two hours of class time eachfalaground a week or two to complete the
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projects. If you could find teachers that wouldWiling to let us implement these projects it
would be greatly appreciated. Our contact herewviloaks at a gymnasium (Henrik Bang, you
may have read about him on our website) said th&idd a few of his colleagues interested, but
we don’t know how many exactly.

Next, we were wondering about a budget. Since IsiEpionsoring this project, we wanted to
know how much funding we can expect from IHK. We doing our best to design the projects
such that it will be inexpensive to launch and ourd the program. The cost of the projects
would be minimal (if you need a number, maybe 3@h&r as a maximum for each class, but it
will probably be much less than that). If we cofiidl out what IHK will donate toward this cost
now, it would be useful for our work in the comifeyv weeks.

Finally, we were considering assembling a “scidia@® or a similar event where students who
participate in our projects would be able to digpteeir work. We would be targeting the
students’ parents, as well as IHK students andh&acfolkeskole and gymnasium students and
teachers, etc. so that the projects can spredithéo schools after the completion of our project in
May. We were wondering if IHK had a facility to hdhkis kind of event for around 100 students
to display their projects, and any interested petplkee what the projects are about. We would
only need the space for 2-3 hours, preferably énattternoon or early evening. Feel free to let us
know your thoughts on this event, also.

Thank you very much for your continued contact. Mék forward to hearing back from you.
Jeremy Lebowitz, Dan Murphy, Erin Yokay

From: Knud Holm Hansen
Sent: 22 February 2007 06:40

To: ihk@wpi.edu
Subject: Re: WPI/IHK Project

Hello!

1. We have met a general interest from the folkieskector (in the local area), but have not so
far made any more individual arrangements. | guesaeed more detailed information about the
projects, time-schedule, etc. before we can do Mwfguess is — due to the fact that you are all
English-speaking — that some folkeskole (and gymunasteachers will be very interested,
because they can combine lessons in English, Stiand perhaps Math. Would you like me to
establish some personal contacts before you arriléd — or can it wait? If | am going to do it, |
probably have to go into details with schedules,yiou have to plan according to that afterwards.

2. At least 4x DKK 300 will not be a problem. Justnember that we normally need receipts for
everything you buy. If you need/expect more moneifiiind out (to some limit ...).

3. In fact we have a nice room for that type ofrévelt’s called the “seminar room”
(http://www.ihk.dk/images/Lokaler%20pa%20IHK/D%202%20Seminarrum.JBGThe idea
sounds great. The only problem | can see is thgtfesv might attend — not because of lack of
interest, more because of lack of time in the #dternoon and all the other things kids and
parents are doing. However, IHK needs to be maible, so let's continue the work with this
idea. IHK will of course sponsor something to drarid eat during this session.

Kindest regards,
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Knud

From: Lebowitz, Jeremy
Sent: 27 February 2007 18:00
To: Knud Holm Hansen
Subject: Re: WPI/IHK Project

We sent this email to LEGO last Tuesday and havgetaeceived a reply. We were hoping that
maybe if you sent LEGO something along the saneslthey would respond to you and say
when we could receive the LEGO kits. We have agpthated our website, and on Thursday the
final versions of the Powerpoint presentation &g Writeup will be posted on the “Files” page
of our website.

http://www.wpi.edu/~jlebo

We have our schedule for our first week in Coperhad 2 to 16 March), and from 13 to 16
March we will be having lunch at 12:30, and we sokeduled to meet you after lunch on Friday.
We would love to meet you for lunch one of thosgsd&you're interested. We look forward to
coming to Denmark and meeting you soon!

From: Lebowitz, Jeremy

Sent: Tue 2/20/2007 8:08 AM

To: torben.jessen@lego.com; kristian@mikrov.dk
Subject: WPI/IHK Project

Hello again!

We received word from Knud Hansen at IHK that LEG#3 decided to sponsor our
project. We are thrilled to hear this, and we apipte LEGO'’s generosity! We are
interested in receiving all five of the offered Matorms kits. We were wondering how
we would be receiving the kits from LEGO. Will thbg shipped to our work location at
IHK, or will we have to pick them up from LEGO?

Also, we hope you've noticed the changes to thesitelghttp://www.wpi.edu/~jlebo
since we've heard about the sponsorship. The LEggO (and link to the LEGO
homepage) appears on every page of our websitet alst appears again on our
Sponsors page with a description of the donation.

Again, we greatly appreciate the donation that LB@® offered, and we look forward to
hearing back from you.

Sincerely,
Jeremy Lebowitz, Dan Murphy and Erin Yokay

From: Knud Holm Hansen
Sent: 1 March 2007 05:04

To: ihk@wpi.edu
Subject: Re: WPI/IHK Project
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Hi all,
Lego has now responded that the kits will be semie at IHK during next week.

Four Export Engineering students have volunteesethie project, which means that you will
have a good opportunity to brainstorm, plan, efth @ome Danish students — as well as learn
more about Export Engineering. The four studergsram the ¥, 5" and &' semester (The
program is nine semesters all-in-all) and will ear@dits (elective course) for their work.

| am also trying to get in contact with interestedchers from folkeskole and gymnasium.

Your website is very nice. At the pages with progescriptions | think you should write “1.g”
and “2.g” in stead of “1'0Grade” and “1f Grade” under Gymnasium. In the Danish
Gymnasium we use “1.g" as saying “first year of gaasium”, “2.g” and “3.g”, not “Grade”.
"10™ Grade” is actually an option in the folkeskoleypitally for youngsters who need an extra
year before continuing to the next level. You miglsio write “3/10" Grade” under folkeskole

instead of “§ Grade”.

Your lunch plans sound fine. | will, however, béhex busy your first week — except Tuesday
when you arrive at IHK. Maybe we can arrange soingtim the evening that week — or the
following? We can invite Prof. Zeugner to join asd have dinner at a restaurant somewhere
(IHK will pay, | guess).

Kind regards,
Knud
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6.8. Interview with Yvonne Herguth, 21 March 2007

This appendix contains notes from our interviewhwivonne Herguth, a student
teacher at Bgrneuniversitetet.

Teachers are always in the same school, Daniskrssiiave same teacher for 3+
years
Private schools: more teacher-student interacsoer{ physically)
Yvonne is a § grade teacher for math, science; her class istdlfbchildren; the
basic math course she’s teaching is now studyitrigdaction to algebra; the
science course is physics where they are covelangieity, Ohm’s law,
concepts of current
Methods to raise attractiveness to teachers:

o Ensure projects follow guidelines of education @hwill be translated

from Danish by Kresten
o Teachers love guidebooks explaining what's going@they can
understand subjects they may not be familiar wottckground learning)

There is a teacher at Bgrneuniversitetet who knd#sO Mindstorms (offered
as an elective subject grades 7-9 but only in spnvate schools)
EXPORT ENGINEERING IS OFFERED AT 2 COLLEGES IN DEMRK
Try out export engineering program at the privateos| (more open-ended)
Class hours are budgeted by subjegthere are a certain number of hours
devoted to each subject, so these programs, ieim@hted, would require taking
time from other subjects
Beginning of May: Grade 9 starts testing; currettlyy are catching up on
material for tests
Some teachers enjoy letting others take over dmsckome would take over the
lesson, teach in Danish, etc.
Students would be happy to see new faces (withrdegaeaching method for
different grades)
Keep students occupied to keep their attentiorutinout the program
Some students would appreciate “storyline” and sa/mgld ignore it
Recent TV program featured gigantic trebuchet éaglle at Experimentarium)
Student English is good due to music, TV, etc.luntiomes to technical terms—
perhaps have pictures to describe any English tesragoid confusion/ “I'm too
stupid” mentality
Student hesitance to speak English is decliningrétis still the occasional
resistant student)
Most schools have A/V equipment available if teaslage made aware of the
requirement in advance (have multiple versionslalbbs just in case—i.e.
Powerpoint + handout)
Also specify other equipment such as tables, etistilassrooms have multiple-
student desks rather than single-student desks
Maximum program cost of 50 kroner per student (aimgt under this cost will
increase enthusiasm)
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Large Do-It-Yourself shop for supplies in Norrebrocalled “Sylvain” but ask
IHK teachers first because they can probably obtairsupplies cheaper
Schedule meeting with Knud regarding picking upghegram after we leave
Offer this project to teachers’ schools or offer fo teachers from different
schools to do the projects themselves (as contingieducation)
Predominating feeling in Denmark that science/eegjimg fields are “really
tough” and “only for boys”

8:30 to 2 is the average school dgymnasiunmight end at 3

Project Exhibition Day:

0 maybe 1/6 parent attendance in Copenhageekendwould be most
successful (either Saturday or Sunday) or offistdlool field trip (parents
won't go unless they're off); better during the sohday than after school
during the week

o Try a prize/contest to entice attendance: suggesfar prizes include
science supplies (including possibly keeping theirstructions), tickets to
Experimentarium, pictures/poster of students watkirtcreations for the
school, trophies (something like FLL)

RECOMMENDATIONS: FUTURE PROJECT = IMPROVING PHYSICS
SCIENCE ROOMS

Can give workbooks to Yvonne to review when findthefore program
implementation

Write up a formal proposal to give to school/teashe

Get a project mobile phone to encourage call b&cks schools
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6.9. Interviews with IHK Students, March 2007

Questions:

1. When did you decide to study engineering?

2. What caused you to choose engineering?

3. Did anyone in your childhood try to interest youtlwe subject?

4. Which type ofgymnasiundid you attend?

5. Do you recall any programs or classes that incoegsar interest or helped you
to better understand engineering?

6. Do you feel there should be more effort made inDhaish school system to
increase engineering awareness?

7. Would you be interested in participating in progsaim bring engineering to the
folkeskol®@

8. How much of your time do you think you could devtighese programs?

9. Would you need any sort of compensation, in thexfof wages or class credit, to

be able to participate?

Name: Nynne Christiansen
Major: Export Engineering
Semester: 5

1.
2.

ogkw

Year off after technicajymnasiunto foreign aid, after that year
Chose IHK because of teaching method (smaller etagsore teacher
interaction)

Technical High School

not really (possibly summer camp style but not sure

yes, public image is that engineering is too diffiand “i can’t do that”
mentality, engineers can’t be creative/engineeisrgpring

7. yes, already is

©

only time on top of other classes
class credit

Name: Johanne Sorensen
Major: Export Engineering
Semester: 4

1.
2.

©COoNoOO kW

Second year in Brussels, engineering compareddméss school

didn’t need technical background for export engimgg(language only), then
took math/physics

most women who pursue engineering had a fathehratready in the field
business high school

IHK has folkeskoles come here for 2 daxs to worthweingineering

further education is only introduced &Y8" year

yes, already is

only time on top of other classes

class credit
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Name: Kresten Daugaard
Major: Export Engineering
Semester 5 and 8
1. After trade school
2. to work with technical and “softer” fields + devepiag
3. father is civil engineer
4. Business high school
5. no
6. yes, expand the science classef®ikeskolet gymnasium
7. yes
8. on top of full course load
9. class credit
Other: DTU is big campus for Danish standards

Name: Dina Mathiasen

Major: Export Engineering

Semester 5

Hometown:

Half a semester before starting school (has alwaysght about it)
Integration of different disciplines, business as$pe
not at all

Roskilde, Vejle (regulagymnasium

no

yes

yes

over and above normal course load

class credit

CoNooOrWNE

Name: Simon Skov-Rasmussen

Major: Electrical

Semester: 3 sem.

only a few semesters

always been a hobby

father is same field

technicalgymnasium

only physics class

lack of engineers, would be a good idea
perhaps

8 hours sounds reasonable

if had competence to explain necessary principlesid do it for free, otherwise
credit/pay good

©CoNorwWNE
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Name: Maria
Field: Export Engineering
Semester: 5
1. Took one year off to travel, before she left IHKgeneering was her second
choice, when she returned, it was her first

2. It was the most reasonable thing to do

3. no

4. Regular, math

5. yes

6. yes

7. Yes, during 8-9 grade, there should be somethimgake students aware of what
an engineer is (what they do, what jobs are aviaijadic.)

8. Little

9. Credit or payment would be helpful

Name: Christian Holm

Field: 1.T. and Communication

Semester: 5

Young, early years of folkeskole

Always interested in electronics, etc.

No

Technical

Most teachers were engineersgymnasium
Yes, especially an introduction to programming
yes

1 full day a month

It wouldn’t really make a difference in the amoohtime available

CoNoOGO~WNE

Name: Mella Pedersen
Field: Export Engineering
Semester: 5
1. 3“year ofgymnasium
2. Chose export engineering because of the combinafianguage and
engineering

3. Brother is an engineer

4. Regular, math

5. Physics igymnasium

6. No, there is already a lot of science and math&gymnasium
7. No

8. N/A

9. N/A
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Name: Henrik Jorgensen
Field: Technology Management
Semester: 9, masters

©CoNo~wNE

Young, always interested

Just knew from early on that was the path to take

No

Regular, language

Nothing in particular, just math and science classe

Yes

If it didn’t take up too much time

A few hours a month

Compensation wouldn't affect the amount of hourailable

Name: Sunna
Field: Export Engineering
Semester: 5

CoNooOrWNE

When told about export engineering

Because of export engineering

Dad

Regular, math

The mathematics teachersgymnasiunmade a difference
No, enough math already

Yes

Very few hours

Would need to receive class credit
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6.10. Interview with Experimentarium Employees, 26 Mar@vd07

This appendix contains a transcript of our intevwiwith Per Velk, the head of
development at the Experimentarium (a museum iteHgd featuring hands-on science
exhibits), and notes from an interview with Johrefiioersen, a “Pilot” (student-teacher
who runs some programs at the Experimentarium).

Per Velk

Q: What are some different ways of teaching t@ive children more, ways to make
programs more interesting?

A: One of the big problems is that a good teachére best way to get children
interested in the work, and there isn’'t much tteat be done about that (it helps that
IHK/WPI students are teaching our programs). Beiuge emotional as compared to the
technical parts could help get female studentsested in the fields. When his 2
daughters had to choose which school to go taeittenicalgymnasiums 90% male, an
environment which is very “nerdy.” It has changeawvwrthat you have to pick a direction
(before it was only science or language) but tatiaye are many ways to go. Within the
science direction, currently it is more female tivathe past (only in regul@ymnasium
not in technicagymnasiup Danish and history are taught by regg@gmnasiundue to
state mandates; other subjects are less emphalkigetiere is more emphasis on
multidisciplinary work now. (Physics and historyg.enuclear bomb and WW?2, etc.)

There is a group of students who are very techaioa have the drive to succeed
in technical classes, and it's ok to be like that & should be encouraged, but it's a
minority. It is important that students can seewlder side of the “technical” fields. For
him it's important to ask “why should we make tketinology?” Answering the question
would broaden the population who will find scieracel engineering interesting. That's
the purpose of the Experimentarium, so that scieoaevant to ordinary people. Of
course it won’t succeed every time, but that's wesvtry to think. If he tries to
communicate energy, it is important that the pofpaieknows something about it, that a
lot of people are able to develop new energy teldgyo but it's also important that the
population are ready to decide what policies tdago(Examples here are model power
plant to use own physical strength to produce e&gt This example makes it easier to
understand the output of a regular power plant. iHaamy people on bicycles do we need
to power Denmark?jhe big key is how to make these topics relevant the public.
Getting the audience’s context is important. Tlehi®logy is not interesting so much as
their life. Making exhibits interactive and forciaguser’s input is effective in catching
young people’s attention (cell phones at Experirzieumtn).

Q: Do you have any recommendations for our progfam
A: It is tough to gegymnasiunstudents here because they are too independent to
come with their parents (maybe with their schobl#)still need some advanced

technical knowledge to take full advantage of tkieilsts. Using Experimentarium
tickets as prizes would be OK because studentsatie to pay to get in. Hands-on
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examples (levers for trebuchet, etc.) work wel. # big problem in folkeskole needs A
LOT OF HELP with science experiments (0gear it's hopeless). Igymnasiunthe
problem is not the lack of funding. LEGO Mindstories rather male endeavor. It
would be easy to make a robot run around justuoréther than a goal. We’d have to
think a little deeper to involve females. Sofakkeskolerandgymnasier(experimentally)
teach males and females completely separatelythHwey could be that females might
want to do programming of LEGOs, etc. but as langhare’s a male around to do it he'd
get to do it. The country would gain from havingmafemales in engineering.

In the real world, people work in 3-4 person gre@pot huge, seldom
individually). 2 could be too few, 3 could havethifd wheel” dilemma, 4 person groups
are quite common igymnasier Students irgymnasiunare motivated enough to get
work done. Talk to teachers about separating gittsall-girls groups (would work well
in a competition where smartest/most aesthetigdéigsing/etc. wins, not
fastest/strongest) (also applicable to Export Eewgimg; perhaps try instead of a
handicapped problem, a product that solves a probtat they personally have).
Windmill project: have multimeter be a town whemukes get lit up in sequence.
Alternatively, have multiple windmill teams workgether to solve problem
(coopetition), as it might be more attractive tmédes.

Folkeskole: presentations in evenings...but if nghsitbws up it's probably not
our fault. (teacher behavior)

John Toennersen

Stories greatly help the production of programsylou have to read your
audience to see if they are getting bored, therydu doing a bad job

Back stories might not be “scientific” but at le&stp children
interested/entertained (aliens exhaling someththgrahan CO2)

Windmill program: compare to cleanliness/efficietoyother energy sources
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6.11. IQP Team Member Program Journals, 13-24 April 2007

LEGO Mindstorms Program
Teaching Notes:
The entire class watches initial programming, net he students who will do the
initial programming
Explain loops, switches
Cover the “follow a line program”
Have students plan the programming before beginning
Each class needs a quick intro, including an olwedtatement for the daily goals
Explain the view function before testing
Talk more about the engineering process

Manual Notes:
Note how many computers are necessary
Note that a projector is needed in the same rootheasomputers and project
Install software prior to class time
Note desk space is needed
If an IHK student is running the program, make stey meet with the teacher
prior to the first class. This will work out thenkis before class time
Check if software works under student account
Determine how the programs will be saved (undettesttiaccount, USB drive,
hard drive...)
Storage Space necessary for the kits
Transportation suggestions (how many people netxdedlp transport the kits to
a new school)
Set up the board and speakers before giving ingins
Pass out survey before explaining the program
Split into 5 groups
1 half of the group does programming, the othef diads the building
Charge batteries beforehand
Have students break down robots afterward (cardbsiagets where to put items)

General Notes:
Possibly bring IHK pens as advertisement
No one in the class had ever done computer prognagnm
Students are really comfortable with LEGOS
More help is needed for the programming
Advertise IHK a bit more
Building teams of 2-3 works fine
Only a few students seemed disinterested (1-2 fo2@)o
All-female building groups made faster progress
Have students save work often (power outage)
Introduction and conclusion for each time period
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Windmill Program
Class 1-
Project covers levers, aerodynamics, electricity
Possibly have the airfoil picture o the same slideéhe basic mechanics slide
Levers and rotation slide
o Need to put much more detail on the slides so t¥aatan explain it
0 Teachers would definitely not know how to preséet PowerPoint, or
teach this material on their own
Power Point a bit boring, maybe more real life egbas?
Discuss Engineering Process, emphasize planning
Possibly create a student handout, maybe include
o0 A place to draw up their plans
0 A clear goal statement
o List of available materials
0 Instructions
Building only the top part of the windmill
Can cut any of the materials to the size they want
Do not have to use all the given materials
A time schedule
o Design notes (tailfins?, where the magnets shooijd g
Need a model or at least pictures, the students waty confused about the
design. Once they had an idea of what it was swgaptuslook like, they came up
with their own ideas, and made the designs evderbet
Have drawings/plans approved
Students work better in the workshop, as opposedrégular classroom
Materials List:
o Cardboard
Paper plates
Sandpaper
Small, medium, large nails
Screws
Power drill
Drill bits
Magnets
Wire
Tape
List all wood and dimensions necessary

O 0000000 O0Oo

Class 2-
Need to discuss how the magnets work, before tbahe& design
How the magnets need to be in orientation to thie tb@ ends need to pass by
Create coils beforehand!!!
Bodil wants to use the program next year
Find a windy spot beforehand
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6.12. Interview with Martin Lidegaard, 14 March 2007

This appendix contains notes from an interviewhwitartin Lidegaard, a member
of the Danish Parliament with the Radikale Venpaigy.

In Denmark it is viewed as smarter to study sosténces or history than science
or engineering.

As a result, the science fields have high payifg.jo

A few years ago, unemployment for engineers was, higs led to a student fear
about the job market changing as the unemployneset is currently very low.
Due to the current unemployment levels, Danishesitgljust do what they enjoy.
Regarding the Danish position in world affairs: Dewk is good at combining
engineering with the “softer issues” vs. China w¢en produce two million
engineers per year

At 15 years old, it is too late to change a studemind about what field to go
into

There is a general lack of time in classes forsttiences, because of current state
mandates for other subjects such as Danish, hjsétey there is nothing else to
remove in the current school day for more science.

However, there is abundant money available foram$eand careers in science
and engineering.
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6.13. Program Materials: Trebuchet Program
This appendix contains the program materials foe fTrebuchet program

(folkeskoleyear 8). The first section is the teacher's mantalowed by the physics
explanation sheet. The final page of the teachreginual is a proprietary page stating the
original authors and sponsors. This final page app®n all teachers’ manuals as
distributed, but has been omitted for the remaitfivg program teacher’'s manuals.

-74 -



Unpreps”

$/012"
$32°

-75 -



O] 2 % &

4 # $# S, I$# 0 . 4
&) (@ & ). $; &.0.)
LESH S, S L #

$$" $# S,
4" s IS8/ S, (#
S S HS "#S

()

.\ ’
’ .

%2) ' 56 7
$ " A= /$.$"/ "8 (Q4r: " ASH#S &

J"OSH #F$S S/ "HO + $ $# )
"~ $# / $:;,0 5,%$; ./
+ %, $/ % I$# "I "I oo #L, S

, 308 (/. $ "MtUs "
/$.$ $# .0/, ;$# "/ 0 $#
$# .S ", 0% S B L.I$# A
. T T . A 'S 8 S
SOSH S, 0" L $#: "$9*S /B
0 :$#/
.S "HS; M, L # # R
$/$ $ . /., #O0 "$ #
S S *; BH: S
BSA;: $/$ , [+:"89: .."I$
$# $::. "O. T




()

5(3 :

- % $18 092
$/$ ", 55 B " "I < $ /%"
SHESH " " B/ .S ;8% JSHS 1Y
we B0, 0 BT SHY 3$$# $ /IS $#
L, $..% , J#,%# $/ $ /I# 0:.%
5 *A
"I, . 0:%/ # C-. |/
$ " #
# "/ ;$#. #, O0.-",
# .U, $## IS, 1, ;.
ST H#H # T
$/ *+3$ #*3$F, . "I
#.1"
UO"HS S ) S S+ B
I1$ $/ :"1$ $97"% ,,. [ $# /$
2 #. ™9/ . $/$% O,
JI1$+$ $# ., $/
H'# 9 $HSIH. ,*,/
O S$#:. $# [ , . *.
$ . $# /-
| $# $ /$ #0 ,$ $#" "/9%#:
S B A $HE$H #0 /S
S SH#/SHE. ., 3 ., . %
o #H O OHS LIS $¢, 20"
IC"[$. . $# - $'/ $ #, $#




$1, 62"

2, $# $ /S . # SV #" "%
S o "H9 S $ U, $#
#0 "$ 9*$": "H#SHO SH $ /D $9,. /| $#$
LHO -, # S $

#,.%# $ /5 9* 0% /% # , $# 5, B#"
A B £ B B T “"19 $HIPH:
* $ ..

()

\ ’
’ .

$ "6 . I S /", S
$*#% :$  "$# .,0,;", $" e .
.D. 9¢%: . "

$*H#S. " % $H/: B
$" $#,; -.$ $ " I$

18 ' $ 2, $# $ I$$S S/ $# O
HE S SH" S *H#S # "L #, S #0
I $$# 5 S$H S .+ S S #
$ . HOSH*S.IH), 1S XSS
$$9 . #, /] SHS . H H# . # I $ . "HES

- 8 3% #USHTE LSS M HS 3 $
HOT TS FHSSHE B . # "S) S "D
I$# | $#$S# + ', #'$ 5 $#*$"8) ;. #

%.", " #, [$."SSHS#H #S$ 0 &S
$*#$#," 0:9")




") /8 $ #' $$", " S

B S HS 5 H S /P $#$ """+ $.

$./$. . A B B S/ 7 ;%% ",
"$#S$. . #, SIS H "$P "PHEBH" S HS
#: o, $H" S H#HS [ H H $#/%$ $ ;
$. $ 2, $# #$$ .# 9. %, . "SS  BH
$. $$ ¢ + B,/ $#*$ % , W H#

& $ o "H# BTSSR $'F'0 + $9 $# /-
LS 7. o S $ %Y 5 | $#
Y B

% "$./ A $/ "$; 0: $H.$ $#

$ ; % "I $# # 5 $H# , 3 S

$# ,.%# % ., $ S 2/ $/, 'S, "I$ .:* "0/$

$# .S SSH " SH I H#0 SH# [ $H#./ E :$#"/. $
$'$

% . .:A $/ "1$; O: $#.S$#: #.0

$ # "8, s % I #.
"SI HEHH S $




_<(

, $SH "HS . Y5 $/5;, $/%

=" BHSH S IS SHT 1 ") #$ $s# .
[FE= S S, S# $F . " ."
nOSSHISH | S F =" S [+ # | "I F

#I.,1" SR L . $HISH S /S "
$H#' +$ #: 0 "O/.x" ] .UV - S B

$#.$/ SIS 0. *,  #H # $ ,./.;,,9%*

SHSSH: $# 0K, $, D $$;;8 ™ #:
eSS S " HY S PH" * 0.$"/$ .+ $$#"

"lO2%%# [ S#" " 0.,.% ; A /

=" "SHSH S /S H I L SOH , #$ 0 :.

% . "/ I &S $H # 9 G 9. . .[$#' $#$"
)F




#II

*L,8"H 8  $ 4. $#" /$"%
[+ 18" "$# [ "l #1+ " (1* /#.0/

# "', . 5% .
:3* "$J

=/ #

oo

S SR +$9,.
(", 1.8 (.S HKH




The Physics of Trebuchets

Levers: If an object is free to rotate about one poinis possible to cause
rotation by applying a force that is not in linghlwthat point. Consider the
following diagram

g

L 2

We see a solid bar, with a fixed point of rotatéord four possible forces
acting upon it. Each force is equal, but each esasdifferent amount of
rotation on the bar.

Force 1. This force is directed at the point dation. It will cause no
rotation.

Force 2: This force is in the same direction asddk, but is shifted to the
side. This will cause the bar to start rotatinghi@ counter-clockwise
direction.

Force 3: This force is like force 2, but is evertlar from the center of
rotation. It will cause rotation in the same direc as with force 2, but at
greater speed.

Force 4: This force is directed in the directiopogite the other three, but it
Is also on the opposite side of the center of ianatlt will cause motion in
the same direction as 2 and 3.

It is also important to note that for a given rateotation, total velocity
increases with distance from the point of rotatiéior trebuchets this means
that the projectile will have the highest speetthéf throwing end of the arm
is as long as possible. The weight may be faldgeto the center of
rotation, because it weighs much more than theaamnthe projectile.
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Projectile Motion: The distance that a projectile will travel beforgimg

the ground can be determined from its speed anké af¢aunch. Consider
the projectile as having vertical and horizontaesh The vertical speed
determines how high the projectile will fly and thmount of time before it
returns to the ground. The horizontal speed detesrhow much ground
the projectile will cover during the time thatstflying. With small angles
of launch, most of the velocity will be horizontdh this case, the projectile
will cover ground very quickly, but will only be itme air for a short time. |If
the projectile is launched at a very steep angieillifly for a long time, but
travel over the ground very slowly. The ideal leluangle is 45 degrees,
which gives an ideal mix of air time and horizorgpéed.
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6.14. Program Materials: Windmill Program

The following pages contain the program materfalsthe Windmill program
(folkeskoleyear 9). The first section is the teacher's mantihe following page is a
handout for students regarding the social impaatiofimills. The final handout is the

physics explanation for windmills.
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Fossil Fuel How Long It Will Last*
(what year it will run out)

Qil 2096
Natural Gas 2165
Coal 2217
| n I n
#
$w&$ $( )
(0]
(0]

% $%&$' $( )

*Source: http://www.missmaggie.org/mission2_partg/eeaching/reallybig.html
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The Physics of Wind Power

Airfoils: Airfoils are objects which redirect the flow of & order to
produce forces in directions perpendicular to tbe fof air. Airplane
wings, sails on ships and blades on wind turbimesaH airfoils.

Airfoils work under the law of inertia and the lafreciprocal
actions. According to the law of inertia, in order a moving mass to
change its direction of motion or velocity a foroest act upon it. Air foils
produce forces which cause air flow to change toec According to the
law of reciprocal actions, if an airfoil exertsade upon the flow of air,
then the air exerts an equal and opposite forabeairfoil. In airplane
wings, the airfoils direct the flow of air downwaadd in response, the air
pushes the wing upwards. In wind turbines, theddgoush the air flow
away from the direction of rotation and are themspushed in the
direction of rotation

~ /E&@a@tﬂ@mﬁ@m@ NetForee
on {he afirtfell on the Blade
@ (€} ®
Imeeming Wind s et oo

An airfoil redirecting wind Sum of the forces on a blade

Electromagnetic Induction: Electricity is generated by a process known as
electromagnetic induction. When a charged partgtleh as an electron, is
exposed to a changing magnetic field, the paragfgeriences a force in a
direction perpendicular to the field. If a metateMs exposed to a changing
magnetic field, the force upon the electrons inilk produce a voltage
across it. If the wire is part of a complete dleatircuit, then the electrons
will flow through it. This is electricity.

To create the changing magnetic field with the ma@ecal energy of
the windmill one need only move a permanent maggiative to a coil of
wire. One may either move the coil closer to arthier from the center of
the coil, or one may rotate the magnet so thahtrh and south poles
change direction. (Be sure to keep magnets away $ensitive electronics!)
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Levers: If an object is free to rotate about one poins possible to cause
rotation by applying a force that is not in linghlwthat point. Consider the
following diagram

g

L 2

We see a solid bar, with a fixed point of rotatéord four possible forces
acting upon it. Each force is equal, but each esasdifferent amount of
rotation on the bar.

Force 1. This force is directed at the point dation. It will cause no
rotation.

Force 2: This force is in the same direction asddk, but is shifted to the
side. This will cause the bar to start rotatinghi@ counter-clockwise
direction.

Force 3: This force is like force 2, but is evertlar from the center of
rotation. It will cause rotation in the same direc as with force 2, but at
greater speed.

Force 4: This force is directed in the directioppogite the other three, but it
Is also on the opposite side of the center of ianatlt will cause motion in
the same direction as 2 and 3.

An understanding of levers is important to windtoe design,
because each blade is a lever. One can assuneatifapoint along the
blade is experiencing an equal force, due to tmelwbut that force creates
more turning power at the farthest ends of theddadlhe outer half of a
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blade produces 3 times more turning power thamher half. Students
should try to use a few long blades, rather thanyns&ort ones. Also, if
they choose to widen the blades with cardboard, wik see the most
benefit if they widen the ends of the blades, nathan the parts near the

center.
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6.15. Program Materials: Bridge Program
This appendix contains materials for the bridgmgpam {olkeskoleyear 9). The

first section is the teacher’s guide, followed bg student manual.
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MATERIALS SHEET

Average Cost Of Materials

ltem Amount Cost (in Kr)
Based on prices found at a varie
of stores around CPH
Spaghetti 1000 grams 5
Heavy Paper 1 sheet (46x64 cm) 6
String 15 meters 13
Foam Core Board 1 sheet (46x64 cm) 20
Straws 100 20
Bottle of Glue 1 20
Popsicle Sticks 100 30
Paper Clips 100 45
Duct Tape 1 roll 50
Hot Glue Gun 1 50
Hot Glue Sticks 15 20
Stapler 1 50
Staples 1000 15
Markers 20 100
Average Amount Of Material
(Reusable Items not Included)
90 kr/group or 23 kr/student
ltem Amount per Group
(groups won't necessarily use all
of these materials but amounts
are recommended)
Spaghetti 1000 grams
Heavy Paper 1 sheet (46x64 cm)
String 2 meters
Foam Core Board 1 sheet (46x64 cm)
Straws 100
Bottle of Glue 1
Popsicle Sticks 100
Paper Clips 10
Duct Tape 1m
Hot Glue Sticks 5
Staples 30
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BRIDGE DESIGN
PROJECT




ENGINEERING PROCESS

Problem Statement: Your engineering team has b&adado build a new bridge for a
small island off the coast of Denmark. A lot of mgaehicles need to reach this island to
deliver supplies, so the bridge must hold as muetglt as possible. The main concern
for this small island town is that it is on a butlgéhey need the strongest bridge for the
lowest amount of money as possible. Build a ss@le bridge to prove to the town that
they should choose your design. The team with tileeagest bridge compared to the
budget spent on construction (the ratio of weigbtlridge holds to kroner spent) will be
chosen as the head engineers.

Design Rules:

Divide yourselves into groups of four. After resdang bridge design, you will design
and build a bridge to meet the following criteria:

- It must span a 75 cm gap

- It must be 15 cm wide

- It must be able to support as much weight asilplesat the center.

- A toy car must not fall through the roadway soefaf the bridge

Note: You must pick what type of bridge you are desigrand sketch that bridge.

Working as a group, be sure to pay particular &itiario sketching your bridge, as this is
an important aspect of the engineering process.
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STRESSES ANDSTRAINS

The bridge you design will be subject to the foo€¢he weight on it. This force is known
as “stress” on the bridge, and causes the matdribk bridge to experience a “strain.” A
good bridge distributes the weight to more stablgisns, such as firmly planted towers
or supports that are in the ground. This sectiortainos explanations of the different
forces that occur when a load is placed on a bridigeé some tips to avoid problems
when designing and building the bridge. The negtise contains five different bridge
types, and the way the designs allow for the spingaaf forces to make a stable method
for holding weight.

Compression and Tension

Depending on the way your bridge is designed, tepartions will be affected by forces
known as COMPRESSION and TENSION. Compressiorfesce that pushes an object
in on itself, and tension is a force that stretcdme®bject out. The right-hand diagrams for
each bridge type show which parts of the bridgesalgect to which forces. Tension
forces are shown by the green arrows and comprefsices are shown by red arrows.
Some materials are stronger in one form of stiees they are in the other.

What materials in your list of parts would be g@tdvithstanding compression? Is a

piece of string or a piece of spaghetti betterigdistanding tension? Consider questions
like these when you choose which materials to neaadh part of your bridge.

Shear Forces

The span of your bridge is longer than any onedingl material you can purchase. You
must attach pieces to one another in some manher pfocess introduces a possible
weakness into your bridge where the materials anaected.

Suppose you attach two pieces of wood with gluaase a longer piece of wood.
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Now look at some ways forces can be applied tgained pieces. If the joined part
experiences a compressive force, nothing will happe

l

T

However, if a horizontal force is applied, the jomay fall apart. This force is known as
“shear.”

I -
— I

You must consider which direction the weight applie the bridge will affect the
material, and design a bridge that minimizes weaktp where the weight can cause the
bridge to break.

Bending

When a long unsupported beam is subjected to waigbre point, it bends. This occurs
because the upper half of the beam is being corsgaesvhile the lower half of the beam
is under tension. This force is a problem becauseymsolid materials fail under tension.
This stress can be lessened by decreasing thacksfiamm the load to the nearest support
structure, thus distributing the force of the weitghother segments of the bridge.

|

| e
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Construction tips

Two very strong shapes in architecture are théecand the triangle. If possible, try and
incorporate these shapes into your design. For pkama support that reaches from the
bridge to the ground might be made of a rolled g of paper. You might also
consider the truss bridge, which takes its strefrgtin the triangle.

Take a look at what happens when forces are apgiadquare rather than a triangle:

|

If the force is applied to the top of the squarean deform. The triangle does not have
this property, as the sides distribute the weigiehéy to the base.

You should consider the properties each materseteen deciding which type of bridge

to build. Does the bridge require materials thatsirong in compression? Shear?
Tension? Which are the best materials to use fdn parpose?
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BRIDGE TYPES

Girder Bridge

A girder bridge is a very simple type of bridge aaah be built with any long, straight
material. The problem with this bridge type is ttiere is no method to distribute the
load and the bridge integrity is entirely dependanthe bending strength of the material.
In the figure at right, the top portion of the lgalis compressed (shown by red arrows),
and the bottom portion is tensioned (shown by gexemws). The bridge wants to bend
down toward the water in the middle. Although easgl inexpensive to construct, this
type of bridge cannot support a large amount ofjimedr span very far.

Arch

Arch bridges rely on the natural strength of thehashape to distribute the load of a
bridge. Arches are generally located across sp#&hsdeep bottoms, because the load
can be transferred to the sides of the gap. Aricigbs are made from materials that are
strong in compression because the entire arch iexpess compression even when no
load is on the bridge.
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BRIDGE TYPES(CONT.)

Truss

The truss bridge draws upon the strength of tresmdt uses many small sections which
individually experience only small loads. At anyiqtan the bridge, about half of the
material is experiencing a compressive force, altlis experiencing tension. While this
is also true for the girder bridge, here each fasaxperienced by a separate section,
rather than the same piece of material. As a redtintense bending force seen in the
girder bridge is not present in the truss briddee Truss bridge is also rather efficient to
build.

Cable-Stayed

The cable-stayed bridge introduces cables as asiugtpucture. Cables are different
from other materials used in bridge constructiocalse they can only experience
tension (not compression or shear). The main d@iffee between this type of bridge and
the previous three is that the majority of the l@glaced on the vertical supports. The
cables, and especially the vertical supports, festrong enough to handle a significant
load.
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BRIDGE TYPES(CONT.)

Suspension

The suspension bridge is very similar to the cattdgred bridge. The main difference is
the addition of a main cable which causes thesflaface of the bridge to be pulled
upward, rather than upward and outward. The othkles are attached to the main cable
rather than the support columns. This bridge deisigmost effective for very long spans
where a large amount of weight must be supported.

Our bridge type will be

Bridge pictures courtesy of http://www.matsuo-badm.jp/english/bridges/index.shtm
For information on the stresses on different britges, visit
http://www.pbs.org/wgbh/buildingbig/bridge/basidsah
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AVAILABLE RESOURCES

Material: Price per unit (in Kr):
1 hot glue stick & use of hot glue gun 1000
1 bottle of glue 750
1 A4 sheet of heavy paper 200
1 A4 sheet of printer paper 125
1 cm of cellophane tape 2

1 cm of masking tape 4

1 cm of duct tape 6

1 cm? of foam core board 10
1 popsicle stick 20
1 straw 10
1 cm of string 1

1 paper clip 5
Pasta (spaghetti) 1
Pasta (fettucine) 3
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IDEAS AND SKETCHES

On this page make some simple sketches and wnite deas for your bridge design.
This is part of preliminary planning.
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GROUPMATERIALS LIST

Group Number
The Group Materials List should contain the quarditd cost of all parts purchased for
the construction of the bridge, even if they weseused in the final bridge.

QTY ltem Cost

Total amount of money spent:

Amount of weight your bridge supported:
Ratio of weight to money spent (g/kr):
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TECHNICAL DRAWING TIPS

Writing in the information boxes should be in alpdtal letters

"View:" Enter the perspective of the drawing h&Zemmon perspectives are
front,” "back," and "right side."” These labels allthe viewer to know what part
of the item they are viewing.

"Scale:" This box tells the viewer of the drawingahbig the actual structure is. A
scale of 1:2 means that the drawing is half the sfzhe actual object (for every
1 unit in the drawing, it would actually be 2 uiits

“Sheet:” This box shows the current page number.

Dimensions: All parts of the drawing should haveéinsions. This allows for an
accurate interpretation of the drawing.

Example

4—— 10cm ——»
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SCALE:
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6.16. Program Materials: Export Engineering Program
This appendix contains program materials for thx@det Engineering program

(folkeskoleyear 8). The first seven pages is the teacheridegtor the program; the

following twelve pages are the work pages for tinelsnt group booklet.
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Overview

Game Objective:End with the most cash and assets and have thedesishble
product.

15. Split class into 5 groups or “Countries” (aroun8 people per group).

16. Students come up with a name for their country.

17. Students brainstorm about problems that affect thaaly life that they could solve
by creating an invention.

18. Distribute country handouts.

19. Explain that students have a certain amount of nate themselves, and they can
trade for other materials with other countries.

20. Have students elaborate on their previous braimst@vhat could they make to solve
their problem out of the supplies provided?

21. Students create a technical drawing of their de@apeling parts and materials usec
and approximate dimensions), then create a Billlaferials.

22. Distribute materials according to the country handoStudents can then trade any
time they wish.

23. Students can work on their invention whenever tat.
Note: The time available for trading and constructiopeteds on the total amount of
time available. Give time limits to students befbeginning so they can work on
time management. The introduction should take aloat the total time; trade and
construction should be about ¥z of the total tinmel the Business and Debriefing
should be the remaining % of the total time.
After Trade and Construction students add up tioéal revenue. The country with
the most in total assets wins the Trade portiothefgame.
After assembling their product, students create #ades presentation and present tg
the rest of the class. Groups evaluate other gpoogiucts and assign values.
After presentations use the bid sheets to finddsign Challenge winner.
Debriefing about export engineering.
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Preparation

Considering each class size is different, prepamdtr the kit of parts and the
student manual varies:

You can be creative with the kit of parts. It camtain anything that

would allow for the students to construct a targimoduct. If there is

more variety in the kit of parts, students can loeacreative.

Suggested materials:
hot glue gun, regular glue
duct tape, masking tape, cellophane tape
staples/stapler
foam core board, cardboard, heavy paper, construptper, printing paper
popsicle sticks
crayons, markers, pens
string, twine, rope
straws
balloons (if there are no latex allergies)
paper clips
plastic bags
soda bottles, coffee cans
wood, nails, screws
o fabric
etc. Feel free to use items from around the holise.cost of the program is entirely based

the kit of parts. Thus, it can be as elaborateropke as you want it to be.

(0]
(0]
(0]
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0]
(0]
(0)

The student manuals need to be adjusted accomlithg thumber of
students in the classroom and the provided magerial
o No more than 5 students should be in a group. Adpgsnumber of
groups accordingly.
o Students decide on a country name and will entartlie manual.
o Depending on the provided materials the “AvailadRésources”
page needs to be adjusted accordingly.
Each country should have at least 1 unique resdbatano
other country has.
Some resources should be available to multipleggou
List all available resources.
List the “average market prices” for each item. Sdhean be
the actual cost in a store, or imaginary prices.

-119 -



(2 Student Construction

2-4 X <>

Depending on the available time, give studentsh®urs to construct their
products and trade for supplies. Make sure thekeeping track of the amount they
are spending on supplies and resources.

If the project time must be split into multipleydathis section is a good
stopping point; simply have students pack theipsap and product together for
storage.

Have the students use the Technical Drawing Teepdadesign their product,
and the Bill of Materials Template for their magdsilist.

Technical Drawing Tips:

Writing in the information boxes should be in alpdtal letters

"View:" Enter the perspective of the drawing h&Zemmon perspectives are "front", "back]
and "right side". These labels allow the vieweknow what part of the item they are
viewing.

"Scale:" This box tells the viewer of the drawingahbig the actual structure is. A scale of
1:2 means that the drawing is half the size ofatteial object (for every 1 unit in the drawin
it would actually be 2 units).

“Sheet:” This box shows the current page number.

Dimensions: All parts of the drawing should haveelinsions. This allows for an accurate
interpretation of the drawing.

Example
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Trading

Trading Objective: Be the country that ends with the highest totaéts
*** Since this represents international trade, allsaations should be in Englisti

. Give every country a specific amount of money tabed during trade.

. Every country has certain materials specific tartbeuntry, and a few materials that
other countries will have as well.

. Students can choose whether or not to share themation on their country handout
including which materials they have and how muckaxth they have. Suggest that §
price list to sell unwanted items to other coustgeuld be helpful.

. Students can also create services to offer. Ttaaasher way for a country to make
money or have more bartering power without havintpse raw materials.

. Students can either designate a seller and a lhmytreir country or they can come
with their own system.

. Students have a list of all the materials availablte game (since other countries
may not show all the materials they have available,helpful to have a master list)
as well as an average “market price” for each natetudents will also need to co
up with their own prices or value of their mategifdr actual retail sale.

Note: Emphasize that prices/values can change througheuourse of the game, b
that it is important to have a sales strategy.

. The exchange of materials can occur in two wayssthdents can either buy supplig
with money, or they can barter (where goods and@es are exchanged for other
goods and services).

. Trading can begin anytime after materials are ithsted.

Note: Explain that it is important for the students tagiice their negotiation skills as this is
an essential part of export engineering.

* It is also fun to use play money in the tradermadulf you would like to do so you can print
out Monopoly money dttp://www.hasbro.com/monopoly/default.cim?pagessteechest

-121 -



()

% Business Challenge

Business ObjectiveTo determine the country with the most marketaintsluct

1. Have each country “sell” their product to the cldsghlighting its features and
demonstrating how it is used. Each group should tddout 5 minutes to present. Ha
observing students ask questions.

. Each country will be given 50,000 kr. to spend oodpicts from other groups. After
all sales pitches, each group decides how muchwviloeyd spend on each of the othg
countries’ product.

. The countries do not bid on their own product, thety must use up all their money i
bidding on each other group’s product.

Example Country A is given 50,000 kr. They liked CounBig design the best, so
they bid 25,000 kr. on that design. Country C'sigiesvas their second favorite, so
the bid 15,000 kr. They really didn’t think Counfys design was very practical, so
they only bid 10,000 kr on their design.

. Several outside countries can bid on the produigedl (such as teachers or mento
Note: This is a representation of how the world econdumgtions. These outside
entities each receive 50,000 kr. as well.

. Have each student group fill out the bid sheely thke results on the score sheet.

. The country that has the highest total of castohitheir product wins the Design
Challenge.
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% Debriefing

Ask students to reflect on the design processtibagt agree as a
team? Was it easy to settle upon a single design?

Then ask students if they thought their peers’uatabn of their
product were fair. Were any products consideredcematuable than they
anticipated? Ask students what factors they comstleshen deciding
the value of a product. (Usefulness, effectivensssdiness, overall
quality, etc.)

Export engineering functions much like this progr&rport

engineers not only must have the technical knovdeafgheir
company’s product, but the business and negotiakdis to
communicate with other companies, sometimes indarlanguages.
This program was designed to introduce studensetdield of export
engineering, and to show them that the enginegniagess can be
exciting and fun, even for students who don’t emumth or science
classes. Export engineering is a program thatfesed at
Ingenigrhgjskolen i Kabenhavn in Ballerup.
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AVAILABLE RESOURCES

Resources Unique to Country A:
Hot Glue Gun
Other Resources in Country A:
Heavy paper, construction paper, crayons, plasiisbcardboard, soda cans

Resources Available Around the World:
(These sample prices are not necessarily storg)cost

hot glue gun 100 kr

regular glue 50 kr

duct tape 70 kr

masking tape 50 kr

cellophane tape 30 kr

staples/stapler 50 kr

foam core board 100 kr

cardboard 20 kr

heavy paper 30 kr

construction paper 10 kr

printing paper 5 kr

popsicle sticks 5 kr

O 00000000000 0D0D0DO0ODO0OO0O0DO0ObO0ODO0ODOO0OO0OOO

crayons 10 kr
markers 20 kr
pens 5 kr
string 50 kr
twine 50 kr
rope 75 kr
straws 10 kr
paper clips 10 kr
plastic bags 10 kr
soda bottles 3 kr
coffee cans 5 kr
wood 40 kr
nails 20 kr
screws 20 kr
fabric 100 kr

(The rest of the materials would be on the listdlie other countries. Make sure that
Unique Resources do not appear on other countsy Bdease use this page as a template
for your class.)
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EXPORT
ENGINEERING

An Experiencein Product Design and Business Negotiating

(Enter Country Name)

Engineers:
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ENGINEERING PROCESS

Problem Statement: Your country is trying to edsedveryday lives of your citizens.
This involves creating a new technology that solvekily obstacle or problem. Your
challenge is to design and build a creation thatld/solve or ease a problem of your
choice.

Design Rules:

Brainstorm and determine the problem your courgfpcusing on.
Design the product based off of the provided maletist.

Create the technical drawings for the product.

Fill out the Bill of Materials in preparation fan¢ Trade Process.
Keep the Design Challenge in mind throughout thggrezering process.

agrwnE

Notes and Ideas:
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DESIGN CHALLENGE

Design Objective:Be the country with the most desirable product.

1.

ok

Your country has to sell the product to the othmirrttries in the class,
highlighting its features and demonstrating hois iised. You will be allowed
about 5 minutes for your presentation (use angsstich as a commercial).
Answer any questions from the audience.

Each country will be given 50,000 kr. You will theas a country, decide how
much you will spend on each of the other countnpeeducts.

You do not bid on your own product, but you must up all your money to
determine which product would be in highest demand.

Example Country A is given 50,000 kr. They liked CounBis design the best,
so they bid 25,000 kr. on that design. Countryd&sign was their second
favorite, so the bid 15,000 kr. They really diditfink Country D’s design was
very practical, so they only bid 10,000 kr on trasign.

Several outside countries might bid on the prodastwell (like the teacher).
Each country must fill out their bid sheet and @striuctor will tally the results on
the score sheet.

The country that has the highest total of castobitheir product wins the Design
Challenge.
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TECHNICAL DRAWING TIPS

Writing in the information boxes should be in abdtal letters

"View:" Enter the perspective of the drawing h&Zemmon perspectives are
front,” "back," and "right side." These labels allthe viewer to know what part
of the item they are viewing.

"Scale:" This box tells the viewer of the drawingahbig the actual structure is. A
scale of 1:2 means that the drawing is half the eizhe actual object (for every
1 unit in the drawing, it would actually be 2 upits

“Sheet:” This box shows the current page number.

Dimensions: All parts of the drawing should haveensions. This allows for an
accurate interpretation of the drawing.

Dimensions: All parts of the drawing should haveésions. This allows for an
accurate interpretation of the drawing.

Example

4—— 10cm ——»
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SCALE:
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BILL OF MATERIALS

The Bill of Materials is a list of necessary maadsifor the production of the product. It
includes the item and quantity needed.

QTY ltem Description/Use

- 130 -



TRADE PROCESS

Trade Process ObjectiveBe the country that has the highest total assets.

*** Since this is international trade, use Englishaelbtransactions™

1.
2.

3.

Every country is given a specific amount of monepé¢ used during trade.
Every country has certain materials specific tortbeuntry, and a few materials
that other countries will have as well.

Your country can choose whether or not to disctbsanformation on their
country’s handouts including what materials youéhaxd the quantity of
materials.

Your country can also create services to offersThianother way for your
country to make money or have more bartering pawrout trading materials.
Either designate a seller and a buyer for your ttguor come up with your own
system.

You have been given a list of all the materialsilataée from all countries as well
as an average market price for each material. Yibalso need to decide on your
own value of the materials for retail sale.

Note: Prices/values can change throughout the courgeajame, but it is
important to have a sales strategy.

The exchange of materials can occur in two waykeebuy supplies with
money, or trade away supplies you don't need.

Note: It is important for you to practice negotiatingths is an essential part of
export engineering.
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TRADE PROCESSPLAN

(For each topic devise a plan that your country wtilize)

Trading strategy:

Available inventory (resources you will keep):
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TRADE PROCESSPLAN (CONT.)

Price lists (for resources you will sell):

Services available (what services you will offer):

-133 -



SALES PITCH

(Create your sales strategy and draft your presenja
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6.17. Program Materials: LEGO Mindstorms Program
This appendix contains program materials for tf&GD Mindstorms program

(gymnasiumyear 1). The first six pages is the comprehensaeher’'s manual. The next
handout is the Game Play Sheet which explainsudesits the objectives of the game.
Following that is the Field Setup Sheet which shélesteacher how to properly set up
the game as explained in the Game Play Sheetlitta¢ student Programming Sheet is
for students to understand the basics of the LEG@ddorms robot programming
software, and the teacher Programming Sheet ishtoteacher to understand what the

final program might look like.

-135 -



=

o @ -

10

(7. yREMY

I$ $ /5%
J3IM "TS "$

1$ $/4% +9% .9
S , D $ /%
M "9x" [ $ P *$
M  #0 $#" *$

+$ 01

=g "Il .D

+ 1 -+

% & $9762"
) $30982

- 136 -



® g
*$.U$# ", 93M S
$ "$). $# | 1"+
1$. 8 (I ) 1 &#HK# )
oo, B RSS " &ASS 1 HS U,
/$., % 3M "$ S, /]
#US,, 8 =", S S
TS L $ S, S
$ S$#3IM T, USH . .

"$ &

5.%# #%# $ /') $#SS /| $

$# .9/ 4 . #3S | $/ 9

(g)

/| "$: D $ /$9
1" (1 4.00 *:

S/ [ #]# )
$ ;. .# +9%
B$ $#.%:

/I #, $
$$H# %', $
d $# #"
#3M :$.

#$

% * 96

="$™S . M 4. #$S #S /S #
. M S #BH + 3 ., "BHESH .
$ /$/ $./ $# *+ $'0

- 137 -




C < C% &
$ LA 9SO I KIS 9T,
="0" $ /$"/$ . D>
'0$ /B . "85 8 S P
I *1 " /:$# .0.",.%, $"., MO
"['$
#/ M # 9% L # "I'$
LS, 1% $# . #" #,8 *
'O $ /% ##%$ " I,
C19%%E S 8, 8/ SR

, %
="$"™$ .4 . #HES . #S /S
"0" "% "$H. 9#H.,,H B
JS# $# #,,", ."'$ B HIH 3
1$" 1 #

()

, ?2 (% /052" E
="0" $ /$"$ ;D
MO /3M "/$ "$S$ .#
‘0 $ /$ 0" S xS, S
0SS K SH K S ,."$ /. 1D
S# L, IS $ ., #S I$#,* % $
B o HS ISR, T $HSH .S/ SH S/
# SH




, G2
o %, $ B/ 09 H# 2, $# $
o SHSH S T4 L # $ /1 $#*"
$. #0;""# $# *. [ $H *FOSH *, o
$. #, $ #H# S, $# $ |/ S * U SH#
*$$ %% . USH | $ /S J$#

'/ ;%% /8. /[ 9 * § 0 "$#%# "$; .%$9
" 1$# . 1$;$" .0.".%

2 $ $# ' $# *$"0,0 $/$ .
SHSSH "SI S#H *$S . *, $M$ "
"SHSH . #'H#H, $# 0" )" #IH *$ U,

28S# [ i, " o# o+ "$ $ 9#.0
$ /5 .0 $H" &S SH" . /$9 L # "09 $#

$ SH Lt SH 1SS )2, #0 $ /$
0 $#" S/ USH . "

% /052" E < & '&
2, $ /35"

' 3."; : "$.
/"

- 139 -



[ .,,$. #0 ;"I"# [|$ $ ./ OB#HY *3$9
c, $# S $/ | $# PM. 4,..Q 9% [ ;$# %", $
#$ $ /$ #0 SR - S O B - e#" xS/
O I - Y BN O I = S | $#/,.0 $# ",

()

& -

4,. #0 $ /1$*. [$#" *$ #/, eSS

S S #HINS .S T$H 'S 2,
$/.,,"$ 8", 8 '( # ".,. ; $ .. % /$#

=" $HSH S IS SH" | "] #$ $ %1 .
$#: [+F=" $#:#0 [ #$ ;" [F."$."
TUOSSHISHI L S F=" S /418 # 1" F

#.1"., 1"l - I T e
%" " $# . S S . . #, $" .0"%., . $
$# /"
$ "/$%. 8", /" #0 $
"t LS. 2?2 0%
#$$ "+ S/ L, #$ 11"

S/ [+ $HT L " OSH: I+

- 140 -



#/$# " 1$.$" 059 ; $ /%
Y A - S N R
'S8 $H: S

J "ISH S HSHES, $H S
;o $.%" . # 9%

$$ J#ISE" . SHS [ .
0" / /

$/$ /., #O$# *$ ; "I B
M. 19 $ ) SH#. " S

- 141 -

0 &.J"9

$#

$;"M#




*1/ $ <" <;

"5 $5 " ; $#

$$, ##"$ .

5 $5 "1

#.0

, % *

M. 4. # %
L9 < <, 9" UM IS ""S$
?2%$1%,:: "0, .95 $5
“1$ . $# 0 "

# D# " ., #, #' ,.0":

$# , %" B# "$ 9*
J #'#*,/$5 $5
I B 5 A Y Y A

S0, 1S $#
[ 5 $5 * $#

“$9 / "$" S . 9 #, ¢
CNE R I
"$9,0%8$ <M<
L HO . $S, >4 $

, $ % T, 88" 8 8

$: " "$ 8", 8K
$# $9$$#/9//9/,
$M"/"s $# R *$

1D $# /.)9. $# $.
'$ &. 1D)9 J . . "/. $
D>) #/. $# $# [/

B <" < do I $#

, T

-142 -

$# /1 $ "

O#. ., .. I$ .

$*", . *$$ %
"I$. $

$: I1$ 1 #'#

/<" <, 9: ",**

It $# 'S

8 L T$#H L
M "$)9 $:%# $
"$ .,/9.,.0 $#
LS A
# S FS.#0 S

, S# S ##
$./" [ ."#S
8.8 S &

I $$, #/%$# *$"

$:5 $5S "%

'S

s



%', $ #%

#," IS L #S B, &H'# D

“ . $#3M U$  "$9 /> s s -
> D>8 ; $# /,) <,. $ $ $ $# ’.:ll/ ;n’ // $
"$x#,

<)
#", #,8 | $#/ "$ S . * o # L, )
$# "$ *, #HIMMH SIS #, |/ $HS$H , B
o tw o 9FeSHSSHE L, SRRy S x|
% .. IS# |, | #: $# o

- 143 -



. $# 3M * #, ], $H S BH 9 ;." $#
$ $# ",

2= $97 $$# = 0" "S#H $H 'S ./
, "I$# 0"

, %)

'0.% /% A $# ", S "H#

4,. *od o x x, TSH KL H

4, $# = . *HI SH . #, . " S SH IS

$# ", 4,..%% =

0 $# [ $#" . 2% $# 9 "I %% .9
$$# ", 3 HESE

2/ *$#$,.0 $# *, *,,9/ | $# *,9./,.0

$# ., #. R O I

- 144 -



Guide to LEGO Programming

Your LEGO Mindstorms kits can be programmed usheggrovided graphical
language. This guide will show you the basic sytaltiwat you will need to program
your robot. All of these blocks can be found & ligft side of your screen and dragged to
where you want them. Each block has a set of otsntinat appear when it is selected.

The program starts at this po,@J and plays blocks in order along the connecting

i i i i i i i
bars

MOVE: These blocks allow you to control the three senators that you can attach to
your robot. The controls (found in the bottom Ieffthe screen) allow you to: select
which motors to control, the direction that thetate (or stop them), the balance of
power between two motors (steering), the powerrgteethe motors and the amount of
rotation you want (in degrees, rotations, secomdsbmited). It is recommended that
motors B and C be used to move the robot and thz Ased for actions.

feve o LE pom: Oa Be @c ) Powe: W) 00— @ 7]
“:"‘.’} i Direction:  Of O@ (=4 Dusten | 1] [Retstions =]
[ &) sweing: A e Notacion, @ B erake O bb Coast
: g—O0— 3

TOUCH SENSOR: The touch sensor can be set to respond to beasged, being
released or being pressed and then released. Resmmhed port: 1

SOUI\]D SENSOR:The sound sensor listens and reports sound oal@ aic0-100%.
You may set it to respond to any reading less thagreater than a certain percentage.
Recommended port: 2

W I
P arlt
all]

LIGHT SENSOR: The light sensor is controlled the same way astlad sensor
(scale of 0-100), but it has the option to also enidk own light, to reflect off of objects.
Recommended port: 3
¢ 2
95
Lt S
ULTRASONIC SENSOR: The ultrasonic sensor uses beams of sound to sefaho
away objects are. It can read from 0 to 255 c+60 inches can be set to read below or
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above a number. (Hint: this sensor works bestotid sbjects, soft fabric and skin may
give bad data)

LOOPS: These blocks let you make other blocks play oner@ver until some condition
is met. Below is a loop with a move block in it.is set to activate the motor until the
light sensor reads more than 50%. After that tiegm@am will move on to the next

action.

Notice that the control is set to “Sensor” thisagithe option to use any of the sensors to
make the loop end. You may also set it to “Codathake the loop play a number of
times or to “Time” to make the loop play for a nuenlof seconds.

. @) Control: Sensor Lk Pom: o1 Oz Bz 0O
Sl | 3 o
B e -Ik..) G s \tl) fu:  O%—0 -S40
= =
£ 2 % Light (=]
o [E] show: O[] counter #° Functon: (@ ¥ Generate light

SWITCHES: The switch block lets the robot choose betwedlifterent sets of actions
based on readings from sensors. The control$arsame as the loops with sensors.
The upper program will play if the set conditiome enet, otherwise the bottom will. The
switch does not loop; actions inside will only plaryce.

The switch below will activate motor A if the tousknsor is pressed, but play a sound if
not.

=

= j: i 4

g -f
=4 4

e

COMMUNICATION:  These buttons will let you send and receive ttata a robot
connected with USB or Bluetooth. The bottom lefttbn will put your current program
into robot. The center button will put the programand make it play (recommended for
Bluetooth only). The upper left button will opeontrols to change the connection
settings and to control memory use (you may neeltkeie old programs to make room
for new ones!!).
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HINTS:

You can put loops and switches inside each other.

The symbols on the bottom of the block will chamgeen you change the controls.
(Move blocks display direction, power and duratianth the 3 symbols)

A move block set to unlimited rotation that is ohsia loop will run until the loop ends,
unless something else inside the loop stops it.

See page 7 of the user guide to see how to test $keasors.

Sample: What does this program do?

@ ‘\\wr',

all
——d

=§[|

e J (g
r".f —J,g]
| +

P
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Instructor LEGO Programming Guide

This guide is meant for teachers only. It will ypicde additional information to
help you guide your students towards a successbgiram.

The LEGO Mindstorms NXT software has video tutaiddat will help you to
understand the actions that students will neeaddgram into their robots to complete the
goal. Below is a sample program that will compléie task for this project. You will
need to adjust the motor powers, rotation distaaoeissensor settings yourself. We will
discuss the different parts of the program.

ISy

f B A e
C a2 S a2

= I & =

Line following: See Common Palette tutorial #17. The prograra hses the switch
block, controlled by the light sensor to activdte teft and right motors in response to the
color of the ground. When over a black surface,rtbot will turn towards the white
surface and will do the opposite when over the evhitrface. This action is very
important to navigating the game board. The bbaahould help the robot find its way
to the targets. Adjusting power levels will comtspeed and accuracy (with very low
power, the robot will follow the line very closebyt will do so slowly). If students are
having difficulty with the robot following the lineghen the robot reaches the center then
you may add more black tape or paper to ensurdhbgtdo not miss; they can also slow
down the robot. For the supplied board try settivglight sensor to 45%.
Distance Control: As you can see, the line-following switch is desia loop controlled
by the ultrasonic sensor. This means that thetneblbfollow the black line until it gets
a certain distance away from the stands holdindpétls. Try setting it for <26 cm. The
goal is to get the robot close enough for the armmittthe ball but not so close that it hits
every ball as part of moving.
Decision making: After the first loop we have a sound activateitdw Because there
will be speakers making noise next the balls thatrobots must knock down and no
speakers next the other two balls, one can ussailned sensor to choose between
spinning the arm and moving away. The settingsifersound sensor will depend on the
volume of the speakers. Use the view option (pfthe user guide) to measure sound
next to a speaker and at other locations on thedboa

In the top path (sound louder than value) we §est a move block set to move
backwards. It will only cause 1 degree of rotatimnstop forward motion. Nextis a
move block for port A. This causes the arm to sghas striking the ball. % rotations of
motor A will cause 1 full rotation of the arm. Neg a reverse block for B and C
Followed by a turn block for B and C. These cabhgerobot to move back and turn
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around. The exact distance turned is best fouraligh testing, but make sure that the
robot is on the opposite side of the black lineiféo continue following the path.

The bottom path simply pulls the robot back (toidvtting the ball accidentally)
and turns it around.
END OF LOOP: After the sound switch plays, the entire sequestags from the
beginning. The robot will follow the line to thext target. This loop is set to continue
forever, but could also be set to play only 4 times
COMMENTS: This is only one solution to the problem, aldé RECOMMEND
AGAINST SHOWING THIS PROGRAM TO YOUR STUDENTS. Letthem try to
create their own program and solve the problem sieéres as much as possible.
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6.18. Program Materials: Experience Engineering Program
The teacher guide for the Experience Engineermogram is reproduced below.

The guide is relatively short as there is not muatk to be done on the part of the

teacher running the class, short of arranging Herdppropriate speakers ahead of time.
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6.19. Quantitative Survey Results
Summary including both schools

Statement . G Pre G Post G Test F Pre F Post F Test
Average | Average < Change  Average | Average @ Change
(n=26) (n=18) (n=43) (n=33)
1 2.08 2.44 0.37 3.12 3.55 0.43
2 1.92 244 1 052 2.86 364 | 0.78
3 2.62 2.44 -0.17 4.00 3.97 -0.03
4 2.42 2.78 0.35 3.63 3.91 0.28
5 3.15 3.89 - 3.33 3.91 -
6 1.69 2.56 2.45 3.00
7 2.04 2.94 2.88 356 | 068
8 1.62 2.06 0.44 2.38 2.74 0.36
9 2.62 3.17 3.49 3.66 0.17
10 1.73 250 | 0.07 2.98 3.32 0.35
11 2.84 2.83 -0.01 3.07 3.13 0.05
12 3.42 3.33 -0.09 3.80 3.48 -0.32
13 2.41 2.67 0.26 2.60 2.72 0.12
14 2.62 2.72 0.11 2.83 3.09 0.26
15 4.35 4.33 -0.01 4.07 4.33 0.26
16 4.42 4.33 -0.09 4.38 4.61 0.23
17 3.93 3.89 -0.04 4.23 4.21 -0.02
18 3.46 3.28 -0.18 3.79 3.91 0.12
19 1.73 2.06 0.32 3.70 3.79 0.09
20 1.77 211 0.34 3.37 3.36 -0.01
21 1.92 2.22 0.30 3.21 3.56 0.35

“Statement” refers to the statements as numbaredpipendix 3. G refers to

gymnasiumclass, F refers tdolkeskoleclass. “Pre average” is the averaged survey
response before the program; “post average” isatte¥aged survey response after the
program. Test change is the difference betweenpts and pre average. Responses
averaging lower than “disagree” are highlightegbiink; responses averaging higher than
“agree” are highlighted in blue; test changes #tetwed an increase of 0.5 survey points

or more are highlighted in green.
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Gymnasiumonly comprehensive results

Gymnasium Pre-program Gymnasium Post-program Test Change
Statement 1 2,3 4 5 | Ag |1 2 3 4 5 Avg
1, 9/ 9 5 3 0/208 2 7/ 8 1 0 244 0.37
2/ 910 7 o0 0,192 3 6 8 o0 1 244000 052
3 2 7/16/ 1 0 262 2 8| 6/ 2/ 0 244 -0.17
4 2 11 13 0 0 242 3 2 10 2 1, 278 0.35
5 5 3| 411 3315 0 0| 4 12 2| 389
6 13 8| 5 0 0,169 4 2|10 2 0 256
7 9 7/10 0 0 204 0 4|11 3| 0 294
8 15 8 2 0 1 162 6 4| 7 0 0 206 0.44
9 6| 4|11 4 1 262 0 3| 9 6 0 317
10 11 /11| 4 o 0273 3 6 6/ 3 0 25, 077
11 0 5 19 1| 0 284 1 2 14 1 0| 283 -0.01
12| o] 1[13]12] 0342| o] 1| 11| 5] 1| 333 -0.09
13 4 10 11 2| 0,241 3 4 8 2 1| 267 0.26
14 3 9 11 1| 2 262 3 4 7 3 1| 272 0.11
15 o o0 6 5 15BN 1 o 3 2 12 EES -0.01
16 0 0 4 7 1504420 1 o 3 2 12 43 -0.09
17 0 1 4 18 4,393 1 1 1 11 4| 3.89 -0.04
18 0 1 13 11| 1346 0 2 10 5 1| 3.28 -0.18
19 13 8 4 1, 0273 5 8 4 1 0| 206 0.32
201210 2| 2| ofmwr]| 7] 5| 4| 1] 1] 211 0.34
21, 9/10 7/ 0o 0/292 3 8 7 0 0| 222 0.30

This chart shows the number of responses at eagomse level for each question, both
before and after program implementation, for tjgmnasiumLEGO Mindstorms
program. Response levels are highlighted in yellaweraged responses lower than
“disagree” are shown in pink, and averaged respohggher than “agree” are shown in
blue. Increases in averaged responses over thegtestriod above 0.5 are highlighted in
green. Although this cutoff point does not représeérat the results are statistically
significant, they are still suggestive. Changesweraged responses less than 0.5 were
assumed to be statistically insignificant.

The same color scheme is applied for tbikeskolewindmill program implementation
results on the following page.
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Folkeskoleonly comprehensive results

Folkeskole Pre-program Folkeskole Post-program Test Change
Statement 1 2,3 4 5 | Ag |1 2 3 4 5 Avg
1 215 10 8 8/312 2 4| 9 10 8| 355
2| 61112 11 3 28 0 7 5 14 7 364
3 0 1/ 9 22 1180 o 1| 7|17 8| 397 -0.03
4 2 315 12 11 363 0 2 9 12 10 391 0.28
5 2 6,14 18 3333 1 0 9 14 9 391
6| 9 11 /18 2 2 245 3 5 17 5 3 3.0
7/ 310 20 7 2 28 0 5 8 15| 4 356
8 9 15 13 3 2 238 5 9 8 7 2 274 0.36
9 0 4,17 16 4349 1 3 8 14 6  3.66 0.17
10 212 16 9 3 298 1 5 11 11 3 332 0.35
11 3| 520 12| 1307 1 4 19 6 2 313 0.05
12. 0 0 14 21 6 38 0 0 19 9 3 348 -0.32
13 2,16 21 3| 0260 3 6 21 1 1 272 0.12
14 2111 23 4 2283 3 5 13 8 3  3.09 0.26
15 2 2 6 13 190@ 1 1 3 9 10 S 0.26
16 1 2 3 10 2604881 o o 3 7 2346l 0.23
17 1 2 o0 23 17 428 o 1 3 17 12 42 -0.02
18. 0 2 14 18 9,379 0 1| 7 19 6 391 0.12
19 1 6 11 12 13370 2 2| 6 14 9  3.79 0.09
20 1 8 18 6 10 337 3 5 9 9 7 336 -0.01
20, 1| 621 11| 3[321 2 3| 9 11 7 356 0.35
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6.20. Program Implementation Photographs

Dan helping gymnasium students with programmingnduthe LEGO implementation.

3 I
Gymnasium students building robots during the LE@&Plementation.
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One LEGO program group testing the robot for prograng flaws.

Another group during LEGO robot testing.
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Dan teachindolkeskolestudents about induction during the windmill impkntation.

One group with their completed windmill.
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Two groups displaying their turbines turning in thied.

One volunteer IHK student explaining the windmall t
younger interested students at thikeskole
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