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ABSTRACT

The goal of this project was to compare a
of study while enrolled at WorcestPolytechnic Institute with the various components of
theeducational philosophy of the WPI Plan. Materials regarding both Robert Goddard
and the WPI Plan were thoroughly examined, including the original reports of the WPI
Planning Committee title@ihe Ruture of the Two Towers Robert Goddar ddos j o
diaries, as well as various primary source materials held in the archives from Robert
Goddardodés residency at WPI. The ultimate res
Robert Goddard asaprotptye f or t he WPI Pl ands objectives

going in the right direction for the education of modern scientists and engineers.
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1. INTRODUCTION

Ever since 1971 Worcester Polytechnic Institute (WPI) has been committed to a
long term and rather extensive educational experiment titled the WPI Ptaa. In
previous one hundred years of the schools existence the faculty and students developed a
feeling that WP1 was becoming no more then a trade school. The graduates were
becoming career mechanics and construction specialists, even the physicists ast$ chem
would only go as far as teaching and never going on to become distinguished researchers.
The only exception to this fact seemed tdhedistinguished graduate of the class of
1908, Robert Goddard, and the WPI Plan was created to fix the problémesfioét one
hundred years. The problem then is to | ook a
experiences and those of his fellow classmates, and to look at the educational system now
under the WPI Plan along witmhitGwgtdar dés educ
producing more distinguished graduates. In a way, was Robert Goddard the prototypical
WPI Plan student and what, if anything can be done to make the Plan better equipped for
its mission?

Everyone loves a hero, everything and everyone thabeaeen as successful
always seems to have one. As for locations, the heroes are the people who hailed from
those locations and became successful, people who defeated all of the odds and
distinguished themselves above the rest. For example in Boston litenzalpaseball
player who went to pitch the Red Sox to a Championship or an MIT graduate, in
Hollywood you might find an actor who was born and raised where you live and grew up
who actually made it. For Worcester, MA and Worcester Polytechnic Instigreith

Robert Hutchings Goddard, the man wixs made famous by layirtige foundation for



modern day rockets and arguably laid the foundation for recent developments in space
travel. The question is, what was peculiar about this citizen of Worcester that
distinguished him, and increasingly important is what about Worcester Polytechnic
Institute prepared Robert Goddard to be the legend he became.

Worcester Polytechnic Institute is an engineering college in Worcester, MA that
was founded in 1865 by two loadbnors John Boynton and Ichabod Washburn based on
the ideals of theory and practice (Lehr und Kunst). This was unlike other colleges of the
time because conventional colleges only taught theory and left out the practical aspects of
education. On the othéiand, the traditional apprenticeship system for tradesmen only
taught practicality and not the theory behind their trades. This combination of theory and
practice was unheard of at the time in education and was revolutionary with the vast
improvements teome within industry. However, along with revolutionary ideas often

comes a certain level of error, and the new Worcester Tech had its fair share.



2. BACKGROUND TO ROBERT GODDARD

2.1 EARLY LIFE
Before Worcester Polytechnic Institute and roclketspace travel, Robert
Goddard was an everyday child born in Worces
of the Commonwealtho as it was and still is
characterized the Industrial Revolution of the time. The loillWorcester were covered
with the factories of the Washburn wire companies, or the Norton and Heald machine
tool companies; Worcester produced countless products important in everyday life.
However, the mind was certainly never neglected, there weoelsges in Worcester
while Goddard grew up, and several concert halls, and Boston was only a short car or
train ride away with its own wealth of history. If there existed a city on the rise during the
Industrial Revolution it was Worcester, and young &bksoddard was born right in the
middle of it. The Rocket Marmpp. 67)
Goddard grew up in the household of Nahum and Fannie Goddard, initially in
Worcester and then to Roxbury for a short period before returning to Worcester. Robert
Goddar do swunfwad albeokkeeex and later a machinist for several prominent
machine knife companies in Central Massachusetts. In the various materials for a
potential autobiography written in 1927, Goddard mentions how he and his father would
go hiking and shootingnal that it was his father who introduced Goddard to photography
(Papers of R.H. Goddard Vol.Rg. 4). Later on Goddard would go on to credit his
fatherdéds efforts wiheRockhtiMgiPgo8un | ove of nature
In his early years of schooling thesas never any real mention of Goddard being

a spectacular student. Despite being overwhelmed with a curiosity about the natural



wor | d, in his fAMateri al for an Autobiography
examinations to Roxbury Latin School wittstiriends solely because of the boredom he
faced in grammar schablan examination which Goddard had not passed. However, one
note that was made of this examination was that Goddard had an aptitude for arithmetic,
an aptitude which Goddard believed to beagarage ability at best. Arithmetic would be
a foundation for his | ater problem solving s
been a subject in which | had continually made mistakes, and achieved poor or
unsat i sf acPapgenr gfRég.rGadtlar\&ldl, Pg. 5). This early run in with
learning the hard way would later be testament to the physicist he would become,
someone who tried often and failed but continued trying.
2.2 DREAM OF SPACE TRAVEL

I n future years Goddderuptdlssintenedtinsciensed i n S cCi
fiction would spark an interest that would eventually set his entire career in motion. In
January of 1898 Goddard was introduced to H.
t hat Goddard woul d | asstbée rwodheadsearfiudd yb y rsuaey ipmsg
the thing very vivid, and possible ways and means of accomplishing physical marvels set
forth kept mé&apéraosR.H. Gddidardkol.Bgg®. THis interest would
set forth multiple experiments in reachitg theavens, including his balloon experiments
later on in the same year. In his autobiographical materials Goddard mentioned how in
the spring of 1898, fAéperhaps because the sk
ordinary experiment for a young mamattempting to fly a balloon. However, this
balloon was not a rubber one filled with helium; Goddard instead wantedsufalient

aluminum balloon filled with hydrogen like the space vessels in his science fiction books.



Despite the failure of thiexperiment, rather than quitting Goddard discovered the

problem was the weight and thickness of the aluminum and strove to correct it.
Experi ments would ensue as everyday |

became extremely sick and he was alsodvatvn from school. Among all other

playthings a boy might have come up with back then, Goddard had a cherry tree in his

back yard. On October 19, 1899, while cutting off limbs of the tree to no doubt build a

treehouse of some sort, he looked patientlytod t he fi el ds i n the

wonderful it would be to make some device which had even the possibility of ascending

f

east

to Mars, and how it would | ook on a smal/l C
(Papers of R.H. Goddard Vol.Rg. 9).This event would later be memorialized by
Goddard in his calendars and journal entries
to devote his life to the attainment of space travel.
2.3 ILLNESS

Something that altered Goundtlzesanésmeant i re w

his initial interest in space travel. Throughout his youth Goddard was always a thin and
frail child, constantly recorded as getting sick. Since his younger brother Richard died of
a spinal deformity at less than a year old, his fapalid particular attention to any signs
of ailment among their only remaining child. In 1898, when his mother came down with
tuberculosis, and young Robert complained of stomach pains, the family was not going to
take the risk of losing their son to tubelosis and the stressful environment of
schoolin@ so they withdrew Goddard from school in the fall of 1899.

Once again Goddard proved incapable of being discouraged, instead of taking his

illness and using it as an excuse to give up; he used it tageiate his interests. It was



during his withdrawal that his AAnniversary
several inquiries to the Harvard Observatory regarding satellites and projecting apparatus
as wel | as investi gat edaws €hough notfinischaol, f or ce an
Goddard was certainly never idle, always keeping busy with new ideas for research and
study.
Goddard spent two years out of school when he decided he had been away for to
|l ong. Il n his AMat er i al ongtlatattherendAflhis sabbiaticad r a p h'y O
he came to the conclusion that he did not have enough mathematical or physical
knowledge to solve the problem of space travel and was determined to go back to school
(Papers of R.H. Goddard Vol.kg. 10).
Just beforénis nineteenth birthday Goddard enrolled in South High School of
Worcester in the sophomore class in 1901, much older than his fellow classmates, he was
also much more mature. His interests and his experiences with illness gave him a much
deeper understdimg of the importance of an education. Early on in his sophomore year
at South Goddard wrote an essay titled AThe
experiences where Goddard tried to solve the problem, this time he knew he could not
solve the problemut brainstormed the problem itself including what it would take to
propel an object into spacBgpers of R.H. Goddard Vol.Rg. 57). Goddard submitted
this article toPopular Science Newand though the article was not accepted it certainly
set Goddat on the right trackHapers of R.H. Goddard Vol.kg. 10).
Propul sion became a topic of high interes
for his next years at South High School. He experimented with various machine gun

types of devices along withugtying gyroscopes, even researching the semicircular
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canals of the human ear, as they maintai
related to balance. On a social front, young Robert toskitngthe day, he was elected
class president twic@layed piano, was a member of the debate team, and even started
dating a young girl named Miriam Olmstead. After his experience of being deprived of

his desire of knowledge by ailment, Goddard took full advantage of his education at
South. This is provenybhim being chosen to speak at his graduation ceremony, and he
did so by delivering a speecHRBapdrsiotRH d A On
Goddard Vol.1Pg. 63). In this speech Goddard examines the history of science to show
that the errors of thpast were caused by taking things for granted and closed with the

thought that i1t is difficult to say what

t h

Tak

i s

hope of today and ThaRocketdMarPp. 1840). of t omorr owo (

2.4 WORCESTER TECH

After graduating from South High School, Goddard enrolled at the Worcester
Polytechnic Institute to major in general science, focusing on physics in hopes of
achieving his dreams of space travel. Although, one of the first things Goddard produced
while at Techactually had nothing to do with physics, instead it was a paper for an
English class titled AWho | Am and Why I
did just as the title entailed, discussed where he came from and why he had decided to go
to Worcester Polytechnic InstitutdP@pers of R.H. Goddard Vol.Bp. 6768). The most
peculiar thing written in the essay was that Goddard juggled around multiple career ideas
including biology and even literature, but the deciding factor for physics was thefigl
soci al i mplications and his intention on

community. o

11
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Considering his dream of space travel, the next four years were full of
opportunities to work on the various problems and suggestions Goddard hadgyevio
worked out. He wrote several papers for Science classes as well as English regarding
these various suggestions. These included AT
Steering of Airplaneso which regadudngd t he ob
space travelRapers of R.H. Goddard Vol.Bp. 7780). Others included an English
theme titled AONn the Possibility of Navigatd:i
analyzed space travel focusing on observations made of the planet Mars, a paper which
only missed being published Bgientific Americamlue to its vast lengtiP@pers of R.H.
Goddard Vol.1Pp. 8187). However, the quest for the means to solving the space travel
mystery did not come without dowWwWnthes. After a
Utilization of Atomic Energyo was rejected b
in his journals that he fAndecided that space
March 4, 1906 in his sophomore year at Worceftapérs of R.H. GoddarddV.1, Pg.
74). Goddard wrote in his AMaterial for an A
notes and burned them. However, Goddardds in
self-doubt, as inside of two months he caught himself making notestbéf suggestions
(Papers of R.H. Goddard Vol.kg. 11).

Not everything was work though with the young Robert Goddard. Early journal
entries in his freshman year he vocalized his anything is possible philosophy with entries
such as fFebéisnodaw ggaidstit, wayo t twh & 1l happen some da\
AFebruary 16. We shoul d n oPRapdmsefRd Goddardal f or

Vol.1,Pg. 69). Goddard certainly kept busy socially, pledging at the Sigma Alpha Epsilon
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fraternity and beinglected to student government all four years including two years as
vice-president and one as president. Even when he was working, his career at Worcester
was a very broad and well rounded education. While Goddard very well could have gone
in and focuse@ntirely on mathematics and physics, Goddard knew the meaning of an
education and took advantage of engineering courses as well as English and German
classes. He also knew of the necessity for social sciences in education of a scientist
because he fit coses in economics and political science.

At the end of his four years at Worcester, Goddard was highly focused on
advanced classes in mathematics, physics, and chemistry. Focusing on his major field
after three years of broad preparation afforded Godatahdthe opportunity to polish his
abstract writing skills and focus on his senior thesis on the conductivity of the element
selenium. At his graduation of from Worcester Polytechnic Institute in the Spring of 1908
Goddard was initiated into the Sigma Xsearch honor society and thereafter graduated
with a B.S. degree in General Sciences, prepared to go on to graduate school and one day

become the father of modern rocketry.
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3. BACKGROUND TO THE WPI PLAN AND ITS PHILOSOPHY

3.1 ORIGINAL PLAN

While the idea of learning theory and then practicing was a revolutionary idea, it
was far from a radical idea. Instead, the new Institute developed a reputation of being
extremely rigid and strict with its scheduling and rules. This rigidity eventually
developd the college into what seemed to be a glorified technical school, going on to
produce excellent engineers but they would never become distinguished among their
colleagues. ImThe Future of the Two Towers i t was pointed out that
industry is based on the technical competence
competence of its graduates in theoretical f
(The Future of the Two Towers VolPp. 910). Regarding the job search for graduates,
over the first 100 years of the coll egeds hi
for assisting graduates in job placement. However, students were never quite assisted in
pursuing graduate study in their fields. One could almost say that VéRdevaloping its
Apracticeo much more then its fAtheoryo.

These problems and many others persuaded the faculty at WPI to question what
was wrong and how they could improve. Planning groups started meeting and discussing
what could be done to make their gagchool into an excellent one and their notes were
compiled into a report titledihe Future of the Two TowerBhe problems outlined in the
initial report analyzed various factors including the fact that WPI up until that point had
only graduated one ougding alumni since its foundidgRobert Goddard. WPI
graduates were often extremely hard working and good at their jobs, but had very poor

communication skills and never cared much for the social implications of their work. It
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was noted irthe fourth volune of The Future of the Two Towersh at @A Nei t her t he
curricula nor campus life seem adequate for informing students about the modern
probl ems or how the students must soon be pa
problem which the faculty was inteon solving.

In 1970 the planning committee gave their recommendations for changes, denoted
as the WPI Plan. The traditional idea of about 50 hours of work per week was kept for the
coursework to ensure WPI graduates remained hard working, and tmetedsas a
single unit of work. However, there were no longer requirements for what courses a
student had to be enrolled in. I nstead, the
projects and examinations, the students simply had to take coursepangpion for the
examination and apply what they learned to real world projects. This plan required an
examination in the studentdés major field of
prepared for whatever field they go into after graduating. Then Wes@lso another
examination to qualify for a minor field of study called the Sufficiency Examination,
which was most often in an area of the humanities and arts as most students were science
and engineering majors. This sufficiency examination was pulaoe to ensure the
students covered a broad program of study, were more aware of the world around them,
and rounded out a more complete four year education. This component was a redefinition
of the original WPI tower of theory.

In addition to the examations, students were required to complete two projects,
each comprising one unit of work. The first
of study to ensure a real world application

project was to beraactivity relating science or technology to the society, in response to
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the WPI graduate not having enough social aptitude. This would become the redefinition
of the original portion of the Two Towers philosophy of Theory and Practice.

In 1971 the reddtition of the Two Towers philosophy went into effect and
students began their transition into the new WPI program of study. The program had its
pros and cons as students greatly enjoyed the lack of course requirements, but seemed to
find the examinationdifficult and rather terminal, since graduation depended on passing
them. One particular difference was also the new grading system; instead of a numerical
system there were only the three grades of Unacceptable, Acceptable, and Distinguished.
Whether thenew system was accepted or unaccepted by the campus community, it was
certainly different, and required close attention in the first years of its implementation.
3.2 CURRENT PLAN

Over the next decade the Plan was closely watched to pick out any disespa
or loose ends, and along the way changes were made. One of the first changed had been
to the projects themselves, by giving them titles and restructuring the way they were
compl eted. The first project thwasttledas done i
the Major Qualifying Project (MQP) and these projects were done as though they were a
mi ni ature Masterodos thesis in a studentds sen
student was required to relate science or technology to the societyrg@sza work in
progress.

A key component to the new plan was instilling the importance of society into the
students of WPI, yet the only put in place for this was a project and andswdoped
social science department. However, then Presidehedhstitute George W. Hazzard

saw this as an excellent opportunity for pushing the Plan and raising funds for the school.
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As most academic grants at that point were given to Liberal Arts schools, President
Hazzard argued that WRIhokwaiséeriidas aldberalw | i ber al
Educatior). In this argument Hazzard pointed out that WPI students had a complete

university education with science, mathematics, humanities, arts, and also a component

forcing the student to interact with society. In &idd though to the traditional liberal

arts educations, WPI had something extra in that its graduates had an applied technical
background to contribute to society. The only problem that President Hazzard faced

though was that this revolutionary argumeinigled on a much more developed social

science program.

Hazzard saw this problem and charged the new Dean of Undergraduate Studies,
William R. Grogan, with the duty of polishing the social science component of the WPI
Plan. In fulfilling this duty Grogawalled on the National Science Foundation, which was
the largest supporter of the new educational system at WPI. The NSF sent an advisory
panel headed by Dr. David Riesman, who was at the time a Professor of Sociology at
Harvard University, with the dutyf@iving suggestions to WPI for improvement of their
social science program and then coming back to investigate and report on the status of the
schools program. After this report (The Final N8I ReportRiesmal), the second
project was changed drastigalbeing titled the Interactive Qualifying Project (IQP), and
in order to better prepare students for this as well as attract more social science faculty, a
course requirement of two social science courses was implemented.

Concerning the grading policwith the grades of Acceptable and Distinguished
the community had to much of a Pass/Fail resemblance simply with two varieties of

passing. While the idea of not failing a student and not relying on GPA was widely
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accepted as it provided the student with dpportunity to experiment without too high of
a risk, almost all felt that the studentods s
brought in the current system of A, B, C, and NR. The A, B, and C grades gave students a
thorough gage on how well theinderstood the material, while the NR (No Record)
allowed students to make up for their shortcomings without the depressing grade of F or
the obscure grade of D.

Lastly, regarding the examinations the faculty and administration eventually
threw out thadea entirely. Initially the exams were to be framed on the Graduate School
Qualifiers, testing the studentds overall th
being the Sufficiency Examination, which was taken as a logistical hindrance, was
thrownout in preference to the students taking two units (6 courses) in a minor field of
study with a capstone humanities and arts project composing one of these six courses,
which eventually composed the modern day Humanities and Arts component of the
curriculum, where a student takes five humanities and arts courses and completes a
sufficiency. The Competency Examination on the other hand was much more
controversial. This exam ensured that students were not required to take specific courses
and had freereigpf t heir course of study, but stil/l
in the theoretical knowledge of their major. However, the exam became a logistical
nightmare, professors had to take a good amount of time and effort to compose a
comprehensive examation that would cover the knowledge a student graduating in that
field should know, whether they took a course in it or not.

The problem arising with dismissing the Competency Examination was that the

students would then require course requirementsegong contradictory to the WPI
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Plan. The way the school found around this was to implement distribution requirements,
in which there were no course requirements for everyone as a whole. Instead,
requirements were worked out within each department, atehohsf being the one size
fits all distribution like before the Plan, the distributions were created closely with an
advisor and tailored for each studentods indi
education remained a personal experience, while alkmgeertain each student had the
basic requirements they might need in their field.

With these various changes the school finally came upon its current WPI Plan.
Under the current Plan, in order to graduate the students of Worcester Polytechnic
Institute are required to take a personalized distribution of courses in their major field of
study capped by a Major Qualifying Project. They are also required to take two social
science courses along with their Interactive Qualifying Project, and they arestetyuir
do the Humanities and Arts component that rounds off a complete four year university
education.
3.3 PHILOSOPHY

Along with the change to the current Plan also came skepticism. Many people
interviewed for this projelcan hiasd dreaadded ,t haet «clo
whether by a slip of the tongue or deliberate statement. Well if one states the
revolutionary ideas behind the change back i
say that Plan is dead because a plan is a solid struatiteeoriginal Plan was changed.
However, if the ideals of the original plan are taken to be a philosophy, the WPI Plan is

still very strong and will be affirmed by this paper.
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The Philosophy of the WPI Plan is that the true modern day education a$ émat
engineering education. An education where students go to school, gain a broad university
educations from humanities and arts to social sciences and mathematics, yet deepen
themselves in a major field of study with a technical background and theglracoject
experience to back it up. In this world technical background among the educated are
more and more important as we live in an age run by technology. This is all wrapped
together by the studentds i nvetsracisgitht i on i nt o
society, as not only does WPI graduate brilliant scientists and engineers, it now graduates

brilliant scientists and engineers that are prepared to take on the problems of society.
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4. CUSTOMIZED CURRICULUM

4.1 GENERAL SENCE PROGRAM OF STUDY
Upon entrance into Worcester Polytechnic Institute, Robert Goddard chose to
follow the General Science course of study. In the WPI catalog corresponding to
Goddar doés f r e-4995hdhe Generad SciencelcBudsd is descrlsdiking
Ai ntended to meet t he needsteahrical posiionsgn men wh o
commerce and manufacturing, to become teachers, or to enter upon professional study
|l atero. This course of study wasmawrsmuch br oa
one in which the first year and half of the second year was rigid with the exact same
curriculum as a Chemistry major, and the remainder of the schedule was to be filled in
conference with the President of the Institute.
This course of study lawed Goddard to specialize in Physics as there was no
Physics major at the time, and allowed an extremely large range of work compared to
other programs of study. Had he chosen Mechanical Engineering or Chemistry for
example, Goddard would have been regghito focus entirely on mathematics and shop
work in which the young Robert Goddard would have spent all four years applying math
and science to his technical specialty. Instead, Goddard chose to focus on the theoretical
background of the mathematics asmience courses and their application to society as a
whole and his own personal goals of space travel. General Science allowed this in many
was such as the individualized curriculum set up personally with an advisor (in this case
the President of the Ingite).
The description of the General Science pr

History, Economics, and Political Science are offered, in the belief that to the business
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man in nortechnical positions, to the merchant and manufacturer, as well as the
journalist and teacher, the study of society and of development of institutions furnishes a
training more practical and wuseful than
Goddarddés wishes very wel|l a Whtldmand at es
Why | Came to the Institutew a practical education should develop a man to be as
useful a unit as possible in the community and how he ultimately wished to enter
professional study in space travel and physics. The coincidence however, comes in th
fact that this very description also suits the wishes of the original planning committee of

the WPI Plan in the ideal system of an engineering education.

t

he

n h

42COMPARI SON BETWEEN GODDARDO6S COURSEWORK AN

REQUIREMENTS

In The Future of the Two Towethe planning group analyzed several concerns
about where education at WPI had been over its first century of existence, concerns of
which were outlined in Chapter 3 earlier in this report. At the end of the first report in

which the problems were laid band objectives considered, two of the possible

objectives stood out in | ater r egraduates, t he f
education in engineering and scienceodo and th
decisioamaking in a technolagc al soci et yo.

The first of these two objectives was to provide a high qualingpaduate
education in engineering and science. | n God

programs at WPI and the only outlet for a-graduate program was that oéeral
Science. All other courses of study were highly technical and assumed the student would

graduate to go directly to work in a technical capacity. This posed a problem in that WPI
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wished to have more distinguished graduates and to boost its repuaatidior a
university that partially meant achievement in research which could be identified with
WPI. In the years preceding the WPI Plan, engineering and science had evolved into
fields where a Bachel ords Degree Gwag amal 6lsong
course of study, Gener al Science, was the ma
just that, nortechnical positions allowing for entrance into professional study later.
This objective however did not mean a lesser quantity ortgudlivork required.
Something Goddard had in common with his fellow students regardless of the program
was that they were all required to do a minimum of 50 hours of work per week between
lectures, recitations, laboratory/shop work, and personal stugyg e course catalog
and Robert Goddardés transcripts it can be s
required a minimum of 51 hours per week up to 58 hours of work per week to ensure
success in his studies. This is also something the old systemitn the WPI Plan,
which called for a term of work to be called
50 hours of work per week. This similarity brings up the question of rigidity; just how
different is the WPI Plan from the old vocational schsysdtem and how does this
difference apply to Robert Goddard?
To understand the difference between the WPI Plan and its predecessor and part
of the reason Goddard was an exception to the WPI of his time, one must first consider
the difference between rigtgt of tradition and rigidity of purpose. To provide a quality
education in fields as important as engineering and science there must be a rigid structure
of some sort to ensure the engineers and scientists of the world are fully prepared. The

difference § that the old system of WPI was a rigidity of tradition, not accepting a
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departure from the old apprenticeship system and putting more emphasis on training
tradesmen then educated technical and scientific experts. The new system and the system
followed byGoddard in the General Science program called for a rigidity of purpose, the
rigidity that requires structure and hard work but has a specific purpose in the field of
study. Goddard came to WPI with the purpose of gaining the knowledge to put a vessel
into space, this purpose which was the future
individual curriculum as a General Science major. Likewise, the WPI Plan calls for a
personalized curriculum educating the individual student in their own technical isteres
through a rigid program of project based experience.

The second objective continuously mentioned by the planning group was to
educate for leadership and decision making in a technological society. This was
something that was of high demand for thenping committee as they were worried
WPI 6s reputati on waospeleracs & itk graduates tusr t ec hni c al
leadership abilitiesvere lacking Additionally, one of the gravest concerns for the faulty
in the 19600s was tdrseéemed ddegualdyPot infocming students| um n e
about societies problems and how they would soon be participating in solvinglthem (
Future of the Two ToweMol. IV, Pg. 28). This makes Goddar dbo
curriculum almost hand tailored as a prototggdahe broad range of study was meant to
include various courses in Humanities as well as Social Sciences to gain an
understanding of society, which was thought more practical to scientists then the study of
technical fields. This range allowed Goddarditaerstand both the theoretical
background to his goals in space travel as well as how to implement those goals as a

leader in society. This sentiment carried over into the new WPI Plan with an emphasis on
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the social science course requirements as weétleaproject requirement relating science
and technology to society which later became the Interactive Qualifying Project (IQP).

This connection will be discussed in further detail in the chapter dealing with the IQP.
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5. HUMANITIES AND ARTS

5.1 BREADTH OF A FOUR YEAR EDUCATION

Before the industrial boom of the late nineteenth century, technical experts were
mechanics, construction workers, architects, and other tradesman who were taught their
professions using the traidinal apprenticeship system. In this system an apprentice
would learn the technical expertise from a master of the field and go on to establish their
own practice. While extremely personal, this system became out of date regarding the
demands of the Indtrgal Revolution as tools and machines had to be mass produced and
now technical expertise had broad implications beyond a tradesumsgsmer transaction.

It was the opinion of many industrialists in
universitylike the liberal arts schools of England and the Ivy League that would educate

scientists and engineers to meet the demands of a technical society. Two of them were

right here in Central Massachusétt3ohn Boynton and Ichabod Washburn.

The choice thathiese two industrialists made to establish a technical school in
Worcester had many implications. One of the most important implications would be that
this was a university for technical education, not a campus full of masters and
apprentices, and that medhe students coming through were to come out as educated
engineers. The graduates were expected to be able to communicate their ideas through
speaking and writing as well as keep up with findings in foreign countries by studying
French and German, the joalanguages of the time. For these reasons, departments in
English, French and German were added to the Engineering and Science departments. In
order to ensure a broad Ol i beral dé education

courses were addeder the years in such disciplines as History and Art. However, it was
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later noted several times that these departments in the humanities were underdeveloped at
best. For years the three language departments (English, French, and German), were run
by a simgle professor, and Stephen Salisbury who had given a large sum of land and
money to the school often 6cringed6é at the ¢
because of what he ThaTwo €overBmp 32y tnthe yearsthaEn gl i s h
proceeded Salisbury established a fund for the development of the Humanities at the new
school, developing the subjects as a high priority by the time Goddard enrolled.
This breadth carried on in the WPI Plan as the Sufficiency, whereby the students
majoringin a scientific or engineering field would complete coursework and a
culminating project in the humanities and aftise Future of the Two Towestates that
the role of the humanities was an extension
understandig of hi msel f and of TheFstureoéteeplovmmsi bi | i ty
Towers Part IV Pg. 25). The argument was that the humanities all have an interface with
society and that the WPI Plan would fail at its goals if it did not instill sensitivitghéor
beauty, truth, and human values as well as an appreciation of great minds through their
writings (The Future of the Two Towers Part IRg. 26). The writers of the Plan were
ultimately concerned that they would produce technocrats, following ordedsyike
the engineers of Nazi Germany rather then 06h
No matter which time period at WPI one looks at, the humanities were always
viewed as important for a well rounded university education, whether the importance is
explicitly noticed or not. However, one student at WPI who certainly noticed the
importance of humanities in a technical education was Robert Goddard. Goddard took

several courses in German as well as a few courses in English totaling six courses in the
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humanities, coindentally the same number of courses required for the sufficiency in the
WPI Plan.
5.2 ENGLISH THEMES AND ABSTRACTS

Whil e at WPI Goddard took two courses 1in
O0Argumentationd6. I n O6Advanc exanmiicagethisr i cd6, God
ideas through writing and practiced with themting. All throughout his early life
Goddard enjoyed writing in his journals, but when Goddard got to WPI he seemed to use
the themes written in his English classes as a chance to polisbntineunication of his
ideas. Some of the themes he wrote were fThe
Steering of Airplaneso and AOn the Possibild.i
where he took the chance to think further about his ideas of spaeéwhile testing his
ability to communicate his ideas to people with no extraordinary scientific understanding
such as an English professor. We even start to learn through his journal and theme
writing during these Advanced Rhetoric classesthatstwaa ct ual |y t hr ough Gc
appreciation for great minds through their writings that he came to dream of space travel
as he did. This we | ater | earn was - argely d
fiction of H.G. Wells, and the inspiration of Wd s 6 Thé \War &f the Worlds

Il n the OArgumentationdé course students st
and or al debate, more than | i kely because of
thoughts and ideas. In this course Goddard leamedrbally express his ideas against
opposition,revi si ting the theme AOn the Possibility
with the idea of arguing his idea in addition to presenting it. He also learned the

important human value of disappointmentthph a t heme titl ed AA Hig
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where he presented an argument for magnetic levitation trains, an argument in which he
proved himself wrong. Both courses managed to instill in Goddard an understanding of
how to communicate and argue his scientifieasl as if speaking to a society with no
scientific knowledge. Concerning communication with the scientific world, starting in his
sophomore year Goddard took courses called 6
instructed on how to research and watécles for scientific journals gearing their ideas
toward a technically oriented crowd. This, in addition to the English courses, rounded out
a broad education in which Goddard learned to write and speak his ideas.
5.3 SPRECHEN SIE DEUTSCH?
The humaities courses that Goddard took the most of were German courses, in
which he took four. Of the four courses, two were Elementary German courses and two
were Advanced German courses, whereby the student learned anything from basic
grammar and structure up teading and interpreting technical articles in the German
language. Just as the Two Towers tradition has always been theory and practice,
everything learned theoretically was applied to some purpose. In this case science and
engineering students were ggat how to read, write, and speak German in order to apply
it to understanding scientific and technical articles in the language, which happened to be
the primary language of the technical world at the time.
Just as WPI offers foreign languages todaytierreason of understanding
cultures outside of the United States, it wa
According to the WPI website, ALanguage is t
communicate our thoughts and feelings, our dreams and wdg tfrlbough words.

Learning a new |l anguage al ways introduces us
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of Humanities and Artd;oreign Language MissipnJust as the WPI Plan emphasized
the humanities in order to deemddundprstandh u mane t
their responsibility to society, Goddard learned an important language and this gave him
insight into a thriving European povéethe Germans. This insight weaved in very nicely
with Goddard later work with rockets during both World Warstkwehich had immense
social implications concerning Nazi Germany.
5.4 INQUIRY SEMINARS

As described in section 5.3, the original goal of the Sufficiency was to gain an
ARappreciation for great minds throongh their
skills and to introduce the students to projects. For about 35 years the Sufficiency was a
paper about 20 pages in length written by a single student advised by a professor. While
this approach was indeed very personalized and effective, it couldteastudent
working alone and did not emphasize one of the most important lessons found in a
project: teamwork. Thus, over the past few years the Sufficiency evolved into what is
now called an Inquiry Seminar, where one professor holds a class of apgelyione
dozen students in order to achieve the goals of the Humanities and Arts requirement on a
larger scale.

While the Inquiry Seminar is not as personalized as the Sufficiency paper, it adds
in a wider range of capabilities and takes off the stwhone student doing all of the
work. The seminar also adds in one more attainable objective that enhances the
requirement as a preparatory requirement for both later project work as well as life in a
scientific and technological world. The original Suiiccy had as its results the

development of critical inquiry, research and investigation, intellectual independence and
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communications and writing. To these the seminar adds in the result of conversation and
dialogue, which develops the ability of collaBting with peers that is extremely

necessary for any endeavor.
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6. INTERACTING BEYOND TECHNOLOGY

6.1 AS USEFUL A UNIT AS POSSIBLE IN THE COMMUNITY

The key change made in the WPI Plan that distinguished the new systemdrom th
old was the idea of integrating technology and society. Before the Plan WPI graduates
were revered for their technical abilities but that was all they had, they did not have a
strong understanding of how their technical work affected society. Gradustegreat
mechanics and tool makers for local manufacturers but never raised high up in the ranks
as leaders. There were brilliant scientists coming out of the schools chemistry programs,
but never went on to do cutting edge research in the field.

The vey importance of this social component in engineering education can
perhaps be displayed best through Nazi Germany during World War 2. Albert Speer, the
Nazi Minister of Armaments, argued during the trial at Nuremburg that he was a
technocrat, someone winas governed by the technology he worked on. Intrigued by the
concept of rockets, Nazi scientist Werner
made incredible developments in the field of rocketry, not really understanding the
impact his research made society or the millions of deaths in London would result of
his research. All brilliant scientists who managed to use their genius in a socially
catastrophic way, not because they meant for it to be used that way, but because they
were fascinated by éhtechnology that they were working on but did not stop to question
the social implications.

Even though WPI without the social component did not produce a Speer or a Von
Braun, the only really distinguished piPéan graduate was Robert Goddard, and he

certainly understood the importance of integrating technology and society. In his
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graduation oration, Goddard used scientific history to explain how hopes and dreams

frame the history of science as long as it is kept in mind that scientific endeavor affects

the world around us, stating Awhat applies
Later, when he first entered WPI, Goddard wrote a theme for his first English course

explaining why he came to the Institute. In the theme he finished with the watds t

woul d eventually differentiate him from many

practical education, from an economic standpoint at,Ishsuld tend to develop what is
best in a man and to make him as useful a unit as possible in the comnunity
6.2 IMPORTANCE OF THE IQP

After all of the preceding talk it is pretty simple to understand the importance of a
project like the Interactive Qualifying Project. However, the question is how is it
important for the WPI Plan and how did the idea behirglghoject apply to Robert
Goddard? In the general scheme of things one has to consider how their work interacts
with the society, otherwise how can that work be noticed? That is to say, in order for an
incredible engineering project or some inspiring regea science to be noticed, the
project or research has to be put out into the society and be seen. Before the WPI Plan,
the average student at WPI did not consider the social implication of their research or
work, as long as hey did a good job at whatytwere told to do. This implies that
students at WPI were highly disciplined and extremely hard workers, but did not care to
get involved with the world around them. This kept the students in a box and restricted
the level of distinction they could gedrftheir work, because the world cannot give

distinction to an idea that it does not know about.
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At the heart of this problem in the piRkan education at WPI was Robert
Goddard, an extremely bright young General Science major who would one day
revolutionize rocketry and do key research that would aid in getting space travel on its
feet . 't is wultimately the goal of this repo
the spotlight while so many of his fellow students were content working as tradasthen
how that connects to the success of the WPI Plan. A major part of the solution would
have to be Goddardo6és interest in the worl d a
old was when he starting writing his diary entries, and the first entries veué a
Goddarddés concern about the Uni-AnedcanSt at es de
War). While most sixteen year olds are working, worrying about school, playing sports,
or going out, Robert Goddard carefully observed the news and often expressed his
concerns and ideas about world events.

Regardless of his childhood interests, Goddard never quite gave up his interest in
the social implications of things when it came to working. Robert Goddard was by no
means interested in space travel for the sakpate travel itself, but the possibilities
space travel would provide for the world. If one really thinks about space travel from
Goddarddés point of view, it is rather diffic
way. Goddard never actually wantspace himself, but he did keep on trying to put
mankind into space regardless to whether or
was to see world with no boundaries, one where society could go to Mars or anywhere
else it wanted to go.

Oneofthemaj or reasons a student at WPI had i

General Science was the availability of electives outside of Science and Technology,
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including economics and political science. This was obviously something Goddard took
advantage of mause he sampled both, taking the introductory courses in both economics
and political science, and doing fair well in both (receiving an A and a B respectively).
As Goddard became a Professor of Physics and entered professional research, according
tothecour se catalog of Goddarddés freshman year
development of institutions furnishes training more practical and useful then the study of
technical processeso (Thirty Fourth Annual C
Institute,Pg. 56). Ironically, Goddard took two social science courses, and WPI students
under the current WPI Plan are required to take two courses in social science.

The way in which the WPI Plan amplified this testament was through the
Interactive Qualifying Poject, a project often completed by students in their junior year
in which they relate science and technology to society. In the final report by the NSF
WPI Advisory Panel, the chairman Dr. David Reisman, who was a Professor of
Sociology at Harvard Univeri t y, wr ot e fAéit is clear that w
WPI is an engineer with training in the basic sciences who is at the same time conversant
with the social and human consequences of what was once assumed to be automatic
gr owt h an d&FingdNSE&EWRI Susnmary Report (ReismaRy. 16). According to
another member of the panel Dr. John Whinnery of the University of California at
Berkeley Electrical Engineering Department, when interviewing graduating seniors, the
first thing described as beirgbasis for job offers was the 1QPFrfal NSFWPI
Summary Report (Whinneryg. 11).

In his initial report to this NSF panel, William Grogan, the Dean of

Undergraduate Studies who was charged with implementing the WPI Plan, mentioned
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that courses in sl science have often been required in technical schools such as WPI

for a long time. It is also pointed out that while these courses are valuable on their own,
Aithere was no experiential component which Db
political, or humanistic dimensions of their technological woRdgtructuring

Undergraduate Education of Worcester Polytechnic Instifege,4). That is to say, while

a couple of social science courses may be good to influence a WPI student to connect

techndogy with society, it is not a systematic way of ensuring an awareness of that

interaction in every student.
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7. MAJOR QUALIFYING PROJECT

7.1 DEPTH OF A FOUR YEAR EDUCATION

When all is said and done in the four years one spatralsollege, the ultimate
result should be a certain level of expertise in a field. This depth in a certain major field
of study is the culmination of coursework and projects over the period of four years, and
it is this depth that the Bachelor degreenigs at face value. A question that often
plagues universities and colleges around the world however is how does one measure the
success of the four years a student spends studying? How can a university issuing a
degree know that the graduate has thstlileequired to go out into the real world and do
what the degree says they now have expertise in? Every college has its own methods of
measuring this final outcome, and WPI under its new Plan had to choose what it wanted
to use as its mechanism.

A frequent and somewhat obvious initial mechanism is the idea of a
comprehensive examination to test the student in the knowledge they should have after
four years of studying. This was true for both the founding of WPI as well as the
establishment of the WPI Plawhere in both cases the first solution the school came to
was an examination. At the start of WPI in
pass comprehensive examinations the morning of their graduation, which can be
observed in the first gra@tion program of 1871Tte Two Towersg. 55). However, as
the years went on these examinations diminished, as by 1882 the examinations dwindled
down to presentations and oral quizzes of an abstract, and by the time Robert Goddard
enrolled there were nexaminations at all. The examinations became logistical

nightmares even for the considerably small classes of the nineteenth century, and were
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eventually replaced by a senior thesis which was to be written and defended upon
graduation.

One hundred yeatater, at the foundation of the new WPI Plan there was an
almost identical difficulty. After every term, a week was devoted to Competency
Examinations in the major fields of study which the student had to pass once in order to
graduate. The examinatonwa ant t o test the studentds com
through complex problems much like those in which they will be expected to solve as a
graduate in a specified majdréstructuring Undergraduate Education at Worcester
Polytechnic InstitutePg. 5). Tlese were one or more open problems in which the
students were allowed to utilize reference materials, computer facilities, the library,
laboratories, and faculty. This would then culminate in the students presenting their
findings to the examination boaathd then discuss the methods and principles of the
solution as well as alternative approaches. The problem then encountered with this
examination was once again, the logistics.

In his reportRestructuring Undergraduate Education at Worcester Polytechnic
Institutet, Dean Bill Grogan stated, fnNDespite a gr ¢
learned by this type of competency measurement and developmental work continues in
this areado (Pg. 6). As every student had to
graduate school qualifying examinations, making sure the students are qualified in the
field by quizzing them on the material they are expected to know from courses and
studying. However, the workload impressed upon the faculty was enormous, as they had
to develop a new examination for every year and commit time to coming up with

problems and the various solutions to those problems. This was a heavy burden in
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addition to the projects the professors were expected to advise, the research they were
expected toarry out, and the courses they were expected to teach! Thus, just as the
exams 100 years earlier were phased out, the Competency Examination was eventually
replaced by course distribution requirements and a heavier emphasis placed on the Major
Qualifying Roject Reflecting on 35 Years of the Plan
7.2 MQP VERSUS THE THESIS
No matter what changed, whether it was at the founding of WPI or the
implementation of the WPI Plan, the foundation of WPI has always been the projects.
The measure of the depth afueation one receives at WPI in a major field is now
measured by the courses the student takes and the Major Qualifying Project (MQP). In
the time Goddard went to WPI, students were to practice what they learned and present a
solution to a problematgradut i on. Goddard hi mself wrote a t
Conductivity of Selenium and Allied Anomal ou
knowledge a General Science major was to have gained over four years and applied it to
the solution of a problem peesentative of the field. While the engineers were practicing
their theoretical knowledge in the machine shops, Goddard was taking what he learned
and applied it to gain an understanding for setting up and carrying out research of his own
and ultimately ommunicating the results in a senior thesis.
The MQP is meant to fulfill a very similar objective as the senior thesis.
According to the most recent undergraduate catalog 2009 , t he MQP dAshoul d
demonstrate application of skills, methods, and knowledgjee discipline to the
solution of a problem that would be represen

careero (Pg. 16). Part of this project is al
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in which the student is to design a study, t@sharatus, or research into a subject and

also display the external influence the topic would have. By doing this, the student takes

into account all that they have learned over the four years of schooling including the

courses and studies into a spedifiscipline and the effect on society learned from the

social sciences, and they then employ the ability to communicate those ideas that they

learned from the humanities. The end result is a report with results which must then be
presented and defended, mak g t he MQP a sort of miniature
subject matter of the MQP is not of as much
purpose of doing the research and presenting

the same.
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8. CONCLUSIONS

8.1 SUMMARY OF RESULTS
Worcester Polytechnic Institute was found
philosophy: Theory and Practice. From the very start WPI has been devoted to a
complete education in the fields of science and engineering. Blyitgathe students the
theory in mathematics and science and even in the more technical subjects of
engineering, students learn the rules and procedures necessary to solving a scientific
problem. This theory is then applied to practice in those subjeatdyich the students
actually use the rules and procedures in a technical application. In the early years of the
school these applications were in the fields of mechanics, chemistry experiments, bridge
building, railway establishment, and many others. €lasplications distinguished young
engineers who not only had the necessary head work for an engineer, but also the hand
work to understand engineeringdés application
does technology and what was importantintechnogy at WPI 6s founding
a priority going into the twentieth century. The world required different advances, and
students of science and technology needed to understand what advances the world
needed, this is something Robert Goddard undedstal something the WPI Plan aims
to ensure.
Il n the early 19006s when Goddard was a st
of the Two Towers was very much the same as it was at the founding. Mechanical
Engineers were in the shop designing and buildiotstand the Civil Engineers were out
surveying the railroads of pe€livil War America. Robert Goddard did not come in

interested in railroads or tools, he came in with a dream of space travel, something that
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the world thought was nothing more then fictlmrt would one day reach as a reality.
From the various diary entries and academic papers Goddard had written up to his
graduation from WPI, one can tell that he knew the advances which space travel would
one day imply to the entire world.

Thus, we comeotthe primary difference that distinguished Goddard from the rest
of the prePlan graduates and ultimately distinguished Goddard among fellow scientists
and technologists of his time; Goddard knew that in order to succeed in science and
engineering one mutok at the broader implications of an idea. Engineers must look at
how the project affects the world around them and the scientist must look at what
implications their research has on society. What may be extremely interesting research or
an outstandingroject may simply be of no use to the society, from which the scientist or
engineer would not receive any distinction no matter how hard they had worked.

When the WPI Plan was developed it was geared towards making the good school
the Institute was intan excellent one. The school wanted the ability to claim more then
one distinguished graduate, whether it was in the field of science, engineering, or even
management. While no evidence exists to say the WPI Plan was based on its most
distinguished gradue up until that point (Robert Goddard), one can surely observe
Robert Goddarddés education here and it swucce
philosophy behind the WPI Plan is indeed at the very least a walk down the correct path.
This affirmatio is in the incorporation of society into the education at WPI, not just in
the IQP, but even in the MQP a student has to include how their research and
experimentation affects more then just the project but things such as economics, the

environment, polits and others.
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8.2 REDEFINITION OF THE TWO TOWERS PHILOSOPHY

There was a good reason why the report given by the Planning Committee was
titled AThe Future of the Two Towerso. Right
undergraduate degree requirensethie planning committee speaks of the Two Towers
philosophy as an evolutionary proce$hé Future of the Two Towers Part IRg. 18).
The Two Towers philosophy has always been and will always be theory and practice, but
what has changed with the WPI Plarthe very definition of those words. The theory is
still more or less the same with more Humanities and Social Sciences thrown in, because
the school wanted to be more then a glorified trade school and wanted to be able to train
engineers who had a wetlunded education. The real redefinition is in the word practice,
which has always been the component in which students take what they learn in class and
apply it in the shop or in the field. In the WPI Plan the practice component was redefined
into the pojects in which the student had to apply what they learned in the theory to
various projects. The application though could not just be technical; it had to include a
broader application to society as well.
8.3 RECOMMENDATIONS

As for recommendations treeare two for the school, not to better the Plan itself
but to enhance the effectiveness of the Plan already in place. The first recommendation
would be to increase marketing of the Plan including a logical presentation of the project
system and how allfahe projects fit together to mold a modern engineer. Goddard was
successful in his endeavors because he knew the importance of the big picture, meaning

he was intelligent in physics but also knew how important it was to be able to
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communicate his ideakrough speaking and writing and he also knew that his ideas had
a greater impact then a purely scientific influence.

Incoming students and people looking at WPI from the outside need to see the
project system on a much more intimate level, they should®seetudents are
introduced to communications and humanities through the Sufficiency. These abilities are
then practiced on the Interactive Qualifying Project which also introduces to a student
that their work in science and engineering influences thetyaround them. These
projects and the curriculum all converge into a Major Qualifying Project, which should
combine academic knowledge, technologies impact on society, and the ability to
communi cate oneds i deas. Thstheolgndtiejwerldt i s ul t
that the student is now qualified to become a young impressionable scientist or engineer,
ready to make a difference in the worldhe people that make the decisions as to what
scientist or engineers receive that distinction want rtiee just academic ability, they
want to understand the young scientists idea or the engineers project through
communications and they also want to know how it affects thé&e WPI Plan is hand
tailored to do just that with its curriculum and projectg, the school needs to find some
logical advertising tool to put all of these projects together in the public eye and show
how they all contribute to the resulting well rounded graduate.

The final recommendation is to further analyze the WPI Plan. Tpastre
analyzed the events that preceded the Plan and was meant to affirm the philosophy
behind the Plan through the school s most su
Goddard. The school wanted more distinguished graduates like Goddard was, and

managed to pin point the characteristics that made him distinguished in the Plan. Future
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analysis should take this research further to observe if the Plan succeeded by looking at

WPI graduates from the Planodés i mptoaldnent at i on
include interviews of success stories such as successful researchers or chief executive

officers of companies who are alumni under the Plan. This would compound on this

report by measuring the actual success of the WPI Plan, and possibly giving

recommendations for how to improve the Plan.
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10. APPENDIX

Attached ¢ the end of thiseportare scans of the fobbwing primary source

1 Robert Goddard Worcester Tech Transcrigieginning with the Second
Semester of his Freshman Ye@tarting on Pagé8)

In a separate document subedttonlineas a supplementary documeante scans of the
following primary source

1 Robert Goddar@s snior thesigiA Study of the Conductivitgf Selenium and
Allied AnomalousConductoré [DocumentTitle: Aigoddardthesis[1].pdf
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