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Never To be Decayed: A Study of 
“The Simplon Pass,” by William Wordsworth

Jane Zafran

Crossroads are where two paths converge, creating a meeting point. 
They are locations that encompass two spheres, belonging not entire-
ly to one or the other. In the poem “The Simplon Pass” by William 
Wordsworth, the realms of man and nature meet as travellers journey 
through a mountain pass in Switzerland. Though the pass is not a lit-
eral crossroads, it illustrates the crossing of the worlds of man and na-
ture, which then merge together as one. As the travellers move through 
nature, they observe their surroundings and note the relationship be-
tween the various natural occurrences they see. The poet conveys how 
all elements of nature, even opposing ones, are imbued with a greater 
sense of divinity. Since the divine is both eternal and unifying, it trans-
forms individual elements of nature as well as man into part of some-
thing greater than themselves, which ultimately reveals man’s delusion 
in seeing himself as separate from the world around him. 

Wordsworth’s dynamic diction and use of personification gives the 
impression that nature is alive. The sense of motion conveyed by the 
“blasts” (line 6) and “shooting” (9) of water along with the “thwart-
ing” (8) of winds creates a vigorous tone that highlights the liveliness 
of nature. Wordsworth further emphasizes the energetic atmosphere 
by noting where the travellers see such commotion—“in the narrow 
rent” (7)—whose small space is bursting with activity. Even nature’s 
seemingly less forceful occurrences have a sense of life to them, which 
Wordsworth conveys through his personification of the rock faces. 
Wordsworth details how “The rocks that muttered” emitted only quiet 
murmurs but still “spake… As if a voice were in them” (10-12), thereby 
portraying the rocks as having the human-like power of speech and ca-
pacity for communication. Considering that the rocks “[mutter] close 
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upon [the travellers’] ears” (10), they appear to be communicating to 
man, permeating his space as they make their “voice” heard.

More specifically, Wordsworth’s vibrant imagery illuminates the chaos 
present in nature. For instance, when illustrating the “blasts of water-
falls” (6), Wordsworth emphasizes the water’s violent and explosive na-
ture by describing its motion as “blasts.” Water’s strength is also appar-
ent in the “torrents shooting from the… sky” (9), whose sudden and 
forceful movements reinforce the element’s power. Other elements are 
also depicted as carrying great force; for instance, Wordsworth details 
the “Winds thwarting winds bewildered and forlorn” (8), distinguish-
ing between “winds” and “winds bewildered and forlorn” to suggest a 
differentiation among winds by their varying degrees of power. By con-
trasting the more powerful gales with the “forlorn” winds, which stand 
little chance against their stronger counterparts, Wordsworth paints 
a powerful picture of nature battling against itself. The description of 
these winds as “bewildered,” which connotes disorientation, adds to the 
sense of chaos amidst the fighting. Further illustrating the sky, Word-
sworth also describes “The unfettered clouds” (14), whose lack of re-
straint indicates nature’s sense of release in its actions. The clouds’ free-
dom from constraint amplifies the urgency in the water’s movements 
and intensity of the winds’ clash, all of which contribute to a sense of 
upheaval as nature unleashes its wrath. In fact, the description of the 
“raving stream” (13), which connotes madness, further supports the 
notion of nature as unhinged and to a certain extent even dangerous. 
           
However, there are also undertones of peace in nature that contrast its 
chaos. For example, Wordsworth juxtaposes the harsh, mighty move-
ments of water with its softer flows by depicting the “drizzling crags” 
(11), whose surfaces have been delicately sprayed with light rain. By 
giving an example of how water moves gently in addition to forcefully, 
Wordsworth reveals the dual nature of the element. Such duality exists 
not only within elements but also across natural forces; for example, 
Wordsworth’s explanation of how “The rocks… muttered” (10) when 
they appeared to speak underlines their soft tone of voice, which di-
verges from the force and vigor exhibited by the water and the winds. At 
times, dual forces of nature seem to contradict one another; for instance, 
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Wordsworth uses an oxymoron in describing the “blasts of waterfalls” 
as “stationary” (6), whose implied stillness conflicts with the sudden 
motion indicated by “blasts.” Similarly, Wordsworth explains that the 
“torrents” that shoot through the air come from “the clear blue sky” 
(9), whose calm atmosphere seems an unlikely source for the stormy 
outbursts. Though the untroubled sky seems detached from the violent 
rain, the fact that one actually stems from the other indicates that they 
are ultimately connected. Thus Wordsworth’s contradictory language 
mirrors the mechanisms of the natural world; on the surface nature ap-
pears at odds with itself, but underlyingly its forces work together.

Wordsworth explicates the relationship between various natural oc-
currences by elaborating on the unity in nature. When summariz-
ing the various natural phenomena the travellers see, Wordsworth 
acknowledges the conflicting elements of nature—the “Tumult and 
peace” and “the darkness and the light” (15)—but contends that they 
“Were like the workings of one mind” (16), thereby indicating the uni-
ty and interconnection between the opposing forces. Since separate 
elements of nature are like “features of the same face” and “blossoms 
upon one tree” (16-17), they serve as smaller pieces that together make 
up a larger whole, despite the fact that they individually conflict with 
one another. The repetition of the word “one” reinforces the unity of 
nature, which is more largely reflected in the poem’s structure. All one 
stanza, Wordsworth arranges the poem’s lines together as one, and 
with no rhyme scheme, he doesn’t group any lines together to set them 
apart from the rest. Instead, all of the lines meld together, echoing the 
harmony of nature. In fact, as Wordsworth outlines the various natural 
occurrences the travellers see, he writes one sentence spanning seven-
teen lines (which is one of only two sentences in the twenty line poem, 
the first of which only provides context for the poem) that also mirrors 
the oneness of the natural world. 

In particular, an overarching divine presence connects opposing facets 
of nature. By illustrating nature’s liveliness and giving nature a “voice” 
(12) and “mind” (16), Wordsworth suggests a godlike power and will 
behind the “workings of ” (16) nature. However, Wordsworth deliber-
ately leaves the “voice” and “mind” of nature unnamed, which suggests 
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that the power and will manifested in nature extends beyond that of 
one conception of the divine and more largely refers to a greater sense 
of divinity imbued in the natural world. Such divinity is most apparent 
in the outpour from “the sky” (9), which connotes divine power from 
above, and “region of the heavens” (14) that converges with the earth, 
signaling the infusion of the divine into the natural world. However, 
the vibrancy the travellers see “at every turn” (7) reflects such divinity’s 
all-pervading embodiment in nature. It encompasses both peace and 
chaos, and its greatness makes for the “sick sight / And giddy prospect” 
of nature, in this case illustrated by the “raving stream” (12-13). The al-
literation and enjambment of the word “sight” emphasizes the sublim-
ity of nature, which is “giddy” in the sense that it is both terrifying and 
exciting, yet another way in which nature is twofold. 

Also related to nature’s grandeur is its eternality, which Wordsworth 
illustrates through his sweeping diction and imagery. For example, 
Wordsworth highlights the “immeasurable height” (4) of the trees in 
the forest, suggesting that they are so vast and monumental that their 
stature is beyond human comprehension. The enjambment of the word 
“height” reinforces how the trees appear infinite, seeming to reach into 
the sky forever. Such limitlessness is also apparent in “The unfettered 
clouds” (14), whose unrestrained powers mirror the unboundedness 
of the trees. Wordsworth also notes that these “woods” are “decay-
ing” (5), conveying that they deteriorate like all other living things. 
However, he elaborates that they are “never to be decayed” (5), which 
suggests that nature works in cycles, dying and regenerating so as to 
maintain itself. By outlining what nature is “never to be,” Wordsworth 
establishes that nature is “without end” (20) and will continue to live 
on as time progresses, allowing it to last enduringly. 

Nature’s eternality also stems from its divinity. Though the absence 
of the word “God” indicates a universal divinity as opposed to one 
embodiment of the notion of the divine, Wordsworth’s description of 
these natural occurrences as those “Of first and last” (20) alludes to the 
Judeo-Christian notion of God as the Alpha and Omega. By referenc-
ing a moment in which God declares himself to be the beginning and 
the end, Wordsworth highlights the eternality and ever-present nature 
of the divine. Wordsworth elaborates that these natural occurrences 
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of “Of first and last” also encompass those of “midst” (20), blurring 
them together to convey the divine’s constancy throughout time. By 
explicitly referring to the various natural occurrences the travellers see 
as “The types and symbols of Eternity” (19), Wordsworth reveals how 
the essence of nature makes it imperishable. Though nature’s cycles 
most literally keep it alive, the divinity imbued in the natural world 
also gives nature its lasting existence. Since the divinity in nature re-
mains even as nature physically decays, individual elements of nature 
are eternalized by the divine, making each natural occurrence enlarged 
by the greater complex of divinity it is entwined into. 

Moreover, the fact that of all the travellers, it is the poet who illu-
minates nature’s sublimity reveals the poet’s capacity for heightened 
evaluation of the world around him. In declaring that nature is “never 
to be decayed” (5), the poet not only proclaims nature’s eternality but 
also expresses his transcendent view of nature. Though others perceive 
nature simply to be “decaying” (5), visualizing nature as earthly and 
impermanent, the poet understands nature as mystical and everlast-
ing, signifying more than its physical composition. The poet’s ability 
to loosen his mind’s restraints allows him to see nature’s endlessness, 
making the poem a reflection of nature’s “voice” (12) and “mind” (16) 
as much as the poet’s. Since the poet’s magnified imagination allows 
for the interplay between fantasy and reality, it also contributes to the 
poem’s self-contradictions, making the poem at times seem inconsis-
tent and implausible. For example, in describing elements of nature 
as “Characters of the great Apocalypse” (18), Wordsworth paints a 
dramatic picture of the final destruction of the world, transforming 
his seemingly ordinary surroundings into a greater, symbolic event. 
However, this “Apocalypse” contrasts the notion of “Eternity” (19) 
mentioned in the following line, whose everlastingness seems at odds 
with the end of the world. These contradictory notions of endings 
and eternality reflect the heightened state of the poet’s imagination in 
which such conflict naturally occurs; as the poet’s feelings spontane-
ously overflow, there are clashing emotions and ideas, just like there 
are contradictions inherent in nature itself. However, even with such 
opposition, there is overlap—there is a sense of eternality to the final 
destruction of the world, a permanence to its complete demolition. 
Moreover, other interpretations of the “Apocalypse” support the sense 
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of divinity and eternality expressed in nature. For example, the “Apoc-
alypse” may refer to The Book of Revelation, which is the last book of 
the New Testament. If elements of nature are “Characters” in the Bible, 
they are agents of God as well as the models we study in order to un-
derstand the relationship between God and man, which conveys how 
nature is holy and acts as a medium through which God reveals him-
self to man. More broadly, the connotations of uncovering and revela-
tion associated with the word “Apocalypse” suggest a divine revelation, 
which can apply to a greater sense of divinity that extends beyond the 
Judeo-Christian conception of the divine recorded in the Bible. 

Though the poet’s exceptional vision distinguishes him from the com-
mon man, ultimately all men and nature are connected. By calling 
“Brook and road… fellow-travellers” (1-2), Wordsworth portrays the 
stream and road as the travellers’ companions in the pass. The stream, 
whose water connotes life and rebirth, and the road, whose soil brings 
to mind similar notions of fertility, convey how nature is a source of 
life. Also related to the notion of God as the Alpha and the Omega, the 
divine is the foundation upon which all things are created, which gives 
all elements of creation—both man and nature—the same beginning. 
Considering that the travellers move “with them” (3), which refers to 
the “Brook and road,” man and nature are in sync with one another, 
united by their common roots and continuing their journey together 
along these paths. Because they are both “workings of ” (16) the di-
vine, man and nature are a both part of the same system, their worlds 
melded together rather than set apart. 

Altogether, “The Simplon Pass” suggests that no matter how detached 
man seems from his surroundings, he is ultimately connected to the 
world around him. Through nature’s harmony, Wordsworth reveals 
that forces of nature which appear to conflict with one another are 
underlyingly united; for man, this paradox more largely reflects that 
in spite of his belief that he is separate from the natural world, he is 
in fact a part of the unity among nature and the greater meaning it 
embodies. The sublimity of the natural world that the poet expresses 
man being part of signals man’s arrogance in valuing his individual life 
and foolishness in separating himself from something so grand and 
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magnificent. Though man’s individual existence is finite, the natural 
world he is ingrained in is everlasting. Only by magnifying his emo-
tions and heightening his imagination does the poet convey the truth 
about man’s existence, thereby opening his mind in order to see greater 
meaning in his surroundings. The poet embraces nature’s duality and 
contradictions, which create nature’s greatness rather than defining its 
differences. In taking a step back and looking at his surroundings from 
a broader, more comprehensive perspective, the poet gains a greater 
understanding of the world around him. For the common man, his 
consciousness is limited in his black and white distinction between 
himself and his surroundings, which creates a false disconnect he de-
ludes himself into believing.
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The Simplon Pass
By William Wordsworth

                   —Brook and road
Were fellow-travellers in this gloomy Pass,
And with them did we journey several hours
At a slow step. The immeasurable height
Of woods decaying, never to be decayed,
The stationary blasts of waterfalls,
And in the narrow rent, at every turn,
Winds thwarting winds bewildered and forlorn,
The torrents shooting from the clear blue sky,
The rocks that muttered close upon our ears,
Black drizzling crags that spake by the wayside
As if a voice were in them, the sick sight
And giddy prospect of the raving stream,
The unfettered clouds and region of the heavens,
Tumult and peace, the darkness and the light—
Were all like workings of one mind, the features
Of the same face, blossoms upon one tree,
Characters of the great Apocalypse,
The types and symbols of Eternity,
Of first and last, and midst, and without end.
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How Students Think About Learning:
Growth Mindset in International Contexts

Kira Sze

Introduction

We all know that friend, or acquaintance, or maybe this applies to you, 
who believes that he or she “just isn’t a math person.” This statement 
has become a colloquial phrase that is casually thrown around in con-
versation—whether in the context of an adult prematurely excusing 
the few extra seconds it took him or her to calculate the tip on a bill, 
or a high school student’s response to the C+ he or she received on the 
last algebra test.

Professor Carol Dweck proposes a different mindset, specifically relat-
ed to the C+ scenario. In her TED talk, she describes a grading method 
that was implemented in a high school in Chicago; if students didn’t 
pass a course, they got the grade “not yet.” The “not yet” grade refer-
ences the natural curve of learning, a student’s academic room-for-im-
provement in the future, instead of connoting failure and hopelessness, 
which is the effect of receiving a C+.1

Dweck describes students who embody the “not yet” mindset regard-
ing learning and intellectual challenge as displaying a growth mindset, 
or a mastery-goal orientation (these terms can be used interchange-
ably). Those are the kinds of students who embrace challenges and 
academic failures because they understand that “their abilities [can] 
be developed” and that their intelligence is malleable. Contrastingly, 
students who embody a fixed mindset perspective, or a fixed-ability 
orientation, shy away from challenges and see the “not yet” grade as 
a representation of their intelligence failing. “Instead of luxuriating in 
the power of yet, [fixed mindset students are] gripped in the tyranny 
of now.”2

This paper was written for Peter Brown’s Global Scholars Research 
class in the spring of 2016.
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Dweck also explains how fixed mindset students respond to academic 
challenge or failure:

In one study, they told us they would probably cheat the next time instead 
of studying more if they failed a test. In another study, after a failure, they 
looked for someone who did worse than they did so they could feel really 
good about themselves. And in study after study, they have run from dif-
ficulty. Scientists measured the electrical activity from the brain as stu-
dents confronted an error. On the left, you see the fixed mindset students. 
There’s hardly any activity. They run from the error. … But on the right, 
you have the students with the growth mindset, the idea that abilities can 
be developed. They engage deeply. Their brain is on fire with yet.3

They are able to process the error, correct it, and learn from it. This is 
the power of yet, the power of a growth mindset.

Dweck, as well as other professors in the field of psychology, have in-
vestigated the implications of growth mindset and fixed mindset on 
academic development and performance; not only are growth mindset 
students more resilient in the face of academic challenges and failures, 
but these students have also been shown to perform higher and have 
an upward trajectory in grades.4 Furthermore, studies have shown that 
a growth mindset can be taught; in one study, teachers who generically 
praised a student for being good at something, (for example, “you are 
a good drawer”) tended to foster a fixed mindset in that student. These 
students were more likely to feel bad about their skills when confront-
ed with challenges, or feel “stupid” when they did something wrong. 
Contrastingly, teachers who praised the process that students used to 
achieve success (for example, “you did a good job drawing”), fostered 
a growth mindset in those students, which was more conducive to an 
academically successful classroom.5

Research on growth and fixed mindset is fairly novel. Although simi-
lar educational philosophies, such as mastery learning, have been pro-
moted by educational leaders including Maria Montessori and John 
Dewey, the terms growth and fixed mindset were coined within the 
past two decades. Furthermore, growth and fixed mindset research has 
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been primarily focused on elementary school children in the United 
States.6 This paper aims to extend these findings by exploring the sig-
nificance of a growth mindset in the context of secondary schools inter-
nationally. Specifically, this paper will examine successful high school 
systems globally to see if and how these systems’ pedagogical practices 
foster a growth mindset, which might reveal how growth mindset is 
conducive to secondary-school academic success on a global scale.

First, we must agree on what a “successful” education system looks 
like. In order to do this, we must also agree on what the fundamental 
goal of education is. After all, the goal of education has differed be-
tween cultures and time periods, from assimilation and acculturation 
to inspiring a patriotism in the upcoming generations. In this paper, 
the claims and analysis going forward will be based on the assumption 
that the goal of education is to produce students with skill and compe-
tency development, and intellectual resilience. In other words, the goal 
of education is to prepare students to become effective citizens in the 
modern world. Following this definition, a growth mindset is condu-
cive to educational success.

The three successful secondary educational systems that will be ex-
plored are those of Finland, Poland, and South Korea. These countries 
were chosen based on their notably high rankings on the internation-
ally-administered PISA.7 Amanda Ripley, a writer and reporter who 
studied the PISA, explains the exam as such:

This strange new test was called PISA, which stands for the Program for 
International Student Assessment. Instead of a typical test question, which 
might ask which combination of coins you needed to buy something, the 
PISA asked you to design your own coins, right there in the test book-
let. PISA was developed by a kind of think tank for the developed world, 
called the Organization for Economic Co-operation and Development, 
and the scientist at the center of the experiment was Andreas Schleicher, 
[who, after working with many different types of standardized tests, was 
convinced that] the world needed an even smarter test, one that could 
measure the kind of advanced thinking and communication skills that 
people needed to thrive in the modern world. Other international tests 
had come before PISA, each with their own forgettable acronym, but they 
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tended to assess what kids had memorized, or what their teachers had 
drilled into their heads in the classroom. Those tests usually quantified 
students’ preparedness for more schooling, not their preparedness for life. 
None measured teenagers’ ability to think critically and solve new prob-
lems in math, reading, and science. The promise of PISA was that it would 
reveal which countries were teaching kids to think for themselves.8

As Schleicher aptly described, the PISA doesn’t test for “answers to 
equations or to multiple choice questions, [it tests one’s] ability to think 
creatively.”9 PISA also had implications for life beyond high school: 
a student’s score was a better predictor of that student’s likelihood of 
continuing to college, or likelihood of dropping out of high school, 
than his or her report card. “PISA wasn’t measuring memorization, it 
was measuring aspiration.” As Ripley described, “PISA results [sketch 
out a] treasure map of the world [that can] sort out which countries 
[are] teaching all of their children to think, and which are not.”10 This 
is the treasure map that I used to identify successful high-school edu-
cational systems. Instead of merely choosing the three countries that 
were ranked the highest, I chose to study the three systems of Finland, 
Poland, and South Korea because they have very different stories and 
strategies regarding how they reached the top. Furthermore, I was able 
to reference the work of Amanda Ripley, who studied these three sys-
tems extensively and wrote about her findings in The Smartest Kids in 
the World.

Using Dweck’s and other scholars’ research and primary-source re-
search from a survey I conducted and analyzed of secondary students in 
Finland and Poland, I found that Finnish and Polish secondary school 
pedagogical practices cultivate a growth mindset, which is conducive to 
their academic success. South Korea’s academic meritocracy is condu-
cive to a growth mindset, and contributes to the country’s success on the 
PISA. However, the cultural pressure on South Korean students to prove 
their intelligence on the college-entrance exam, and the rigid caste sys-
tem that’s based on these scores, inflicts a fixed-mindset on the students, 
which has negative implications for students’ mental health. These case-
studies, when explored in parallel, suggest that a growth mindset is con-
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ducive to academic success, whereas a fixed-mindset, in a high-pressure 
environment, can be detrimental to students’ well-being.

Educational Psychology: Growth vs. Fixed Mindset

Psychological research revealing the power of growth mindset, and 
the dangers of fixed mindset, is novel but fascinating. The concepts of 
growth and fixed mindset are closely tied to Carol Dweck, a professor 
of psychology at Stanford University, who pioneered the nascent field 
of educational psychology known as achievement goal theory. This field 
is founded on the dichotomy between a fixed mindset (more formally 
known as a fixed-ability goal orientation,) and a growth mindset (more 
formally known as mastery-goal orientation.) In the field of psychol-
ogy, people who possess a fixed mindset are referred to as “entity theo-
rists,” whereas people who possess a growth mindset are referred as 
“incremental theorists.”11

These two mindsets are relevant to many aspects of learning, includ-
ing how one would approach or regard “challenges,” “obstacles,” “ef-
fort,” “criticism,” and the “success of others.” This relevance is con-
cisely illustrated in an infographic that summarizes Dweck’s findings, 
which shows that a fixed-mindset leads to “a desire to look smart and 
therefore a tendency to … avoid challenges …[to] give up easily …
[to] see effort as fruitless … [to] ignore useful negative feedback … 
[and to] feel threatened by the success of others. As a result, “[students 
who possess a fixed mindset] may plateau early and achieve less than 
their full potential.” Contrastingly, this infographic also shows that a 
growth-mindset leads to “a desire to learn and therefore a tendency 
to … embrace challenges … [to] persist in the face of setbacks … [to] 
see effort as the path to mastery … [to] learn from criticism … [and 
to] find lessons and inspiration in the success of others. As a result, 
“[students who possess a growth mindset] reach ever-higher levels of 
achievement” (see Appendix).

These tendencies are visible in the findings of Dweck and related schol-
ars. One particularly informative study, which was conducted by psy-
chology professors at Columbia University, Barnard College, Stanford 
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University, and a doctor at Columbia Presbyterian Medical Center, ex-
plored how beliefs about intelligence (i.e. a growth or fixed mindset) 
influence learning success. Through a social cognitive neuroscience 
model, this study showed that entity theorists tend to emphasize per-
formance goals (i.e. getting good grades), which can make them more 
“vulnerable to negative feedback” and less likely to engage in intellectu-
al challenges. Contrastingly, incremental theorists were shown to tend 
to focus on “learning goals” (i.e. understanding a complex concept) 
and “rebound better from occasional failures.” In the study, students 
took a “test of general knowledge” and were evaluated after being con-
fronted with various challenges, and then retested to examine to what 
extent the students were able to positively rebound from the challenges. 
The study showed that “entity theorists [didn’t respond well to] nega-
tive performance feedback,” which was related to their “concerns about 
proving [their] ability relative to others.” Furthermore, entity theorists 
demonstrated “less sustained memory-related activity” when given 
correct answers to mistakes, which “contributed to their reduced error 
correction on a subsequent surprise retest.” These findings demonstrate 
the negative effects of a fixed mindset, the mindset of an entity theo-
rist, on academic performance. The prestige of the professors and the 
multitude of references (cited at the end of the paper) contribute to this 
source’s credibility. Furthermore, the source states that no conflict of in-
terest has been declared, implying that the source has no explicit bias.12

Two similar longitudinal studies, conducted by Stanford and Colum-
bia University professors, explored how students’ “implicit theories of 
intelligence” affected their math scores. The first study, which involved 
373 8th graders, found that students who believed that their intelligence 
was malleable (incremental theorists) showed an “upward trajectory in 
grades over the two years of junior high school,” while students who 
believed that intelligence was a fixed entity (fixed-entity theorists) 
showed a flat trend in grades. In the second study, an “intervention 
[that taught] incremental theory to 7th graders … promoted positive 
change in classroom motivation” compared to the control group of 
students. This report reveals the efficacy of one form of intervention—
it shows that a growth mindset, or incremental theory, can be fostered 
in students and can subsequently improve performance.13
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Now, one might ask, how exactly can growth mindset be fostered in 
a classroom context? This question must be answered before we can 
search for the cultivation of growth mindset in the pedagogical prac-
tices of high school education systems.

One surprising factor that can encourage a fixed or growth mind-
set in students is how the student is praised. A study performed at 
Stanford University by professors including Dweck explored how 
“subtle linguistic cues” related to praise can affect a student’s mind-
set, and therefore his or her motivation and academic performance. 
The study involved four-year-old preschoolers who were told to make 
a drawing and then were subsequently praised on their drawings by 
a teacher. Half of the preschoolers were praised generically, meaning 
their “whole person[s]” were praised (for example, “You are a good 
drawer”). This feedback was meant to foster a fixed mindset in the stu-
dents. Contrastingly, the other half of the students were praised non-
generically, meaning the “process[es] through which [their] success[es 
were] achieved” were praised (for example, “You did a good job draw-
ing”). This feedback was meant to foster a growth mindset. This study 
found that, if the students made no mistakes and encountered no chal-
lenges, both forms of praise were equally rewarding. However, if the 
students did make mistakes and encounter challenges, students who 
received generic praise (and were therefore encouraged to adopt a 
fixed-mindset) exhibited more helpless behavior and less persistence 
in subsequent tasks. As the report succinctly summarizes, the nega-
tive repercussions of generic praise are that it “implies there is a stable 
ability that underlies performance; subsequent mistakes [made by stu-
dents] reflect on [their] ability and can therefore be demoralizing.”14

This “praise” factor is inherently related to our perception and focus 
on talent. According to the Oxford Dictionary, “talent” is defined as 
“natural aptitude or skill.”15 This definition somewhat conflicts with a 
growth mindset; if someone thinks that academic success is based sole-
ly on talent, this leaves little room for improvement. Therefore, prais-
ing a child for being talented is a form of generic praise and promotes 
a fixed mindset, which can make one wary of failing, “and therefore 
afraid to try at all.”16 Unfortunately, the detrimental effects of label-
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ing someone as “talented” is prevalently counter-cultural in the United 
States. “In one Columbia University study, 85% of American parents 
surveyed said that they thought they needed to praise their children’s 
intelligence [and talent] in order to assure them they were smart.”17

However, talent-praise or generic praise can be replaced by process-
oriented praise, “which speaks to the effort expended and even to the 
struggle involved. It celebrates toil and commends tenacity and perse-
verance revealed in a given task. As such, this type of praise is given for 
something that did not come easily,” and therefore encourages intel-
lectual challenges.18

Another pedagogical practice that can cultivate a growth mindset is 
simply reminding students that intelligence is malleable. The most dra-
matic proof of this idea comes from a recent study conducted by Dweck 
and Lisa Sorich Blackwell, which involved low-achieving 7th grade stu-
dents. The students all attended lectures on the brain. Half of the stu-
dents “attended a neutral session on memory [this half represented the 
control group in the experiment] while the other [half of the students] 
learned that intelligence, like a muscle, grows stronger through exer-
cise.” The “training of students to adopt a growth mindset about intelli-
gence [which the latter group experienced] had a catalytic effect on [the 
students’] motivation and math grades. Contrastingly, students in the 
control group showed no improvement, despite the other interventions 
that informed them about the brain, but not about growth mindset.19 
This study reveals that merely teaching students about the concepts that 
underlie a growth mindset can foster a growth mindset in students and 
can therefore improve their academic performance.

Educational History: Finland Case Study

Amanda Ripley describes Finland’s education system as a “silky para-
dise, a place where all the teachers were admired and all the children 
beloved.”20 Finnish education is now widely respected and studied by 
“hundreds of educators and policy makers annually [who are] trying 
to learn the secret of their success.”21 However, Finnish education was 
not always so widely-respected. On December 4th, 2001, when the re-
sults of the first PISA were announced, Finland’s scoring number one 
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was an international upset. As Ripley describes, reporters at the OECD 
press conference were shocked when the results were first released; 
even Finnish reporters couldn’t believe what they’d heard.22 Finland 
has continued to be ranked in the very top tier in all PISA assessments 
in the last decade.23 Finland’s path to educational success was one of 
slow and steady reform, which took place gradually over the four de-
cades preceding the 2000 PISA. In this chapter, Finland’s secondary 
educational success will be examined; specifically, Finnish pedagogi-
cal practices will be analyzed in relation to Dweck’s achievement goal 
theory. My findings on Finnish pedagogy, the history of Finland’s 
education reform, and primary accounts of education from Finnish 
secondary students all suggest that Finnish secondary schools foster a 
growth mindset in their students and teachers, a mindset conducive to 
Finland’s educational success.

Some argue that the success of the Finnish education system can be 
primarily attributed to Finland’s specific history and culture, instead of 
the schools’ pedagogical practices. These critics point out that Finland 
is culturally and racially homogeneous. However, Finland is becoming 
more diversified; nowadays, there are many schools in Helsinki, Fin-
land’s capital, where nearly half of the students are immigrants.24 These 
skeptics also emphasize Finland’s low rate of child poverty, which rests 
below 6% per capita, compared to the child poverty rate of the United 
States, which is 20%. However, this argument fails to appreciate that 
Finland’s “average per pupil expenditure is well below that of the high-
est spending countries, including the United States.”25 Furthermore, 
other case studies disprove the theory that economic security can 
solely explain high test scores; Norway, for example, has a child pov-
erty rate below 6%, similar to that of Finland. Norway also spent about 
as much on education in 2009 as the United States did, and yet the 
country still scored as “unimpressively [as the United States did] on an 
international test of scientific literacy in 2009.”26

Furthermore, Finland was not always an educational superpower. Fin-
land emerged out of the Second World War with an education system 
that was “unequal and … reflective of the needs of a predominantly 
rural, agricultural society.” The education provided by the public sys-
tem was also very short: in “1950 most young Finns left school after 
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six years of basic education; only those living in towns or larger mu-
nicipalities had access to a middle grade education.” There were then 
two types of middle grade education: civic school, which consisted of 
two or three extra years of education that led into vocational train-
ing, or grammar school, which offered five years of education and led 
into academic high school and then university. However, in 1950, only 
about one quarter of Finnish students had access to grammar school.27 
This reveals the contrast between Finland’s mediocre education system 
and its system today, which can be attributed to a set of reforms that 
will be described below. 

Over the next decade following the war, grammar school enrollment 
skyrocketed, growing from 34,000 to 270,000.28 This boom in enroll-
ment came from three major factors. Firstly, the post-war elections 
produced a parliament that prioritized the need to rebuild and mod-
ernize the education system. Secondly, Finland was experiencing sig-
nificant urbanization, which meant that more children had access to 
schooling. Thirdly, “this growth reflected the aspirations of ordinary 
Finns for greater educational opportunity for their children.”29

The Finnish government responded to this increase in enrollment with 
three successive reform commissions, which were built on and adapt-
ed as time progressed. These reforms were based on Sweden’s educa-
tion system, but adapted to Finnish context and taken a step further.30 
The effects of these reforms are still visible in Finnish education to-
day, and they reveal the driving philosophy behind Finnish secondary 
education. Furthermore, there are clear parallels be tween these tenets 
of Finnish education and mastery goal theory, or a growth mindset. 
However, it’s important to note that these reforms preceded Dweck’s 
research, and therefore they obviously didn’t explicitly follow her work. 
Instead, these reforms were based on observations of other successful 
systems instead of explicit educational philosophy or research.

One distinctive aspect of Finnish education is the idea of the common 
or comprehensive school, known as Peruskoulu in Finnish. This sec-
ondary education structure, which was launched in 1946 and adopted 
by parliament in 1968, rests on the belief that all students should be 
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held to the same high standard for education and therefore all should 
be educated at the same, high level. The pedagogical technique implicit 
in this premise, in which teachers address multiple skill levels in a sin-
gle classroom, is known as differentiated instruction. The new system 
requires all students to attend comprehensive, compulsory education 
from grades 1-9. However, as Pasi Sahlberg, Director of the Center 
for International Mobility and Co-operation, explains, “the compre-
hensive school is not merely a form of school organization. It embod-
ies a philosophy of education as well as a deep set of societal values 
about what all children need and deserve.”31 This new philosophy 
clearly aligned with a growth mindset regarding students: if the system 
is founded on the belief that all students have the potential and abil-
ity to grow intellectually and to reach high standards, this belief will 
be fostered in the students. The Finnish government was attempting 
a form of education that comports with a growth mindset pedagogy, 
although Dweck’s jargon obviously wasn’t used when the new program 
was begun.

Unsurprisingly, it was not easy to shift the entire system to adopt this 
growth mindset about students. As Jukka Sarjala, who spent 25 years in 
the Finnish Ministry of Education, explains: “[adopting comprehensive 
schools was] a very big reform, very big and complicated for teachers 
accustomed to the old system. They were accustomed to teaching school 
with selected children and were simply not ready for a school system in 
which very clever children and not so clever children were in the same 
classes.”32 This reveals that many teachers had a fixed mindset regard-
ing students based on their initial level of intelligence, and they didn’t 
believe that the seemingly less clever kids could excel at the same level 
as those who initially appeared to be clever. However, Sarjala explains, 
with time and practice, teachers became confident in their ability to 
teach students of all levels together. This shift in teachers’ confidence 
in differentiated instruction fundamentally resulted in a shift in teach-
ers’ mindsets about their students’ abilities: teachers now believed that 
all students had the potential to thrive and grow in one environment, 
regardless of their initial ability. This is a pivotal belief related to growth 
mindset, showing that Finland’s new system fosters a growth mindset 
in teachers, allowing students of all abilities to flourish.33
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Another reform that accompanied the shift to comprehensive schools 
was the delay of tracking students. Not only were students all forced to 
attend comprehensive school until grade 9, which abolished the differ-
entiation between the grammar track and civil track, but subject-specif-
ic tracking within comprehensive schools was also completely abolished 
by the mid-1980s. Instead of offering a basic, middle, and advanced 
class in various subjects, all students were taught the same material.34

Delaying or abolishing tracking promotes a growth mindset, because 
tracking inherently inflicts a fixed mindset on students. As Amanda 
Ripley describes, “statistically speaking, tracking [tends] to diminish 
learning and boost inequality wherever it [is tried. Historically,] the 
younger the tracking happened, the worse the entire country did on 
the PISA … once kids were labeled and segregated into the lower track, 
their learning slowed down.”35 Tracking in its nature can be seen as re-
minding students of the fixed-nature of their intelligence, instead of the 
malleability of their intelligence, the latter of which was proven to pro-
mote a growth mindset.36 Therefore, tracking promotes a fixed-mind-
set. By delaying tracking, or implementing differentiated instruction, 
Finland sent the message to kids that the system of education believed 
in their ability to succeed at a high level, or their own growth mindset.

However, in order to make this utopian-like-system-in-which-every-
one-succeeds possible, the system has to focus money and resources 
on students who need help. As Amanda Ripley describes based on 
personal accounts of Finnish students, “as soon as young [Finnish stu-
dents] showed signs of slipping, teachers descended upon them like 
a pit crew before they fell further behind. About a third of kids got 
special help during their first nine years of school.”37 One version of 
this ‘pit crew’ is known as a “pupils’ multi-professional care group.” 
These groups work behind the scenes instead of in the classroom; all 
schools must have at least one care group, which meets at least twice a 
month for two hours. They consist of “the principal, the special educa-
tion teacher, the school nurse, the school psychologist, a social worker, 
and the teachers whose students are being discussed.” The goal of these 
groups is to decide how to best assist struggling students. As a princi-
pal of a school in Kerava explains, “this functional support system is a 
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very important part of our education system. It helps explain why we 
have such small gaps in student achievement.”38

Not only are struggling students helped, but the disparities between the 
high-performing and lesser-performing students are deemphasized. 
As a Finnish student whom I interviewed commented while reflecting 
on his time in secondary school, “of course we were encouraged to do 
well, but the praise we got never rose above the every now and then 
‘great answer’ or ‘good work.’ I suppose the teachers were trying not to 
discourage the students that were not doing so well.”39 This encourages 
all students to continue to work their hardest, regardless of their cur-
rent state of achievement, instilling the value that you can grow regard-
less of your current level of understanding or mastery.

Furthermore, Finland’s commitment to providing the same, high qual-
ity education for all students even extends to students with special ed-
ucation needs. “While 8% of Finland’s children are deemed as having 
special education needs, only half of them are placed in special schools; 
the other half are mainstreamed.” Special teachers are Finland’s solu-
tion to this gap in ability. A special teacher is assigned to each school 
and identifies and works with students who need extra help or who are 
struggling to keep up with their classmates.40 Finland’s belief in all stu-
dents’ abilities to grow and improve academically is visible in their in-
clusion of students with learning difficulties in comprehensive schools.

Another vital cultural component that allows Finnish education to 
thrive is students’ attitudes towards failure. Because all students are 
held to the same high standard, most students will inevitably encoun-
ter academic failure or challenge. As a Finnish student explained in re-
sponse to a survey I conducted, “grades [in Finnish secondary school] 
depend [sic] on Gaussian curve and every year about 5% [of students] 
fail [the secondary school exit] exam.”41 However, students are com-
fortable with failure; as an American exchange student who attended 
high school in Finland explained, failing was normal at school. “The 
logic made sense. If the work was hard, routine failure was the only 
way to learn.” This logic follows a mastery goal orientation. Further-
more, Ripley adds that “teenagers [in Finland] had the freedom to fail 
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when they were still young enough to learn how to recover,” mean-
ing that students were exposed to academic failure but were taught 
that failure didn’t equate to a lower intelligence; instead, students were 
taught how to recover from failure, which is a skill that fixed-mindset 
students don’t possess.42

In conclusion, Finland’s secondary educational success is the product 
of reforms that have culminated in a philosophy that “everyone has 
something to contribute and those who struggle in certain subjects 
should not be left behind.”43 This philosophy, which inherently aligns 
with a growth mindset, is visible in Finnish pedagogy, including the 
comprehensive schooling system, the abolition of tracking and imple-
mentation of differentiated instruction, the focus on extra support for 
students who are struggling, the incorporation of special needs stu-
dents into the general schooling system, and the mindset students pos-
sess regarding academic failure and challenge.

Educational History: Poland Case Study

Poland’s path to secondary educational success was one of recent and 
drastic reform, very different from Finland’s path to success, and yet 
both countries managed to reach similar goals and educational ide-
als. In the 2000 PISA, Poland’s average score was 479, well below the 
OECD average of 500. Furthermore, there was a great disparity within 
the scores of Polish students: over 21% of Polish students reached only 
Level 1 or below. However, by the 2003 PISA, Poland saw the greatest 
reduction in score variance in all European Union and OECD coun-
tries. This steep upward trend continued and was visible in the results 
of the 2006 PISA, which showed the average scores of all Polish stu-
dents rising to 534. Furthermore, in 2012, Poland was ranked in the 
top 10 countries in science and reading and 13th in mathematics.44

Although some might argue that Finland’s cultural and economic 
homogeneity put the country’s education system in a position to suc-
ceed, the same cannot be said for Poland. Poland’s economic situation 
is similar to that of the United States: one out of six Polish children is 
considered poor, while one out of five children in the United States is 
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considered poor.45 Furthermore, in the UN’s comparison of children’s 
wellbeing internationally, Poland was ranked dead last in the devel-
oped world.46 Clearly, Poland’s economic situation cannot be targeted 
as the reason for its educational success. Instead, the answer lies in two 
major educational reforms that were implemented in 1999 and 2002.

Poland’s less than average score on the 2000 PISA reflected its old sys-
tem of education that dates back to the communist era, during which 
only 10% of Polish students attended college. In the early 90s, when Po-
land was emerging out of the communist era, more than 60% of adults 
living in rural areas in Poland had only a primary school education.47

In 1999 and 2002, various educational reforms, partially based on the 
success of surrounding systems including that of Finland, were pro-
posed. The implementation of these reforms drastically improved 
Poland’s secondary education. These reforms were based on the phil-
osophical goals of improving the general quality of education and en-
suring equal educational opportunities for all.48 These goals are clearly 
related to a mastery-goal orientation because they hold all students 
to the same, high standard; meaning that—through these goals—the 
Polish government is conveying their belief in all students’ capacities 
to grow and flourish.

One implementation of these goals was a structural reform. Similar to 
Finland’s comprehensive schools, Poland shifted its school structure 
to ensure that all students would attend compulsory education until 
the age of fifteen. This delayed tracking by one year, preventing stu-
dents from being tracked into vocational schools at the age of fourteen, 
which was the standard before the reform.49 This reform clearly affect-
ed Poland’s PISA score: students who would have been tracked into 
vocational schools but instead stayed in the general secondary educa-
tion system scored 115 points higher than their counterparts in 2000 
who were tracked. As Amanda Ripley describes, “the expectations [for 
the students went] up, and these kids met them.”50

Poland also adopted a core curriculum for gymnasium, which refers 
to schooling for students between ages thirteen and fifteen. This new 
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academic core set high expectations for all students and required all 
teachers to implement differentiated instruction. This reform was met 
with opposition from teachers who were used to teaching the vocation-
ally-tracked students less complex material.51 This negative response to 
high academic standards for all was mirrored in the similar response 
of teachers in Finland when tracking was delayed in Finnish secondary 
school, revealing a trend that teachers who view students with a fixed 
mindset find it difficult to hold all students to the same standard, and 
to adopt a growth mindset. However, in the case of teachers in Finland 
and Poland, the growth mindset did prevail in schools, elucidating the 
reality that mindset can be changed in both students and teachers.

Not only did these reforms raise the standards for all students in Po-
land, but the reforms also raised the standards for teachers. The 1999 
reform required one quarter of teachers to go back to school.52 This 
reform was vital to the success of the delay-in-tracking reform because 
teachers needed to have the skill sets to be able to address the needs 
of a wider range of students and effectively implement differentiated 
instruction. This teacher training program has continued to adapt and 
grow; nowadays, Polish teachers spend approximately 513 hours yearly 
actually teaching classes, which is significantly below the OECD av-
erage of 703 hours.53 Instead of spending all of their time teaching, 
teachers spend a significant chunk of their job building on their skills 
and learning how they can improve. One example of this is Poland’s 
pedagogical councils, which are “made up of at least three teachers as 
well as members of the school’s management.”54 These councils allow 
teachers to collaborate and learn from each other. This emphasis on 
teacher training shows that the Polish government has a growth mind-
set regarding their teachers because it implies that teachers can always 
continue to grow and expand their knowledge and skills.

Another important aspect of the reform in Poland that complemented 
the delay in tracking was a new system of standardized testing. This re-
form made students take standardized tests at regular intervals in their 
schooling career: at the end of elementary school, middle school, and 
high school.55 Although this focus on testing might initially seem like 
it would cultivate a fixed mindset, the purpose of this testing was to 
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identify teachers and schools that were struggling, which allowed the 
Polish government to focus on these areas. This reform was essential 
to the efficacy of the delay in tracking because the high standard for all 
schools could only be realistically attained if the government focused 
its efforts and resources on struggling schools. This focus on helping 
those who are struggling is also visible in the Finnish system.

A cultural trend that resulted from these reforms is Polish students’ 
abilities to respond to failure. An American exchange student who 
attended Polish high school noted this mindset; he observed that, in 
Poland, no one got a 5, which was the highest grade possible, and yet 
“no one seemed surprised or shattered.” He contrasted this mindset to 
the prevalent mindset in American high schools, where “he hadn’t ex-
perienced failure as normal or acceptable. [Instead,] failure in Ameri-
can schools was demoralizing and to be avoided at all costs. [He noted 
that] American kids could not handle routine failure,” whereas Polish 
kids seemed to use the failure to figure out where they could improve.56 
This clear cultural distinction elucidates the difference between fixed-
ability goal orientation, the prevalent orientation in American high 
schools, and mastery-goal orientation, the prevalent orientation in 
Polish high schools.

Although Poland’s path to secondary educational success was one of 
recent reforms and drastic improvement, compared to the slow and 
steady improvement that led to Finland’s secondary educational suc-
cess, both countries now have systems with values that reflect a mas-
tery goal orientation and employ pedagogical practices that foster a 
growth mindset in teachers and students.

Educational History: South Korea Case Study

South Korean students are notorious for their high test scores. On the 
2012 PISA results, South Korea was ranked #5, below only Taiwan, 
Hong Kong, Singapore, and Shanghai.57 Unlike Poland and Finland, 
Korea’s academic success is, in some parts, a manifestation of old tra-
ditions. Confucian values, which have been infused in Korean culture 
for centuries, emphasize the importance of valuing long, careful study. 



Furthermore, dating back to tenth-century Korea, men had to pass a 
standardized exam in order to get a position in the government.58 

However, South Korean education was not always exceptional. In fact, 
the majority of South Korean citizens were illiterate until the 1950s. 
When the country had to rebuild itself after the Korean war, which un-
officially ended in 1953, the Korean language didn’t even have words 
for modern science and mathematic concepts.59 But, in the fifty years 
that followed the war, Korea became a “talent power,” as described by 
Lee Ju-ho, South Korea’s Minister of Education. “The country had no 
natural resources, so it cultivated its people instead, turning education 
into currency.”60 This sent a very clear message to all citizens: if your 
child can perform well in school, and can score above a certain per-
centile on the college entrance exam, he or she will be sent to a good 
university, and will subsequently get a good job. A child who scored 
well on the college entrance exam became the Korean golden ticket 
that could lift the entire family out of poverty. Given the long-held 
cultural value on education, the widespread poverty, and this new em-
phasis from the government on education, schooling became a cultur-
al obsession for Korean parents and children. This cultural obsession 
actually lifted the entire country out of poverty, as it was the driving 
force that developed South Korea into the economic powerhouse it is 
today; from 1962 to 2011, the nation’s GDP rose 40,000%, making it 
the world’s 13th largest economy.61

South Korea’s prevailing philosophy of an academic meritocracy—the 
belief that hard work can lead to academic success—is conducive to a 
growth mindset. However, in this section I will show that this growth 
mindset is immediately terminated once students take the infamous 
college-entrance exam. A student’s score on this exam is widely viewed 
as determining his or her intelligence. Once the exam is taken, the 
score is permanent. Intelligence is no longer something that a student 
can work to change; the score—the single numerical value—follows 
the student for the rest of his or her life and determines his or her 
placement in society. After the exam, students are no longer encour-
aged to adopt a growth-mindset; instead, South Korean society inflicts 
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a fixed mindset on students. Throughout this section, I will show how 
this fixed-mindset aspect of the South Korean education system, the 
focus on proving one’s intelligence on the exam, is suggested to have 
negative consequences on students’ mental health.

South Korea’s prevalent culture of an academic meritocracy in second-
ary education is conducive to a growth mindset. This mindset is the 
harder you work, or the more time you spend doing work, the higher 
you will score on your exams. As a South Korean high school student 
explains, if you did badly on a test, “you didn’t work hard enough, you 
had to work harder next time.”62 Similarly, a Korean student responded 
to a survey I conducted by saying that grades in Korean secondary 
school “reflect how … responsible you are,” which is basically synony-
mous to how studious you are.63 However, this mindset is taken to the 
extreme; all students work tirelessly to prepare for the infamous col-
lege-entrance exam. This intense focus on academic performance and 
preparation is visible in a typical high-schoolers weekday schedule, 
which was described by an American exchange student who visited a 
South Korean high school.

Typical School-Day Schedule:

8:00-4:10 - School day.

4:10-4:30 -  All students participate in chores around the school.

4:30-6:00 -  Students stay at school and attend test prep for the 
 college entrance exam.

6:00-7:00 - Students eat dinner in the school cafeteria.

7:00-9:00 -  Students attend “raja,” which is a “two hour period of  
 study loosely supervised by teachers. [During this time,]  
 most kids [watch] online test-prep lectures, as teachers  
 [roam] the halls.”

9:00-11:00 - Students went to hagwons, which are private test-prep  
  tutoring centers.64



As the American exchange student observed, “Korean kids essentially 
went to school twice—every weekday. … Kids learned a lot, but they 
spent a ridiculous amount of time doing so. They had math classes 
at school—and math classes in hagwons. … In Korea, school never 
stopped.”65 Although this is an extreme version of growth mindset, it is 
an example of growth mindset nonetheless; students work tirelessly be-
cause they believe that they can improve and become smarter with more 
work. Therefore, they do believe that their intelligence is malleable. 

However, a fixed-mindset comes into play in relation to the college-
entrance exam. As Lee, the Korean Prime Minister of Education de-
scribes, South Korean culture is “an extreme meritocracy for children 
[in primary and secondary school] that [hardens] into a caste system 
for adults.66 This caste system is based solely on students’ scores on the 
college entrance exam. As South Korean secondary school students ex-
plain, the college entry test is like the “SAT in America … except that 
your score determine[s] the rest of your life. … In Korea, your educa-
tion can be reduced to a number … if your number is good, you have 
a good future.” Specifically, if you get into one of the three most presti-
gious universities, “everyone [will] respect you. You [will be] chosen by 
God,” a Korean student described, only partially in jest.67 But this isn’t 
far from reality: virtually every form of opportunity in South Korean 
society, “from marriage prospects to job prospects,” is determined by 
your score on the college entry exam.68

However, this inevitably leads to a problem: only 2% of South Korean 
seniors can get into the top three universities, but the pressure to suc-
ceed and prove oneself academically is felt by all students.69 This pres-
sure to perform well, which is related to a fixed-ability goal orienta-
tion, is “depriving students of their … sanity,” Lee describes.70 Ripley 
describes a tragic consequence of this pressure:

One Sunday morning during that school year, a teenager named Ji 
stabbed his mother in the neck in their home in Seoul. He did it to stop 
her from going to a parent-teacher conference. He was terrified that she’d 
find out that he’d lied about his latest test scores. … According to his test 
scores, Ji ranked in the top 1 percent for all high school students in the 
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country, but, in absolute terms, he still placed four thousandth nation-
wide. His mother had insisted he must be number one at all costs, Ji said. 
When his scores had disappointed her in the past, he said, she’d beaten 
him and withheld food.71

Although this is a very extreme anecdote, it reflects the test-crazed cul-
ture, which is so focused on proving intelligence and ranking high that 
it is literally driving students and parents insane. In South Korea, sui-
cide is the 4th most common cause of death, and suicide rates increase 
significantly during the months around the college-entry exam. Just 
over half of South Korean teenagers aged fourteen to nineteen confess 
to having suicidal thoughts; the most common reason for suicides or 
suicidal thoughts is problems at home, closely followed by depression, 
grades and career concerns.72 Suicides have become so prevalent for 
school age kids that the Korean government has attempted to address 
it by creating a smart-phone app that searches for trigger-words on a 
student’s social media outlets and alerts the parent if the app deems 
the child at-risk.73 The government also posted uplifting posters on the 
railing of Mapo bridge, a common site for suicides, in an attempt to 
dissuade potential suicides. However, these are both merely quick-fixes 
that don’t actually effect the problem, which can clearly be connected 
to the all-encompassing pressure put on the final exam, or South Ko-
rea’s eventual fixed-ability goal orientation post-exam.

These negative health effects, which are a result of South Korea’s fixed-
ability goal orientation in relation to its test-obsessed culture, are not 
visible in Poland or Finland, both of which don’t put as much cultural 
pressure on test performance, but instead focus more on the learning of 
the material. Furthermore, there is more flexibility in Polish and Finn-
ish society; citizens in the job market can return to vocational schools 
and learn a different profession if they so desire. Vocational training 
for adults in Poland consists of vocational qualification courses, occu-
pational skills courses, and apprenticeships.74 In Finland, 37,900 of the 
120,700 students who enrolled in vocational training in 2014 enrolled 
in further vocational education, meaning they are working to gain an-
other skill or qualification.75



This contrast between Finland and South Korea’s cultural focus on 
testing is also visible in the comparison of both countries’ second-
ary school schedules; while South Korean students spent on average 
more than twelve hours a day in school, during which they are most-
ly studying for tests, the Finnish secondary school schedule is much 
more sane.76 According to the OECD, Finnish children spend the few-
est number of hours in the classroom in the developed world.77 And 
the time spent in the classroom isn’t spent on test preparation. In fact, 
in the past month, Finland adopted a new curriculum that is more 
interdisciplinary, in which topics, rather than traditional subjects, are 
taught. This new system is meant to give students skills that they can 
apply in complex, real-world situations, which is very different from 
the goal of South Korean education, which is one of test preparation.78 
Furthermore, just one in ten kids in Finland takes after-school lessons, 
far fewer than in Korea, where seven in ten students take extracurricu-
lar lessons.79 Similar to Finland’s system, Poland’s secondary education 
system and curriculum don’t put as much pressure on test-taking and 
performance as South Korea’s system does.80

There is also a stark contrast in the mental well-being of students in 
South Korea compared to students in Finland and Poland. Not only 
are the suicide rates drastically lower in both European countries com-
pared to the rates in South Korea, but Finland and Poland are also 
ranked higher than South Korea in the 2012 World Happiness Report, 
which was commissioned by the UN.81 Although factors other than 
education inevitably affect these statistics, it is clear that Korea’s fixed-
ability orientation relating to the college-entry exam leads to detri-
mental health effects, which aren’t seen in Poland and Finland, two 
countries that don’t put as much pressure on examination and prov-
ing one’s intelligence. As Lee warns, “there [is] more than one way to 
become [an educational] superpower… take care to choose the high 
road,” not the road South Korean education is very far down.82 The 
fixed mindset regarding testing that’s deeply ingrained in South Ko-
rean education has visible, negative effects on students’ mental health.
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Conclusion

It is evident that the mastery-goal orientation that is fostered in stu-
dents and teachers in the secondary-education systems of Poland and 
Finland is conducive to those systems’ successes on PISA. Further-
more, South Korea’s model of an educational meritocracy also reflects a 
mastery-goal orientation, which is one reason for the country’s success 
on PISA. However, the rigid caste system in Korea that is determined 
by students’ scores on the college-entrance exam inflicts a fixed-ability 
orientation on its students. This test-driven, fixed-mindset aspect of 
Korean education is negatively affecting students’ mental health. When 
viewed in tandem, these case studies suggest that a growth mindset is 
conducive to academic success. Furthermore, the South Korean model 
suggests that a fixed-mindset, specifically in a high-stake situation, can 
negatively affect a student’s mental health.

However, these findings provoke more questions than they answer. For 
example, this paper defines academic success as a country’s score on 
PISA. As far as international standardized tests are concerned, PISA 
is widely believed to be the most effective in measuring one’s ability 
to think critically and apply one’s knowledge to situations, which are 
skills that hopefully translate into life beyond the classroom. However, 
it would be interesting to explore other measurements of academic 
success. Furthermore, this paper focuses on secondary education, but 
what about students’ lives in higher education, or beyond school? More 
specifically, how does South Korea’s rigid caste system, and the fixed-
mindset regarding intelligence that inevitably results, affect students 
beyond secondary school? Does this fixed mindset affect Korean citi-
zens’ motivation and performance, like Dweck’s research would sug-
gest? How can this analysis of life beyond the classroom be compared 
to that of a Finnish or Polish citizen? How much does achievement 
goal theory influence this? These are just a few of the endless number 
of questions that can continue to be explored. However, if nothing else, 
I hope this paper was able to elucidate the power of mindset and its ef-
fect on academic performance.
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Faith, Family, and Feminism: Why the Silent 
Majority Broke their Silence to Oppose the 
Equal Rights Amendment 

Lauren Chan

By 1972, the Equal Rights Amendment (ERA) appeared unstoppable. 
Despite its embattled history, soaring majorities in both the House 
of Representatives and the Senate made its long-awaited addition to 
the Constitution seem inevitable. But nothing is inevitable in history, 
and the ERA was swiftly put to the test by conservative activist Phyllis 
Schlafly and thousands of accompanying Christian assailants. With 
the ERA only eight states short of ratification in 1973, hordes of 
Christians began waging holy war against it.1 Their almost decade-
long efforts defied the traditional trajectories of politically popular 
Constitutional amendments and by 1980, the Republican party made 
a lasting statement by reversing its forty-year legacy of ERA support.2 
Even after a controversial three-year ratification extension, in 1982 the 
ERA sputtered to a painful halt: expiration.

Historians now debate the reasons for the en masse Christian opp- 
osition to a famously simple proposed amendment, which stated  
that “equality of rights under the law shall not be denied or abridged 
by the United States or by any State on account of sex.”3 Replace the 
word “sex” with “race,” ERA advocates contended, and it would be 
downright shameful to stand in its way.4 Regardless of its merits, 
however, the aforementioned Christian anti-ERA forces flourished. 
“It’s against everything that Christianity is,” said one woman who 
was interviewed about the ERA.5 Flummoxed and frustrated,  
ERA advocates wondered what ideological roots lay beneath this 
apparently impermeable divide between faith and feminism. 
 

This paper was written for Charles Wetherell’s Advanced Placement 
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Many historians involved in this debate now turn to the political 
climate of the 1970s and early 1980s to examine its unique socio- 
political context. The ERA battle ran parallel to the rise of a highly 
religious conservatism within the Republican party known as the 
“New Right.” As such, some historians argue that the ERA was merely 
collateral damage in a far-reaching Republican political agenda that 
attempted to coalesce an electorate devoutly conservative in both  
social and economic terms. While the fusion of Christianity and 
conservatism was both politically expedient and influential in the  
anti-ERA crusade, that was not likely the primary motive for 
opposition to the ERA. Christian opposition to the ERA was in fact 
driven by female-led grassroots campaigns that typically supported 
the ideals of feminism itself but drew from religiously zealous defense 
of family values. Despite claims that females were mere pawns in a 
male-oriented anti-ERA battle, Christian women primarily enacted 
opposition to the ERA because they truly believed their families were 
threatened by perceived social consequences of the ERA. Ironically, 
most Christians actually did not oppose the ideal of gender parity 
and even believed they were protecting a God-ordained standard of 
superior rights for females by opposing the ERA. This tension between 
collective understanding of Christian ERA opposition as a patriarchal 
power play, as opposed to a genuine faith-based concern, prevails today.

Personal or Political?
 
Historians debate the true reasons for Christian opposition to the ERA. 
Some historians argue that anti-ERA efforts were a genuine, female-
led expression of the religious fundamentalist movement. One of 
these scholars is Donald G. Mathews, a professor of  American history 
who teaches at the University of North Carolina at Chapel Hill. In his 
article, “‘Spiritual Warfare’: Cultural Fundamentalism and the Equal 
Rights Amendment,” Mathews asserts that behind ERA opposition 
lay sincere, female-initiated allegiance to the gender roles outlined 
in fundamentalist understandings of the Bible. Mathews presents 
the primary roadblock to ERA ratification as the actions of Christian 
women who were legitimately concerned with the survival of their 
identities and values. According to his depiction of the movement, 
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Christian opposition to the ERA was understandable because of its 
basis in Christian doctrines regarding the “sacred order of creation,” 
especially as it pertained to gender roles.6 In his article, Mathews 
draws predominantly from anecdotal evidence of countless anti-ERA 
women and their frantic attempts to stop the ERA in its tracks. Lack 
of empirical data notwithstanding, Mathews presents a conceptually 
compelling argument by incorporating theology and contrasting 
feminists’ fluid conceptions of gender with Christian women’s typically 
static interpretations of gender.
 
On the opposite side of the spectrum, other historians argue that anti-
ERA efforts were primarily motivated by the formation of a family-
centered New Christian Right political agenda that could garner 
widespread support. Historian Seth Dowland, who holds a Ph.D. 
in American Religions from Duke University, compares previously 
ambivalent evangelical Christian opinions on abortion, feminism, and 
gay rights to the hard-line positions developed throughout the 1970s. 
According to Dowland, most evangelicals “supported the Equal Rights 
Amendment and equivocated on abortion” in the early 1970s, and 
the matter of gay rights was seen as a “marginal issue until the end 
of the decade.” Dowland then suggests that the anti-ERA movement 
was simply a mouthpiece for a larger “defense of the family” premise 
emerging from this relatively recent conservative inclination. Dowland 
also states that evangelical leaders and New Right politicians were the 
leading forces in this political charge rather than the women that the 
ERA would have mainly affected. While Dowland’s logical proceedings 
appear to clearly indict these apparently scheming political tacticians, 
he condemns “Christian Right leaders” and a “small cadre of evangelical 
ministers” without ever naming more than one example.7 By reason 
alone, Dowland presents a damning case against evangelical Christians 
and their supposedly religious misgivings surrounding the ERA. 
However, without substantive evidence in his article “‘Family Values’ 
and the Formation of a Christian Right Agenda,” Dowland cannot 
so sweepingly claim that such large-scale divisive positions drew 
exclusively from a conniving few. Furthermore, Dowland’s liberal bias 
appears by his omission of the counter-argument for sincere, female-
driven ERA opposition. Despite its faults, there are certainly truths 

                         THE MENLO ROUNDTABLE   45



to be found in Dowland’s argument, especially when considering the 
decisive Christian shift in the political atmosphere of the time. 

It’s All Politics: The Role of the New Religious Right

Like Dowland, some argue that Christian male leaders led a politically-
motivated, fundamentally patriarchal charge against the ERA with 
women in tow as puppets in order to ensure that conservatism was 
not branded as anti-women. To this end, many point to the fact 
that men served as the original catalysts for opposition as evidence. 
Longtime North Carolina senator and vocal ERA assailant Sam Ervin 
stirred up anti-ERA sentiment within Congress until he could recruit 
Phyllis Schlafly, the eventual figurehead, to step into the fight.8 After 
Ervin teamed up with Schlafly, she wrote Ervin, telling him that they 
needed female visibility “at the top.”9 This concern reveals that the 
lack of celebrity female opposition to the ERA was a threat to male 
politicians like Ervin because Ervin, and the entire anti-ERA cause, 
could have been pegged by the public as anti-women. This desperation 
for conspicuous female solidarity suggests that women, at least at the 
beginning of Ervin’s attacks on the ERA, were simply needed as token 
supporters. Additionally, the rise of the Republican Christian Right, 
led mainly by men, appeared to engineer a New Right agenda at the 
expense of the ERA’s success. During the ratification window of the 
ERA, conservative politicians founded a network of research institutes 
and successfully mobilized a wider Christian base, revitalizing their 
party as they drained the ERA of its support.10 For example, politician 
Howard Phillips, a former official in the Nixon administration, helped 
establish religious political groups like The Moral Majority and the 
American Life League.11 This push by the Republican party to widen 
their constituency demonstrates politically-motivated reasoning 
for ERA opposition, reasoning that had little or nothing to do with 
gender equality itself. Their actions suggest the manifestation of 
an establishment politic desire to win over more Christian voters 
rather than a care for the ERA’s content and consequences. Christian 
leaders and churches themselves also engaged their congregations 
in political activism. Popular Christian televangelist Jerry Falwell 
established a political action committee and effectively expanded the 
Religious Right’s agenda to include support for religious school tax 
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credits, defense of South Africa, and increases in military spending, 
along with staunchly pro-life, anti-ERA stances.12 At a large event for 
religious leaders, Falwell stated that the responsibilities of preachers 
were threefold: “Number one, get them saved; number two, get them 
baptized; number three, get them registered to vote.”13 By blurring the 
line between religion and politics, Falwell associated the ERA with 
a menu of conservative Christian beliefs, suggesting an anti-ERA 
mindset more concerned with a holistic Right agenda rather than 
feminism itself. Despite the presence of politically-charged rhetoric in 
many anti-ERA arguments, however, these bureaucratic intents were 
secondary to sincere, female-led, religious motives.

A Female Infantry Defending Family, God, and Country
 
Christian women enacted ERA opposition because they believed it 
was their duty to defend their families and country against perceived 
expansive consequences in the social and moral spheres. First, it 
is important to clarify that women were actually the drivers of the 
Christian anti-ERA movement. The idea of male-dominated ERA 
opposition is a weak one mainly because more men than women 
supported the ERA. A cartoon for the Austin American Statesman 
features an elderly couple discussing the ERA (see Appendix 1). When 
the husband, reading a newspaper article, tells his wife he can’t “see th’ 
harm” in the ERA, his wife explodes back, yelling for him to read the part 
about “requiring homosexual bathrooms,” “outlawing families,” and 
“mandatory abortions.” When he tries to counter, saying “No, that’s all” 
(likely referring to the succinct nature of the proposed amendment), 
she interrupts, screaming that the ERA is another “devious” feminist 
“trick.”14 Empirical evidence also supports the proposition that more 
men approved of the ERA than women: a New York Times/CBS Poll 
revealed that in 1980, 55% of men supported the ERA, while only 
47% of women did.15 Both the cartoon and the poll results indicate a 
more widespread male acceptance or even ambivalence to the ERA, 
reinforcing the idea that women were at the helm of active anti-ERA 
efforts. Furthermore, the wife’s intensity in the cartoon speaks to the 
great passion with which Christian women felt they were defending 
their faith. Christian women’s motives for opposing the ERA with 
such enthusiasm can be partially attributed to a belief that women 
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were the appointed stewards of religion for their households. In this 
case, that perceived responsibility to ensure the moral future of their 
families and their country helped drive their anti-ERA efforts. Shirley 
Spellerberg, STOP ERA Florida Chairman, wrote that women were 
“drop[ping] everything to fight” in this “religious war,” citing the fact 
that women “keep the family’s faith” as a primary reason for their 
zeal. “Our women,” wrote Spellerberg, “figure that the politicians and 
bureaucrats have had their turn and they’ve botched it,” letting the 
United States decay into a “moral pygmy.”16 The mass participation 
of Christian women that Spellerberg described further indicates the 
energized initiative that Christian women took on. Finally, women 
were both the primary participants and leaders of the entire anti-
ERA movement. Phyllis Schlafly, no doubt the principal leader of the 
entire crusade, can be seen in numerous photographs leading STOP 
ERA rallies—rallies filled with women—whether they were picketing 
the White House or passing out STOP ERA apple pies (see Appendix 
2).17 Women served as the chairmen of STOP ERA chapters in various 
states, organized themselves, and reached out to male lawmakers, 
pressing them to oppose the ERA. For example, Mrs. Thomas Zeko of 
California did just this when she personally wrote to her representative 
Don Edwards in 1971 to voice her ERA opposition, arguing that the 
ERA would cause significant societal harm.18 By contrast, men are 
scarce if not nonexistent in photos of anti-ERA rallies. This significant 
presence of female participants in the anti-ERA campaign further 
reveals that women were passionate enough and invested enough in 
anti-ERA sentiment that they would devote their time and talents to 
the cause. Ironically, women were immersing themselves in the male-
dominated political system in order to oppose an amendment that 
would objectively limit a woman’s ability to have maximum influence 
in said political system. This paradox notwithstanding, by and large, 
women saw themselves as warriors who would defend their families 
tirelessly. Teddi Holt, homemaker and STOP ERA Georgia member, 
sums it up nicely. Holt wrote in her narrative antifeminist perspective 
that mothers “must stand up for the protection of our homes and our 
children.” If they failed to “unite against threats to the home,” she wrote, 
the “keepers of the home … will not have a home to keep!”19 So what 
threats, exactly, were women so fervently defending their homes from?
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Rather than equal rights for women, females’ defense of the family 
sentiment was predicated upon the fear that the ERA was the first 
step in a slippery slope leading to an anti-family, non-Christian 
nation. First and foremost, Christians feared that the ambiguous 
wording of the ERA would provide for abuse of the amendment 
and allow liberal politicians to veer into unwanted social territories. 
Phyllis Schlafly, who was also a lawyer, communicated to her many 
followers that the ERA was so loosely worded that it would require 
additional court interpretation, which could not be trusted.20 This 
fear reveals a deeper mistrust of the court system exacerbated by 
the liberal “Warren Court” of the 1960s and the recent Roe v. Wade 
decision of 1973. Based on the judicial context alone, Christians were 
unlikely to place their confidence in the Supreme Court with the 
ERA. However, many Christian mothers also believed that the ERA 
would remove them from their domain: their homes and children. 
Phyllis Schlafly, for example, wrote in the November 1972 issue of 
her monthly conservative report that the ERA would make a wife 
“equally responsible to provide a home for her family and to provide 
50 percent of the financial support of her family.”21 Being forced out of 
the home and into a job would have been a major lifestyle shift, and 
women—especially in a nation saturated with suburban ideals of stay-
at-home moms—were justifiably afraid of the prospect. As Teddi Holt 
wrote, feminists were “calling for liberation from the things women 
like me love most—our husbands, our children, our homes.”22 This 
Christian fear of unwanted, forced freedom from the home reveals 
that their motivations for opposing the ERA were defensive in nature. 
Christians were also concerned with the encroachment of abortion 
rights. A photo of an anti-ERA protest contained a woman carrying a 
sign reading “Stop Abortion: Let REASON Not PRESSURE Determine 
Your Vote (see Appendix 3).”23 The Austin American Statesman’s 
cartoon also included this same fear: a wife shouting angrily about 
potential “mandatory abortions.”24 Especially in the wake of the 1973 
Roe v. Wade Supreme Court decision, which coincided with the 
beginning of major anti-ERA actions, abortion was a fear-inducing 
subject for Christian women who viewed it as murder. The protest 
photo and cartoon both demonstrate that while women were usually 
politically inactive, the reality of abortion was so repulsive to them 
that it ignited their enthusiasm for anti-ERA efforts. The issue of gay 

                         THE MENLO ROUNDTABLE   49



rights was another speculative effect that Christians disdained because 
it challenged the traditional family and traditional understandings 
of the Bible. Televangelist Jerry Falwell voiced this fear at a large 
Christian event when he stated that the “ambiguous wording” of the 
ERA would mean that “homosexual marriages could not be disallowed 
anywhere.” To roaring applause, Falwell declared that this effect would 
be a “repudiation of our conviction that the traditional family mold is 
right” and that “what God has condemned [cannot be] sanction[ed].”25 
Falwell’s suspicion of the connection between the ERA and gay rights 
displays the same traditional-family-centric, conservative reasoning 
for ERA opposition that many Christians adopted. For example, in 
Mrs. Thomas Zeko’s letter to her House representative she prefaced 
her argument by stating her perceived intent of the “lesbians … of 
women’s lib.”26 By naming lesbian women as central components of the 
feminist movement, Zeko further displays this widespread Christian 
fear of nontraditional, non-heterosexual encroachments on American 
culture. Even at rallies, a disdain for gay rights was apparent through 
signs reading “God made Adam and Eve, not Adam and Steve,” a clear 
dig at gay rights (see Appendix 4).27 All these anti-ERA references 
to gay rights display the fearful conjecture that gender equality 
meant marriage equality. Finally, a Cold War fear of communism 
even seeped into the anti-ERA debates. The aforementioned Zeko 
letter categorized the women’s lib movement as being comprised of 
“communists,” revealing the inflation of perceived socialist presence 
within feminism.28 Similarly, STOP ERA member Teddi Holt wrote 
that the feminist movement was not only “begun by communist and 
socialist leadership,” but was also “saying that our children needed to 
be ‘socialised.’”29 This need to defend one’s own offspring from socialist 
encroachments took “defense of the family” rhetoric to a very literal 
level for many Christian women, suggesting that the hypothetical 
arguments put forth by anti-ERA activists did not just defend God 
and family but also country and capitalism. It’s clear that anti-ERA 
Christians paraded many consequences unrelated to gender equality 
itself—so what did they think about the rights of women?
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The Reduced Rights Amendment
 
Ironically, Christian women who opposed the ERA were often actually 
in favor of equal rights between genders. Historian David Kyvig 
argued in his article “Historical Misunderstandings and the Defeat of 
the Equal Rights Amendment” that anti-ERA leaders connected with 
a population of women “not entirely opposed” to women’s rights.30 
Indeed, the notion that all anti-ERA Christians protested women in 
the workplace is easily dispelled. Teddi Holt wrote in her anti-ERA 
narrative that she had no doubt a woman could be a competent president 
of the United States because she thought women were “exciting,” 
“intelligent,” and “very, very necessary.”31 In a similar vein, when Mrs. 
Thomas Zeko wrote to her representative in opposition to the ERA, 
she first conceded that “women, of course, should receive equal pay 
for equal work.”32 Televangelist Jerry Falwell wrote in his 1980 book 
Listen, America! that working women should be regarded with dignity 
and rewarded equally for equal work.33 Clearly, these Christians did 
not oppose equality for other women who wanted or needed to be in 
the workforce. In fact, they explicitly supported it, revealing that their 
true objections lay beyond the scope of gender equality. Furthermore, 
Christians believed that the ERA would do nothing in the realm of 
improving equality for women. In his book, Falwell went on to write 
that his real grievance was that gender equality in employment was 
not the central focus of the “present feminist movement” or of the 
ERA.34 Schlafly agreed: while she meticulously documented potential 
ERA-made changes to family life, moral standards, and even the 
military, she noted in a 1981 newsletter that she believed the ERA 
would make absolutely no changes to employment.35 Schlafly and 
Falwell’s arguments that employment equality, the alleged goal of the 
ERA, would not be changed, further reveal that Christians actually did 
consider equal rights for women to be a cause worthy of real change—
just not in the form of the ERA. It wasn’t just top-level leadership that 
professed their support for equal rights itself. Protesters proclaimed 
their appreciation for women’s rights by holding signs that read 
“Women’s Rights—YES! ERA—NO!” And “Women’s Rights—Yes. 
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The Amendment—No.” reveal that while women were ready for equal 
rights, Christian women especially were not ready for the host of other 
ramifications they thought the ERA entailed (see Appendices 3 and 
4).36 Finally, Christian ERA opposition tended to support education 
for women and believed those opportunities would be impaired by 
the ERA. In Schlafly’s 1977 book The Power of the Positive Woman, 
she argued that the ERA would force women’s colleges to “go fully co-
ed or give up all ‘federal assistance,’” and since “graduates of women’s 
colleges are more likely to be career achievers,” the ERA would limit 
the career capacity of many women receiving an education.37 Schlafly’s 
statement reveals the effective yet paradoxical argument of accusing 
the ERA of harming the status of women already in a position to 
succeed. However, this proved to be one of ERA opposition’s tried-
and-true tactics: tell women they already have rights—even superior 
rights—that the ERA would take away.
 
Many Christian women believed that they had superior rights and 
protections that the ERA would diminish. These perceived advantages 
fall into two major categories: financial security and physical safety. 
Financially, Christian women believed previous legislature already 
ensured protections against paycheck inequality. Phyllis Schlafly 
claimed that the ERA was unnecessary because of several laws already 
passed by Congress: the Equal Pay Act, Title VII of the Civil Rights 
Act, the Equal Employment Opportunity Act, Title IX of the Education 
Amendments, and credit protection legislation passed in 1974.38 This 
points back to the dislike of the ERA’s broad language; Christians 
preferred that discrimination be combatted through specific laws 
less prone to court manipulation. Christian women also relied on the 
Christian framework of financial support for the mother. Schlafly said 
that the “great legacy of Moses” stipulated that “children are a woman’s 
best social security—her best guarantee of social benefits such as old 
age pension, unemployment compensation, workman’s compensation, 
and sick leave … all the physical, financial, and emotional security.”39 
This argument reveals a Christian desire to retain the infrastructure of 
a religious family in which females remain dependent on the family 
for financial protection. Finally, ERA opponents believed that the ERA 
would actively hurt women financially. Schlafly, who believed the ERA 
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would proliferate the nation with no-fault divorce, claimed that the 
ERA would “wipe out the state laws that require a husband to support 
his wife,” forcing the “cast-off wife … to hunt for a job to support 
herself ”—Schlafly even posited that life insurance commissions would 
no longer be able to approve lower life insurance premiums for women 
based on longer life expectancy.40 Though such accusations seem petty, 
the fact that they were included reveals that every allegation was fodder 
for the flame of Christian outrage against the ERA. By expressing 
the potential threats that the ERA leveled against women, Schlafly 
effectively mobilized middle class Christian women who saw “danger, 
not promise, in independence” and were fearful of a workplace-and-
paycheck world that many had never before experienced.41

 
The second category of protections that Christians felt they were 
preserving for women was physical safety. While it is difficult to 
ascertain whether or not the ERA actually would have sped up the 
inclusion of women in the draft, Christians feared that women would 
be drafted and assigned to combat duty if the ERA was passed. They 
believed it was men’s God-given role to fight and defend women. When 
pressed further about why she thought Christianity and the ERA were 
incompatible, one woman at a Jerry Falwell Moral Majority event said 
the following: “God made man to be superior and to protect the woman. 
He didn’t make women to go out and fight; he made the man to go out 
and fight and protect the woman.”42 This ideological position suggests 
that Christians felt they were defending roles established by God 
himself. In a photo of an anti-ERA rally, young women wore badges 
reading “All that is between me and the draft is ERA (see Appendix 5).”43 
This pushback demonstrates the panic that the threat of a draft struck 
into girls and women alike. This panic, exacerbated by the constant 
Cold War threat of an actual war, was a primary motivation for many 
women to oppose the ERA. If not for their own sakes, why not for 
their daughters’ sakes? While claims of an all-gender draft may have 
been unsubstantiated, they were fuel for angry fire of ERA opponents. 
Anti-ERA leaders also pointed out a possible decrease in the safety 
of women even if they weren’t drafted. Schlafly wrote in her widely-
distributed November 1981 newsletter that the ERA would lower the 
consent age for sexual acts to twelve years old, legalize prostitution, 
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and repeal the Mann Act, which protected women by criminalizing 
human trafficking and prostitution within the United States.44 She 
also claimed that prisons, sports teams, and even bathrooms would be 
gender-integrated, all of which could carry opportunities for rape and 
abuse.45 In fact, the recent racial integration of public bathrooms made 
Southern states especially receptive to fears of major change in public 
facilities, and Senator Sam Ervin used these racist sentiments to his 
advantage during the inception of anti-ERA coalitions.46 Finally and 
perhaps most alarmingly for her followers, Schlafly wrote that rape 
laws would be defanged due to the ERA.47 Schlafly’s statements were 
understandably frightening for women. The broadcasting of these 
scary potential physical dangers suggest that Christian women were 
influenced not just by social and financial ramifications but also by a 
natural human desire to defend their own bodies. 

The Lasting Legacy of the Silent Majority
 
For Christians, the de jure goal of legal gender equality was overshadowed 
by the perceived de facto intent behind the ERA. Christian-held fear 
of the ERA was social (fear of nontraditional families, abortion, and 
gay rights), ethical (the desire to protect women), and even patriotic 
(defense of capitalism, the military, and democracy). In fact, Christian 
opposition to the ERA lay in nearly every single category except 
opposition to the ideal of equal rights for women—a misinterpretation 
that feminism struggles with to this day. The ERA was a perceived 
invasion on what they believed was ordained by God as morally and 
religiously sacred. To thousands of Christian men and women, the 
ERA itself was extremist in every way. It was, in Schlafly’s own words, 
“extremist in its anti-family objectives,” “extremist in its assault on our 
moral standards,” and even “extremist in its attack on the effectiveness 
of our armed services.”48 Religion has always been zealously discussed 
and vehemently defended. Therefore, it follows that any potential effect 
beyond equal rights for women would be attacked passionately by 
Christians as if their very identities were at stake. That was their reality: 
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their world view and way of life threatened by a single amendment. For 
present and future feminists, an important question still remains: is 
there a way to frame the ERA and feminism so that Christians can be 
convinced it would be beneficial to families and morality? Or are the 
Christian faith and feminism forever ostracized from one another? In 
this day and age, when it would appear that a third wave of feminism is 
re-entering the global scene, this question could be vital to the success 
of feminist accomplishments within the United States. It was certainly 
a life-or-death situation for the ERA. 
 
Ultimately, the success of Phyllis Schlafly and the Religious Right 
against the ERA reveals the power of the supposedly “silent” majority 
of moderate, religious opinions that are said to be rarely expressed. 
Christian opposition to the ERA serves as a prime example of the power 
of this “silent majority” to be extremely loud and push back against 
liberalism with astonishing force. Today, at Trump rallies, crowds hold 
up a sign with the following slogan: “The Silent Majority Stands With 
Trump.” A closer glance reveals that the rise of Trump actually has 
many parallels to ERA opposition. For feminists and liberals intent on 
securing legally-mandated equal rights for women, Phyllis Schlafly was 
a demonic figure. Betty Friedan even publicly told Schlafly, “I’d like to 
burn you at the stake.”49 This sentiment is not unlike that of liberals who 
fearfully gawk at the meteoric rise of Trump or other ultra-conservative 
2016 presidential candidates like Ted Cruz. Schlafly and her anti-ERA 
ranks, similar to Trump and his supporters, cared far more about 
outcome than process and weren’t afraid to inflate fears, exaggerate 
consequences of contemporary politics, or make their rallies flashy 
and impassioned. One journalist, for example, called Phyllis Schlafly’s  
STOP ERA rallies as “the best show in town.”50 The combination 
of a fear-driven campaign and a polarizing leader like Trump in his 
presidential campaign or Phyllis Schlafly in her anti-ERA crusade are 
just two examples of progressive change promoting intense backlash, a 
pattern that has echoed throughout United States history. 
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Dark Rose in a Drought: The Importance 
of Guns to the Black Panther Party 

Claire McFarland

In light of the ongoing Black Lives Matter movement, Beyoncé shocked 
American audiences at the Super Bowl 50 halftime show by commem-
orating the Black Panther Party on their 50th anniversary. She dressed 
in the Panthers’ trademark black leather jacket and beret, complet-
ing the look with a bandolier across her chest. The image of the Black 
Panthers is not complete without some reference to their use of guns. 
The Black Panther Party was formed in 1966 as an outgrowth of the 
previously non-violent Civil Rights Movement of the early 1960s. As 
this movement progressed, blacks became more and more disgrun-
tled with continued racial injustice. “We shall overcome,” Dr. King’s 
famous non-violent mantra, did not speak to the many urban blacks 
experiencing continued violence and discrimination at the hands of 
police and white supremacists. These disempowered blacks preferred 
the Black Panther Party’s rallying cry, “Power to the people!” As men-
tioned in the N.E.G.R.O. News, blacks were tired of non-violent tactics 
that “have resulted in no change.”1 The Black Panther Party was born 
in Oakland, California, in 1966 in the midst of racial tensions. Blacks 
were regularly abused by the Oakland Police. It was commonplace 
for routine traffic checks to escalate into beatings and even killings of 
black citizens.  

The Black Panther Party for Self Defense (later known simply as the 
Black Panther Party) was formed in response to this brutality. The Pan-
thers went one step further than existing civil and black rights advo-
cates such as the Southern Christian Leadership Conference (SCLC) 
and the Student Non-Violent Coordinating Committee (SNCC), and 
chose to carry guns both to ensure their safety and to highlight their 
fundamental rights as citizens of the United States. Historians disagree 

This paper was written for Dr. Charles Hanson’s Advanced Placement 
U.S. History class in the spring of 2016.



66            Claire McFarland

as to whether the Panthers’ provocative tactic of carrying guns helped 
or hurt their cause. It is true that, as historian Curtis J. Austin argues, 
the Panthers’ use of guns and violence led to “poor choices and un-
workable strategies” and set the police and FBI on the path to destroy 
the organization.2 However, guns also empowered blacks to claim their 
human and legal rights. As historian Paul Alkebulan argues, the party 
was very popular among young urban blacks who were excited to carry 
guns to stand up to their lifelong oppressors.3 And as Bridgette Bald-
win, a Ph.D. in Law, Policy and Society, contends, the Black Panthers’ 
use of guns allowed the Panthers to address rights that had long been 
denied to black Americans.4

People Dismiss Panthers as Thugs and Criminals

Carrying guns generated a lot of backlash against the Black Panthers. 
In the early stages of the party’s growth, the Panthers went on what 
they called “patrols,” in which members drove behind police cars look-
ing for incidents when black citizens were pulled over. When this hap-
pened, the patrol members also pulled over, maintaining a reasonable 
distance from the police, and got out of their car with their guns in 
hand. They would then watch the police to make sure the police were 
acting appropriately and not harassing the blacks. The Panthers carried 
their guns in the open, and would only load and point their weapons if 
the police did so first. When the incident was over and the police were 
leaving, the Panthers got back in their cars and continued to patrol 
their area, looking for other such incidents with the police. Not only 
were the police shaken up by the Panthers’ bold, confrontational use 
of guns, but the Party also frightened many whites in the community. 
Shortly after the Panthers began these patrols, California State As-
semblyman Don Mulford introduced a bill prohibiting the carrying of 
loaded firearms in public. He introduced this bill to the public stating, 

When bands of armed people with loaded weapons can move about our 
streets intimidating and frightening citizens, then I think we should act 
and we intend to act. It’s my intention to make it a misdemeanor to have 
loaded rifles and shotguns and weapons in public places.5
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This statement was made to appease his white supporters who were 
scared of blacks carrying guns in the streets. Oakland was highly popu-
lated with both blacks and whites, and although the two races tended 
to live in separate communities, they crossed paths all the time. Many 
whites saw the Panthers carrying guns, wearing all black and leather, 
and marching militaristically around the city, and came to fear them 
and view them as thugs and criminals. The media, composed of people 
who “wish to see [the Panthers] eliminated,” reinforced this stereotype 
as Julian Bond, the communications director of SNCC, expressed.6 The 
media characterized the Panthers as “gun-totin’, militant black radicals,” 
as Bobby Seale, co-founder of the Party, wrote in an essay accompanying 
photos commemorating the Panthers’ time.7 An article from the Lake 
Forest College Newspaper in 1970 similarly states that the media charac-
terized the Panthers as “crazy fools who just want to kill honkies.”8 

Seale also described in this essay how the media distorted facts to 
make it seem like the Panthers initiated conflicts with the police. In 
reality the FBI planned many confrontations with the Panthers, for ex-
ample the police shoot-out with Huey Newton and Little Bobby Hut-
ton.9 The FBI even had a special secret organization, COINTELPRO, 
which was formed for the purpose of destroying the Black Panthers.10 

The shoot-outs that COINTELPRO staged were reported on in the 
popular media to give the perception that the Panthers were the ag-
gressors. The police often used such distorted media reports, as well as 
anti-gun legislation like the Mulford Act to justify putting Panthers in 
jail for the possession or use of guns. Eventually, this harmed the BPP 
because many of its most prominent members and leaders were jailed. 
This included the co-founders Bobby Seale and the charismatic and 
popular Huey Newton. Their incarceration created a void in the Party 
that left it scrambling to find replacement influential leaders to match 
Seale and Newton’s caliber.

Because many whites were scared of the Black Panthers, other black 
power and black rights organizations disapproved of and distanced 
themselves from the Party. They did so because they did not want their 



own movements to be similarly discounted as too extreme. For ex-
ample, Earl Anthony, a former Panther, describes how the San Fran-
cisco Black Panther Party (which developed at the same time as the 
Oakland based one but was not connected to it), “would go to great 
lengths” to explain how they differed because the San Francisco Pan-
thers viewed themselves as political and they condemned the Oakland 
organization as paramilitary.11 Some more conservative black citizens 
disagreed with the Panthers’ use of guns as well. A 1970 article from 
Crusader, a newspaper in Rockford, Illinois, included a quote calling 
the Black Panthers a “tiny minority degrad[ing] the image of our fine 
Black citizens and claim[ing] to represent the rest of their race.”12 The 
controversy sparked by the Black Panthers’ use of guns caused them to 
be isolated from other activist groups and to be targeted by the media, 
police, and FBI.  

Guns Brought Support and Recruits to the Party
 
After the Black Panthers’ march in Sacramento protesting the Mul-
ford Bill on May 2, 1967, the Party gained national publicity. During 
the march, Bobby Seale led a group of thirty gun-wielding Panthers 
across the lawn and up the steps of the State Capitol building, where 
they were surrounded by reporters who took pictures and video foot-
age and asked them questions. These reporters had previously been on 
the lawn taking footage of California governor Ronald Reagan talking 
with a group of children, but once they saw the congregation of young 
black men carrying guns and wearing all black outfits, they decided 
this group would make for a more interesting cover story. Bobby Seale 
even captured enough of their attention that when he read the Party’s 
ten-point program demanding freedom, employment, good housing 
and more for blacks, reporters asked him to repeat sections they had 
missed. The very next day, the Panthers’ plan advocating armed protest 
of the racist national system was spread across the nation in newspaper 
articles, TV news reports, and over the radio.13
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This event brought the Black Panthers a tremendous amount of public-
ity and soon black people across the country wanted in on the action.14 

As Phyllis Jackson of the Black Panther Party described, “We would 
get calls from Atlanta, Nashville, Raleigh, North Carolina, from Wash-
ington D.C., Bridgeport, Connecticut. Every city small or large you 
could think of wanted a chapter of the Black Panther Party.”15 A large 
number of blacks left school; some even drove across the country to 
join the Oakland chapter after the Sacramento event. Ericka Huggins, 
a black female former leader of the Black Panther Party, recalls leaving 
Lincoln University and driving across the country in a “hoopty” car to 
get to Oakland after learning about the Black Panther Party through 
televised footage of the party’s protest in Sacramento.16 The Panthers 
received a lot of their support from university students like Huggins. 
For example, the Lake Forest College student newspaper published an 
article commending the Panthers’ revolutionary tactics. Young, edu-
cated blacks were particularly attracted to the boldness, controversy, 
and uniqueness of carrying guns. The Panthers were making a state-
ment and differentiating themselves from other black rights and black 
power organizations, and many people loved it. As Mumia Abu-Jamal, 
a black man formerly involved with the Panthers described, 

Huey’s determined, principled stance, overnite, created a psychic umbrel-
la of protection over America’s Black community, as the one fundamental 
right that all life shares, the singular principle of self-defense, seeped, like 
Spring rain after a desert drought, into the awakened consciousness of 
a parched people to whom this basic law was denied. Like dark roses, 
[Black Panther Party] offices sprouted across America in response to this 
fresh, new wind.17

Abu-Jamal suggests that the Black Panthers’ radical approach to 
achieving racial equality and social justice provided oppressed blacks, 
especially those who had made it as far as college, with a newfound 
sense of empowerment and hope. 
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Not only did blacks view the Black Panther Party as a good vehicle for 
achieving empowerment, but the Party’s use of guns provided a sense 
of “street cred” with young urban black males. They saw the guns as a 
sign of power, confidence, and independence. Ray Gaul, a retired white 
policeman who served in Oakland in the 1960s and 1970s, described 
the Panthers’ tactics of carrying guns and confronting policemen as 
“pretty intimidating.”18 The idea that blacks could stand up to their op-
pressors, white policemen, was appealing to many young urban blacks. 
Michael McCarty, a former Black Panther member, remembered, 
“When I heard about Sacramento, I was like damn, these brothers are 
bad! They’re here up in Sacramento in the Capital? Packing?”19  

Not only did the use of guns appeal to men, but it brought support 
from young black women, too. Stephen Shames, a photo-journalist 
and social activist, captured the following image at a Free Huey rally in 
San Francisco in 1970 (see Figure 1 on next page).  
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Figure 1: Words on poster: “The racist dog police men must withdraw immediately 
from our communities, cease their wanton murder and brutality and torture of black 
people, or face the wrath of the armed people”   -Huey Newton20 
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Huey Newton was convicted of shooting and killing a white police of-
ficer during a traffic stop in 1968. His conviction led to public out-
cry and a long series of rallies and protests demanding his freedom. 
The young black girl pictured standing among the crowd of protestors 
chose Huey’s quote warning the white establishment of “the wrath of 
the armed people,” demonstrating the centrality of guns and armed 
protest to the appeal of the Party. The Party also appealed to women 
in its welcoming stance towards women as equal members to the men. 
As Tarika Lewis, the first female member of the Party, describes her 
entrance into the Party, 

I walked into the office and told them I wanted to join the Black Panther 
Party and they kinda laughed. I didn’t know that there weren’t any other 
women in the party at that time. But then I asked them could I have a gun.21

Many women followed Lewis’ example, and the Party embraced wom-
en recruits. At a time when the women’s movement was taking hold in 
the broader culture, black women saw joining the Party as a great op-
portunity to break out of gender norms. The illustration in Figure 2, by 
Audry Hudson, a secretary for the Black Panther Party and an editor 
of their newspaper, shows a black woman carrying a baby, a book, and 
a gun. This illustration is accompanied with the quote, “Until the day 
of liberation, protection for my child can only be guaranteed through 
the barrel of the gun.”22 This demonstrates how black women, just like 
their male counterparts, were drawn to the Party for their rhetoric of 
armed self-defense. They also appreciated that they did not have to 
give up their pursuit of education or their female identity in the pro-
cess of taking up arms, as shown by the textbook and baby the woman 
carries in the drawing.
 
Although the Party had very few white members, it drew support from 
white student activists and other white liberals and radicals at the 
time. Many of the participants at Party rallies and fundraising events 
were white. When twenty-one Panthers in New York were jailed on 
trumped-up charges and funds were needed for their legal defense, 
young high profile white celebrities rallied to the cause. Roland Free-
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man, a former Black Panther, describes such a fund raising event at 
Jane Fonda’s townhouse: 

We all get our leather jackets, we all have our berets. Some of us would be 
packing, some of us wouldn’t. The only people that would speak would be 
the two people that was designated to speak. The rest of us would just line 
the walls, fold our arms, and look like Black Panthers. Like, you know, 
we was ready to kill somebody. And them stars, they loved that shit. They 
just ate that shit up.23

As this quote demonstrates, liberal whites embraced the image of pow-
erful blacks with guns. 
 
James M. Barrett, a liberal white man, sympathized with the Panthers 
in a 1970 letter to the editor of the Milwaukee Star, writing, “if we 
[whites] had been treated the way blacks are being treated by us, and if 
we had guns, we know what we would do, don’t we?”24 This statement 
suggests that liberal whites like Barrett were able to put themselves in 
the shoes of black citizens and could see the importance of the Black 
Panthers’ use of guns to achieving their goals.

Bearing Arms Adds Symbolic Weight to the Panthers’ Message
 
Taking up arms was a powerful, practical and symbolic way for the 
Panthers to claim their rights as American citizens. The use of arms 
highlighted to the Panthers themselves, as well as to society at large, 
the fact that their struggle was for a universal right guaranteed under 
the Constitution. The Bill of Rights was introduced into the Constitu-
tion for the purpose of assuring individual rights to protect citizens 
from the possibility of the government abusing its power. In particu-
lar, the Second Amendment guarantees citizens the right to bear arms.  
The framers believed it important that individuals had the right to 
defend themselves against a government that would unjustly subju-
gate its citizens. In this way, the gun symbolizes individual rights. The 
Panthers believed that the police were routinely and unjustly subjugat-
ing and abusing blacks. For this reason, they called upon the Second 
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Amendment as the justification for arming themselves and patrolling 
the police. As the historian Bridgette Baldwin argues,

In the face of colonial occupation, Samuel Adams wrote, “If existence… 
is at stake, it is lawful to resist the highest authority.” His cousin and the 
future president, John Adams, concluded that “insurrection is always due 
to despotism from the government” and, further, that it served as legiti-
mate resistance against a colonial regime.25

Seen from this perspective, the Panthers’ choice to bear arms high-
lighted the plight of blacks, whose lives were often endangered by the 
actions of racist policemen. 

The United States was founded because colonists (specifically white 
men) felt their rights were being violated when, without any represen-
tation in their own government, they had to pay taxes to Britain. To 
protect their rights, the colonists organized and took up arms against 
their colonizers. The Black Panthers brought up the argument that 
they deserved the same rights to protect themselves as did the colo-
nists. Whereas the colonists were objecting to paying taxes, the blacks 
felt a more fundamental threat against their safety in their day-to-day 
lives due to police harassment and violence against them. Mumia Abu-
Jamal eloquently captured the sentiment that blacks possess the same 
inalienable rights as whites, and defending oneself with a gun, as the 
Panthers did, is one example of this.26 Bridgette Baldwin echoes this 
in her description of Black Panthers reciting the law to police officers 
on the Capitol building steps as “important street theater.”27 When 
the Panthers confronted policemen during their patrols, they always 
waited for the police to make the first move. If the police loaded or 
pointed their guns, the Panthers met their escalation. Without being 
aggressive, they still made the policemen uneasy.28 Before the Panthers 
began their patrols, white police did not think twice about harassing 
and abusing black citizens. Now the police were held accountable for 
their actions. 
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The Black Panther Party Pushes Black Rights One Step 
in the Right Direction
 
It has been fifty years since the rise of the Black Panther Party. While 
historians disagree over whether guns helped or hindered the Black 
Panthers’ cause and about the status of women in the Party, the orga-
nization’s efforts raised awareness of the need for fundamental rights 
and equality for our black citizens. One might argue that the fact that 
we now have our first black president is an indication that blacks have 
achieved equality in our culture. And yet the very brutality that blacks 
suffered at the hands of the police in the 1960s is echoed today in the 
killings of Eric Garner, Tamir Rice, Michael Brown, and the numerous 
unpublicized killings of unarmed black men at the hands of Amer-
ican policemen. These horrible killings have given rise to the Black 
Lives Matter movement that is currently energizing public discussion 
of issues of racism. Combating institutionalized racism is a long and 
drawn-out process. Sometimes it requires dramatic actions to wake 
people up to the racism to which they have become habituated. The 
Black Panthers’ radical actions served to do just this. While the Black 
Panthers alone were not able to eliminate racism, they were important 
in furthering the fight towards equality for African Americans. 

                          THE MENLO ROUNDTABLE   75



 
Figure 2: “Until the day of liberation, protection for my child can only be guaranteed 
through the barrel of the gun.” Illustration by: Audry Hudson 
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Solar Powered UV Water Purification System

Hailey Hodge

1  Abstract

The goal of this project was to design and prototype a UV water purifi-
cation system to be used in developing countries or environments such 
as refugee camps where there are little to no resources and no depend-
able electricity. To meet the needs of this given environment, the system 
needs to be durable, safe, affordable and sustainably powered so that safe 
drinking water is more dependable and easily accessible in rural areas 
with no safe water sources. I created a purifier that combines a gravity 
fed sand/gravel filter system and a disinfecting UV-C light to deactivate 
harmful microorganisms in the water available. Due to lack of availabil-
ity of certain materials, the system was not effective enough to purify 
water to the point where it meets national health standards. But the UV 
irradiation did in fact deactivate a significant amount of bacteria (up to 
70% at 1 L/min) and there was a very clear correlation between the ex-
posure time to the light and the percent of bacteria deactivated. 

2  Motivation and History
 
Over the summer I administered a workshop at the Singapore School 
of Science and Technology entitled “Design for Humanity.” We assisted 
the different student groups in identifying an issue pertinent in any de-
veloping country and from there they were told to design and prototype 
a creative solution to that problem. We modeled this workshop after the 
Stanford D-School and had a really good time mentoring the students. 
I personally felt a bit of imposter syndrome, teaching these kids to ap-
ply design thinking to solve issues when I had never done so myself. So 
when brainstorming potential ASR projects, I knew that I wanted to 
take the opportunity to finally apply all I’ve learned in the lab through-
out high school to make a positive change and solve a real global issue. 

This paper was written for Dr. James Dann’s Applied Science 
Research class in the spring of 2016. 



I specifically focused on water purification as my problem because it 
seems like an issue common among all developing countries as well as 
other peoples such as refugees. By addressing water purification, I felt 
like I was working on something that could potentially help the greatest 
number of people. 
 
The path to modern water purification methods has been long, but not 
a lot has changed as far as the basic technologies. Before there were any 
advanced biological methods of testing water quality, the primary focus 
was turbidity, or how cloudy the water looked. Very early on in 2000 BC, 
Greeks realized that the most effective way to purify water was to boil 
it and run it through a filter, which was some combination of sand and 
gravel, similar to a lot of modern filters (1). There were different itera-
tions of this method throughout Egypt and in Europe dating back to 1500 
BC. Then in the 1700s people discovered that charcoal had that capabil-
ity to decrease iron content, so when the first domestic purifiers were 
produced, they employed charcoal as they do in many systems today (2).

 

Figure 1: 3rd Century BC water filter found in Greece. 
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Figure 2: The original “Hyatt pure water filter” developed in the U.S. in 1880 and patented 
in 1881 by John Wesley Hyatt. Used to remove particulates and organic matter from water (4).  
 
A more urgent problem in the history of water purification was the dis-
covery in 1854 that the disease cholera was spread via water. As the epi-
demic unfolded, it became obvious that the spread of disease was less 
severe in places where governments employed municipal water purifi-
cation systems that used sand filters. In the 1890s more governments 
started catching on and constructed municipal water filtration systems, 
using a combination of filtration and chlorination to purify the water, 
resulting in a notable dampening of the cholera and typhoid epidemics. 
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But soon the negative effects of chlorine use became clear, and research-
ers discovered chemical substitutes such as calcium hypochlorite, which 
didn’t have the same negative effects as chlorine but held all the same 
sanitation benefits (5). Around the same time, in 1887 the germicidal ef-
fects of UV light were discovered, but they weren’t implemented in water 
purification systems until 1910 in Marseilles, France (6).  

Big strides were made in more recent history. In 1972 the Clean Water 
Act was passed in the U.S. and in 1974 the Safe Drinking Water Act 
(7). Thanks to acts like these the world’s most developed countries have 
safe drinking water. But these acts have had little effect on the water 
quality in developing countries which also lack the medical resources 
to compensate for the negative effects of bad water quality. Since the 
early 20th century there have been many technological advancements to 
make UV water purifiers more efficient and effective, but as these tech-
nologies advance, they become less accessible to people in developing 
countries as they become more expensive. There are also very few easily 
transported and assembled filters that combine mechanical filtration 
and UV germicidal irradiation. The best water quality will come with 
a combination of those two methods, so the goal of this project is to 
design and prototype a filter that combines these two methods, is easily 
assembled, affordable and effective. 

Figure 3: A modern microfiltration water purification plant that employs small  
membranes and sand to filter the water (8).
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Figure 4: Ultraviolet light treatment machine in a modern water treatment plant (9). 
  
3  Theory of Operation 
 
The water purification system I designed uses sand/charcoal/gravel fil-
tration and germicidal UV radiation to decrease the iron content in the 
water and to deactivate any threatening microbiological contaminants 
in the water. 
 
In some cases, the sand/charcoal/gravel filtration pretreatment is un-
necessary. But if the water has high turbidity, high iron content, or low 
UV transmissivity then it’s necessary to employ some sort of pretreat-
ment. Iron content specifically has major negative health affects. In an 
attempt to take maximum precaution and expecting that the users are 
collecting water from water sources with little or no sanitation, the pu-
rification system will include the pretreatment filter.  
 
The gravity fed filter system is a mix of sand, charcoal and gravel. The 
sand is used to remove large particulates and to foster the precipitation 
of iron complexes in the water (10). This means that the iron (a cation) 
bonds with anions in the sand such as carbonate and hydroxide to cre-
ate an insoluble precipitate (11).

                          THE MENLO ROUNDTABLE             85



Formula 1: 2OH- + FeSO4→ Fe(OH)2 + SO4
2- 

The charcoal is meant to block or absorb certain organic contaminants 
like pesticides. Charcoal is made up of carbon and therefore is capable 
of bonding to organic material, essentially holding it in place and pre-
venting that material from passing down through the rest of the system 
(12). And the gravel, at the bottom of the system, is just meant to pre-
vent clogging of the pipe leading to the UV tank. 
 
The UV germicidal light emits UV-C (254 nm) shortwave radiation, 
the only range of UV that has properties for germicidal irradiation 
(disinfection). UV-C rays have the capability of altering the DNA in 
certain microbiological organisms so that they no longer have the abil-
ity to reproduce and are therefore considered deactivated. The UV en-
ergy is absorbed by a double bond between thymine and cytosine, and 
the overwhelming energy then breaks that molecular bond within the 
DNA (13). Through a photochemical reaction, the UV thus produces 
thymine dimers which are unreadable by DNA polymerase, a major 
player in the reproductive process. The active site of the dimers do not 
properly fit with the polymerase, and the dimers thus create a kink in 
the reproductive system and prevent the organism from reproducing 
(14). The organisms remain in the water but are no longer harmful after 
the UV-C treatment. 
 
The effectiveness of the UV is dependent on the dosage. The dosage is 
a function of the intensity of the light (in microwatts) delivered for a 
given time (seconds) over a given area (square centimeters) (15).  

Formula 2: 
UV Dosage (microwatt-sec/cm2) = (Power (µW) / Area (cm2)) x Time (sec)
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Bacteria UV Dose Bacteria UV Dose

Agrobacterium lumefaciens 5 8,500 Pseudomonas aeruginosa 
(Environ.Strain) 1,2,3,4,5,9

10,500

Bacillus anthracis 1,4,5,7,9 
(anthrax veg.)

8,700 Pseudomonas aeruginosa 
(Lab. Strain) 5,7

3,900

Bacillus anthracis Spores 
(anthrax spores)

46,200 Pseudomonas fluorescens 4,9 6,600

Bacillus megatherium Sp. 
(veg) 4,5,9

2,500 Rhodospirillum rubrum 5 6,200

Bacillus megatherium Sp. 
(spores) 4,9

5,200 Salmonella enteritidis 3,4,5,9 7,600

Bacillus paratyphosus 4,9 6,100 Salmonella paratyphi 
(Enteric Fever) 5,7

6,100

Bacillus subtilis 3,4,5,6,9 11,000 Salmonella Species 4,7,9 15,200

Bacillus subtilis Spores 2,3,4,6,9 22,000 Salmonella typhimurium 4,5,9 15,200

Clostridium tetani 23,100 Salmonella typhi 
(Typhoid Fever) 7

7,000

Clostridium botulinum 11,200 Salmonella 10,500

Corynebacterium diphtheriae 
1,4,5,7,8,9 

6,500 Sarcina lutea 1,4,5,6,9 26,400 

Dysentery bacilli 3,4,7,9 4,200 Serratia marcescens 1,4,6,9 6,160 

Eberthella typhosa 1,4,9 4,100 Shigella dysenteriae - 
Dysentery 1,5,7,9 

4,200

Escherichia coli 1,2,3,4,9 6,600 Shigella flexneri - 
Dysentery 5,7 

3,400

Legionella bozemanii 5 3,500 Shigella paradysenteriae 4,9 3,400

Legionella dumoffill 5 5,500 Shigella sonnei 5 7,000 

Legionella gormanil 5 4,900 Spirillum rubrum 1,4,6,9 6,160 

Legionella micdadei 5 3,100 Staphylococcus albus 1,6,9 5,720 

Legionella longbeachae 5 2,900 Staphylococcus aureus 3,4,6,9 6,600 

Legionella pneumophila 
(Legionnaire’s Disease)

12,300 Staphylococcus epidermidis 5,7 5,800

Leptospira canicola - 
Infectious Jaundice 1,9 

6,000 Streptococcus faecaila 5,7,8 10,000 

Leptospira interrogans 1,5,9 6,000 Streptococcus hemolyticus 
1,3,4,5,6,9 

5,500 

Micrococcus candidus 4,9 12,300 Streptococcus lactis 1,3,4,5,6 8,800 

Micrococcus sphaeroides 
1,4,6,9 

15,400 Streptococcus pyrogenes 4,200
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Mycobacterium tuberculosis 
1,3,4,5,7,8,9 

10,000 Streptococcus salivarius 4,200 

Neisseria catarrhalis 1,4,5,9 8,500 Streptococcus viridans 3,4,5,9 3,800 

Phytomonas tumefaciens 1,4,9 8,500 Vibrio comma (Cholera) 3,7 6,500 

Proteus vulgaris 1,4,5,9 6,600 Vibrio cholerae 1,5,8,9 6,500 

Molds UV Dose Molds UV Dose

Aspergillus amstelodami 77,000 Oospora lactis 1,3,4,6,9 11,000 

Aspergillus flavus 1,4,5,6,9 99,000 Penicillium chrysogenum 56,000 

Aspergillus glaucus 4,5,6,9 88,000 Penicillium digitatum 4,5,6,9 88,000 

Aspergillus niger (breed mold) 
2,3,4,5,6,9 

330,000 Penicillium expansum 1,4,5,6,9 22,000 

Mucor mucedo 77,000 Penicillium roqueforti 
1,2,3,4,5,6 

26,400

Mucor racemosus (A & B) 
1,3,4,6,9 

35,200 Rhizopus nigricans 
(cheese mold) 3,4,5,6,9 

220,000

Protozoa UV Dose Protozoa UV Dose 

Chlorella vulgaris (algae) 
1,2,3,4,5,9 

22,000 Giardia lamblia (cysts) 3 100,000 

Blue-green Algae 420,000 Nematode Eggs 6 40,000 

E. hystolytica 84,000 Paramecium 1,2,3,4,5,6,9 200,000 

Virus UV Dose Virus UV Dose

Adeno Virus Type III 3 4,500 Influenza 1,2,3,4,5,7,9 6,600 

Bacteriophage 1,3,4,5,6,9 6,600 Rotavirus 5 24,000 

Coxsackie 6,300 Tobacco Mosaic 2,4,5,6,9 440,000 

Infectious Hepatitis 1,5,7,9 8,000 0 0

Yeasts UV Dose Yeasts UV Dose 

Baker’s Yeast 1,3,4,5,6,7,9 8,800 Saccharomyces cerevisiae 4,6,9 13,200 

Brewer’s Yeast 1,2,3,4,5,6,9 6,600 Saccharomyces ellipsoideus 
4,5,6,9 

13,200

Common Yeast Cake 1,4,5,6,9 13,200 Saccharomyces sp. 2,3,4,5,6,9 17,600 

Figure 5: Necessary UV dosages to remove 99.9% of harmful organisms in water (5).  
These dosages assume a water depth of 6 cm.  
 
The UV light bar is powered by a 12 V solar panel, which supplies en-
ergy to four ultra capacitors, which store and then supply the energy to 
the UV light. The solar panel relies on the photovoltaic effect to convert 
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light into electricity. The solar cell is composed of two layers: p-type and 
n-type. The p-type layer is composed primarily of silicon, which has 
four valence electrons but the layer is doped with boron atoms, which 
have only have three valence electrons, so when boron is bonded with 
silicon there is an electron “hole” that offers a free positive charge which 
can conduct electricity. The n-type layer is also primarily composed of 
silicon but has some phosphorus atoms, which inversely have five va-
lence electrons. The extra valence electron is not a part of any covalent 
bond between the silicon and phosphorus and is thus “free” and can 
conduct electricity. In the solar cell, the n-type layer is directly above the 
p-type layer. Because the n-type has free electrons (a negative charge) 
and the p-type has electron holes (a positive charge) there is a voltage 
instilled between the two. So when light hits the n-type layer, it imparts 
enough energy to the free the extra valence electrons so that they can 
then be herded to the p-type layer which lacks electrons. This flow of 
electrons is electric current which can then be directed to the ultra ca-
pacitor where the energy can be stored and effectively used later (17). 
 
Once the current is herded to the capacitor, the capacitor employs static 
energy to store that energy within an electric field. Within the capaci-
tor, there are two conducting metal plates with opposite charges and a 
thin insulator in between them (made of either carbon, paper or plastic) 
which becomes polarized, separating the charges from the solar cell and 
thus creating an electric double layer when the capacitor is charged (18). 
The energy is stored in the form of electrical potential energy, which is 
acquired by doing work and transferring charges against the field from 
one plate to another. The charges that were separated by the capacitor 
will flow in one direction through the UV light to the opposite plate 
when the light is connected in the circuit, and this energy will continue 
to power the light until the capacitor is fully discharged (19). 
 
The amount of energy that needs to be stored in the ultra capacitor 
is dependent on the necessary UV dosage. If the necessary dosage is 
24,000 μW-s/cm2, that means that it requires 0.024 J/s per square cen-
timeter to properly purify the water, assuming a depth of 6 cm. To then 
find the total charge that needs to be stored in the capacitor, you mul-
tiply 0.024 J/s by the surface area of the base of the reactor chamber. 
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Assuming that the SA=200 cm2, the total charge necessary to purify 
the water within the chamber at a given point in time would be 4800 J. 
 
And to then determine the amount of time that the water has to remain 
in the chamber, you multiply the irradiance by the volume by 60 sec-
onds and divide that by the necessary dosage (20). 

Formula 3: 
Flow Rate (liters/min) = (Irradiancemid-level x VDZ x 60 sec/min) / Dosage
 
The UV-C bulb used in the system is 8 W and the surface area of the 
base of the reactor chamber is about 200 cm2. Irradiance is watts per 
area, and typical mid-level irradiance of a UV light at 6 cm distance is 
900 µW /cm2. The volume of the reactor irradiation disinfectant zone 
is the surface area of the base (200 cm2) times the height (6 cm) which 
equals 1200 cm3 which is equal to 1.2 liters.

Flow ratemax = (900 µW /cm2 x 1.2 liters x 60 sec/min) / 24,000 µW-s/cm2

 
Flow ratemax = 2.7 liters/min

The system would have to run at no more than 2.7 L/min for the water 
to be disinfected to a safe concentration of bacteria. In this experiment, 
the water runs through the system at three different flow rates and tests 
to see which speed kills the most bacteria. 
 
To find the exact amount of time the water is actually exposed to the 
light—therefore to find the amount of energy necessary to purify a giv-
en amount of water, use Formula 4. 

Formula 4: 
Time (sec) = UV Dosage (microwatt-sec/cm2) / (Power (µW) / Area (cm2))

 = 24,000 µW-s/ cm2 / (8000000 µW / 200 cm2)

 = 0.6 second per cm2
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Assuming that the necessary dosage to purify 99% of organisms in the 
given container is 24,000 µW-s/cm2, and granted that the surface area is 
200 cm2 and the power of the bulb is 8 W, the necessary time of expo-
sure is 0.6 seconds per centimeter squared. Formula 2 assumes a depth 
of 6 cm, so it’s really 0.6 seconds per 6 cm3 (1 cm2 x 6 cm). Let’s say you 
are trying to purify one liter (1000 cm3), you would then divide 1000 
cm3 by 6 cm3 to get 166.67 and multiply that by 0.6 seconds to get 100 
seconds or 1.67 minutes to purify one liter of water.  
 
To then calculate the amount of energy necessary to power the bulb for 
1.67 minutes, multiply power by time. 

Formula 5: 
Energy (J) = Power (W) x Time (s) = 8 W x 100 seconds = 800 joules 

Then comes the question of whether or not the 12V solar panel has the 
capacity to supply that amount of energy. The 12V solar panel, with an 
average of 0.4517 amps (0.4517 coulombs/second), gathers 5.43 joules 
each second (for amperage data see Figure 14, and for calculation of 
energy see Formula 5). 

Formula 6: 
Joules = Voltage * Coulombs = 12 V x 0.4157 coulombs = 5.42 Joules / second
  
With a 12 V solar panel, with an average of 0.4517 amps (0.4517 cou-
lombs/second), 5.42 joules are being gathered each second (for voltage 
output see Figure 14, and for calculation see Formula 4). This means 
that the solar panel could gather enough energy to purify one liter of 
water in 147.6 seconds (800 joules/5.42 joules/second). So the solar 
panel can easily power the system, especially during mid-day when the 
sun is most powerful. If a particularly large amount of water needs to 
be purified, then energy could either be stored from the earlier and later 
parts of the day, or another solar panel could be connected in parallel to 
collect more energy at once. 
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4  Design 

The water purification system consists of two 5-gallon insulated con-
tainers, connected by 3/4-inch PVC pipes and Ts with a UV reactor 
chamber between the two containers. Each container is 1 foot in diam-
eter and is 19 inches tall and made of plastic. One of the two containers 
is elevated, sitting on top of the wooden structure which holds them 
both. The top container contains a layer of sand (between the size of 
40 and 16 mesh), charcoal and pea gravel, which each serve a certain 
purpose in the purification process (explained in section 3). There is 
a perforated PVC pipe which sits in the bottom of the container and 
stretches from one side to the other within the pea gravel and then ex-
tends out the side of the container (this junction is sealed with silicon 
sealant to prevent leaking) and connects to a valve which can be opened 
and closed to allow water to flow out of the container. The flow restric-
tor is connected directly to the valve. In this experiment there are three 
different flow restrictors, made of PVC with perforated quarters glued 
to the end—the number of 9/64-inch holes in the quarter determines 
the flow rate (shown in Figure 6). The flow restrictor then connects to 
a PVC elbow and then a clear pipe which runs downward into the UV 
reactor chamber. At all of the junctions between pipes, silicon sealant is 
applied to prevent leaks. 

 

Figure 6: The three different flow restrictors. A 2-inch long piece of PVC is glued to 
a quarter with the proper number of 9/64 -inch holes. Each hole allows 1 liter to flow 
per minute so the leftmost flow restrictor is 1 liter per minute, the middle is 2 liters 
per minute and the rightmost is 3 liters per minute. 
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Figure 7: UV Water Purification System Design. Bottom left shows the general 
dimensions of the UV reactor chamber which contains the UV bulb. Above that is a 
schematic for the water containers, one of which sits on top of the stand and holds the 
sand and gravel and one of which is on the bottom of the stand and eventually holds the 
post-treatment water. Above that shows the plywood stand which holds everything. 
And to the right shows all the pieces put together, not including the PVC pipes, 
valves and elbows which connect everything. 
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Figure 8: Fully Assembled System. Left shows the reactor chamber in the front. Water 
runs from the valve on the right, through the chamber, and out the left into the bottom 
container. Top right shows a close-up of the reactor chamber. Bottom right shows the 
different PVC parts connected. It goes from the perforated PVC that comes out of the 
container to the valve to the flow restrictor to the elbow to a small ¾-inch piece to the 
clear tube that runs directly into the reactor chamber.  

The UV reactor chamber is a small container made of steel, which is 
3.93 x 2.36 x 12 inches and holds approximately 1.2 liters at a time. The 
design for the reactor chamber is largely based on one used in a system 
designed by MEDRIX, but has a good number of modifications due to 
lack of availability of certain materials, parts or tools. The chamber is 
covered by a reflector hood on which the ballast sits. The reflector hood 
is polished as much as possible on the inside to maximize how reflec-
tive it is so that it will therefore maximize the amount of UV energy 
delivered to the water. Small T5 lamp sockets and hangers are installed 
under the reflector hood to hold the light bulb. Two screw-type fluores-
cent light socket lamp holders are connected to the T5 UV long bulb so 
that the bulb can connect to the ballast which connects to the capacitors 
which are then powered by the 12 V solar panels. The optional ballast 
cover lays over the wires and power source for safety precautions. After 
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the water flows through the reactor chamber, it flows through another 
pipe downward into the top of the insulated collector container which 
sits directly under the top container and holds the purified water.

 

Figure 9: Top of Reactor Chamber Parts. In the top left is the schematic for the 
T5 socket/lamp hangers which connect the bulb to the ballast. Below that shows the 
dimensions of the ballast and below that the dimensions of the UV bulb used in this 
design. Top right is a front view of the reflector hood of the UV reactor chamber. 
The chamber itself is 3 cm deep but also has 3 cm angled lips on each side which, 
a) protect the surrounding area from UV light, and b) suspends the reflector hood 
above the reactor chamber base so that the bulb has some extra distance from the water. 
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Figure 10: Top of the reactor chamber fully constructed (not attached to power source). 



Figure 11: Bottom of reactor chamber.  

 

 
Figure 12: Fully Assembled Reactor Chamber. The left shows the top of the reactor 
chamber assembled. The lamp hangers are screwed into the top of the reflector hood and 
hold the bulb approximately 1.5 cm below the hood. The ballast is screwed into the top 
of the reflector hood and is connected to the lamp through 9/64 -inch holes for the wires 
to run from the inside to the outside of the reflector hood. On the right you see the fully 
assembled reactor chamber including the base which has two walls within it—the inlet 
wall is perforated with 32 3/16 -inch holes which let the water flow in, the outlet wall 
has no holes but it slightly shorter so that water can flow out but it makes it more 
difficult than if it was perforated so that the water sits there for an amount of time 
and is exposed to the light.  
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The light bulb is an 8W T5 11.3-inch long germicidal UV-C (254 nm) 
lamp and is powered by 12V solar cells which deliver on average 0.4517 
amps, which would equate to 1626.12 coulombs per day (see Figure 14). 
The energy is collected in four 350 F, 2.7V ultra capacitors, which are 
organized in series pairs and the two pairs are in parallel and have the 
capacity to hold a typical amount of charge from the solar cells each day. 
The energy can then be pulled from the capacitor to the bulb when the 
switch is turned on. The current goes through the switch to a resistor 
and then to the UV bulb, which is in the UV reactor chamber between 
the two containers. The bulb requires a total of 8W to be powered, 
which is easily supplied by the 12V panel. 

Figure 13: Circuit Design. Power source is a 12 V solar cell which then is connected 
to the collection of ultra capacitors. These are then connected to a switch which is then 
connected to the ballast. The ballast is attached to the UV light bulb which performs 
germicidal irradiation in the UV-C reactor chamber. 
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Figure 14: Average hourly voltage output from the solar panel from 8:00 AM to 7:00 
PM, measured with a multi-meter across a 10 ohm resistor. The averages were taken 
by recording 6 different voltages each hour. The overall average output is 4.517V 
which equates to 0.4517 amps with a 10 ohm resistor. 

4.1  Procedure for Quantifying Results
 
In order to test the effectiveness of the water purification system, use 
agar plates to indicate the amount of bacterial growth before and after 
running water through the filter. 
 
First, create an HB101 solution that contains 6 grams of agar powder, 
10 grams of LB broth and 400 ml of water and a sample from an over-
night HB101 culture. Then create serial dilutions of this solution and 
spread 100 micro-liter samples of each dilution onto agar plates. Incu-
bate the plates overnight and the next morning, see which plates have 
singular bacterial colonies that are countable. The higher concentra-
tions will most likely grow bacterial lawns which are not easily quan-
tifiable and therefore should not be used as the control in this experi-
ment. Choose a concentration that is the highest able to be counted. 
This is your control—the solution which will be passed through the 
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system. In this experiment, a 1/50,000 concentration of HB101 was 
used, as determined by counting the colonies from 6 different concen-
trations (see Figure 15). 

Figure 15: The six different concentrations of HB101 solution that were plated on 
agar and incubated overnight. The final and least concentrated solution, shown in 
the bottom right was used as the initial condition sample to run through the system 
because at that concentration, the colonies were most easily countable.  

Once the concentration is determined, create an HB101 overnight cul-
ture. Dilute the culture to the point where it is at the concentration de-
termined inititally. In this experiment, 4.5 liters of the solution were 
created so that there could be three different trials, running 1.5 liters 
through the system at three different flow rates. 
 
Keep a small amount of the solution (about 400 micro-liters) to plate 
from each 1.5 liter solution as the initial condition for the solution. In-
cubate these initial samples. 
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Take the remaining amount of your solution and run it through the 
system as soon as possible after the bacteria are still alive and collect the 
water at the end of the system. Take samples of each trial and put 100 
micro-liters on a plate and incubate it over night with the initial condi-
tion samples. 
 
The next day, quantify the amount of bacteria on each plate and compare 
them to gather results.  

5  Results 
 
Unfortunately something went wrong in the result-gathering process 
and all three of the pre-treatment samples of HB101 solution did not 
grow any bacteria despite the fact that they were supposed to grow 
somewhere around 174 colonies, as happened in the standard curve 
sample of 1/50,000 concentration (shown in bottom right of Figure 
15). So no strict conclusions can be drawn regarding the effect that the 
system had on specific samples. But assuming that the initial samples 
had the same bacterial concentration as the standard curve sample (174 
colonies in a 100 micro-liter sample), as they were supposed to, then the  
3 L/min trial added bacteria, the 2 L/min trial killed 13.2% of the bac-
teria and the 1 L/min trial killed 69.5% of the bacteria. 

Flow rate Pre-treatment colony 
count (assuming the 
same as standard 
curve sample)

Post-treatment 
colony count 

Percent of bacterial 
colonies deactivated

3 L/min 174 Lawn >0%

2 L/min 174 151 13.2%

1 L/min 174 53 69.5%

Figure 16: Results from the three trials of differing flow rates. 

 

                         THE MENLO ROUNDTABLE           101



Figure 17: Results from the three trials of differing flow rates. From left to right is 
1 L/min, 2 L/min and 3 L/min.   

Despite the fact that no definite conclusion can be drawn regarding the 
effectiveness of the system on specific samples of HB101 solution, a 
very clear conclusion can result regarding the effectiveness of the UV-C 
bulb to deactivate the bacteria in general. Very clearly, when the bac-
teria were exposed to the light for longer, a much larger percent of the 
bacteria were killed (1 L/min killed the most, 3 L/min the least). 

6  Conclusion
 
The main goal of this project was to design a system which is durable, 
affordable, easily assembled, self-sustaining, sustainably powered, com-
posed of materials easily accessible anywhere, and effective in produc-
ing water up to National Health Organization standards. 
 
The design succeeded in being durable, affordable, self-sustaining and 
being composed of materials which are accessible anywhere. All togeth-
er, the materials for making the system cost only $96.00. At a 2 L/min 
flow rate this system could easily supply enough water for a full family 
and therefore this system would only cost somewhere around $20 per 
person and would last somewhere up to 3 years, only having to replace 
the sand and gravel 6-7 times, and the cost would decrease if it were to 
be mass produced. All the materials (PVC, plywood, steel, solar panels, 
bulbs, capacitors, ballasts, plastic containers, gravel, sand) are easy to 
find and distribute. 
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More or less, the system is easy to assemble. The reactor chamber does 
require welding, which is not easily performed in desolate places or 
places without electricity. Hypothetically, the reactor chamber could 
be produced somewhere separate from the location of the system and 
distributed. But other than the reactor chamber, all that’s required is a 
drill and a PVC cutter. 
 
But the system did not succeed in being completely effective up to na-
tional health standards. One of the large sources of error (which may 
have caused the system to be less effective) was the lack of availability 
of stainless steel to create the reactor chamber. Stainless steel requires 
a TIG welder but the ASR lab has a MIG welder so the design had to 
be revised to use carbon steel. Carbon steel is far less reflective and 
also rusts. The MEDRIX design, which provided the equation I used to 
determine the proper flow rate, assumed that stainless steel was used. 
Since carbon steel was used, less light was reflected and therefore less 
light was absorbed into the water. Therefore, the effect of the light is 
diminished by using carbon steel as opposed to stainless steel. Also, car-
bon steel rusts extremely easily, producing iron bacteria. So effectively, 
the rusting of the reactor chamber combats the effect of the UV-C light 
by introducing new bacteria to the water. In the second and third trials, 
the effect of the bulb outweighed the effect of the rusting as there was a 
decrease in bacterial growth after going through the system. But for the 
first trial, the effect of the rusting overpowered the effect of the UV-C 
light and there was in fact more bacteria after going through the system 
than there initially was in the water. So, to make the system more ef-
fective, there would need to either be an increase in UV dosage (longer 
exposure time via slower flow rate) or the reactor chamber would need 
to be made of stainless steel. 
 
So ultimately, this iteration of the system could not effectively purify 
water to health standards and therefore does not fully reach the initial 
goal of this project. But after possibly a few more versions, this design 
could effectively purify the water with a change in materials and with 
recalculation of UV dosage, and then it would help to provide pure wa-
ter in locations with no electricity and scarce resources. 
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6.1  Next Steps 
 
As explained in the conclusion, the first thing I would do in the next 
version of this system would be to use stainless steel to create the reactor 
chamber. I believe that this change in material would greatly decrease 
my margin of error, resulting in the deactivation of a larger portion 
of the bacteria. I would also like to consolidate the system if possible, 
integrating the solar panels and capacitors into the design as opposed 
to having them separate, so that the capacitors could also be properly 
protected from weather. And if I had time, given the design I have now, 
I would do three more trials and hope that the “before” samples worked 
so that I could accurately compare each specific sample before and after 
it went through the system. 
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