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LETTER FROM THE EDITORS

CJUR was founded in April 2016 with the goal of empowering
undergraduate researchers by providing them with the opportunity
to share their research with their peers and develop their academic
writing skills. Since our first issue, we have observed a steady in-
crease in both the number and diversity of submissions received,
and we hope to continue to expand the journal’s outreach through-
out the upcoming issues. Furthermore, we hope to motivate and in-
spire undergraduates who are considering research by highlighting
the accomplishments of their peers across a diverse range of disci-
plines.

In this issue, we feature submissions from the University of
British Columbia, Vancouver Island University, and University of
Toronto Mississauga. This issue covers a range of topics which span
the disciplines of psychology, computer science, biology, physics,
mathematics, and gender studies. We hope you will join us in cel-
ebrating the accomplishments of the 9 undergraduate authors that
contributed to this issue.

Sincerely,
Editorial Team at the Canadian Journal of Undergraduate Research
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HiGH VOLTAGE PHENOMENA IN
RAREFIED AIR: A DIY APPROACH

Frank Fang Jia, Georgiy Maruzhenko

University of British Columbia, Vancouver, British Columbia, Canada

ABSTRACT

The present experiment aims to recreate and
analyze known behavior of high-voltage gaps in a near
vacuum with low-cost equipment. It has been previously
observed that the application of high voltages in rarified
gas results in electrical breakdown and corona discharge,
characterized by the production of observable plasma in
the experimental area. The current study aims to identify
and document a do-it-yourself (DIY) method for pro-
ducing and containing electrical discharge. Further, the
requirements of electrical phenomena were recorded in
terms of voltage and pressure to be compared to previous
models, namely Paschen’s Law, as a measure of accuracy
(Berzak et al., 2006). The operating experimental appa-
ratus was demonstrated to exhibit the same discharge
phenomena as previously recorded (Peek, 1929). New
models for voltage and pressure requirements for electri-
cal breakdown and corona discharge were produced. Lit-
erature comparison was available for the voltage model
of electrical breakdown, where significant difference was
identified between Paschen’s model and current data.
The present study may contribute further evidence to the
inadequacy of Paschen’s law in describing breakdown
voltages at high pressure-distance configurations.

INTRODUCTION

From antique CRT televisions to high-tech ion
thrusters, electrical discharge, or a lack thereof, is critical
for the operation of modern machinery. Precise control
of electrical arcs is thus a fundamental requirement of
present day technology, justifying further research on
the topic.

The current model for electrical phenomena is
based upon the dielectric strength of air (Peek, 1929). At
lower voltages, the electric field across two electrodes is

sufficiently low for air to act as an insulator. There is no
conductance and no electric arc is observed.

As voltage is increased, increased dielectric
flux density around the conductors forces the sur-
rounding air to become conductive, forming a film
of purple plasma around the active electrodes, named
corona discharge (Peek, 1929; Goldman et al., 1985).
However, the electrode gap is not yet fully conductive,
$0 no arc is created.

Electrical breakdown occurs when the dielec-
tric strength of the air gap is exceeded. At this voltage,
the neutral air molecules in the gap are ionized by the
high potential difference, and the air becomes a sea
of conductive charges (Bawagan, 1997). At this point,
the circuit is completed between the two electrodes,
resulting in a bright electrical arc.

The voltage-pressure requirements for elec-
trical discharge is predicted by Paschen’s law. Recent
experimental evidence has both supported and disput-
ed the accuracy of this model (Lisovskiy et al., 2000;
Berzak et al., 2006; Massarcyzk et al., 2016). The cur-
rent experiment aims to gather further experimental
evidence for previously proposed models for electrical
breakdown and to produce a novel model fit for the
requirements of corona discharge. This study also aims
to determine whether a DIY approach to the experi-
mental apparatus is able to yield viable data.

METHODS

Measurement Apparatus

A compact fluorescent lamp (CFL) ballast was
connected to a flyback transformer to convert AC into
high voltage (HV) DC. The input of the ballast is con-
nected to a power cord, and the output to the flyback
transformer.The output of the flyback transformer
served as one electrode, and the ground as the other.
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Fig. 1. Experimental apparatus wiring illustration

Two transformers were connected in parallel and plugged
into a variac that controlled input AC voltage (VAC).

The vacuum chamber was composed of glass
with a 3/8” hole at one end drilled using a ceramic spade
bit. A wire bent into a loop of diameter 5cm was insert-
ed and the hole sealed with hot glue to prevent vacuum
leaks. The other end of the chamber was held closed by
a rubber stopper with a 1/4” hose barb. A wire was at-
tached to the hose barb to act as a point of conduction.

A vacuum pump with a connected 1/4” hose barb
was used. A cross with four female NPT threads con-
nected two hose barbs as well as a pressure bleed valve
and a vacuum gauge.

Measurements
Corona Discharge Voltage Measurements

Upon reaching an absolute pressure of 11kPa, the
input VAC was increased until a glow at the electrodes
was observed. The input voltage at which this occurred
was recorded. This measurement was performed with
both electrode configurations at different electrode gap
lengths.

Breakdown Voltage Measurements

Breakdown voltage was defined as the voltage
at which an arc is struck between the two electrodes. A
pressure of 17kPa was obtained and the input voltage

increased until a visible arc was observed. The input
voltage at which an arc was observed was recorded.
This measurement was performed with both electrode
configurations at different electrode gap lengths.

Breakdown Pressure Measurements

Breakdown pressure was defined as the pressure at
which an arc is struck between the electrodes at a
maximum input of roughly 130VAC (4500VDC). The
pressure at which a visible arc is observed was record-
ed. This measurement was performed with both elec-
trode configurations at different electrode gap lengths.

RESULTS

Indicators of Phenomena

As previously indicated in literature, corona
discharge was observed prior to full electrical break-
down. This glow persisted throughout the entire oper-
ation of the experimental apparatus.
When electrical breakdown occurred, the observable
arc extended from only one electrode. This phenom-
enon was consistent with previous experiments and
featured distinct on/off behavior.

Equipment Calibration
The following fit was found between DC out-
put voltage (VDC) and AC input voltage (VAC):

VDC = 48.24-VAC-1945.2. (1)

To obtain the aforementioned fit, DC voltage

output was measured for a given AC voltage input.
Unfortunately, a high voltage probe was not avail-
able, so a traditional multimeter was employed for the
task. This equipment was rated for 2000VDC, and so
our measurement range was confined by this upper
boundary. Further, the transformers were found to
spike in output at a certain threshold input, thus de-
fining a lower boundary at approximately 1800VDC.
This meant that the possible range of measurements
was extremely limited, and thus the fit cannot be said
to be very accurate.
The HV power supplies were measured individually
and a linear fit was extrapolated from the data. This in-
dividual measurement was needed as the linked pow-
er supplies produced a compounding effect that made
measurement in the 1800-2000VDC range extremely

7
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difficult. Note that in the current configuration, the pow-
er supplies are linked to double amperage rather than to

double voltage, so individual measurement can be justi-
fied.

« 125V

[

CFL CF1
Ballast Ballase

‘“\ L Trar
1
Fig. 2. Wiring diagram for the operating HV power sup-
ply

Corona Discharge Voltage Measurements
(n=100)

Corona discharge measurements were performed
at an absolute pressure of 10kPa and was also observed to
display distinct on/off behavior. The data was able to be
fitted with a linear model:

¥
VOC;orona pisenarge = 13951 — - Gap Distance (m) + B52V. (Z)
’ m

Uncertainties for the current model were also
evaluated. The final values for the slope and v-intercept
were determined to be 13951 + 843 % and 852 £ 38V |
respectively. Residuals and a chi-squared value ot 13.3
were calculated, indicating a less than adequate fit be-
tween the linear model and experimental data, which
was also seen in the slight upward trend in the residuals
plot of figure 10. However, no other model was able to
produce a lower chi-squared.

The data in figure 9 show that corona voltage in-
creases as the electrode gap distance increases. This in-
crease ranges just under 2000VDC for a 0.1m increase

8

in electrode gap distance. In figure 9, the calculated
standard deviation was seen to be relatively small; this
is supported by the fact that corona discharge displayed
very distinguishable on/off behavior. However, the
spread of the data points at similar electrode distances is
large compared to the individual SD’s. This contributes
to the high chi-squared and suggests that experimental
data differed significantly between trials. The source of
this variation could be linked to the DIY nature of the
current experiment. A slight change in the curvature
in the electrodes may influence the true electrode gap,
thus yielding different values for corona discharge.

Breakdown Voltage Measurements (n=131)

Clear on/off behavior was observed, but only
under certain configurations. Unfortunately, the re-
verse electrode configuration presented difficulties
for the current measurement as the arc was distrib-
uted along the circumference of the electrode loop.

Fig. 3. Reverse electrode configuration

It was thus difficult to distinguish between corona
discharge, which is present at voltages lower than the
breakdown voltage, and the point of breakdown. Nev-
ertheless, alinear model was found with the parameters

m = 20166 + 1332%and b = 2064 + 58V:

Vv
VDCrioctrical Breakdown = 20166; - Gap Distance (m) + 2064V. (3)

== | Negatve

| ~verre
O &

Fig.4. Normal electrode configuration. Arcing occurs
between the two electrodes.

The difficulty in data collection yielded a
much higher standard deviation than in corona
discharge trials, as shown in figure 11. Consequently,
chi-squared was quite low, at 0.56. Scattered residuals
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and the aforementioned chi-squared indicate that the
current linear fit is adequate.

Similar to corona discharge voltage, breakdown
voltage appears to increase with increasing electrode dis-
tance. Variation between data sets is once again demon-
strated to be significant. In this case, data-sets demon-
strated similar slopes but vastly different Y-intercepts,
ranging from 1000 VDC to 3000 VDC. These difterences
among experimental trials could again be attributed to
the low-cost nature of the current project. Unaccounted
extraneous variables, such as ambient humidity and tem-
perature, could cause the recorded differences. Further,
the output of the power supply may have fluctuated, ren-
dering the initial VAC to VDC fit inaccurate.

Fig. 7. Corona discharge observed at high vacuums
(10kPa). Notice the lack of an arc.

Fig. 8. Observed electrical breakdown between two elec-
trodes.

Breakdown Pressure Measurements (n=1035)
Distinct on/off behavior allowed for the precise
measurement of required breakdown pressure. No difhi-
culty in distinguishing breakdown pressure was noted.
Once again, a linear model was shown to be fitting for
the representation of the current data. A fit was calculat-

ed with m = —370";& + 10kPa and b = 42.1 + 0.5kPa;

a
Pressuregocerical Breakdown = —3707 - Gap Distance (m) + 42.1kPa. (4)

Residuals in figure 14 demonstrate a good model
fit with points evenly dispersed across the x-axis. How-
ever, a chi-squared value of 66 indicates a poor fit be-
tween data and model. In this set of experiments, data
from trials were dispersed in magnitude - no distinct

separation of trials was seen as per the graph of
breakdown voltage versus electrode gap distance.
Instead, each data set fluctuated significantly around
the computed model. This observation could be the
result of the relative inaccuracy of the present sys-
tem. A pressure release valve was manually operated
to maintain a given pressure. As such, breakdown
pressure could not have been recorded with great ac-
curacy. However, a low standard deviation, as shown
on figure 13, suggests that the previous notion is not
true.

A decreasing relationship was nevertheless
observed in figure 13. As the electrode distance in-
creased, the absolute pressure required for discharge
decreased. Across an electrode gap difference of 0.1m,
a decrease of up to 40kPa was observed to induce
electrical breakdown. Figure 13 seems to be indicative
of a logarithmic relationship, but a computed model
did not improve the quality of the model fit. Thus, a
linear relationship was found to be adequate.

DiI1SscusSION

In the current experiment, linear fits were
found for all voltage and pressure measurements.
Phenomena with voltage as a function of electrode
gap distance exhibited an increasing trend. Similarly,
vacuum needed to sustain an arc increased with in-
creasing gap distance, resulting in the negative cor-
relation between absolute pressure and electrode gap.
The obtained models are summarized as follows:

14
VDCorona pischarge = 13951 P Gap Distance (m) + 852V. (5)
4 .
VDCriecerical Breakdown = 20166;- Gap Distance (m) + 2064V. (6)

kPa
Pressuregqcerical Breakdown = —370?- Gap Distance (m) + 42.1kPa. (7)

Voltage-Distance Analyses

As previously mentioned, corona discharge
and electrical breakdown operate by the same mecha-
nism. The key difference between the two phenomena
lies in the fact that the air gap between electrodes is
partially conductive at the corona voltage and com-
pletely conductive at the breakdown voltage (Gold-
man et al., 1985; Peek, 1929).

A positively correlated trend for voltage phe-
nomena is intuitive when the current model of
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conduction is considered. At the breakdown electric
field, neutral molecules in the air gap between the elec-
trodes are ionized. It is hypothesized that the breakdown
electric field is constant regardless of gap distance, as it
is known that the unit dielectric strength of air is con-
stant at a constant pressure (Peek, 1929); this hypothe-
sis is in fact supported by an earlier study on this topic
(Lisovskiy et al., 2000). The current experimental data
aligns with this theory: as electrode gap increases, more
potential difference is needed to create the same electric
field. Unfortunately, the current experimental apparatus
is composed of a conductive loop and a piece of straight
wire, and thus does not behave like an ideal plane-
plane or sphere-sphere configuration, so the electric
field behaves with an unknown distance dependence.

The increasing trend of corona discharge can be
explained by an argument similar to the one above. Al-
though corona phenomena result from the ionization of
air surrounding an electrode, a certain threshold elec-
tric field must be present to induce this conductivity.

Comparison of the discharge and corona mod-
els yields an observable difference in slopes and y-in-
tercepts. In both cases, the breakdown voltage model
exhibits a greater value than the corona voltage plot.
A t-score of 4 was calculated between the slopes of
the models and a score of 17 for the y-intercepts, sug-
gesting that both parameters are statistically different.

As corona discharge does not require complete
conduction in air, it is presumed that less potential, and
thus less electric field, is required to produce these effects
(Goldmanetal., 1985). This theory would explain thelarg-
er potentialsneeded toinduce electrical breakdown, and is
consistent with previous descriptions of corona discharge
as a pre-cursor to dielectric breakdown (Peek, 1929).

The difference in slopes reveal that the voltage
required for electrical breakdown increases at a great-
er rate than that for corona discharge. However, pre-
vious characterization of these phenomena does not
fully support this finding. Although a t-score of four is
often enough to distinguish the difference between two
values, the relatively low t-score could suggest that the
two slope values are in tension. As such, no conclu-
sive comparison can be established with current data.

Pressure-Distance Analysis

In the given model, there exists a negative cor-
relation between pressure and gap length. Pressures

10

above the breakdown pressure would contain a too-
high density of air for dielectric breakdown. Ioniza-
tion of air in the gap would thus be not possible, and
no spark was created. This is supported by the posi-
tively correlated linear behavior of dielectric strength
with increasing absolute pressure, as established by
Peek in 1929. So, higher absolute pressure results in
higher dielectric strength, thus requiring shorter elec-
trode distances for an arc to occur at the same input
voltage.

T ]

Comparison of Electrode Configurations

The current data suggests that electrode
configuration is not a factor in electrical breakdown.
Average t-scores were calculated to be 0.54, 0.56, and
0.28 between data for the different electrode configu-
rations.

Comparison to Literature
The currently accepted model for electrical
breakdown in a vacuum is mathematically described
by Paschen’s law (Berzak et al., 2006; Wang, 2013;
Massarczvk et al., 2016; Peek, 1929):
Bpd
In(Apd)-In [In (145 ] (®)

1
se

Vireakdown =

breakdown TEPTESENLS the voltage required for
discharge to occur. P and d signify the pressure in
kilopascals and electrode gap in centimeters, respec-
tively. A and B are experimentally determined con-
stants with units (kPa x cm)™.

Previous analyses were conducted with
breakdown voltage as the y-axis and the product of
pressure and electrode gap distance as the x-axis, as
displayed in figure 15 (Al-Hakary et al., 2014; Berzak
et al., 2006).

Paschen Curve for Air
1400
Data
Fitted Curve
1200

1000

800

Breakdown Voltage (V)

600
400

200
0 20 40 60 80 100 120 140
pd (m mTorr)

Figure 15. Experimental Paschen’s curve for air. Taken
without permission from Berzak et al., 2006.
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In the present study, a linear correlation is expect-
ed as either pressure or electrode gap distance increases.
This is because the non-linear dip in breakdown voltage
seen in figure 15 is far below the operating conditions
of the current experiment. This supports our current
findings - breakdown voltage increases linearly with in-
creasing electrode gap distance and increasing pressure.

It must be noted that the great majority of ex-
periments conducted to verify Paschen’s law were op-
erated in much lower pressures than those used in the
present study. In the experiment that produced figure
15, the pressures used were on the 10-1kPa magni-
tude (Berzak et al., 2006). The current experiment ex-
plored pressures in the 101kPa magnitude. To explore
whether breakdown voltage at higher pressures, and
thus higher pressure-distance x-values, is consistent
with Paschen’s law, our current model was plotted with
other available experimental data in figure 16 and 17.

Comparison of Breakdown Voltage (V) vs. Pressure x Distance

fem x kPa)
2 [

L500 /

dreskdowr Vohage (v
-

500 !

U > e} 1 ) il " a8
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Cezas et al, 2005 (A" Law pc]
Cezas et al, 2005 [Mear, Lo'w pe]
m— e en's Slet [hir, values ‘ror Hasain aod Memra 108d]
Fig. 16. Comparison of current model with literature
data and mathematical models in their respective pres-
sure-distance ranges. Model fits were calculated from
raw data taken without permission from the mentioned
research papers.
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Fig. 17. Comparison of current model with lit-
erature data and mathematical models with ex-
trapolated slopes for direct comparison. Model
fits were calculated from raw data taken without
permission from the mentioned research papers.

From the figures, it is clear that there exists
immense variation in current experimental data. Spe-
cifically, experiments involving low pressure-distance
configurations were modeled by slopes much greater
than the present fit. A calculated chi-squared between
the Paschen’s law model and our current data yielded a
value on the order of 1017 magnitude, indicating an ob-
vious difference between the two fits. Previous experi-
ments with similar experimental conditions as the cur-
rent experiment, however, were able to produce plots
on or near the same order of magnitude as our current
data, but unfortunately did not involve air as a conduc-
tive medium (Wang, 2013; Massarczyk et al., 2016).

To create a point of reference, data for neon
and air environments were taken from Berzak et al’s
2006 study of Paschen’s law. In their study, low pres-
sure-distance configurations were used, on the 10-
1kPa magnitude as previously mentioned. The slopes
of both plots lie in the same order of magnitude as a
mathematically calculated plot of Paschen’s law, but
are significantly greater than that produced by the
current study. Wang’s 2013 simulation in neon, on
the other hand, involved conditions more similar to
the present experiment and produced a plot on the

11
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same order of magnitude as our current model. This com-
parison suggests that voltage versus pressure-distance
behavior assumes a lower slope for higher pressure-dis-
tance values, and that Paschen’s law is inadequate for de-
scribing higher pressure-distance configurations.

Given the DIY nature of the current experi-
ment, however, this finding is not conclusive. Thus,
there are two possible explanations for the gathered
data. First, the DIY experimental apparatus and mea-
suring techniques employed in the current experi-
ment was insufficient in gathering accurate data. Sec-
ond, the current Paschen’s model breaks down at the
pressure distance values tested in the current study.

CONCLUSION

In the current experiment, an experimen-
tal apparatus was built to observe and record the na-
ture of high voltage phenomena in a near-vacuum.
Three main classes of measurements were conducted:
corona discharge voltage, electrical breakdown volt-
age, and electrical breakdown pressure. The gathered
data was fitted to find a linear relationship between
the phenomena voltage and electrode gap length:

v
VDCeyrona pischarge = 13951 - Gap Distance (m) + 852V. (9)

4
VDCqioctrical Breakdown = 20166; - Gap Distance (m) + 2064V. (10)

The absolute pressure needed for arcing to occur
was found to decrease linearly with increasing electrode

P DA N

a
Pressureg;,cirical Breakdown = —370 e Gap Distance (m) + 42.1kPa. (11)

Previous experimental models were not found for
corona discharge voltage and electrical breakdown pres-
sure requirements. However, an established model, Pas-
chen’s law, was available to predict the breakdown voltage
of a given configuration as a function of pressure times
distance. The current experimental model was compared
to the mathematical model as well as available research
on the topic. It was found that the current DIY appara-
tus could be insufficient in yielding viable data. However,
the current findings also reveal the possibility that Pas-
chen’s law is not adequate in predicting electrical break-
down voltage at higher pressure-distance configurations.
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Fig. 9. Corona voltage data with fitted model. Uncer-
tainties calculated from SD.
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Fig. 10. Residuals of the calculated model. Notice the
lack of a clear trend and the even distribution of data
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Residuals of Breakdown Voltage (VDC) vs. Electrode Distance (m) Paschen Curve for Air
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ABSTRACT

The effects of different temperatures on Acheta
domesticus speeds, based on metabolic changes, were de-
termined to discover the biological implications on their
survival during natural temperature fluctuations. As a
result, the effects of both short term and long term cli-
mate change on the physical performance of house crick-
ets can be assessed. Two separate treatment trials were
conducted with hot and cold baths to attain three arenas
of 20°C, 30°C and room temperature (22°C and 24°C).
10 replicates were placed into each arena and the average
speeds of the crickets (cm/s) were found through tracing
and timing. The crickets from Trial 1 had a larger mean
speed difference and decreasing speeds with increasing
temperatures, whereas the Trial 2 crickets had increasing
speeds with increasing temperatures and a smaller dif-
ference in means. In both trials, the treatments resulted
in sufficiently different speeds; however, the results were
not statistically significant which indicates the null hy-
pothesis, that states there is no difference between cricket
speeds due to varying temperatures, cannot be rejected.
Younger crickets in Trial 1 were more affected by tem-
perature fluctuations and had speeds negatively correlat-
ed with temperature, whereas the older crickets in Trial
2 were less affected by temperature fluctuations but had
speeds positively correlated with temperature. This sug-
gests that younger crickets are less likely to survive in their
natural habitats when temperatures slightly increase,
while older crickets are more likely to survive when tem-
peratures change; however, no definite conclusions can
be made due to the experiment’s statistical insignificance.

INTRODUCTION

Acheta domesticus, also commonly known as the

house cricket, is native to arid areas of Northern Af-
rica and southwestern Asia (Ghouri 1961). Due to
the species’ sentimental values and commercial pur-
poses, the house crickets are intentionally distributed
to other parts of Asia and Africa, as well as Europe
and North America as pets and dietary supplements
(Ghouri 1961; Walker 1999; Weissman et al. 2012).
In North America, the crickets are commonly found
in the eastern districts of the Great Plains, a grass-
land biome (Millburn n.d.). In their natural habitats,
house crickets are located in slightly wet areas with
tall weeds, such as logs, caves, and burrows, and gen-
erally emerge during the night, as they are nocturnal
(Millburn n.d.). When exposed to cold weather, house
crickets can also be found in buildings and homes
due to their preference for the warm and humid en-
vironments provided by humans (Millburn n.d.).

House crickets’ locomotion is primarily com-
posed of crawling and jumping, both of which utilize
knee extensions in their elongated hind legs (Hustert
& Baldus 2010). In a study by Lailvaux, Hall & Brooks
(2010), it was found that with greater locomotive
abilities, which include jumping distance and power,
the average lifespans of A. domesticus significantly
increased; likewise, as jumping distances and pow-
er decreased, the average lifespans decreased as well.
These results correspond to the results from a study
by Hustert & Baldus (2010), who found that this abil-
ity to jump over large distances allowed A. domesti-
cus to evade predators and defend themselves, helping
maintain high survival. The crickets must also move
quickly in order to catch their prey, suggesting that
increased speeds again improve their fitness (Hustert
& Baldus 2010). Additionally, the crickets’ locomotion
is also used to reproduce and avoid unfavorable envi-
ronments with extreme temperatures (Lailvaux, Hall
& Brooks 2010). As a result, there is a large positive
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correlation between locomotive performance and
lifespan,suggestingchangesintheamountandrateofhouse
crickets movements directly influence their survival.

Due to the house crickets’ ubiquitous distribu-
tion, the daily and seasonal temperature based on their
natural location differs from place to place. Howev-
er, field habitat temperatures fluctuate between 12.9°C
to 20.3°C with a range from 10°C to 24°C daily; home
habitat temperatures fluctuate between 20.9°C to 23.3°C
with a range from 20.6°C to 24°C daily (Ciceran, Mur-
ray & Rowell 1993). Additionally, in the grassland biome
of North America, winter temperatures can decrease to
-17.8°C, while summer temperatures can reach 32.2°C
(Bailey 2015). House crickets undergo metabolic changes
during exposure to these temperature fluctuations; con-
sequently, these shifts significantly affect A. domesticus’
locomotive behavior, according to a study by Lachenicht
et al. (2010). Lachenicht et al. (2010) also found that av-
erage running distances of A. domesticus rose with small
to moderate rises in temperature, and that the average
height of jumping also increased. However, as tempera-
tures increased or decreased in large increments, both
running speeds and jumping distances of the crickets
decreased (Lachenicht et al. 2010). These results can be
explained through the changes in the crickets’ tempera-
ture-dependent metabolisms; both the A. domesticus’
respiratory metabolisms, as well as standard metabolic
rates, directly affect both the amount and speed of move-
ments, according to Lachenicht et al. (2010). As the met-
abolic rates rise with small increases in temperature, the
crickets are able to crawl more quickly and to jump larg-
er distances (Lachenicht et al. 2010). The metabolic rates
decrease, however, with large fluctuations in temperature,
suggesting that maximal locomotion only occurs within
a moderate, optimum temperature range (Lachenicht
et al. 2010). If these temperature fluctuations influence
the house crickets™ ability to move efficiently, it would
then also affect their survival; temperatures outside
the optimum range would decrease the crickets’ rate of
movement, leaving them more susceptible to predators
and less capable of capturing prey (Dangles et al. 2007).
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In this experiment, we will measure the effects
temperature fluctuation, within a relevant range, have
on magnitude and speed of movement in the house
cricket, A. domesticus. Generally, slight rises in tem-
perature increase the standard metabolic rates of A.
domesticus compared to decreases in temperature, al-
lowing A. domesticus to travel greater distances at a
faster speed, according to the results obtained from a
study by Lachenicht et al. (2010). Therefore, we predict
A. domesticus will crawl more, and more quickly, at
slightly higher temperatures compared to lower tem-
peratures due to these surges in metabolisms. The pur-
pose of this study was to examine how slight-to-mod-
erate temperature fluctuations, similar to those in
global climate change and local home conditions,
could affect the physical behavior of house crickets.

METHODS

In this experiment, we measured the locomo-
tive responses of Acheta domesticus to variations in
temperature through the relative speeds (cm/s) of the
crickets. Arenas with three temperatures were manipu-
lated through two trials of separate treatments: the first
consisted of two treatments of 30°C and a room tem-
perature (control) of 24°C. The second trial consisted
of three treatments: 20°C, 30°C, and 22°C (control).

Arena Set-up

Each treatment consisted of a sample size of
10 (n=10). The crickets were of small, medium, and
large sizes, and were kept in constant extraneous con-
ditions prior to and during experimentation: 316 lux
light intensity (trial 1), 406 lux light intensity (trial
2), 200 mL of soil, 20s acclimation in the petri-dish,
and 5s of acclimation in the arena before we began
distance measurements. Some crickets moved a min-
imal amount due to not having limbs, indicating they
were unhealthy. The unhealthy crickets were not used
in the experiment to maintain consistency with tri-
al results. We were unable to determine the crickets’
sexes and we therefore chose randomly in order to
minimize discrepancies in locomotive performance.
Likewise, we were unable to determine the ages of
the crickets, and thus chose randomly as well. We
maintained the same numbers of different sizes in each
treatment, to minimize response variations due to size.
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Each cricket was only tested once. REsuLTS
Trials In our first trial, the arena tempera-

In the first trial, we measured the speed respons-
es with two treatments: room temperature (24°C) and
30°C. In the first treatment of 24°C, we did not manip-
ulate the temperature, but just monitored it so that the
temperature was maintained. The third treatment (30°C)
consisted of a hot bath in which we heated water through
a kettle and added it around the arena. It was covered by
a plexi-glass cover to prevent floatation. The second tri-
al included three treatments. The first treatment (20°C)
consisted of an ice bath in which we placed ice in a buck-
et that surrounded the arena. The height of the bucket
was again maintained through the experiment by using a
plexi-glass cover to prevent the container from floating.
The second room temperature (22°C) and third treatment
(30°C) consisted of the same experimental set ups from
trial 1. We maintained the temperatures by monitoring
arena temperature with a thermometer between each
replicate testing, and removing or adding ice or water.

We calculated the locomotive responses of the
crickets by tracing over the plexi-glass, and measur-
ing the distance the crickets moved, to determine the
speed; in trial one, the distance was measured with a
string and ruler, which would have resulted in a source
of error due to the technical limits of human tracing.
Our tracings were modified in trial two by using the
image analysis software, JImage, in order to minimize
time spent measuring and attain more accuracy. How-
ever, the source of error still remains, since the tracker
relied on human tracing. We monitored the light in-
tensity using a light intensity meter to reduce variation.
In both trials, the same member traced crickets path
to minimize the human uncertainty in measurements.

Statistical Analysis

We then inputted the data into Ex-
cel and online t-test calculators to determine the
standard deviations, t-values, degrees of free-
dom, 95% confidence intervals, and p-values.

tures were 24°C and 30°C. The average speed
for the 24°C treatment was 1.732cm/s (Fig. 1).

Average Speed (cm/s)

24 30
Temperature (C)

b of 24 it 6 A C B 118 ke 395 cahdeca Mo
running speed in cm/s observed at 24°C (n=10) and 30°C (n=10).
The average speed for the 30°C treatment was
1.118cm/s. The 24°C treatment had a larger extreme
value from the mean (3.50cm/s) while the 30°C treat-
ment had a smaller extreme value (0.267cm/s). Based
on Figure 1, there was a negative correlation between
temperature and speed of movement. An increase in
temperature was accompanied by a decrease in the
speed of movement (y-axis). The p valueis 0.113, which
is larger than the alpha of 0.05; therefore, the difference
between the means was not statistically significant and
the null hypothesis could not be rejected. The t-value
is 1.67; therefore, the two treatments resulted in suffi-
ciently different speeds, but no concrete conclusions
can be drawn. In both of our treatments, we observed
that the crickets consistently ran in circular motions
around the arena with some path retracing. In the 30°C
treatment, more crickets tended to climb up walls.

In our second trials, the arena temperatures
were 20°C, 22°C, and 30°C. The average speed for
20°C was 1.121cm/s (Fig. 2). The average speed for
22°C was 1.732 cm and the 30°C treatment had an
average speed of 1.863cm/s. The standard deviation
is 1.054. Based on Figure 2, there was a positive cor-
relation between temperature and speed of move-
ment. With an increase in temperature, we found
there was an increase in the speed of movement. The
p-value is 0.089, which is larger than the alpha of 0.05;
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therefore, the difference between the means was not
statisticallysignificantand the nullhypothesiscould notbe
rejected. The t-value is 1.80; therefore, the two treatments
resulted in sufficiently different speeds, but no concrete
conclusions can be drawn. We observed that the crickets
consistently ran around the arena in the same circular
pattern with about half of them doubling back, retracing
their path. The path retracing occurred more frequently
in the control group (22°C) and occurred the least in the
30°C treatment, in which they moved forward the most.

e Speed [cm,

Averag

20 k)

Figure 2. Speed (cm/s) of hous
30°C. Bars represent the mea

DIiScussION

In this experiment, we found the effects on mean
speeds of Acheta domesticus acclimated to three different
body temperatures, in order to explore how temperature
variations in natural habitats affect the crickets’ survival
rates. Although both of our trials were statistically insig-
nificant, the overall trends in Trial 1 revealed younger
crickets were more affected by variations in temperature
and thus had a large difference in mean speeds, while
the older crickets in Trials 2 were less affected by the
same temperature changes, leading to a smaller differ-
ence in mean speeds. Both trials resulted in sufficiently
different speeds; the Trial 1 crickets had speeds that de-
creased as temperatures were raised, while Trial 2 crick-
ets had speeds that increased as temperatures increased.

In a study by Lachenicht et al. (2010), small in-
creases in body temperature were shown to cause both
standard metabolic and respiratory rates of house crick-
ets to increase, allowing them to crawl and move faster
relative to speeds at lower temperatures. We therefore
predicted that the crickets would crawl/run more quick-
ly at slightly higher temperatures than at lower tempera-
tures due to these physiological effects. The results from
Trial 1 were not consistent with our prediction; however,
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Trial 2 results were. In both the
results were not statistically significant.

The first study by Woodring, Roe, and Clif-
ford (1977) examined the effects of age on metabo-
lism in house crickets by measuring water and food
consumption of 4800 female crickets at 300C. They
found that nymphs consumed high intakes of food in
the beginning of each instar but decreased their intake
during the latter portion of the instars. The nymphs
continued this cycle until their final moult (8th in-
star), after which they became adults, and food and
water intake began to level off; the results suggest
that although younger crickets have higher metabolic
rates compared to adults, their rates are also less sta-
ble and therefore more susceptible to abiotic factors
(Woodring, Roe & Clifford 1977). The study by Wo-
odring, Roe, and Clifford (1977) explains why smaller
temperature fluctuations would have a larger impact
on speeds of younger crickets by introducing metab-
olism based on age, which was not originally consid-
ered in our experiment. As a result, the discrepancy
between the large difference in the younger crickets’
mean speeds in Trial 1 compared to the older crick-
ets’ small difference in means in Trial 2, in our ex-
periment, can be explained through the differing
metabolisms between nymph and mature crickets.

ot

-

cases,

Similarly to our experiment, the study by
Lachenicht et al. (2010) also investigated the effects
of body temperature variations on house crickets
by testing the speeds of 400 randomly chosen adult
crickets placed in arenas with temperatures rang-
ing from 25 to 330C (using water baths). Their study
specifically examined the relationship between me-
tabolism and temperature, which allowed them to
determine that, although acclimation temperatures
did not have an effect on speeds, average running
speeds were generally higher with higher tempera-
tures (Lachenicht et al. 2010). These results support
our findings from Trial 2, where we found mean
cricket speeds increased with temperature. However,
the study’s results contradict our findings from Tri-
al 1, where mean speeds decreased with temperature
elevations. This discrepancy may be due to the fact
that adult crickets with stable metabolisms were used
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both in the study by Lachenicht et al. (2010) and our
Trial 2 treatments, but younger nymphs were used in
our Trial 1 treatment; this age difference would af-
fect the crickets’ respective metabolic rates and conse-
quently affect the mean speeds recorded in both trials.

The major source of variation in our experiment
stems from the differing ages of the crickets used in Tri-
al 1 and Trial 2. Trial 2 took place two weeks after Trial
1, therefore the crickets used in Trial 2 were older and
more mature than the Trial 1 crickets. According to the
study by Woodring, Roe, and Clifford (1977), the differ-
ence in the mean speeds of the crickets in Trial 1 and 2
was influenced by this age difference, as younger crickets
have metabolic rates more vulnerable to abiotic changes;
consequently, the adult crickets used in Trial 2 were less
likely to be affected by abiotic temperature changes. Our
data shows large temperature changes, and higher tem-
peratures, cause mature crickets to have a smaller mean
speed difference between the temperature treatments.
Likewise, smaller temperature changes result in younger
crickets having a large mean speed difference, which is
supported by the age dependent metabolism results from
the study by Woodring, Roe, and Clifford (1977). How-
ever, both trials resulted in no statistical significance.

Based on our results, older house crickets would
be less affected by temperature changes but have in-
creased speeds with elevated temperatures, while young-
er nymphs are more affected by temperature fluctuations
and have decreased speeds with temperature increases
in their natural habitats. These results can be explained
through the differing metabolic rates between adults and
nymphs, which suggest that survival rates and age are
positively correlated (Roe, Clifford & Woodring 1980).
In mature crickets, as temperatures rise and thus stable
respiratory and standard metabolisms, they move more
quickly, consequently enabling their ability to find food,
such as sponges, and evade natural predators, such as
centipedes (Hoefler, Durso & McIntyre 2012). Because
of these temperature and age-dependent physiological
changes, older crickets have improved chances of grow-
ing and reproducing with elevated temperatures, ac-
cording to the results obtained from a study by Hustert
and Baldus (2010). On the other hand, as temperatures
increase by any amount, the speeds of younger crickets
are negatively impacted due to their vulnerable metabol-
ic rates; they would therefore be less likely to catch prey
and additionally have an increased risk of predation, ul-
timately decreasing their fitness (Lailvaux, Hall & Brooks

2010).

The primary constraints in our experiment
were the age differences between crickets used in Trial
1 and 2, as well as the gender ambiguity of the crickets
chosen. The results were based on the effects of tem-
perature on crickets; however, the crickets used in Trial
1 were much younger than those used in Trial 2, which
affects our ability to generalize the results towards a
population comprised of differently aged crickets.
Since the genders and sex ratio of the crickets were
unable to be specified, crickets were picked random-
ly; therefore our results cannot be applicable towards
populations of drastically different sex ratios. In order
to overcome these constraints, experimentation with
large populations comprised of different age groups
(more similar to those found in nature) would be nec-
essary to observe the overall trends temperature have
on cricket populations. In order to apply the results to-
wards natural populations, the specific gender ratios
of crickets in their natural habitat would also have to
be established for future experiments, instead of fo-
cusing on segregated ages and random genders. The
data can also be explained by the different tempera-
ture intervals for both trials. The room temperatures
during each trial varied by 2°C, perhaps affecting the
motion of the crickets. However, both resulted in sim-
ilar average speeds, thus we would also need to consid-
er the temperatures the crickets are acclimated to al-
ready, then test temperature changes relative to those.

In Trial 1, the general trend revealed that
younger crickets had decreases in mean speeds
when temperatures increased, refuting our hypoth-
esis that higher temperatures will increase speeds
due to the accompanying surges in metabolic rates.
The Trial 1 crickets also had a larger difference in
mean speeds compared to those in Trial 2, which
may be due to their susceptible and unstable metab-
olisms. The trends in Trial 2 supported our hypoth-
esis as the older crickets had speeds that increased
when temperatures increased, and additionally had
a smaller difference in mean speeds for each treat-
ment; however, no definite conclusions can be gleaned
from our experiment due to the statistical insignifi-
cance of both trials. A larger sample size would pro-
vide greater statistical robustness to this experiment.
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ABSTRACT

Visually driven and braille driven reading share
common language attributes, yet the skills, cognitive load,
and sensory system processing required to perform either
task are dramatically different. Despite the significant
differences in the processes of braille and print reading,
traditional approaches to developing braille literacy have
primarily relied upon adaptations of approaches used to
establish sighted literacy. Furthermore, little research has
investigated the effectiveness of these strategies for stu-
dents who read braille. The outcomes, however, are clear;
braille readers struggle to develop effective decoding and
fluency skills. One promising literacy program, called
the Wilson Reading System (WRS), has been adapted for
braille literacy development because it emphasizes fluen-
cy and comprehension. Recent research suggests positive
qualitative outcomes using the WRS for students with vi-
sual impairments. However, no quantitative changes in
braille decoding and fluency using the WRS have been
established. This case study extends previous findings to
assess the effectiveness of the WRS on decoding ability,
comprehension, oral fluency rate, and reading motiva-
tion in a braille-reading student with a language-based
learning disability. Results demonstrate an increase in
decoding ability, comprehension, reading motivation,
but no sign of improvement in oral reading fluency.

INTRODUCTION

Print reading instruction involves five key

hierarchical areas: phonemic awareness, phonics, flu-
ency, vocabulary, and comprehension of text (Nation-
al Reading Panel, 2000). In particular, reading fluen-
cy represents a combination of reading with speed,
accuracy, and expression (Saviano & Hatton, 2013).
Therrien and Kubina (2006) show that fluency is pos-
itively associated with a number of literacy outcomes
to predict reading comprehension even better than di-
rect measures of comprehension, such as questioning
and re-telling. Visually impaired braille readers tend
to experience difficulties developing reading compre-
hension and fluency (Savaiano, Compton, & Hatton,
2014), likely as a result of less incidental exposure to
written language during early childhood, affecting the
development of phonological awareness skills, decod-
ing, and letter-sound recognition (Erickson & Hatton,
2007). Braille readers also lag behind in fluency com-
pared to peers who are print readers because braille
requires more cognitive resources as it utilizes tactile
processing skills (Wright, Wormsley, & Kamei-Han-
nan, 2009). The tactile sensory system can only per-
ceive objects one aspect at a time, compared with the
visual sensory system that allows for simultaneous per-
ception of objects. Thus, more cognitive resources are
devoted to decoding braille, in a one-by-one manner,
than print (Pring, 1994). In line with this theory, some
research suggests braille readers devote more cogni-
tive resources to word-level processes than print read-
ers (Carreiras & Alvarez, 1999). There are additional
challenges for visually impaired students in achieving
reading fluency in the transition from reading
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uncontracted, or alphabetic, braille, to contract-
ed braille, which adds 189 contractions, or short-
form words, to uncontracted braille (Herzberg,
Stough, & Clark, 2004; Savaiano & Hatton, 2013).

Despite the significant differences in the pro-
cesses of braille and print reading, reading interven-
tion strategies for visually impaired students are adapt-
ed from strategies for sighted students. Many of these
interventions have been shown to be unsuccessful for
braille readers. For example, guided reading programs
often utilize pictures to scaffold emerging vocabulary
and comprehension. For students with visual impair-
ments, this strategy is ineffective and fails to support
learning (Kamei-Hannan & Ricci, 2015). The method
for teaching phonics to sighted students is another ex-
ample of an unsuccessful literacy strategy adapted for
students with visual impairments. Sighted students first
learn to recognize letters of the alphabet, and then use
that knowledge to develop decoding skills. However,
for students with visual impairments, research suggests
teaching uncontracted, or alphabetic, braille alongside
common contractions (e.g. “and,” “but,” “people”) leads
to improvements in vocabulary, decoding, and com-
prehension (Emerson, Holbrook, & D’Andrea, 2009;
Kamei-Hannan & Ricci, 2015). Therefore, many of the
literacy strategies used for sighted students are inef-
fective for use with students with visual impairments.

One promising intervention noted in qualitative
research for improving literacy for students with visu-
al impairments is the Wilson Reading System (WRS).
The WRS is a twelve-step multisensory intensive reading
program emphasizing direct instruction in phonics and
phonological awareness that utilizes multisensory learn-
ing, such as visual, kinesthetic, auditory, and tactile meth-
ods of instruction (Ritchey & Goeke, 2006). Each highly
structured lesson consists of ten sections that address all
five components of reading recommended by the Nation-
al Reading Panel - phonemic awareness, phonics, fluen-
cy, vocabulary, and comprehension of text (2000). The
braille adaptation of the WRS is conceivably beneficial
for students with visual impairments because it empha-
sizes fluency and comprehension, which are problematic
areas for braille reading training (Savaiano, Compton, &
Hatton, 2014). The braille version gradually introduces
contractions within each stage of the system (Perkins
School for the Blind, 2013), and progresses in difficulty
only when automaticity is achieved in the current stage.
The WRS takes around two to three years to significantly
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improve reading to match same-age peers.

For sighted students, quantitative research
shows significant improvements in fluency, decod-
ing, and comprehension after using the system (Duff,
Stebbins, Stormont, Lembke, & Wilson, 2016; Steb-
bins, Stormont, Lembke, Wilson, & Clippard, 2012;
Wilson & O’Connor, 1995;). In the adaptation of the
WRS for the blind, some research has shown a qual-
itative benefit (Rowley, McCarthy, & Rines, 2014),
but no quantitative evidence yet exists to reveal the
full benefit of adapting the WRS for braille readers.
The current case study will contribute to the emerg-
ing evidence of the WRS as an effective reading inter-
vention strategy for students with visual impairments
who are struggling braille readers. It is hypothesized
that participants will experience an improvement in
oral reading fluency rate, decoding, comprehension,
and reading motivation following the intervention.

METHODS

Participants

Participants were selected using the fol-
lowing criteria: participants 1) were identified as
blind or low vision, and were receiving services
through a Blind/Low Vision school program, 2)
demonstrated average intelligence, 3) used braille
as their primary literacy medium, 4) were identi-
fied as struggling braille readers according to teach-
ers, and 5) were willing to participate in this study.

It is estimated that sixty-five percent of stu-
dents with visual impairments also have multiple dis-
abilities (Ivy & Hatton, 2014). Many of the possible
participants for this study were disqualified because
they had multiple disabilities, including intellectu-
al disabilities. Further, only one student consented
to participation in this study. Thus, only one partici-
pant fit the criteria for this study. The participant was
enrolled in Grade 8, was receiving services from the
Blind/Low Vision program in his school district, and
used braille as his primary literacy medium. Accord-
ing to the participant’s individual education plan, he
has been diagnosed with a language-based learning
disability, is of average intelligence, and reads at a
Grade 6 level.
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Experimental Design

A case study design was utilized in this study
to examine the effectiveness of the WRS for improving
oral reading fluency, comprehension, decoding ability,
and reading motivation. The case study design is com-
monly used in educational research, often in program
evaluation (Crossley & Vulliamy, 1984). With a case
study design, curriculum can be investigated deep-
ly, focusing not only on the final learning outcome
but also on the processes of learning itself (Crossley &
Vulliamy, 1984). Furthermore, visual impairment is
a low-incidence disability; thus a case study was suit-
able given the small population size (Hatton, 2014).

Materials

The WRS, including a Level 2B Student Read-
er, Level 2B supplemental braille worksheets, magnetic
print-braille letter tiles, sound cards, and word cards, was
used for the baseline measurements and the intervention
(Wilson, 2013a; Wilson 2013b). Level 2B was chosen in-
stead of Level 1B, 1A, or 2A due to the participant’s age
and grade level (Wilson, 2013a). The Wilson Assessment
for Decoding and Encoding (WADE) was used for base-
line and intervention measurements of decoding ability,
and the Motivation to Read Profile - Revised was used
for pre- and post-intervention measurements of read-
ing motivation (Malloy, Marinak, Gambrell, & Mazzoni,
2013; Wilson, 1998). The sound cards, word cards, and
magnetic braille tiles of the WRS were in uncontracted
Unified English Braille (UEB), while the supplemental
braille worksheets were in contracted UEB. The WADE
was in uncontracted UEB. The Motivation to Read Profile
- Revised was delivered orally (Malloy, Marinak, Gam-
brell, & Mazzoni, 2013). Comprehension was assessed
using an uncontracted braille copy of a grade-appropri-
ate novel, I am a Taxi, that the student was reading and
discussing in his class at school (Ellis, 2006). Two dif-
ferent passages were used for the baseline measurement
and the post-intervention measurement. Additionally, a
stopwatch was used to collect data on oral fluency rate.

Measurements

There were four dependent variables measured
within this case study: 1) oral fluency rate, 2) decoding
ability, 3) comprehension, and 4) reading motivation.

Thesevariableswerechosenbecausetheyare consistent-
lymeasuredinliteracy studies, particularly in studies on
the effectiveness of the WRS (Duff, Stebbins, Stormont,
Lembke, & Wilson, 2016; Stebbins, Stormont, Lembke,
Wilson, & Clippard, 2012; Wilson & O’Connor, 1995).
Oral reading fluency was represented as the
number of read words per minute (wpm). Experienced
braille readers tend to read around 70-100 wpm (Pring,
1994). The participant read two different uncontract-
ed braille passages from I am a Taxi, an age-appro-
priate novel he was reading and discussing at school,
one passage during the baseline phase, and a differ-
ent passage after the intervention period (Ellis, 2006).
Decoding ability was measured using the

WADE (Wilson, 1998). The WADE is made up of
three sections: 1) sounds, 2) reading, and 3) spelling.
In the sounds section, the participant was asked to
identify the sound of various graphemes, including
consonants, digraphs and trigraphs, vowels, and weld-
ed sounds. In the reading section, the participant was
asked to read from three progressively challenging lists
of real words and nonsense words — words that did not
follow the rules of the English language. In the spell-
ing section, the participant was asked to orally spell
words and the percentage correct score was reported.
Comprehension was defined in this study as the
percentage of content words provided by the partici-
pant in an oral retelling following the participant read-
ing a passage from I am a Taxi (Ellis, 2006). Content
words were nouns, adjectives, or verbs chosen by the re-
searcher for their relevance to the understanding of the
passage (Savaiano & Hatton, 2013). The oral retelling
consisted of the participant telling the researcher about
the preceding passage in as much detail as possible.
Reading motivation was orally assessed us-

ing the Motivation to Read Profile — Revised, which
consisted of twenty questions regarding the partic-
ipant’s value and self-concept as a reader. The val-
ue and self-concept scores were both scored out of
a maximum of 40 points. The two scores togeth-
er represented the reading motivation score, out of
a possible 80 points (Malloy, Marinak, Gambrell,
& Mazzoni, 2013). The participant declined to an-
swer one question in the Motivation to Read Profile
- Revised; therefore, the reading motivation score
in this case study was out of a possible 76 points.
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Procedure

In the baseline phase, data were collected on oral
fluencyrateand comprehension. The participantread pas-
sages from I am a Taxi for the collection of these data (Ellis,
2006). The participant would read three to five passages
that were timed by the researcher and was asked to retell
the passage using great detail. The baseline phase consist-
ed of three sessions, approximately thirty minutes each.

Intervention

In the intervention phase, the participant was
guided through Level 2B of the WRS (Wilson 2013a).
The session would begin with a sound cards drill using
the Wilson Level 2B sound cards, focusing on phonemic
awareness and phonics. These cards would be in both
uncontracted and contracted UEB. Then the participant
would read aloud the Wilson Level 2B word cards to
improve automaticity and fluency, in uncontracted and
contracted braille. The participant would then read a
list of contracted words from the Wilson Level 2B sup-
plemental braille worksheets. After reading the words,
the participant would read sentences from the Wilson
Level 2B Student Reader in contracted braille. Final-
ly, the participant would read a passage in contracted
braille from the Wilson Level 2B Student Reader, and
then would answer comprehension questions regard-
ing the passage from the Wilson Level 2B supplemen-
tal braille worksheets. Each lesson took approximate-
ly one hour to complete. The data were collected over
eight sessions, and was constrained to the academic year.
Following the last lesson in the intervention phase, data
were collected to measure changes in oral reading fluen-
cy, decoding, comprehension, and reading motivation.

RESULTS

Decoding Ability

Decoding ability is a measure of letter-sound
recognition (Erickson & Hatton, 2007), and results
are presented in Table 1. In the sounds portion of the
WADE, there was an increase in the percentage cor-
rect score for consonants and vowel sounds, while
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there was no change in digraphs/trigraphs or weld-
ed sounds. In the reading portion of the WADE,
there was an increase in the percentage correct
score for Reading List 2 and Reading List 3, while
there was no change in Reading List 1. In the spell-
ing portion of the WADE, there was no change in
the percentage correct score from the baseline to
after the intervention. Overall, the participant ex-
perienced an increase of 3.5% in decoding ability.

TABLE 1. Results of the Wilson Assessment of Decod-
ing and Encoding

Baseline (percent correct) Post-intervention Percent Change
(percent correct)
Consonants 91.6 95.8 42
Digraphs/Trigraphs 83.3 83.3 0
Vowel sounds 83.3 100.0 16.7
Welded sounds 100.0 100.0 0
Reading List 1 100.0 100.0 1]
Reading List 2 93.3 100.0 6.7
Reading List 3 80.0 93.3 13.3
Spelling 818 81.8 0
.
Comprehension

During the baseline phase, the participant re-
told an average of 58.6% (range 41% - 75%) of content
words. Following the intervention, the participant re-
told an average of 72.7% (range 67% - 80%) of content
words, for an increase of 14.1%.

Reading Motivation

During the baseline phase, the participant
scored 62 out of 76 on the Motivation to Read Pro-
file - Revised (Malloy, Marinak, Gambrell, & Mazzoni,
2013). Following the intervention, the participant
scored 71 out of 76, for an increase of 11.8%.

Oral Fluency Rate

Oral reading fluency was represented as the
number of read words per minute (wpm). The par-
ticipant had a baseline oral fluency rate of 61 wpm in
uncontracted braille reading after three sessions. Fol-
lowing the intervention, the participant had an oral
fluency rate of 47 wpm in uncontracted braille read-
ing, for a decrease of 22.9%.

One unexpected improvement not previously
identified within the experiment was the participant’s
improvement in contracted braille. Prior to the inter-
vention, the participant knew a few braille contrac-
tions, but through the intervention, the participant ex-
perienced a qualitative improvement in his knowledge
of contractions.
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DiscussioN

The results of this study indicate that the WRS
may be effective for struggling braille readers in im-
proving comprehension, decoding ability, and reading
motivation. The participant experienced a 14.1% in-
crease in comprehension, an overall increase of 3.5%
in decoding ability, and an 11.8% increase in read-
ing motivation following the eight sessions. These re-
sults demonstrate that the WRS, adapted to visually
impaired readers, does indeed quantitatively benefit
improvement in areas of literacy where braille-read-
ing students lag behind sighted peers (Erickson &
Hatton, 2007; Savaiano, Hatton, & Compton, 2014).

Results revealed no sign of improvement, and
in fact, a slight decrease, in oral reading fluency after
the intervention. It is important to note that the partic-
ipant was concurrently receiving uncontracted braille
training at school during the course of the interven-
tion. Although the participant’s oral reading fluency did
not improve, a more salient result of this study was the
participant’s increased understanding of contractions.
While there is no quantitative evidence to support this
claim, the participant frequently noted that he perceived
a greater fluency in his ability to read contractions as a
result of the intervention. Since fluency was measured
using uncontracted braille passages, contracted braille
fluency was not accurately measured to quantify this
improvement. Additionally, qualitative measures of the
WRS for braille-reading students revealed improve-
ments in fluency over longer periods of time, such as
two years, suggesting similar quantitative results could
be achieved in an extended time frame (Rowley, Mc-
Carthy, & Rines, 2014). Furthermore, despite the de-
crease in oral reading fluency, the participant did ex-
perience an increase in three out of the four measures.

Limitations
Although the case study design is useful in in-
vestigating instructional strategies more in-depth

than larger quantitative studies, the research is limit-
ed in its generalizability (Crossley & Vulliamy, 1984).
Furthermore, the population of braille readers is small
and heterogeneous, so the WRS may vary in its effec-
tiveness for students with other needs or disabilities
(Hatton, 2014). The only other case study conduct-
ed on the use of the WRS for braille readers had two
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participants, so although the research base
is small, this study has contributed to its
growth (Rowley, McCarthy, & Rines, 2014).

The positive results in comprehension in
this case study may also be limited. The improve-
ment in comprehension may have been influenced
by classroom instruction the participant was re-
ceiving regarding I am a Taxi, in the form of discus-
sions of the novel’s themes. Although the compre-
hension assessments in the intervention asked the
participant to recall specific details, not necessarily
overall themes, from a two- to three-minute pas-
sage read by the participant, it is still plausible that
outside instruction could have affected the results.

Another major limitation was the time con-
straint of this study. As this research was confined to
an academic year, the WRS could not be completed in
its entirety. Since the WRS takes two to three years to
complete, alonger time frame would have increased the
study’s validity (Wilson & O’Connor, 1995). The WRS
has demonstrated to be effective for sighted students
when examined for one to two years, and qualitative
results using braille-reading students yielded similar
results (Duff, Stebbins, Stormont, Lembke, & Wilson,
2016; Rowley, McCarthy, & Rines, 2014; Stebbins,
Stormont, Lembke, Wilson, & Clippard, 2012; Wilson
& O’Connor, 1995). Even over a short period of time,
the improvements in comprehension, decoding ability,
and reading motivation in this study reveal the positive
impact of the adapted WRS for the visually impaired.

Implications for Future Research

The results of this study suggest the WRS is an
effective practice for use with braille-reading students
with language-based learning disabilities. The WRS
has been quantitatively demonstrated to be an effective
strategy for improving fluency, decoding, and compre-
hension (Dulff, Stebbins, Stormont, Lembke, & Wilson,
2016; Stebbins, Stormont, Lembke, Wilson, & Clip-
pard, 2012; Wilson & O’Connor, 1995). Fluency, com-
prehension, and decoding are key measures of literacy
for both print and braille readers (Savaiano & Hatton,
2013). Qualitative evidence has shown that the WRS
may be effective in improving comprehension, de-
coding ability, and oral reading fluency for struggling
braille readers (Rowley, McCarthy, & Rines, 2014). The
current case study enhances these findings by adding
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quantitative measurements of comprehension, decod-
ing ability, oral reading fluency, and an added compo-
nent of reading motivation, which is a key predictor of
overall literacy achievement (National Reading Panel,
2000). An unexpected result of the current case study
was the effect of the WRS on qualitatively improving
contracted braille reading fluency. Further research
should be conducted using a larger sample, over a lon-
ger period of time, to accurately measure the effective-
ness of the system on a more diverse sample of braille
readers. If the current research were to be replicated,
greater quantitative focus should be paid to the effective-
ness of the WRS in oral reading fluency for contracted
braille. Such a focus would have implications for us-
ing the WRS for struggling, beginning braille readers.
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A DiIsScUSSION ON INTERSECTIONALITY
IN CURRENT CANADIAN PRIDE
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Vancouver Island University, Nanaimo, British Columbia, Canada

INTRODUCTION

Pride emerged as a radical demonstration of the
lesbian, gay, bisexual, transgender, and queer (LGBTQ)
civil rights movement. Over the years, its purpose and
form have evolved. While Pride is a necessary source
of LGBTQ representation, it often fails to observe the
intersectionality within its community, resulting in
racism, ableism, sexism, homophobia, classism, and
homonormativity. This essay explores this lack of in-
tersectionality, drawing on Nanaimo Pride as a source
of discussion, with references to celebrations in Ed-
monton, Toronto, and New York. It concludes by of-
fering suggestions for making Pride more inclusive.

BACKGROUND

The LGBTQ civil rights movement in North
America is largely attributed to the Stonewall riots, which
were protestations of police surveillance and criminal-
ization of LGBTQ bodies. Gay civil rights movements,
groups, and demonstrations increased in frequency
throughout North America after the Stonewall riots of
1969, and in 1972, Canada held its first Pride celebration
in Toronto. This was not representative of a more toler-
ant general population, but rather a more vocal LGBTQ
community (Rau). The LGBTQ community continued
to face legalized discrimination and persecution into the
early 2000s. Police raids of lesbian and gay bathhouses
were common, with the last major raid taking place in
Toronto, 2000 (Rau). It took until July 20th, 2004, for
same-gender marriage to be legalized across Canada. It
is important to note here that these social changes are
not trailblazing initiatives, but rather echos of previous
equity on this landscape—before the colonization of

Canada, cis- and heteronormative policing was not
the norm. For instance, many Indigenous Nations cel-
ebrated individuals with two-spirit identities, which
have been described as Indigenous people “born
with masculine and feminine spirits in one body”
(Sheppard 262). Indigenous Nations had many ways
of conceptualizing gender and sexuality that were
different from European cultures (Sheppard 262).

In 2016, the first formal Pride parade in
Nanaimo, British Columbia, was held. Thousands of
people showed up to observe the parade, and dozens
of floats and walking groups participated. This was a
major surprise to those of us participating in the pa-
rade, as Nanaimo does not have a history of being a
queer-friendly city. The current Nanaimo Pride So-
ciety President, a Nanaimo-local gay man, says he
moved away from Nanaimo in his youth because of
the repressive atmosphere (Stern). This is something
a lot of LGBTQ people who lived in Nanaimo in the
80s, 90s, and early 2000s have said: not only were
they likely to get assaulted outside of Spike, the only
gay bar in town, but the city council often had very
bigoted people in very respected positions. An ex-
ample of this was that “in 2000, half of Nanaimo City
Council walked out of a council meeting after being
asked to sign a Gay Pride Day Proclamation,” includ-
ing the then-mayor Gary Korpan (Stern). The Pride
Day Proclamation was consistently shut down, until
the major pride association of the time threatened
Korpan with a human rights complaint (Christopher).

Given this history, the 2016 Nanaimo Pride
parade meant an immense amount to many people.
It didn't spring up from the ground, but was the di-
rect result of the hardworking members of the com-
munity who fought for years to make this event hap-
pen. Pride represented not only a moving on from a
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bigoted past, but also solidarity in the face of trage-
dy. Early that morning, on June 12th, the largest mass
shooting in American history occurred at a gay bar in
Orlando, Florida, with 49 people killed and 53 people
injured. The Pulse nightclub shooting was and contin-
ues to be the largest mass shooting in American histo-
ry, being so bloody that “[o]ne out of every three peo-
ple in the club [were] wounded or killed” (Santora).
This horrific hate crime sent ripples throughout the
LGBTQ community, and its effects were felt acute-
ly as Pride month went on. In Nanaimo, the Pride flag
flew at half-mast. I would, then, describe the 2016
Nanaimo Pride parade as nothing less then necessary.

INTERSECTIONALITY

To understand this paper, one must have an un-
derstanding of intersectionality. Intersectionality, as
defined in Kimberle Crenshaw’s formative essay on the
topic, “Traffic at the Crossroads: Multiple Oppressions,’
is the “interactive effects of discrimination” (43). This is
visualized in her essay as a traffic intersection, where-
in the roads represent the institutions of power in the
world, and people with power held over them are trying
to navigate the intersection. Crenshaw specifically wrote
this paper to illuminate the experiences of black women,
and the ways in which their gender and race interacted.
The intersections with more roads are busier and more
complicated, making them more dangerous to navigate.
Crenshaw extends this metaphor to illustrate that the
cars moving through the intersection represent the daily,
seemingly mindless, actions that reify these power imbal-
ances. Finally, ambulances called to these busy intersec-
tions have a difficult time getting there, and may in fact
be too late to help. A crash oraccident, in this case, would
refer to the person navigating the intersection becoming
harmed in some way. This could be a singular, spectacular
incidence—a physical assault, or an eviction—or it could
be a subtle erosion of autonomy, mental health, or self-
worth. These micro and macro aggressions create a com-
plex situation for people suffering from layered oppres-
sions, posing a challenge for the figurative ambulances.

To give an example of intersectionality, there
could be ahomeless young woman, whoisalsolesbianand
First Nations. She would be experiencing discrimination
from multiple fronts: those of her gender, her race, and
her sexuality. Her age would place her at a disadvantage,
as she wouldn’t have the full independence of an adult.

30

She might experience outreach from programs centred
on homeless LGBTQ youth, but they might not recog-
nize the effect of the colonization of First Nations peo-
ple that could play into her situation. The same thing
could be said if she gained asylum at a women’s shelter;
they could understand why she, as a young woman,
might be in a precarious situation, but not be able to
understand how her lesbianism affects her situation. In
this way, these “ambulances” are rendered less effective
to those who experience multiple marginalized social
categories. In general, “it is difficult to talk about how
one of [...] many identifiers may contribute to one phe-
nomenon,” as “[i]dentities are interlocking” (Pastrana
101). In the hypothetical situation above, the interven-
tion methods are failing because they are treating this
person’s identities as “separate experiences rather than
a complex and dynamic relationship” in which teasing
apart the influences of each can be difficult or impos-
sible (Fox 633).

Pride is an ambulance, as it resulted from the
need of a marginalized community to be seen and
heard for one day a year, if nothing else. The Stone-
wall riots resulted directly from the fact that an in-
tersectional LGBTQ community had been pushed to
the boiling point, by criminalization and discrimina-
tion from every angle (Born). These riots helped the
LGBTQ communities to gain momentum to push for
further demonstrations (Born). When a legal or policy
shift occurs, such as the decriminalization of sex be-
tween gay men, the acceptance of gay men and women
into the military, the option for same-gender couples
to adopt children, or the legalization of same-gender
marriage, it is not the master choosing to throw a bone
to a well-behaved dog. The bone must be taken wheth-
er the master wants it or not. It is only through the
unwanted, yet continual, vocal push from marginal-
ized communities that such changes are made. This is
evident in my home community of Nanaimo, where
the local government had to be petitioned and argued
with—sometimes even threatened with legal action—
for several years before a Pride day could be official-
ly recognized. Change is not easily won. Pride, then,
should be an event to recognize and celebrate the di-
versity within its community, and to acknowledge the
members that are most vulnerable.
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HOMONORMATIVITY

Pride parades and events in their current forms
fail to do this. While Pride started out as a series of riots
and demonstrations, in urban areas, it is now a govern-
ment- and corporate-funded, highly attended event. By
accepting this sponsorship, Pride has become an insti-
tution, and has fallen prey to replicating the systems of
power it is meant to expose and oppose. It is, “[i]ron-
ically, our efforts to challenge one form of oppression
[that] often unintentionally contribute to other forms
of oppression, and our efforts to embrace one form of
difference exclude and silence others” (Fox 631). One
way Pride does this is in celebrating “the ideal queer
person.” This person can be found centred on Pride pa-
rade posters, as the MC of events, and on any advertis-
ing for year-round functions. This hypothetical person
is a white, able-bodied, upper-middle class, cisgender,
neurotypical, and young gay man. There is a reason this
description has become the poster for Pride, and it is be-
cause it appeals to straight mentality. A person like this
is similar enough to a straight person that they can for-
get the “otherness” of queerness. They can comfortably
watch shows that have this person as the token, tropic
gay character, and they don’t have any problem with this
gay man coming to their barbecue. In this way, they can
be an “ally” without ever having to engage with the harsh
realities of queer existence, or the idea that queer peo-
ple might actually be different than them. Pride tends to
indulge this idea, placing straight people’s sensibilities
above the actual needs of LGBTQ people. When “[w]hite
gay male sexualities and desires are privileged and nor-
malized,” a concept known as homonormativity emerg-
es (Greensmith 133). Homonormativity “upholds and
sustains [heteronormativity] while promising the possi-
bility of a demobilized gay constituency and privatized,
depoliticized gay culture anchored in domesticity and
consumption” for non-LGBTQ audiences (Greensmith
133). This homogenization of queer culture is one of
the ways in which a faulty institution of Pride is created.

Racism

In addition to the solidification of homonor-
mativity, Pride contradicts its own purpose of in-
clusivity through the mistreatment of racial mi-
norities within the community. One way this
manifests is in the presence of police at Pride.

Queer people have a fraught history with the insti-
tution of police—one that continues today. The rela-
tionship of racial minorities with police is similarly,
if not more, fraught. In “How a Black Lives Matter
Toronto Co-Founder Sees Canada,” Janaya Khan says
of her first day at Pride: “Having been [at Pride] for
about 20 minutes I had my very first interaction with
police at Pride. I have a history with interaction with
police that hasn’t gone very well for me” (Khan). As a
black person who identifies as “queer and as gender
non-conforming,” Khan’s encounters with police were
“very aggressive,” with the officer “demanding ID and
wanting information about where [they were] going”
(Khan). So, police have a history of being violent and
discriminatory against queer people, and the same
thing against people of colour (POC). As the Black
Lives Matter (BLM) movement shows us, we are also
currently experiencing an epidemic of police brutality
against black people (Wortley 53). What does it say of
Pride’s priorities that police have their own honoured
place among the festivities, often getting their own
float? It speaks both to white supremacy and to an
erasure of history. There are lovely police officers, and
there are queer police officers. But there is no need to
attend Pride in uniform, placing oneself in a position
of power over the others attending. Read generously,
this is an attempt to mend the relationship between
the LGBTQ community and the police force. In actu-
ality, having police at Pride does more harm then good
to the POC in attendance.

Not everyone agrees that police should not
march in Pride parades, however. A news article cov-
ering the same issue of BLM Toronto staging a peace-
ful sit-in at the Toronto Pride parade—the subject of
Khan’s aforementioned interview—says that “[a]fter
being given honorary status, it was shameful of Black
Lives Matters to disrupt the parade and for Pride for
agreeing to its terms” (Jamieson). The author goes
on to say that “[he is] proud to be a gay black man in
Canada,” and that he believes that “BLM has absolute-
ly nothing to do with the gay, lesbian, transgendered
community” (Jamieson). This is a viewpoint lacking
an intersectional lens. Black people are part of the
LGBTQ community; the author himself is a black, gay
man. If members of the LGBTQ community are facing
extreme police brutality, for whatever reason, it should
be a concern for the community at large. In a study fo-
cusing on the intersectionality of POC and their queer
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identities, two separate participants admitted that their
identities alienated them from both the LGBTQ com-
munity and their racial communities. One participant
says that: “Working within my racial community is a
hindrance, as a LGBTQ-identified person [...] there is
no support there,” while another says, “[s]Jometimes,
in the [gay, lesbian, bisexual, and transgender] GLBT
community, I feel being Black may work against me be-
cause there is so much racism” (Pastrana 99). Clearly,
there is a need for more acceptance of intersectionality
between the LGBTQ and racial minority communities.

Aside from lacking an intersectional analysis, Ja-
mieson, the author of the critical news piece, also argues
that Pride has been apolitical regarding non-LGBTQ
issues, stating that “[h]istorically, Pride has distanced
itself from political issues not pertaining to members
of the LGBTQ community” (Jamieson). In this regard,
Jamieson’s assertion is incorrect. Firstly, if someone is
queer, then that makes the other aspects of their iden-
tity important to LGBTQ activism. To assert the op-
posite seems unnecessarily divisive. Secondly, some of
the most important figures in LGBTQ civil rights his-
tory were people of colour who fought for the rights
of coloured queer people, such as Marsha P. Johnson.
Pride is not a hobby: it is explicitly political in nature.

ABLEISM

As well as failing to understand the intersection
of race, sexual orientation, and gender identity, Pride
fails its members who are disabled. This happens both at
Pride, a once-a-year event, and in the general community
events which happen year-round. An example of ableism
in Pride was at the 2011 Edmonton pride parade. An ar-
ticle covering this topic says this: “Edmonton Pride’s of-
ficial slogan this year is ‘STAND UP’ Although dismayed
by the ableist language, we were hoping, at the very least
that this slogan signalled a move towards a more polit-
ical Pride” (Peers). The slogan, in fact, asked readers to
“STAND UP” and dance, or to “STAND UP” and barbe-
cue—far from overtly political activities. This erasure of
disabled bodies is not unusual in Edmonton, or Canada
at large. In most queer campaigning there “is the no-
ticeable lack of fat, gender-queer, wheeling, scootering,
ageing, small-statured, cane-wielding, pre-pubescent
and dog-guided members of our queer communities”
(Peers). When summer rolls around, “the Edmonton
Pride Festival society rents one of the most accessible
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venues in Edmonton, and, through great expense and
logistical prowess, manages to transform it into an al-
most entirely inaccessible space” (Peers). Most year-
round events aren't any better: being held at the top of
stairs, neglecting to accommodate walking assistance
devices, and remaining unsuitable for people with
non-normative hearing or sight (Peers). Another ob-
vious example of this is that Pride parades themselves
reinforce the ableist assumption that participants can
walk: freely, easily, and without pain. All of this is in-
dicative of an atmosphere within queer communities
that doesn’t include people with disabilities. Even if
there is no explicit sign—like a staircase—disabled
people often feel excluded from the community at
large. As stated earlier in this essay, “the ideal queer
person” is able-bodied, to better appeal to the non-
LGBTQ Canadian audience. The LGBTQ community
itself has absorbed this attitude.

SEXISM

While the face of Pride is not one of the dis-
abled body, the same can be said of women. This fact
finds its origins in misogyny, of which Pride is not
exempt. This cultural maligning of women reveals it-
self in Pride celebrating men’s sexuality over women’s
sexuality. Women’s sexuality is often a source of anxi-
ety in our culture—it is dark, unknowable, and utterly
other (Creed 1). If this is so for women’s heterosexu-
ality, it can only be doubly so for lesbianism or other
sapphic orientations. This anxiety often manifests as
an outright denial of queer female sexualities (Lam-
ble 81). In Canadian history, sexually active gay men
were perceived as defiant and immoral, and so the act
was criminalized. In contrast, sex between women
was almost never directly, legally addressed (Rau). In
Canadian history and in the present, “lesbians appear
as disembodied, desexualized legal subjects” (Lamble
81). An example of this in the modern world is the fact
that the age of consent for oral or vaginal intercourse
is 16, while the age of consent for anal intercourse is
18 (Rau). Currently, men and women who engage in
same-gender sex face different levels of criminaliza-
tion. This clearly shows the different ways in which
queer sexualities are discriminated against based on
gender. Gender and sexuality are extremely close con-
cepts in patriarchal Canadian culture, where a seem-
ingly intrinsic part of being a woman is desiring men.
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Therefore, lesbianism is an act of subverting female
gender roles in patriarchal culture. Deeply rooted cul-
tural anxiety over female sexuality in Canadian soci-
ety, combined with patriarchal expectations for female
desire, culminate in the fact that male sexuality, even
when it entitles men’s attraction to other men, is often
more palatable in our society than non-heterosexual
female sexuality. This purposeful invisibility of female
queer sexuality is a sign of Pride’s homonormativity.

T ]

CLASSISM

Having discussed race, gender, and ability, the fi-
nal way I will discuss the shortcomings of Pride and the
LGBTQ community is in relation to class. Pride should
accommodate those that do not have the financial means
to live a comfortable economic existence. Examining
Pride through a class lens is particularly important be-
cause of the correlation between LGBTQ youth and
homelessness—LGBTQ youth are more likely to be
homeless than almost any other demographic (Kirkup).
In Canada there are startlingly few studies done to sur-
vey the amount of homeless youth who are LGBTQ, but
some researchers say that around 40-50% of homeless
youth are LGBTQ (Kirkup). Another study finds that
1 in 5 Toronto homeless youths identified as LGBTQ
(“Facts & States”). This is extremely disproportionate.
According to Statistics Canada, only 1-1.7% of the Ca-
nadian population identifies as LGBTQ (“Same-sex cou-
ples”). These statistics would only reflect the amount of
LGBTQ people who were “out.” Even so, the number of
homeless LGBTQ youths far outpaces the relative size of
the national community. Pride does not factor this into
event planning most of the time. Pride parades can be
expensive affairs: from surcharges for simple attendance,
expensive food vendors and merchandise, and travelling
fees. I have struggled with this myself. Before Nanai-
mo overcame the discrimination in the city council and
general population to have its first Pride parade, the
only nearby major Pride event was held in Vancouver. I
would have to pay for the ferry, food, and accommoda-
tions. This was expensive enough that I was never able to
attend, so my first Pride was the one held in Nanaimo.
One of the biggest offences related to pay-to-play culture
is the Stonewall Pride march, which has been described

as “a commercial extravaganza of huge proportions”
(Clare). The 25th anniversary of the Stonewall riots
struck many as “not so much as a celebration of a pow-
erful and life-changing uprising of queer people, led by
trans people of color, by drag queens and butch dykes,
fed up with the cops, but as a middle- and upper-class
urban party that opened its doors only to those who
could afford it” (Clare). I'm sure it’s very fun for those
who can afford to go. It seems unfair, however, to limit
one’s engagement in queer culture based on monetary
wealth, when LGBTQ youth, women, people of colour,
and disabled people face significant financial barriers
to participation.

How 10 BE PROUD OF PRIDE

Having identified a number of barriers to
truly inclusive Pride events, I now turn to how we
might make them more welcoming to everyone in the
LGBTQ community. While making Canadian Pride
completely inclusive of all its members would require
making the wider Canadian culture free of prejudice,
this is an undertaking too large for the scope of this
essay. Instead, I will focus on more achievable goals.
When it comes to racism in Pride, excluding police
and honouring groups such as BLM is a straightfor-
ward step. It is also important to actually listen to mar-
ginalized groups when they say something is not right,
or if they have suggestions for improvements to Pride:
they know more about what they need than people
who do not share their lived experiences.

A way to combat ableism in Pride is to be
aware of whether the venues one attends are disabili-
ty-friendly or not. If they aren’t, bring attention to this
fact and make a fuss about it, or join the organizing
committee and make sure future venues are accessi-
ble. The only way for change to happen is to push for
it. Again, listening to disabled LGBTQ communities is
the best way to know how to move forward.

Misogyny can be incredibly insidious. When
it comes to queer women, increased visibility would
go along way towards combating the combined effects
of sexism and heterosexism. I would love to see more
women’s events in my own community, and a greater
platform for women’s groups at Pride. A shift of this
kind would help Pride to be more inclusive of the
queer women who attend.

As for classism, one shouldn’t need to be rich
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to go to Pride. Surcharges for events such as Stone-
wall 25 should be done-away with. While I can see
the need for some venues to charge for attendance
if they do not otherwise have enough funds to con-
tinue offering them, a pay-as-much-as-you-can sys-
tem would be incredibly beneficial. When it comes to
Pride, a greater platform should be given to the home-
lessness epidemic the youth of the LGBTQ commu-
nities are facing. As well, more small towns and cities
should have Pride events, so that people don't feel pres-
sured to travel simply to engage in their own culture.

Pride has the potential to be an amazing source
of affirmation in your own identity and community, as
well as a platform for activism. However, aspects of rac-
ism, ableism, sexism, heterosexism, classism, as well as
homonormativity have gained a foothold in the festivi-
ties. It is by continuing the dialogue of intersectionality
within LGBTQ communities and allowing marginalized
identities to have voice in these proceedings that preju-
dice within LGBTQ communities and the events of Pride
can be combated. Only then, can we be proud of Pride.
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ABSTRACT

In silico mathematical modeling and opti-
mization has been a reliable means to predict the
morbidity of diseases. Diseases associated with Carbap-
enem-Resistant Entero-bacteriacae (CRE) are difficult
to treat and have been with high mortality rates due to
the highly adaptive nature of this bacterial family. Cur-
rently, CRE is resistant to almost all antibiotics available
(Chen, Todd, Kiehlbauch, Walters, & Kallen, 2016) with
mortality rates of about 45% (“Vital Signs”, 2013). To
better evaluate the severity of CRE outbreaks in Canada
and the United States (US), a Python program that ana-
lyzes and predicts the potential of outbreaks escalating
into epidemics was developed. The program uses two
mathematical models that compare and graph the rela-
tive amounts of individuals/patients that are susceptible,
infected or dead. The first model is deterministic which
involves static rates taken from various data sources,
whereas the second model is stochastic, which reflects
dynamic rates according to parameters like time and
changes in infectivity rate. Both models predicted epi-
demics in Canada and the US under current conditions,
as expected.

INTRODUCTION

Carbapenem-Resistant Enterobacteriaceae
(CRE) are gram-negative bacteria with highly evolved
antibiotic resistance mechanisms. CRE mostly owe their
rapid evolution of resistance to mobile genetic elements
on their plasmids that can be transferred efficiently
amongst bacteria (Kumarasamy et al., 2010). The resis-
tance arises from certain genes that code for enzymes
classified as B-lactamases, which cleave B-lactams—var-
ied antibiotic molecules that inhibit bacterial cell wall
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synthesis (Nordmann, Dortet, & Poirel, 2012 ). More-
over, the mobility of plasmid genes and frequent glob-
al travel facilitate the spread of PB-lactam resistance
in global bacterial populations (Kumarasamy et al.,
2010). Carbapenems are often the selected treatment
for severe infections by extended-spectrum [-lact-
amase (ESBL) producing bacteria (Muhammed, Flo-
kas, Detsis, Alevizakos, & Mylonakis, 2017; Harris,
Tambyah, & Paterson, 2015), which are resistant to
newer [(-lactams such as third-generation cephalo-
sporins and monobactams (Abreu, Marques, Mon-
teiro-Neto, & Gongalves, 2013). However, heightened
use of carbapenems eventually selects for carbapenem
resistance (McLaughlin et al., 2013).

Carbapenemases are -lactamases that inacti-
vate carbapenems. To date, there are several carbap-
enemases that have been identified, the most clinically
significant being KPC, NDM, VIM, and IMP types
(Tzouvelekis, Markogiannakis, Psichogiou, Tassios,
& Daikos, 2012). Hypothetically, if any KPC carbap-
enemase were expressed in conjunction with any
NDM, VIM, or IMP carbapenemase, the bacterium
would have additional resistance to P-lactams such
as all generations of cephalosporins, and aztreonams
(Nordmann et al., 2012 ). Furthermore, NDM-1 is
prevalent in parts of India and China (Liu et al., 2015;
Kumarasamy et al., 2010), and KPC-2 and KPC-3 have
become endemic in China, the US, and Italy (Mu-
noz-Price et al., 2013).

The evident risk of CRE warrants its place in the
first list of antibiotic-resistant priority pathogens, pub-
lished by the World Health Organization (Lawe-Da-
vies & Bennet, 2017). It catalogues the 12 families of
bacteria that pose the greatest threat to human health,
including Acinetobacter baumannii, Staphylococcus
aureus, and Pseudomonas aeruginosa (Lawe-Davies &
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Bennet, 2017). The family of interest, Enterobacteria-
ceae, is categorized under ‘Priority 1’ (Lawe-Davies &
Bennet, 2017). Bacterial families under ‘Priority 1’ are
said to be critical threats, meaning that they often cause
deadly infections, like pneumonia, and are resistant to
numerous types of antibiotics, including carbapenems
and third-generation cephalosporins (Lawe-Davies &
Bennet, 2017). It is worthy to note that carbapenems and
third-generation cephalosporins are the most effective
antibiotics thus far to treat multidrug resistant bacteria
(Lawe-Davies & Bennet, 2017). In addition, risk fac-
tors like the misuse of antibiotics (Bell et al., p. 11), in-
adequate hygiene in hospitals (“Antimicrobial Copper”,
2015), direct contact with infected individuals (“Health-
care-associated Infections”, 2015), touching contaminat-
ed medical equipment (Russotto, Cortegiani, Raineri, &
Giarratano, 2015; Roux, Aubier, Cochard, Quentin, &
Mee-Marquet, 2013), and decreased antibiotic produc-
tion (“Antimicrobial Copper”, 2015) would increase the
likelihood of a CRE epidemic.

In 2016, a CRE isolate from a fatal clinical case
was tested against all 26 available antibiotics inthe US,
and was found to be resistant to all of them (Chen, Todd,
Kiehlbauch, Walters, & Kallen, 2016). CRE infections
have also become endemic in many countries, including
the US, Greece, Brazil, Israel, and China (Munoz-Price
et al., 2013). A study by Thaden et. al concluded that, in
community hospitals in the Southeastern US, diagnoses
of CRE increased by five times from 2008 to 2012 (2014).
In a study conducted in a Greek tertiary care university
hospital, the number of carbapenem-resistant K. pneu-
moniae infections increased from 17 cases to 96 cases
between 2005 and 2014 (Spyropoulou et al., 2016). A
Europe-wide assessment of 38 countries found that 13
(34.2%) countries reported increasing rates of CRE
infections, 16 (42.1%) reported no change in their epide-
miological situations, and 9 (23.7%) reported improve-
ment between 2013 and 2015 (Albiger, Glasner, Struel-
ens, Grundmann, & Monnet, 2015).

It is important to create a mathematical model
that can predict a CRE epidemic under current condi-
tions, since data suggest that an epidemic may be immi-
nent. Current conditions include the misuse of antibiot-
ics in Canada (“CARSSR”, 2016) and in the United States
(Cable, 2017) . The model will use data from the United
States (US) and Canada, due to their close interaction
as countries. Additionally, giving experts and medical
professionals access to a predictive program would aid in
slowing the already increasing global incidence of CRE.

Python will be used to build this model, because in
comparison to other programming languages, Python
will provide a more mathematically rounded approach
to the calculation of differential equations. Subse-
quently, these equations serve to model the spread of
CRE infection and predict the consequences. Howev-
er, given the epidemiology and high mortality of CRE
infections, one can expect the model to predict a CRE
epidemic in both Canada and the US.

METHODS

The purpose of making the deterministic mod-
el, which consists of static rates, was to offer a com-
parison to and act as a basis for the stochastic model,
which consists of changing rates. This enables us to
assess the validity of the procedure, and to strength-
en any conclusions. A deterministic SIR (Susceptible,
Infected, and Recovered) model was created using
the Python package, SciPy, which contains functions
that solve and integrate the differential equations. The
equations were run through the program for a cal-
culation period of 160 months. The model consisted
of eight parameters: mortality rate (g), recovery rate
(rec), infection rate (b), susceptible population (S), to-
tal population (N), recovered population (R), infect-
ed population (I), and dead population (D). Mortal-
ity rate per annum was defined to be 40-50% (“Vital
Signs”, 2013), and we used 50% to model a worst-case
scenario. The model is based on one month-intervals
and thus, in the code, the monthly mortality rate was
set as 0.042%. The value was derived from the yearly
mortality rate. The recovery rate derived via empirical
data from a study by Patel, Huprikar, Factor, Jenkins,
and Calfee (2008).

Recent medical censuses performed in Canada
and the U.S. (“Biggest Threats”, 2016; “Canadian An-
timicrobial”, 2016) show that CRE infection rates are
0.2 and 0.26, respectively. For the general purposes of
a model, the total population (N) in the simulation
was set to be 1000, and the unit for population is in
thousands. Susceptible (S), Infected (I), and Dead (D),
were calculated via 3 separate differential equations,
and are functions of a set of initial conditions (where I
0 = 1, as there must be one individual infected to start
an epidemic; R 0 = 0, since it is impossible for recovery
if infection has just started; SO=N-10- R0 =999 in-
dividuals) and the infection, recovery, and death rates.
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To construct a stochastic model, the probabilities
of each parameter increase by a set value with equations
based on the prior deterministic model. SciPy was used
to solve the differential equations. After running both
programs, graphs produced from the stochastic model
were compared with those from the deterministic mod-
el. If the shapes of the graphs are similar qualitatively, the
coding procedure is valid. Additionally, similar graphs
would serve to further support or falsify the hypothesis.

Epidemics are characterized by a dramatic rise
in infection rates, then a sharp decrease or gradual de-
crease (“Descriptive Epidemiology”). In this simulation,
the epidemic is allowed to dissipate on its own, result-
ing in a gradual decrease of infection cases (“Descrip-
tive Epidemiology”). Moreover, the model a sumes that
once individuals recover, they are no longer susceptible.
Therefore, the infected curve should resemble a typical
point-source epidemic curve, as there cannot be an-
other subsequent outbreak. Also, with no more suscep-
tible individuals at the end of the simulation, all three
curves will approach a final slope of 0, or equilibrium,
since the number infected and dead depend on the
number susceptible. The approach to equilibrium and
the shape of the infected curve apply to both stochastic
and deterministic models. Should the curves behave in
the ways stated, then one can conclude that both mod-
els predict a CRE epidemic under current conditions.

REsuULTS

When the program was run, it produced four
graphs. Figures 1 and 2 represent the models for the
Canadian data. Figures 3 and 4 repr sent the Amer-
ican data. All curves in Figures 1-4 approach equi-
librium. It is seen that in both deterministic models,
Figure 1 and Figure 3, the infected curve of Canada
reaches a hig er Y-value than that of the US. This also
occurs in the stochastic models Figures 2 and 4.

DIScussION

Inorderforthegraphstomodela CRE epidemic,all
curves must approach equilibrium, and the infected curve
must resemble a typical point-source epidemic curve. All
graphs produced from the simulation model the dynam-
ics of an epidemic, because the susceptible curves (A),
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Fig. 1. This is a deterministic graph using Canadian data.

infected curves (B), and dead curves (C) all approach
equilibrium. Curve B also resembles a point-source ep-
idemic curve in all graphs. Thus, the deterministic and
stochastic models predict epidemics in both countries.
However, deterministic models of Canada and the US
(Figures 1 and 3) suggest that the Canadian population
comprises of more infected individuals than the United
States. The same relationship can also be seen when com-
paring the stochastic models of the two countries (Fig-
ures 2 and 4). Taking the maxima of curve B from the
deterministic models for Canada and the US, the models
predict 18.3% more infections in Canada than in the US.
Comparing the maxima of curve B from the stochastic
models results in a 29.5% greater number of infections.
These results suggest that Canada has a greater risk of a
CRE epidemic than does the US.
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Figure 2. This is a stochastic graph using Canadian data.
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This conclusion is supported by the minimal us-
age of of antimicrobial copper surfaces in the intensive
care units (ICUs) of Canadian hospitals (“Antimicrobial
Copper”, 2015). (“Antimicrobial Copper”, 2015). In con-
trast, the US has implemented antimicrobial copper sur-
faces (“Hospital-acquired Infection Risk”, 2016), which
means that American ICU patients have a lower risk of
being infected. American ICUs are more prepared be-
cause CRE outbreaks appeared much earlier in the US
than in Canada. Moreover, it is apparent from the disuse
of copper surfaces that the Canadian medical sector has
not begun to address CREs as a pertinent issue. To make
matters worse, Canadians consume 6387.5 antibiotics
per 1000 persons yearly (CARSSR, 2016), while Amer-
icans consume 835 antibiotics per 1000 persons yearly
(6). That is, Canadians consume 7.6 times more antibi-
otics yearly than Americans. Together, these factors and
the data explain the higher risk of a CRE epidemic in
Canada.
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Figure 3. Deterministic graph of American data.

However, the models are not without
its limitations. Specifically, the Canadian mod-
els are limited because Canada does not publish
much data regarding CRE epidemiology, unlike the
US. Therefore, the Canadian model would be re pre-
sentative of a few centres, but not necessarily the whole
country. Nonetheless, the model serves to bring the
CRE issue to light, which could inspire more research
into the subject. The models also assume that after re-
covery, patients become immune to infection. This as-
sumption was implemented for the sake of simplicity,

though it does not take away from the conclusion, as
the models still predicted epidemics while still assum-
ing immunity. That is, models that account for rein-
fection would result in a similar or more grave predic-
tion. Finally, the models do not account for conditions
such as increases in sterility and antibiotic production,
so the behaviour of the curves is idealized. Because of
the simplicity of the model, there is no reliable way
of determining quantitatively how much more at risk
Canada is for a CRE epidemic. The idealisation of
curves also means that no sampling was involved in
the data, hence preventing statistical analysis. Never-
theless, that is not to say that the general trends pro-
duced by the simulation do not apply to reality, be-
cause the parameters were based on empirical values.
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Figure 4. Stochastic model of American data.
As shown, the U.S. graph approaches equilibri-
um much faster than the graph of Canadian data.

CONCLUSION

The hypothesis that CRE will become an ep-
idemic in both the US and Canada is supported by
the mathematical models. What has also been found
through the model is that Canada is more at risk of a
CRE epidemic. It should be acknowledged that there is
still much research to be done on CRE epidemiology.
Expanding data regarding CRE outbreaks in Canada is
necessary to facilitate the development of better in sili-
co predictive models. Finally, it is advised that hospitals
become more vigilant when approaching hygiene and
antibiotic use issues. More resources should also be put
into early CRE detection techniques. Such steps are
instrumental to hindering the evolution of antibiotic
resistance, and minimising the risk of CRE epidemics.
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PERCENTAGE OF INFECTED POPULATION AFTER ~35 MONTHS

Country Deterministic Model Stochastic Model
Canada 43.4% 55.3%
us 36.7% 42.7%

Supp. Table 1. Maximum points on the Infected curve of
both models for hospitals in both countries. Theses were
all taken at about 35 calculated months under current
conditions. The data show that Canada has more infected
individuals at the epidemic’s peak than the United States.
Canadas’ higher percentage correlates with the higher mis-
use of antibiotics which directly contributes to the evolu-
tion of antibiotic resistance in CRE.

REFERENCES

Abreu, A. G., Marques, S. G., Monteiro-Neto, V., & Gongalves,
A. G. (2013). Extended-spectrum [-lactamase-producing
enterobacteriaceae in community-acquired urinary tract
infections in Sdo Luis, Brazil. Brazilian Journal of Micro-
biology , 44 (2), 469-471. http://doi.org/10.1590/51517-
83822013005000038

Albiger, B., Glasner, C., Struelens, M. J., Grundmann, H., &
Monnet, D. L. (2015). Carbapenemase-producing Entero-
bacteriaceae in Europe: Assessment by National Experts
From 38 Countries, May 2015. Eurosurveillance , 20 (45).
doi:10.2807/1560-7917.es.2015.20.45.30062

Antimicrobial Copper Surfaces for Reducing Hospital-ac-
quired Infection Risk [PDF]. (2016, February). ECRI Insti-
tute.

Antimicrobial Copper Surfaces for the Reduction of Health
Care-Associated Infections in

Intensive Care Settings. (2015, March 31). Retrieved Match
06, 2017, from https://www.cadth.ca/antimicrobial-cop-
per-surfaces-reduction-health-care-associated-infec-
tions-intensive-care-settings

Bell, B., Bell, M., Bowen, A., Baden, C., Brandt, M., Brown,
A., ... Wortham, J. (2013). Antibiotic Resistance Threats in
the United States, 2013 [PDEF]. Centers for Disease Control
and Prevention.

Biggest Threats. (2016, September 08). Retrieved March 06,

2017, from https://www.cdc.gov/drugresistance/biggest_
threats.html

40

Cable, H. (2017, March 22). Trends in U.S. Anti-
biotic Use. Retrieved July 01, 2017, from http://
www.pewtrusts.org/en/research-and-analysis/is-
sue-briefs/2017/03/trends-in-us-antibiotic-use

Canadian Antimicrobial Resistance Surveillance Sys-
tem Report 2016. (2016, September 12). Retrieved
March 12, 2017, from https://www.canada.ca/en/
public-health/services/publications/drugs-health-
products/canadian-antimicrobial-resistance-surveil-
lance-system-report-2016.html

Chen, L., Todd, R., Kiehlbauch, J., Walters, M., &
Kallen, A. (2017). Notes from the Field: Pan-Resis-
tant New Delhi Metallo-Beta-Lactamase-Producing
Klebsiella pneumoniae — Washoe County, Neva-
da, 2016. MMWR. Morbidity and Mortality Weekly
Report, 66 (1), 33.doi:10.15585/mmwr.mm6601a7

Descriptive Epidemiology. (n.d.). Retrieved June 30,2017,
from  http://sphweb.bumc.bu.edu/otlt/mph-modules/
ep/ep713_descriptiveepi/ep713_descriptiveepi3.html

Falagas, M. E., Lourida, P, Poulikakos, P, Rafailid-
is, P. I., & Tansarli, G. S. (2013). Antibiotic Treat-
ment of Infections Due to Carbapanem-Resistant
Enterobacteriaceae: Systematic Evaluation of the
Available Evidence. Antimicrobial Agents and Che-
motherapy, 58 (2), 654-663. doi:10.1128/aac.01222-13

Harris, P. N., Tambyah, P. A., & Paterson, D. L. (2015).
B-lactam and P-lactamase inhibitor combinations in the
treatment of extended-spectrum -lactamase producing
Enterobacteriaceae: time for a reappraisal in the era of
few antibiotic options? The Lancet Infectious Diseases,
15 (4), 475-485. doi:10.1016/s1473-3099(14)70950-8

Healthcare-associated  Infections. (2015, Febru-
ary 23). Retrieved June 29, 2017, from https://www.
cdc.gov/hai/organisms/cre/cre-patientfaq.html

Kumarasamy, K. K., Toleman, M. A., Walsh, T. R., Bagaria,
J.,Butt,E,Balakrishnan,R.,... Woodford,N.(2010). Emer-
gence of a new antibiotic resistance mechanism in India,
Pakistan, and the UK: a molecular, biological, and epide-
miological study. The Lancet Infectious Diseases , 10 (9),
597-602. http://doi.org/10.1016/S1473-3099(10)70143-2



Canadian Journal of Undergraduate Research

August, 2017

Lawe-Davies, O., & Bennet, S. (2017, February 27).
WHO publishes list of bacteria for which new an-
tibiotics are wurgently needed. Retrieved March
06, 2017, from  http://www.who.int/mediacentre/
news/releases/2017/bacteria-antibiotics-needed/en/

Liu, C., Qin, S., Xu, H., Xu, L., Zhao, D., Liu, X,, ...Liu,
H. (2015). Correction: New Delhi Metallo-pB-Lactamase
1(NDM-1), the Dominant Carbapenemase Detected in
Carbapenem-Resistant Entero bacter cloacae from Henan
Province, China. Plos One, 10 (10). doi:10.1371/journal.
pone.0140726

McLaughlin, M., Advincula, M. R., Malczynski, M., Qi, C.,
Bolon, M., & Scheetz, M. H. (2013). Correlations of An-
tibiotic Use and Carbapenem Resistance in Enterobacteri-
aceae. Antimicrobial Agents and Chemotherapy, 57 (10),
5131-5133. http://doi.org/10.1128/AAC.00607-13

Muhammed, M., Flokas, M. E., Detsis, M., Alevizakos,
M., & Mylonakis, E. (2017). Comparison Between Car-
bapenems and P-Lactam/p-Lactamase Inhibitors in the
Treatment for Bloodstream Infections Caused by Extend-
ed-Spectrum [-Lactamase-Producing Enterobacteriaceae:
A Systematic Review and Meta-Analysis. Open Forum In-
fectious Diseases, 4 (2). d0i:10.1093/0fid/ofx099

Munoz-Price, L. S., Poirel, L., Bonomo, R. A., Schwaber,
M. J., Daikos, G. L., Cormican, M., ...Quinn, J. P. (2013).
Clinical epidemiology of the global expansion of Klebsi-
ella pneumoniae carbapenemases. The Lancet. Infe tious
Diseases , 13 (9), 785-796. http://doi.org/10.1016/S1473-
3099(13)70190-7

Munoz-Price, L. S., Poirel, L., Bonomo, R. A., Schwaber,
M. J., Daikos, G. L., Cormican, M., ...Quinn, J. P. (2013).
Clinical epidemiology of the global expansion of Klebsi-
ella pneumoniae carbapenemases. The Lancet. Infectious
Diseases , 13 (9), 785-796. http://doi.org/10.1016/51473-
3099(13)70190-7

Nordmann, P, Dortet, L., & Poirel, L. (2012). Carbapenem
resistance in Enterobacteriaceae: here is the storm!. Trends
in molecular medicine, 18 (5), 263-272.

Patel, G., Huprikar, S., Factor, S. H., Jenkins, S. G., & Calfee,
D. P. (2008). Outcomes of Carbapenem-Resistant Klebsiel-
la pneumoniae Infection and the Impact of Antimicrobial
and Adjunctive Therapies. Infection Control & Hospital
Epidemiology,29 (12), 1099-1106.d0i:10.1086/592412

Roux, D., Aubier, B., Cochard, H., Quentin, R., &
Mee-Marquet, N. V. (2013). Contaminated sinks in in-
tensive care units: an underestimated source of extend-
ed-spectrum beta-lactamase-producing Enterobacte-
riaceae in the patient environment [Abstract]. Journal
of Hospital Infection,85 (2), 106-111. doi:10.1016/].
jhin.2013.07.006

Russotto, V., Cortegiani, A., Raineri, S. M., & Giarratano,
A. (2015). Bacterial contamination of inanimate surfaces
and equipment in the intensive care unit. Journal of In-
tensive Care,3 (1). doi:10.1186/s40560-015-0120-5

Shahid, M., Sobia, E, Singh, A., Malik, A., Khan, H. M.,
Jonas, D., & Hawkey, P. M. (2009). Beta-lactams and Be-
ta-lactamase-inhibitors in current- or potential-clinical
practice: A comprehensive update. Critical Reviews in
Microbiology, 35 (2), 81-108.

Spyropoulou, A., Bartzavali, C., Vamvakopoulou, S., Ma-
rangos, M., Anastassiou, E. D.,

Spiliopoulou, I., & Christofidou, M. (2016). The first
NDM metallo-B-lactamase producing Klebsiella pneu-
moniae isolate in a University Hospital of Southwestern
Greece. Journal of Chemotherapy, 28 (4), 350-351.

Tzouvelekis, L. S., Markogiannakis, A., Psichogiou, M.,
Tassios, P. T., & Daikos, G. L. (2012). Carbapenemases
in Klebsiella pneumoniae and Other Enterobacteriace-
ae: an Evolving Crisis of Global Dimensions. Clinical
Microbiology Reviews, 25 (4), 682-707. doi:10.1128/
cmr.05035-11

Vital Signs: Carbapenem-Resistant Enterobacteriace-
ae. (2013, March 08). Retrieved March 12, 2017, from
https://www.cdc.gov/mmwr/preview/mmwrhtml/
mm6209a3.htm

41



Canadian Journal of Undergraduate Research

August, 2017

ErFFECT OF HOLE AREA AND INCLINE
ANGLE ON P1rE FLOW LEAKAGE

RATES

Chris Jing*, Chance Park*

University of British Columbia, Vancouver, British Columbia, Canada

* These authors contributed equally to this work.

ABSTRACT

Water will always remain a valuable commodity
due to its unique properties and availability. Therefore,
its transport in pipes has great significance. Further, if
leakage is controlled, an efficient mechanism of fluid
administration can be created, as seen in common drip
irrigation techniques. This study changed two variables
of pipe perforation: hole area and pipe incline, and mea-
sured the resulting leakage rates. The experimental set-
up consisted of a pipe of varying hole areas attached to a
water reservoir at varying angles. We hypothesized that
for a horizontally configured pipe with a single hole, the
leakage rate would increase linearly with hole area. The
experimental data shows consistency with the hypoth-
esis for a certain range of hole sizes but deviates from
linearity outside this range. The study also presents a
novel equation that models the correlation between pipe
incline and leakage rate. The findings of this study pro-
vide more knowledge to incorporate variations to the
drip-irrigation technique on both flat and oblique land.

INTRODUCTION

Industrial applications

Drip irrigation is an irrigation method that works
by a leakage system. The fluid flows through a perforated
pipe and is deposited at desired regions on a soil surface.
In certain environments, the installation of an overhead
sprinkler may not be practical due to limitation in re-
sources. For example, in an agricultural field, the drip irri-
gation method is a more effective way of distributing both
water and fertilizer. Compared to the overhead sprinkler,
the system allows for lesser evaporation of solvent with
field studies finding up to 90% efficiency, with report-
ed reduction of diseases that arise by water contact [1].

42

Since monoculture fields grow similar species
of plants with similar affinity for water next to each
other, commercialized drip irrigation systems primar-
ily adhere to a conventional horizontal design (Figure
1).
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Fig. 1. (left) Typical drip irrigation system layout (fig-
ure reproduced without permission from Wikipedia
2].)

Fig. 2. (right) Side view of a pipe segment with con-
stant flow rate Qflow, with (right) and without a hole
(left).

This configuration allows for equal distribution of sol-
vent at all points. However, fields may benefit from a
non-horizontal pipe configuration, as inclined pipes
deposit different amounts of leakage. Furthermore, if
the land has a gradient, then knowledge about leakage
rates in an angled pipe system can help distribute wa-
ter to the desired amount.

Theory

Leakage from a hole of known diameter d

This experiment utilizes a horizontal pipe con-
taining water traveling at a constant velocity (Figure
2). At the bottom of the pipe, there is a circular hole
exposing the horizontal flow to a vertical channel
causing leakage due to g, gravitational acceleration.
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Torricelli's Law (Eq. 1), relates the veloci-
ty v_leak, of a fluid exiting a channel at the bottom of
a reservoir filled to a depth h in the following form:

Vieak = vV Zgh (1)

Since the variable at interest is the volume of leakage
over time, Torricelli’s law can be remodeled to give the
classical discharge equation for circular orifice flow [3]:

Qiear = kaCy/2gh (2)

where Q, leak rate (cm3/s or mL/s)
k, = thecoefficientofdischarge(dimensionless)
C = cross sectional area of the hole (cm?)
g = acceleration due to gravity (cm/s?)
h

= height of the water level (cm)

The coefficient of discharge k, accounts for en-
ergy lost from factors including boundary lay-
er friction [4]. In the ideal condition, k, is equal to 1.

We can solve the height of the water level h
in the pipe once knowing the volumetric flow rate
and the cross-sectional area of the water column.
By measuring the time for a water body under a con-
stant volumetric flow rate Q, ~to enter and exit a
known length of the pipe segment L, we can com-
pute the cross-sectional area A__ of the water column:

Ac‘ross = Qﬂow(texit - tenter)/ L:aipe (3)

As shown in Figure 3, the height h can then be solved
analytically using geometry in two steps: First, substi-
tute in the known radius r and A___ into the equation
A ross™ Asoctor™ Arriangles 10 solve for the angle a. Next,
solve the height of the water column via h=r-cos(a)r. In
this experiment, the mean water height is calculated to
be 0.7465 cm using this method. The height of the wa-
ter column h stays relatively constant. Due to the con-
servation of volumetric flow rate, the leakage rate would

theoretically change linearly to the area of the hole.
Inclination factor 0

The discharge equation is less accurate for
predicting leakage rate when the stream is subject-
ed to an incline. Therefore, the cross-sectional area
A_cross and depth of water h must be reanalyzed.

Figure 4 shows a pipe with tube wall thickness S ori-
ented at an angle, 0, relative to a horizontal plane. Wa-
ter flows at velocity v parallel to the orientation of the
pipe. The original diameter of the hole, d, is equivalent
to the sum of d’and y. Sincey = S tan(0), d’ = d
- S tan(0).

Across = Asector — Atriangles
Area of sector = (2a/360) nr?

Area of triangles 0 Pioe m'::n’“ flow
=2(1/2) bh = sin(a)r * cos(a)r diameter d oriented at an
= sin(a) cos(a) r? | Viewr incineotanges
Height of water (h) = r — cos(a)r @)

Fig. 3. (left) Cross Sectional View of Pipe and water
height (h) estimation
Fig. 4. (right) Model of Inclined Pipe Leakage.

So, D is defined as the effective diameter in this
configuration. The effective diameter is the actual di-
ameter of the new leakage channel after the shrink in
the horizontal hole size due to wall thickness and the
incline is accounted for. Since cos(®) =2 D can be
expressed as:

D=cos0 (d-S tanf) (4)

The effective area of the hole is no longer a perfect cir-
cle. Instead, it is an ellipse of area =(5)(3), , where

d/2 and D/2 are the semi major-axis and semi mi-
nor-axis respectively (Figure 5).

d
D D. scmi.:l.u:.-u axis D D

semi major axis

Incline = 30° Incline = 45° Incline = 60°

Shape = ellipse
Hole Area =mn (g) (g)

Incline = 0°

Shape = circle
=g(?

Hole Arca=m (z);

Fig. 5. The ellipse approach of effective hole area for

inclined pipes.

All holes of the various inclined pipes all have the same
major-axis, which is the original diameter of the hole.
Their minor-axis is the effective diameter D.
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The height of water h in the pipe at any spe-
cific incline angle was estimated using the cross-sec-
tional area given by Eq.3. Since t__-

exit enter

angle, it becomes a variable and requires re-mea-
surement. Similarly, the effective height of wa-

ter column H replaces the perpendicular height by
Therefore, the proposed discharge equation that

_ h
- cos(8)
incorporates the structure of theinclined pipeis as follows:

d 6 (d—S tanB)y [2gh(f
Q!eak = kenz[ms 2 o ] fas(gj (5)
where Q,, . = leak rate (mL/s)
d  =actual diameter of perforation (cm)

S = thickness of tube wall (cm)
h(0) = angle-dependent height of stream flow
in the pipe (cm)

0 = angle formed between the pipe and the
horizontal plane (°)
k = experimental discharge coefficient
METHODS
Materials

[PEX Inc. SDR21 10ft PVC tubes
(inner, outer diameter = 23mm, 27mm)

Stopwatch

Dura Schedule 40 PVC %2 inch adapter 5 m (= 1mm) Industrial Measuring tape

3ft Flexible Vinyl Tubing (diameter 5/8 inch) 30em (= 0.5mm) Steel Ruler

TPS DeWALT 20V MAX Nail gun 100 mL (+1mL) Graduated Cylinder
15 RYOBI Speed Load Nuils (diameters in  The Home Depot ® Bucket

inches): 1/16, 5/64, 3/32, 7/64, 1/8, 9/64, 5/32,

11/64, 13/64, 7/32, 15/64, 1/4, 9/32, 5/16, 3/8

Glass Water Dispenser (2 Gallen /7.6 L) Stwep ladder

STANLEY Spirit Level

Test facility

The experimental set-up (Figure 6) consists of
a perforated pipe that is open on one end and connects
to a water reservoir on the other end. The pipe connects
to the reservoir via a vinyl tube, containers are placed
under the hole and the open end to collect water.
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t varies with

Water Reservoir (Glass Cylinder)

Pipe Adapter with Vinyl Tube
Closed PVC Pipeline

L=1.00m
Incline slope = h/x = tan(6)
Perforation area = n(d/2)’
Inner Diameter = 23mm

\ h
A e Drilled hole
] Outer Diameter = 27mm

*le Graduated cylinder
VDrainage V Leakage

Fig. 6. Dimensional analysis of the experimental set-
up. The two variables are the incline angle 6 and hole
diameter d.

Preparations and procedures
Pre-experimental preparations

Obtain 16 pipes of 1.00 m (+ 0.01 m) length.
Manually drill a single hole of known diameter at the
0.05 m mark from one end of each pipe segment. Ac-
count for any significant geometrical defects that oc-
cur inside the pipe such as residues that arise from
drilling.

Place an empty reservoir on a leveled platform.
Then, fill the reservoir with water until the 20.0 cm
mark. Attach a faucet to the vinyl tube, the joint-adapt-
er and the pipe in sequence. Make sure the hole on the
pipe faces downward.

Experimental procedure

L. Altering hole area

Place a graduated cylinder beneath the hole to
collect the leakage. Then, open the faucet and simulta-
neously start the timer. Close the faucet and simulta-
neously stop the timer when ~5 seconds have passed.
Record the volume of water in the graduated cylinder.
Refill the water in the reservoir back to 20.0cm high,
and repeat this procedure five times to calculate the
weighted mean leakage volume. Finally, repeat the
procedure on pipes with different hole areas.

I1. Altering pipe incline

Attach one end of the pipe to a pivot point on
the table. Adjust the height of the other end of the pipe
according to the desired angle, which is found using
the trigonometric identity:

h

tanf = - (6)

x

Collect mean leakages for varying hole areas. Repeat
procedure for each incline.
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Uncertainty propagation

Since the measurement of leak rate depends on the
volume of fluid collected over a time interval in
the relationship Q, =V, ,/t, the divisional/frac-
tional uncertainty principle [5] applies as follows:

J(Ge=) s ()

Therandom errorassociated with recording time intervals
on a stopwatch is assumed to be 6t = 0.11s, as determined
by taking the average reaction time of the experimenter.
The uncertainty in volume was estimated by half of the last
digit the graduated cylinder can provide at 6V= 0.5mL.

5Qleak —

(7

Qieak

RESULTS AND DISCUSSION

Altering hole area

As Figure 7 suggests, there is a linear correlation between
the leakage rate and the hole area, suggesting a direct
proportionality (Q o A) in the discharge equation (Eq.
2). After trying to minimize the chi-square value of 4.91
obtained by a one-parameter fit, a two-parameter fit that
included a y-intercept was tested. A resulting lower chi-
square value of 0.46 was found.
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Fig. 7. (left) Mean leakage rate Q) vs perforation area A
for all 15 hole sizes, error bars represent relative uncer-
tainties in Q. (Red line: two-parameter fit model com-
puted from least-square fitting with x*=0.46)

Fig. 8. (right) Leakage rate vs perforation area for 7
selected medium-range hole sizes, errors bars as §Q.
(Red: one-parameter fit model with x*=0.26; Blue: pro-
posed linear fit from theoretical model with k, = 1.00
and h = 0.7465cm)

However, the y-intercept that appeared in Figure
7 suggests that when the hole area is zero, leakage still
occurs at a rate of 0.9956 mL/s, which is impossible.
Theoretically speaking, as the hole area becomes in-
finitely small, there should be no water leaving due to
effects such as adhesion and cohesion. Therefore, if hole
diameters of a finitely small size (enough for where

molecular interactions dominate) were tested, leakage
rates would be expected to be zero. The linear proper-
ty also deviates for oversized holes; as turbulent insta-
bility may be inevitable to the steady stream from the
massive outflow of water through the hole underneath
[6]. The larger the hole size, the greater the deviation
would have resulted on the constant water height h in-
side the pipe.

Since non-extreme hole sizes are expected to
follow the linear property, a second round of analyses
(Figure 8) were done by including data from hole sizes
between 0.1cm?* and 0.4cm?. x> values for one-param-
eter and two-parameter models decreased to 0.26 and
0.11 respectively, which shows statistical significance
in the model.

A further comparison between theoretical dis-
charge slope with the experimental slope value sug-
gests a non-ideal experimental discharge coefficient. k_
for this particular apparatus is found to be 30.12/38.27
= 0.7870 according to its definition:

actual discharge
k, =

(8)

" theoretical discharge

This value of the coefficient of discharge explains the
difference found between our theoretical and our ex-
perimental linear models.

Altering pipe incline

To further investigate different properties of
pipe leakage, pipe incline was introduced as a second
variable. As the inclination angle increases, the rela-
tion between hole area and leakage rate becomes non-
linear.

The data taken for varying hole sizes and pipe
inclines were superimposed into one graph in Figure 9,
which shows the change in leakage rate at various tilt-
ing angles. There was generally a nonlinear decrease in
the leakage rate as the incline slope increased. For all
hole diameters tested, the drp in Q, , was measured to
be greatest for the smallest angle change from 0° to 4°.
As the pipe becomes more tilted, the leakage rate con-
tinues to decrease but at a slower rate. The trend lines
indicate that at higher incline slopes, Q, , would con-
tinue its slow decreasing tendency until it approaches
zero at some threshold incline when the effective hole
area becomes zero. . For smaller holes, the leak-free
condition occurs at a smaller incline. “8/64 inch” was
the only hole diameter that has achieved this at
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an angle of 20°.
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Fig. 9. (left) Mean leakage rate Q, , vs Incline angle 6
for various hole-size pipes, measured at five tilting angles
(4°, 8° 13°, 16°, 20.5°), error bars represent the standard
deviation from five independent measurements.

Fig. 10. (right) Predicted leak rate  as a function of in-
cline angle 0 for the same five hole sizes tested, based on
the theoretical model of Eq. 5.

The theoretical model based on the proposed
incline discharge equation (Figure 10) showed a similar
decrease trend in Q, , as a function of angle 0 with the
greatest drop experienced in smallest angles. However,
the rate of decrease in Q,, is much slower from the
model and suggests none of the tested hole sizes would
reach leak-free standard until a very high incline angle
relative to the test range. This discrepancy is likely due
to the fact that the proposed model does not account for
the attraction of liquid molecules to each other due to
cohesion, and the attraction between liquid molecules
and the inner wall of the pipe due to adhesion. This may
be a large factor causing the sharp decrease in leakage
rates. Therefore, the difference in the theoretical and ex-
perimental data can be explained due to the specificity of
the experimental set-up; if larger holes were used, effects
such as adhesion and cohesion would be minimized, and
the experimental data would reflect the theoretical more
accurately.

UNCERTAINTY PROPAGATION

Error analysis in constant flow-rate assumption

The discharge equation used in the study only
results in a constant leakage rate if the volumetric flow
rate is constant. Since the experiment utilized a water
reservoir as the source of flow, this is not the case. There
is a small degree of variation that arises from the de-
pendence of water height in Torricelli’s equation. As the
water leaves the reservoir and enters the pipe, the water
height decreases, and the flow rate continuously decreas-
es.

46

This difference was found to be negligible after
an uncertainty propagation. On average, in the 5s in-
terval that was used to collect the leakage, 0.268 L, or
2.68 x 10-4 m’® of water left the reservoir. The reservoir
had an inner circumference of 0.660 m, therefore a
cross-sectional area of 0.0347 m? Thus, the difference
in height due to the leakage would approximately be
7.22 x 107 m. By calculating the flow rates at the initial
height (0.200 - 0.055 = 0.145m), and final height ac-
counting for the decrease in height (0.145 - 7.22 x 10-
3), it was found that the flow velocity only experienced
a slight decrease from 1.687 m/s to 1.642 m/s as water
entered the pipe over the 5s interval. This accounts for
a maximum omission of 0.299mL/s of volumetric flow
rate, below the 0.41mL/s minimum uncertainty of 6Q.

Error analysis in perforation area

The information for the hole area in each mea-
surement is not a result of direct measurement of the
physical perforation but rather determined from the
diameter labeled on each drill bit used to drill these
holes prior to the experiment, which introduces un-
certainty. Therefore, improving the drilling technique
may ensure a more accurate hole area estimation.

CONCLUSION

The study has successfully found theoretical
models that fit experimental data, which provide a
better understanding of leakage rates when subjected
to varying hole areas and pipe inclines. For an open
channel pipe segment with a constant volumetric flow
rate, the leakage rate for a single circular hole located
at the bottom of the pipe wall was verified to be di-
rectly proportional to the area of the hole. The exper-
imental data for leakage rates resulting from varying
incline angles partially reflected the proposed incline
discharge equation, but not fully, due to factors such as
intermolecular interactions, which were not account-
ed for. Therefore, future studies should investigate the
effect of increasing pipe incline angle on leakage rates
with greater hole sizes (while maintaining a low hole
diameter to pipe diameter ratio), where macroscopic
effects dominate over intermolecular interactions.
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Drill Bit Diameter Hole Radies | Hole Area Experimental Leak Rate| Relative Uncertainty Standard Deviation Model Leakage Rate

dfised] | rfem] | Alem*2] | Quylmbi] 8Qup [t ms] | o[ ml] | Qued [mLi)
464 008 002 149 041 004 | 0.76
564 0.10 0.03 1.75 041 0.06 | LIS
664 012 004 1.87 041 004 | 1L.70
64 0.14 0.06 2n 041 0.0s | 232
864 0.16 0.08 34 041 007 | 303
9264 018 010 315 041 004 | i
1064 020 012 4.02 042 0.10 | 473
11/64 022 018 458 042 010 | 8
13/64 026 021 6.69 043 004 | 800
1464 028 024 122 044 018 | 928
15/64 030 028 8.24 045 020 | 10,65
16/64 032 032 9.56 0.46 015 | 1212
1864 036 040 11.82 048 012 | 1534
20064 040 049 13.76 051 017 | 1894
2464 048 on 18.63 058 021 nn
Table. 1. Experimental mean leakage rate Qexp and

theoretical leakage rate Q . suggested by Eq. 2 for
various hole sizes. Standard deviation, 0, computed
over five measurements for each hole size. 8Q estab-
lished by Eq. 7
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