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This machine works with the triangulation principle (Fig. 3), which is the principle that enables 3D
scanning technologies to determine the dimensions and geometry of real-world objects (LMI
Technologies, 2013). It can be obtained through the distances and angles between images and the
projected laser creates a base of the triangle. The angle of the projected light returning to the image
from the surface completes a triangle where a 3D coordinate can be calculated. By applying this principle
of solving triangles repetitively, a 3D representation of an object is created (Vision Doctor - Solutions for
Industrial Machine Visions, n.d., Retrieved July 24, 2015).

The software ScanStudio assists in the entire procedure, generating a point mesh for each created
image. This software is essential for the machine operation, since it allows the user to select and make
adjustments before and after the scanning process. For example, determining the number of divisions
per round can be adjusted before starting the scanning cycle, and filling holes is a tool to be used right
after the scanning process is complete.

et ,il o
i ,,/’-/’ e o L2

-~ L

Figure 3. Triangulation principle
2.6. 3D printing

The invention of 3D printing can be traced back to 1976, when the inkjet printer was created. Since
then, a variety of applications of 3D printing technology have been created across different segments
and industries. 3D printers replicate not just themselves but everyday objects as well. The first 3-D
printers were developed in the nineteen-eighties, by an American engineer named Charles Hull. The
“ink” was an acrylic liquid that turned solid when exposed to ultraviolet light, typically from a laser beam.
Makers of cars and airplanes could design complicated parts on a computer and then print out
prototypes for manufacture; now they often print the part, too. Professional 3D printers can be used in
3D print shops, the copy shops of the future, and in social manufacturing services, anyone can offer the
capacity of his or her 3D printer, or distribute templates to print utility or design objects. This project
was executed with two models of 3D printers (MakerBot Replicator 2X and Flashforge Creator Pro).
Shortly, 3D printing provokes human minds to think creatively. It inspires them to seek new ways to old
solutions and improve how existing things work. Creativity should not have any boundaries, so that every
individual can experiment and become an innovator.

2.7. MakerBot Replicator 2X

This is a 3D Printer that works only with ABS filaments, making snaps, living hinges, and threaded
objects. In addition, this machine can control heating and cooling better with a superflat heated
aluminum build plate, also helps prevent uneven cooling, shrinking and cracking. MakerBot Replicator
2X (Retrieved July 14, 2015) uses the software “MakerBot MakerWare” and it accepts input files as STL,
OBJ or THING (Fig. 4). A great advantage of this machine is its small size and weight. The one that was
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range from ‘better health, greater financial inclusion, and a population that is more engaged with and
better supported by its government.’ (LaValle et al 2011).

While the vast quantity of data gathered during a crisis can be very useful if subjected to instant
analysis and recommendations to enable effective responses, it can also be paralyzing as most
humanitarian organizations lack the infrastructure and the capability to conduct big data analysis. In
addition to the large quantity of data collected, big data analyzed to create a positive social impact suffers
from authenticity issues. Misinformation and disinformation generated on social disasters can influence
analysis and recommendations from big data. Digital humanitarianism suffers from the collection of
disingenuous data but also reveals the power of data by giving organizations the ability to create
solutions for social problems that were previously not viable.

In addition, large historic data sets could lead to false confidence in predicted outcomes that may
result in significant errors (Ganore 2012). Individual agendas of corporations or governments could lead
to manipulated findings that in turn suggest the use of skewed recommendations for the selfish benefits
of a few. Social impact theory provides a lens to consider how big data insights could lead to positive or
negative social impacts and the ethics behind it.

4. Social impact theory

Social impact theory was created by Bibb Latané in 1981 at The Ohio State University. This theory
was defined as “any of the great variety of changes in psychological states and subjective feelings,
motives and emotions, cognitions and beliefs, values and behaviors, that occur in an individual, human
or animal, because of the real, implied, or imagined presence or actions of other individuals” (Latané,
1981, p. 343). The theory uses mathematic equations to determine the various levels of social impact
based on the situation.

The social influence that is predicted will have a proportional multiplicative influence and the number
of people involved in the social influence will have an inverse proportional influence on the number of
people influenced (Latang,1981). People’s actions affect others in social situations and the impact of
their actions can be measured visually along with measures that include three laws: social forces,
psychosocial law, and multiplication/division of impact (Table 1).

Table 1. Social Impact Theory
Social Force e Strength of the message
e Immediacy
e Number of people/target influence
Psychosocial Law e  First source influence most important
Multiplication/Division of Impact e Smaller impact less dispersion

e larger impact more dispersion
(Latané, 1981)

Social force is a pressure that is put on people to change their behavior. The concept of social force is
divided into three sections: strength of the message, immediacy and numbers of people exerting force
on the group (social force = f(S*I*N)) (Latané, 1981). The strength of the message is based on the level
of power and influence perceived by the target. Immediacy concerns how recent the event occurred
and if there were other factors involved. The number of people include the total number of influencers
on the target. Psychosocial law explains that the first source of influence is the most potent.
Multiplication/divisions of impact emphasizes that the force directed at one person will have a large
impact and if there are two or more people the impact splits proportionally (two people = impact split in
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discovering new trends, new products and preventing disease. However, one must be careful when using
big data because of ethical implications and its social impact. It is important to use big data responsibly.
Three applications of big data, ethics and social impact are summarized next.

Insurance companies use tornado data to predict the likelihood of recurring storms in the same
location. The data generated from the National Oceanic and Atmosphere Administration (NOAA) tracks
various weather incidents throughout the United States. Moore, Oklahoma is a hotspot for tornadic
activity. Moore has been impacted by ten tornadoes from 1998 to 2015. Since the city is in tornado alley,
it is vulnerable to repeat incidents. Insurance companies determined that since Moore was a likely
target, it was important to explain the need for homeowner’s insurance coverage for protection from a
potential tornado. The direct impact of the big data helped insurance companies deliver a message of
safety, importance, and vigilance (Palmer, 2013). The insurance companies decreased cases of fraud,
enhanced security and encouraged the community to help rebuild, make donations, and provide
emotional support to the victims of the latest tornado. Their consumers were prepared for the next
tornado. Social impact theory was applied through social forces (the significant influence of the insurance
company), immediacy (the past tornadoes occurred in Moore) and the multiplication/division of
influence (many people were informed of the insurance companies warnings). Their direct influence on
groups of people made the community come together and help each other even more than before
(Palmer, 2013). Ethically social impact was positive because the perspective of insurance companies in
this case was changed from negative to positive.

The Centers for Disease Control (CDC) use big data to predict the spread of the flu. The review of
data determines where the next outbreak might occur. These predictions can help doctors prepare for
the flu outbreak and in addition encourage individuals to get flu shots for preventative measures. The
use of big data in this case saves lives. Social impact theory was applied through social forces (the CDC
had a significant influence on the community), immediacy (the importance of the flu epidemic) and the
multiplication/division of influence (impact of many people who could be affected by the flu). The CDC
has a strong influence over the public, therefore any messages delivered by the organization are
impactful and important. Decreasing the spread of disease is ethical and necessary (Silva, 2006). It is
vitally important to maintain the public trust, especially when lives are at stake.

Big data is used to recommend products to consumers through predictive analysis. However,
companies should be careful when recommending a product due to the sensitivity and ethical problems.
An e-cigarette company can have strong influence on the consumer (Zhu, et al., 2014). The e-cigarette
company can make recommendations which are both positive and negative, potentially creating an
ethical dilemma. For example, big data has been used to determine if smokers might be interested in e-
cigarettes. Unfortunately, smoking has caused many deaths (Center for Disease Control, 2016).
However, the e-cigarette companies see e-cigarettes as a safer alternative for their customers. Social
impact theory was applied through social forces (the e-cigarette companies have a strong influence on
the existing smoking customer base), immediacy (a brand-new product was introduced as an alternative
to tobacco cigarettes) and multiplication/division of influence (the information was shared with a large
customer base who influenced each other to purchase a new product). Due to the strong influence of
the company, people made the change and in some cases the consumers convinced others to change
based on the message from the company. In this case, the promotion of a negative behavior in a positive
light is questionable and depending on the audience, violates ethical principles.

7. Conclusion
Big data usage has increased and we should watch for ethics violations and negative social impacts.

This article examined how big data, ethics and social impact are interrelated using a conceptual model.
It is important that organizations be respective when using big data to make decisions because it directly
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impacts individuals and society. The framework was supported through three different examples that
indicated big data can be used to manipulate ethics and social impact. Organizations must make the
right decisions, honor established ethical principles and make positive social impacts. A simple decision
is enough to change the outcome for thousands, even millions.

8. Future Work

Further examination of the Big Data, Ethics and Social Impact Framework is needed to determine the
exactimpact. The next step is to evaluate the validity of the big data, ethics, and social impact framework
through semi-structured interviews with data analytics managers and consumers, along with empirical
survey research will statistically validate the conceptual model.
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as many engineering programs across the nation introduced ethics instruction as part of the
requirements and furthermore many institutions engaged innovative approaches in teaching ethics
(National Academy of Engineering, 2016).

Since business programs deal with the human element in the decision-making process, it is only
natural that business was and still is in the forefront of ethics education. De George (2015) stated that
business ethics as a separate academic field emerged in the 1970s. Consequently, business academic
programs adopted an ethics course early on as part of the curriculum requirements relative to other
disciplines.

One can mention the business program at the University of Pittsburgh at Greensburg (UPG) as an
example. In this business program, students are required to take the Business Ethics course (PHIL 1380
Business Ethics) offered by the philosophy department. To deepen students and future managers’
understanding of ethical issues, the business course instructor introduced an ethics component in the
Operation Management (OM) (MGMT 1820) course (Rudnicka, 2005). The goal of the ethics component
in the OM course was “to refine the skills used in ethical problem solving” (Rudnicka, 2005). The course
examines moral and ethical issues and dilemmas caused by the nature of business [40]. The course helps
students to “improve their managerial decision-making ability” and to address the current business
environment where globalization plays an increasing role (Rudnicka, 2005). Aspects of globalization
expose students to different standards of moral behavior in various cultures. Initially, students in the OM
course are introduced to codes and guidelines of ethics of various professional societies, such as the
National Society of Professional Engineers (NSPE) and the Guidelines for Facilitating Solutions to Ethical
Dilemmas in Professional Practice followed by ethics case analyses (Rudnicka, 2005). The ethics
component of the OM course is being taught using two types of assignments: short critical thinking
exercises to identify and analyze ethical dilemmas done individually and long business ethics case studies
done in groups. The Pittsburgh-Mines (P-M) Engineering Ethics Assessment Rubric is used by a course
business instructor to assess the level of ethical problem recognition, analysis, and solutions provided by
the students (Rudnicka, 2005).

7. Ethics Course

At Penn State University — Fayette, engineering students were exposed to ethical professional issues
in various classes through dedicated segments devoted to specific ethical problems or via extracurricular
activities through seminars, guest presentations, etc. The activities were designed to provide students
with the vital skills to satisfy the National Society of Professional Engineers (NSPE) (www.nspe.org, 2016)
and the Accreditation Board for Engineering and Technology (ABET) (www.abet.org, 2016)
recommendations for the teaching of ethics in engineering. However, during one of the ABET
accreditation visits, ABET assessed the learning of ethics without a dedicated course as insufficient. To
remedy the weakness, the Electrical Engineering Technology program incorporated the Ethics and the
Design of Technology course (STS 233) (http://bulletins.psu.edu/udergrad/courses/S/5%20T%20S/233,
2016) as a required humanities course. STS 233 covers ethics in general and professional ethics.

The major topic of the course is ethics, but it covers other subjects as well
(http://bulletins.psu.edu/udergrad/courses/S/S%20T%20S/233, 2016). STS 233 is also offered for
science and engineering PSU majors as an elective humanities course. The course used Engineering
Ethics: Concepts, Viewpoints, Cases and Codes by J.H. Smith, P.M. Harper, and R. A. Burgess (2008) and
covered the following topics:

- Historical review of the concept of morality and ethics including Greek philosophers and the Greek

school of thought, Kant’s duty ethics, and Mill’s utilitarianism;

- Moral theories;

- Group decision-making;
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- Good engineering;

- Professional responsibility;

- Multiculturalism and business customs in different cultures in light of morality and ethics; and

- Discussion of ethical dilemmas.

Students were introduced to ethical problems using current well publicized cases related to copyright
infringement, whistleblowing, public safety, plagiarism, and cybercrime, as well as cases based on
materials available from NSPE-BER (www.nspe.org, 2016) and NIEE (www.niee.org, 2016). The NSPE
(www.nspe.org, 2016) and NIEE (www.niee.org, 2016) websites provide ample sources of useful
information and serve as an excellent course resource.

Students worked on team-based assignments analyzing assigned ethical dilemmas and writing short
reports. Final presentations included business and engineering ethical dilemmas, social customs, and
business etiquette in different parts of the world.

The ethics class was offered in two formats: a traditional campus-based and a blended or hybrid
method of delivery to accommodate non-traditional working students. In the hybrid format, half of the
weekly sessions were delivered on campus and the other half online synchronously through Adobe’s
video-conferencing software. The class met twice a week for either a lecture, a discussion session, or
team based assignments.

7.1 How to Help Students? Guidelines for Facilitating a Solution to Ethical Dilemmas

Instructors at PSU-Fayette and UPG use guidelines developed by Penn State University to assist
students with facilitating solutions to ethical problems (http://www.engr.psu.edu/ethics/processl.asp,
2016). The guidelines (Rudnicka, 2005), (http://www.engr.psu.edu/ethics/processl.asp, 2016) consist
of the following nine-step process:

Step 1: Determine the facts in the situation — obtain all of the unbiased facts possible.

Step 2: Define the Stakeholders — those with a vested interest in the outcome.

Step 3: Assess the motivations of the Stakeholders — using effective communication techniques and

a personality assessment.

Step 4: Formulate alternative solutions — based on the most complete information available, using

basic ethical core values as guide.

Step 5: Evaluate proposed alternatives — short-list ethical solutions only; may be a potential choice

between/among two or more totally ethical solutions.

Step 6: Seek additional assistance, as appropriate — engineering codes of ethics, previous cases,

peers, and reliance on personal experience, prayer.

Step 7: Select the best course of action — that which satisfies the highest core ethical values.

Step 8: Implement the selected solution — take action as warranted.

Step 9: Monitor and assess the outcome — note how to improve the next time.

Naturally, the guidelines serve an important educational function by providing a practical protocol to
identify an ethical dilemma, analyze it, and devise a solution.

7.2 Learning Assessment: The Pittsburgh-Mines (P-M) Engineering Ethics Assessment Rubric

The Pittsburgh-Mines (P-M) Engineering Ethics Assessment Rubric (Rudnicka, 2005), (Shuman,
Sindelar, Besterfield-Sacre, Wolfe, Pinkus, Mitcham, Miller and Olds, 2003) was used for student course
assessment by instructors at PSU-Fayette and UPG. The rubric assesses five essential attributes of ethics
understanding with five levels of achievement:

1. Recognition/Identification: ability to comprehend a problem,
2. Information: ability to gather pertinent information,
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3. Analysis: ability to analyze the problem and to provide alternatives,

4. Perspective: ability to provide perspective of the problem from various points of view: employer,

profession, and society, and

5. Resolution: ability to provide solutions.

The rubric provides a concise guide in a tabular format for assessment of vital knowledge and skills
developed jointly by researchers from engineering, philosophy, and bioethics from the University of
Pittsburgh and Colorado School of Mines (Shuman, Sindelar, Besterfield-Sacre, Wolfe, Pinkus, Mitcham,
Miller and Olds, 2003). The rubric was used as one of the methods to evaluate a student’s level of
understanding and ability to devise solutions to the ethical problems discussed in class.

7.3 Learning Assessment Using DIT Test

The Defining Issues Test (DIT-1) Short Form (http://ethicaldevelopment.ua.edu/dit-and-dit-2/, 2015)
was used in the ethics class for the 2014/15/16 academic years with fifty-four students for the purpose
of internal review to assess the effectiveness of the ethics learning process. The DIT-1 tests were
conducted twice for each group of students, the first time prior to instruction on ethics (as a pre-test) at
the beginning of the course and the second time after the ethics instruction (as a post-test) at the end
of the course.

The DIT test allows for assessment of moral development by “activation of moral schemas in the
subject and assessing these schemas in terms of importance
judgements”(http://ethicaldevelopment.us.edu/dit-and-dit-2/, 2015). The test checks moral reasoning
and identifies the level of moral development based on the work of Kohlberg (Kohlberg and Lickona,
1976). Kohlberg identified six stages of moral development which can be grouped into three levels: pre-
conventional morality (primary concern is of personal, individual nature), conventional morality (more
concerned with society’s wellbeing), and post-conventional morality (laws are scrutinized rather than
just accepted, for society’s good as a whole). The DIT test is a Likert type of test, which gives quantitative
evaluation ratings. Validity of the implicit DIT test has been established in a variety of studies
(http://ethicaldevelopment.ua.edu/dit-and-dit-2/, 2015).

The DIT-1 test was administered in the STS 233 course in spring of 2014/15/16 at PSU-Fayette campus
to assess the effectiveness of ethics coverage. Mostly engineering and engineering technology freshman
and sophomore students were enrolled in the course.

A DIT-1 Short Form (Heinz, Prisoner, and Newspaper Stories) was chosen due to the limited time
available in the course. The collected results were checked for reliability through validity and consistency
inspection. Namely, a score of M factor greater than four invalidated the questionnaire test. Also, a
number of inconsistencies greater than eight rendered the test invalid. All together fifty-four students
took the tests: two tests were not completed, and two had a score of M factor above four in either the
pre-test or the post-test and were rejected and invalidated.

Descriptive data analysis was performed on collected DIT-1 Pre-Test and Post-Test data and results
are given in Table 1:
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Table 1. The Descriptive Statistics for P-Score of DIT pre-and post-tests.

Statistics Pre-test Post-test
Mean 15.11 25.33
Standard Error 2.76 4.20
Median 10.00 23.33
Mode 10.00 23.33
;Lav?:t?;i 10.68 16.27
Range 43.34 70
Minimum 3.33 6.67
Maximum 46.67 76.67
Count 50 50
p-value 0.02661

Hypothesis Testing:

To show the effectiveness of learning, hypothesis testing using the t-test for paired two sample
means was used.

Null Hypothesis Hy:

There is no difference between sample means: o - ha =0

Alternative Hypothesis H,:

The sample mean of post-test, p,, is larger than the mean of the pre-test, po:

Ha—Ho > 0.

Using the t-Test for a Two-Sample for DIT-1 P-score data, assuming unequal variances, the p-value
was 0.02661.

The significance level (a) was assumed to be 0.05, or 5%. Considering a p-value of 0.02661, the Null
Hypothesis, Hy, is rejected. Consequently, the Alternative Hypothesis, H,, is accepted.

This result validated the role of the ethics course in learning ethics principles and increasing students’
awareness of ethical issues.

7.4 The Impact of the Ethics Component in STS 233

The impact survey was conducted at the end of the course. A survey similar to the one performed in
[40] was adopted in the ethics course. The students responded very favorably to the coverage of ethics
in the course. Some of the written comments were as follows:

- “As an engineer, it showed me the various ethical guidelines | should follow. It also explained how
| should approach ethical dilemmas. Now when | am in a situation or conflict | feel as if | can think
of the ethical codes learned in this class and they will help me make an ethical decision,”

- “Utility and the ethics used by engineers was thoroughly explained,”

- “It mostly made me more aware of the different situations that would come up in the business
setting,”

- “It gave me a better understanding on how to handle business confrontations ethically and apply
certain ways of thinking,”

- “The course helped me understand management point of view versus an engineering view point,”
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- “Each aspect was taught thoroughly and at a good pace,”

- “The group discussions on ethical issues were very useful,”

- “I would have liked to see more ethical experiments such as the Stanford Prison Experiment. That

was a very interesting & clear example of ethics & how they can change over time,”

- “I think there was just the right amount of all. The case summaries helped very much,”

- “The right amount of time on most aspects, the historical portion could be reduced, however this

is biased as | do not like history very much,”

- “This course increased my ability to deal with ethical issues by showing me different ethical

scenarios and how each scenario can be solved in a different way.”

Many students wrote that the course increased their level of awareness and understanding of ethical
issues both in general and in a professional setting. A few students identified their own professional
experiences with the discussed moral and ethical issues. Furthermore, many felt that the course helped
them to prepare for future ethical issues and dilemmas to be encountered in the workplace.

8. Conclusions

The article discusses the issues of interest to an ethics instructor such as ethics’ historical background,
ethics’ educational frameworks, methods of covering ethics, and ethical reasoning models. The
guidelines to assist students with the learning process and assessment tools for evaluating ethics learning
effectiveness are provided. An example of an ethics course, which satisfies ABET’s requirement, for
freshmen and sophomore engineering and science major students is described. A hypothesis is
formulated and tested to check the effectiveness of ethics learning using a DIT-1 test.
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Abstract

The research explores color recognition when using Laser Eye Protection (LEP). A laser strike or
cockpit illumination is a distraction and can temporarily blind pilots during one of the most critical phases
of flight such as takeoff and landing, when the aircraft is low in altitude and there is little room for error.
Aviation laser strikes are on the rise and so pilot controlled mitigation methods are necessary. LEP is one
mitigation method currently available to pilots. When wearing LEP pilots should retain sufficient color
recognition for several reasons. One reason is that many aviation instruments utilize color differences
to indicate a different status, mode, position, or quantity. Another reason is that colored lights on an
airfield identify different surface areas. Therefore, the study tested participants’ ability to recognize
color when using an LEP since this is vital to pilots in safely operating an aircraft.

Participants were exposed to several different colors while freely using the LEP as desired to acquaint
themselves with how the LEP affects the appearance of color. Participants were then tested on color
recognition when using the LEP compared to participants using non-tinted and nonprescription
protection eyewear. The data was collected and analyzed with the results presented. The study results
will be discussed along with future research ideas to expand upon the current literature with regards to
LEP.

1. Introduction

A laser cockpit illumination is a distraction and can temporarily blind pilots during the most critical
phases of flight. Aviation laser strikes are on the rise and so pilot controlled mitigation methods are
necessary. Laser Eye Protection (LEP) is one mitigation method currently available to pilots. When
wearing LEP, pilots should retain sufficient color recognition abilities. Many aviation instruments utilize
color differences to indicate a different status, mode, position, or quantity. Colored lights on an airfield
identify different surface areas and type of airport. ATC towers can display light gun signals for
communication in the event of a radio failure (usually includes three colors; red, green, and white).

The aim of this study was to investigate the effects of LEP on color recognition using two different
types of LEP and a pair of clear protection eyewear (with no special laser blocking capabilities). One
rationale for the study is that the FAA recommends to “[p]erform human factors studies to investigate
whether providing pilots with Laser Eye Protection (LEP) is a practical means to mitigate certain potential
laser hazards. These studies should also address the effects of LEP on color vision, visual acuity, and
operational performance” (Milburn, Neitz, Chidester, and Lemelin, 2013).

The research questions for the research are listed below:
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RQ1: What is the effect of Laser Eye Protection on color recognition?
RQ2: For which color, from those investigated, is color recognition most greatly affected by Laser Eye
Protection?

2. Literature Review

Aviation laser illumination incidents pose a threat to aviation safety and flight crew health. With
cockpit laser illuminations, pilots can be distracted from their duties during one of the most critical
phases of flight (Nakagawara, Wood, and Montgomery, 2006). The flight crew may also be susceptible
to eye damage due to direct cockpit laser illuminations. Wyrsch, Baenninger, and Schmid (2010) covered
a case study involving a teenage boy that “ordered a handheld laser pointer with green light on the
Internet to use as a toy” (p. 1089). While playing with the device, his eyes were exposed to the green
laser light several times, resulting in blurred vision and retinal damage. Wyrsch et al. (2010) stated that
“his visual acuity was so poor in his left eye that he was only able to count fingers at a distance of 3 feet”
(p. 1089). After four months of treatment, the boy’s vision improved, but there was evidence of foveal
scarring and he did not regain his previous vision capabilities. These authors also highlight the ease at
which a Class Il laser can be acquired and the similar outward appearances of harmless low powered
laser pointers designed for presentations, and higher powered laser devices.

Nakagawara, Montgomery, and Wood (2011) conducted the study in which they examined laser
illumination incident trends over the five-year period, January 2004 to December 2008. The research
suggested that aviation laser strikes occurred more frequently in the months of November and
December, and on weekends, especially Sundays. The times between 1900 (7:00 pm) and 2300 (11:00
pm) were the most popular times in which laser strikes occurred (Nakagawara et al., 2011). This study
agreed with the FAA review in finding that laser strikes on commercial aircraft accounted for the majority
(73%) of the incidents (Nakagawara et al., 2011).

To this date, there have been no major accidents resulting from an aviation laser illumination incident,
but this threat should be mitigated to prevent such an accident (Nakagawara et al., 2006). One method
that can be used in preventing these types of accidents is facilitating public awareness. Pilots, especially
general aviation pilots, may not be aware of the growing threat and the possible associated hazards, and
may not know what to do in the event that a laser illumination is experienced (Nakagawara et al., 2011).
Members of the general public may not know that it is a federal violation, punishable by a fine or
imprisonment, to point a laser at an aircraft, and they may also be unaware of the dangers it poses to
pilots and everyone on board (FAA Modernization and Reform Act of 2012).

When using LEP pilots must be able to retain substantial color discriminating abilities because many
aspects of aviation rely on different colors (Palakkamanil and Fielden, 2015). Milburn, Neitz, Chidester,
and Lemelin (2013) highlight that over the years, the use of color coding in aviation has increased due to
“changing technology inside the cockpit, on air traffic control displays, and in the airport environment”
(p. 1). The use of color can sometimes aid in communicating an instruction or intention without the need
for verbal or written communication; however, color can only be a successful communication tool if both
the sender and receiver can recognize and discriminate between colors (Milburn et al., 2013).

With regards to airport lighting, lights of different colors may indicate a different surface or pavement
area, for example, taxiway edge lights may be blue, while runway edge lights are generally white. A pilot
must be able to differentiate between a runway and a taxiway for various safety reasons. At night,
airport lighting plays an important part in surface recognition as it highlights the designated areas
(Palakkamanil and Fielden, 2015).

Dykes, Schmeisser, Garcia, McLin, Harrington, and Apsey, (2000) suggest that utilizing computer
modeling for color appearance testing can help LEP designers and manufacturers to produce devices that
are effective and usable. Lucassen and Toet (2006) developed a computer software program, TNO
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VisorSimulator, which can simulate the color perception changes that various LEP devices would effect.
The software allows for testing of a multitude of spectral blocking filters in various regions of the visible
spectrum, however, Lucassen and Toet (2006) warn that even though the simulator can display the
effects of different filters on color appearance, producing filters with some spectral blocking
combinations may not actually be possible. Kuyk, Brockmeier, Morin, LaFrance, and Foutch 2010) also
conducted research into developing a computer-based tool that simulates color appearance when
looking through LEP devices. The researchers developed a tool based on two software packages,
SolidWorks™ and OptisWorks™, and concluded that, with this tool, color appearance through an LEP
could be readily simulated with great precision, accuracy, and reliability.

LaFrance, Williamson, Svec, and Kuyk (2013) conducted a study to investigate the effects of different
types of LEP on both “broad-band and narrow-band hue discrimination tasks” using “isoluminant caps”
as the “broad-band illuminant” and an MFD as the “narrow-band illuminant”. This study, however,
contrary to Dykes et al. (2000), found that the color-balanced LEP affected color discrimination for broad-
band light sources more so than for narrow-band light sources (LaFrance et al., 2013). The researchers
explain that this may have been due to the color-balancing of the lenses resulting in an “alignment
between LEP transmission bands” and the visual output of the MFD. This finding can be useful in
manufacturing LEP if the device is to be tailored to suit increased PFD and MFD usage.

3. Methodology

The research explores color recognition when using LEP. The study tested participants’ ability to
recognize color when using an LEP. The research conducted was a quantitative exploratory research
study with a post-test only modified quasi-experimental design. The study utilized three types of
eyewear consisting of LEP1-RG, LEP2-RGB and EP3-Clear.

LEP1-RG had a visible light transmission of 18% and transmitted less than 10% of red light (630 — 670
nm wavelengths) and less than 4% of green light (532 nm wavelength). LEP1-RG complied with ANSI
Z136.1 (American standard for safe use of lasers) and ANSI Z80.3 (American standard for sunglasses),
and met the standards of ANSI Z87.1 (American standard for Occupational Personal Eye and Face
Protection Devices). LEP2-RGB had a visible light transmission of 23.3% and transmitted approximately
6.3% of red light (633 — 640 nm wavelengths), approximately 3.2% of green light (532 nm wavelength),
and approximately 3.2% of blue light (445 — 450 nm wavelengths). LEP2-RGB complied with ANSI 2136.1
and met the standards of ANSI Z87.1. The clear protection eyewear (EP3-Clear) had no laser blocking
capabilities and exceeded the standards of ANSI Z87.1. This study includes the use of clear protection
eyewear for comparison purposes.

The Color-block test was used to measure the LEPs’ effects on color recognition. A Chi-squared test
was used for statistical analysis. The target population was male and female adults with normal color
vision. The accessible population was adult university students and employees with normal color vision
based at FIT.

Before conducting the study, the study was approved by the university’s Institutional Review Board
(IRB). The participants were informed that the study would not exceed 25 minutes in length and that all
identifying information will be kept confidential. A convenience sampling method was used to recruit
90 participants. This sampling method was used due the study’s exploratory nature, time constraints,
and the limited resources available to conduct the research. A power analysis was conducted a priori to
determine the sample size for the study. This was done to ensure that a sufficient number of participants
would be recruited to allow the study to have adequate statistical power. From the power analysis, the
minimum sample size for this study was 86 participants. Therefore, it was ensured that over 86
participants were used in this study. Ninety (N = 90) participants were recruited for the study. There
were 30 participants in each of the three groups assigned through rolling a dice. The three groups
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consisted of participants using one of the eyewear; LEP1-RG, LEP2-RGB, or EP3-Clear.

The procedure for each participant was to complete a questionnaire, perform a basic color vision test,
and perform a five minute experience pre-test. Then each participant performed a Color-block test. This
consisted of a controlled PowerPoint presentation showing instructions and blocks of different colors
displayed on a black background. The black background was chosen based on previous similar color
recognition and discrimination studies (Kuyk et al., 2010).

The laptop was set up at a distance of approximately 40 cm from the edge of the surface. Screen
inclination angle of approximately 105° (Gangele and Mishra, 2015).

4. Results

This section addresses the study results with regards to LEPs. The chi-square goodness of fit test was
used as the primary method to determine the statistical significance of the results. This statistical test
was chosen due to the non-parametric nature of the data collected and is appropriate for statistical
analysis when simultaneously comparing categorical variables. The independent variables were the type
of LEP and color. The dependent variable was color recognition as measured by the Color-block test.
Descriptive statistics were also calculated.

The participants consisted of 52% females and 48% males. The age distribution of the participants
consisted of 91% between the ages of 18-29, 7% between the ages of 30-39, and 2% between the ages
of 40-49. The participants’ ethnicity consisted of 49% Caucasian/White, 16% Asian, 14% Black/African
American, 12% Hispanic/Latino, 8% Mixed and 1% Other. The participant’s eye color distribution
consisted of 67% of the participants had brown eyes, 18% blue eyes, 9% green eyes, 4% hazel eyes, and
2% had an eye color not falling within the questionnaire categories. The participants recruited had
different areas of study. Of the 90 participants, 39% were in the engineering area of study, 36% in the
aeronautics area of study, 13% in the science area of study, 5% in the business area of study, 4% in the
psychology area of study, and 3% in the education area of study.

The overall effect of LEP on color recognition in this study was found to be not statistically significant,
X2 (6, N =311) = 8.95, p = .17 which corresponds to the first research question:

RQ1: What is the effect of LEP on color recognition?
HO1: Laser eye protection has no significant effect on color recognition.

It was found that at least one color was more affected by the LEP, and through post hoc analyses it
was found that color recognition of amber was the most affected by LEP, x2 (3, N =311) =8.94, p = .03
which corresponds to the second research question:

RQ2: Which color from those investigated is color recognition most greatly affected by LEP?
HA2: The laser eye protection’s effect on color recognition for at least one color is significantly
different.

Table 1 identifies the number of participants that were able to correctly identify each of the four
colors within each of the three groups.

Table 1: Participants’ Color Recognition

Color LEP1 LEP2 EP3
Blue 30 24 30
Green 30 25 30
Amber 10 15 30
Red 28 29 30
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There were many limitations to the research. First, only two types of LEP were used which may not
be representative of every LEP device available to pilots. The convenience method of sampling was used
to recruit participants from a relatively small part of the population. This can limit the generalizability of
the study. Also, a color’s effects on other colors may have influenced how a color is perceived.
Furthermore, each participant was provided with five minutes of LEP usage to become acquainted with
the LEP and the study. Five minutes may not be long enough for a participant to truly gain experience
with the LEP.

The overall effect of LEP on color recognition was not statistically significant. From the colors studied,
color recognition of amber was the most affected by LEP. This study has the potential to educate and
bring awareness to the aviation industry and general population about the hazards of laser strike
incidents. From the results of this study, LEP may be an effective mitigation method for aviation laser
strikes. However, the present study only investigated four colors and amber was the color that was not
well recognized by participants.

No significant trends were observed with respect to color recognition and demographic data
(ethnicity, eye color, subject area).

5. Conclusion

The potential significance of the research suggests that available LEP allows users to retain near
accurate color recognition. This study highlights an area where LEP can be improved by performing more
research into color recognition of amber and non-primary light colors. This study brings awareness to
the growing problem of aviation laser strikes and cockpit illuminations. The research also encourages
further investigation and research into developing a standard specifically for civil aviation LEP.

There are several future research areas to expand upon the present study. First, research should
investigate the feasibility of a retractable windshield filter, which could be pulled down in front of the
windshield when needed and removed when not needed. For example, pilots would use it when going
into airports notorious for aviation laser strikes, or on approaches at night, but not during daytime cruise
flight at altitude. The material would need to be transparent but would also need to not be easily
fractured or become opaque. Research would also have to investigate how it could withstand constant
altitude and pressure changes without degrading, while being able to house the laser protection dyes
and filters. The aircraft itself would also have to be fitted with the filter and therefore tailored to
different aircraft. The device, itself, would also have to be cost effective. The second research area to
investigate is to design PFD and MFD technologies with the ability to change color characteristics such
as hue, saturation, and warmth. This could be useful to enhance pilot color recognition when using LEP
in the cockpit. There could be a setting that color-compensates for the use of different types of LEP. This
type of setting should be easily selected and deselected.

It is difficult for law enforcement to apprehend individuals who shine lasers at aircraft due to the
volatile nature of a laser strike incident. Future research could investigate improved methods of tracking
and locating individuals who contribute to aviation laser strikes.

In conclusion, aviation laser strikes are on the rise and so pilot controlled mitigation methods are
necessary. The findings suggest that there was no significant effect on color recognition. LEP is one
potentially effective mitigation method currently available.
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