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The past decade has offered an explosion in the amount of available data. All across
academia, industries, and governments we are seeing more and more actors take advantage of
data. The applications are limitless and can help firms hire new employees, stores optimize their
spending, local governments develop safer emergency evacuation plans, and even individual
people track their health data. Consequently, vehicles have also been touched by the gift of data.
Cars are becoming more and more integrated into the internet of things, especially with a
growing shift toward electric vehicles, which allows for easier tracking of their performance
(Barla et al., 2017, p. 188). Actors can even retrofit older vehicles to allow for data collection
through the use of small integrative technologies. This has unique value for large groups of
vehicles such as the Facilities Management fleet of vehicles at the University of Virginia. With
many vehicles in operation, optimizing economic and safe consumption can save money, time,
and reduce environmental impact, especially on an aggregate level.

This technical report will monitor how safely and eco-friendly the Facilities Management
fleet is driving with the goal of improving overall fleet performance in both of these categories.
The study will be broken into three distinct parts. First, the team will research and analyze the
right safety and eco-driving performance metrics as well as effective and ethical feedback
training systems to administer to the fleet drivers. The second stage will entail administering the
different training methods determined by the group and backed by previous research. Finally, the
study will monitor driver performance in all determined categories for a duration of up to three
months after training was delivered. For this study, eco-driving will mean driving that minimizes
the fuel consumption of a vehicle. The first phase of the project will conclude by early
November of 2021. The second part will be carried out throughout November and early

December. The last phase will end in early March of 2022.



In cohesion with the technical project, this report will simultaneously explore a closely
coupled STS topic: current engineering ethics training and best practices for future ethical and
unbiased engineering curricula. This topic is relevant to the technical project because the
technical project will involve the design and implementation of a training system based on real-
time performance metrics. A growing problem with the rise of data is the development of biased
and unethical recommendations and algorithms based on that data that are self-reinforcing and
can have devastating consequences on the end-users to which these technologies are applied
(O’Neil, 2018). Proper training for engineers is imperative in the future to minimize the negative
effects that big data presents.

IMPROVING DRIVING METRICS AND TRAINING STRATEGY THROUGH USE OF
PERFORMANCE DATA

The technical portion of this report attempts to address both important driving metrics for
safe and eco-driving as well as best training practices and strategies to ensure that fleet drivers
are driving safely and in an environmentally friendly way. Vehicle safety is critical for the
drivers of a fleet but also for the community around which the vehicles operate. Unnecessary
accidents, and in extreme cases, deaths can be avoided by promoting safer driving and ensuring
drivers know and maintain safe driving practices. Vehicle accidents can also incur significant
costs to a fleet even if injury does not occur. Environmentally conscious driving is also important
for a fleet to implement due to the increasing threat of global warming and need for more
sustainable practices. Ensuring that fleet vehicle drivers know proper eco-driving techniques can
help significantly reduce a fleets carbon footprint. A study by Huang et al. (2018) claimed that
eco-driving is even more cost-effective with more immediate results than fleet retrofitting and

can have up to 45% improvement in fuel efficiency (p. 597). As a result, this study aims to



demonstrate an effective way to promote safe and eco-driving in fleet vehicle drivers. More
successful trainings will see the longest lasting effects.

Brian Park, a professor in the Department of Engineering Systems and Environment at
the University of Virginia, will serve as the technical advisor for this report, offering his
transportation expertise and guidance in the experiment design and analysis process. Park is
aided by Engineering Systems and Environment graduate student Zeyu Mu in advising the team.
Fleet manager Michael Duffy will also work closely with the team as a representative for the
client Facilities Management department. He will help the team with any needed information and
access to the Facilities Management vehicle shops. The team itself will be made up of six
undergraduate systems engineering students: Ryan Ahmadiyar, Jenny Chun, Caroline Fuccella,
Graze Parzych, Benjamin Weisel, and myself.

The technical report of this paper will consist of extensive preliminary research broken
into two categories followed by data analysis on driver performance metrics with the goal of
answering two research questions. The first research category revolves around determining the
proper safe and eco-driving metrics to monitor the fleet vehicles with. The second research
category will focus on determining the right training strategies to implement on the fleet drivers.
The team will administer trainings on selected shops of vehicles from the overall fleet in order to
determine how long the effects of safe and eco-driving training last and which specific training
method has the most effective results. It is important to distinguish that the experiments and data
collection will not be done on individual drivers but rather specific vehicles to which an
unknown number of drivers might be assigned. This consideration is to ensure no individualized
monitoring and that the project is in accordance with the requests of the Facilities Management

team leadership. The report will serve as a proof of concept for best training practices to ensure



safe and eco-driving in large vehicle fleets. The findings of the entire report will be published in
a conference paper for the SIEDS forum in the spring of 2022.

The team will work with a small subset of vehicles from the overall Facilities
Management fleet, and anticipates working with 5 different treatment groups in order to answer
the technical research question. There will be one control and four other groups that receive a
variation of different training methods. The methods will include a developed training module
from a previous year, bi-weekly scorecards, and shop-wide conversations with supervisors.
Given that there is a lot of variability in road conditions, drivers, and routes, we will look at data
from similar vehicles to ensure some homogeneity. The team will monitor each vehicle’s
performance through the use of a technology called Geotab. This is a small device, that the
Facilities Management installed on all of its vehicles, known as a data logger. Huang et al.
(2018) explains that data loggers are relatively cheap and easy-to-install devices that can monitor
driver performance directly on the road. They can collect vehicle speed, engine speed, fuel
consumption, GPS, and emissions data. These devices are also small so their installation does not
affect performance results. Their small size also makes it easier to use on a wide array of
vehicles (p. 602). Summary data from Geotab on specific vehicles will be recorded in scorecards
such as seen in Figure 1 below. These are summaries of the data and therefore different from the

scorecards that the team will develop as part of training.

Driver Safety Scorecard Oct 25, 2021
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Figure 1: Driver Safety Scorecard from Geotab data logger. (Hrnjez, 2021)



After the trainings are administered to each group, the team will continue to administer their
own developed score-cards on a bi-weekly basis and monitor the fleet’s performance for up to
three months. The use of statistical tests, such as analysis of variance, will allow the team to
distinguish which treatments were the most effective and for how long.

EXAMINING WHICH HIGHER EDUCATION ETHICS PROGRAMS IMPROVE
ETHICAL CONSIDERATIONS IN ENGINEERS

This report relies on the use of data in order to make informed decisions and
improvements on safety and environmental impact in a fleet of vehicles. The data will
continuously monitor real drivers and report their performance on a bi-weekly basis. While there
will not be any data tied to a specific individual, driver performance will indirectly be observed.
This pattern of observation is very common today as is the use of data to create programs,
algorithms, and judgement calls on a regular basis (O’Neil, 2018). Because such practices are so
recent and because engineering education has historically not stressed the value of ethics, there
has been a disconnect between engineering design of such technologies and their consequences
on users. For example, companies and governments use of algorithms has led to racist policies
and practices. Rise of journalistic reporting on these issues has further emphasized the need for
change (Joyce et al., 2018, p.2). As a result, this report is closely coupled with an STS analysis
into engineering education and specifically which training is best to ensure ethical and unbiased
practice in engineers. This research question attempts to analyze an ongoing controversy and is
relevant because of the lack of existing engineering education all across the board. There is not a
cohesive curriculum that all universities use; instead, as Joyce et al. explain, many universities
administer online ethics modules in order to maintain their ethics requirement for accreditation.

Such systems are not effective and there needs to be more robust and authentic ethics education



given to engineers (p. 3) The research for this report will look into specific examples of ethics
curricula as well as what leading STS scholars argue is the best solution.

The design of engineering ethics education will be treated as a technology in this report
and therefore will be looked at with two distinct STS frameworks. First, the report will use the
Social Construction of Technology framework as developed by Trevor Pinch and Wiebe Bijker
(1984) to explore the role of different actors in the development of the curriculum. Their
framework fits best with this research question because it explores how technology is developed
through a social lens. Education is inherently a very social and interactive process. They also
offer a variety of diagrams, such as seen in Figure 2 below, that simplify the understanding of the
relationship between artifacts and social groups. In Figure 2 we see how their theory can be
applied in the case of this example, where the relevant social groups are in the boxes surrounding

the central box, which is the technological artifact.
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Figure 2: SCOT model of relevant social groups to engineering education. (Adopted by Hrnjez
(2021) from Bijker, Pinch, 1984)



Currently, as Jeske (2020) highlights, ethics has always been regarded as an external part of the
engineering design process because the conversation is dominated by one elite group (p. 310).
Jeske adds to this that in order for ethics to become more integral in engineering design, the
conversation around it has to bring in more actors and as a result more technologies and sectors
(p. 310). The interpretive flexibility of engineering education, or social influence on the meaning
of the technology, as defined by Bijker and Pinch (1984), will change and adapt to more users
that are affected by it. SCOT is useful here because it can help to better understand what
meanings a technology can employ. Jeske uses a specific example, the failed blood-test
company, Theranos, created by Elizabeth Holmes, to emphasize that such failures should not be
looked at as the consequence of an individual bad actor, but as an ethical failure of an entire
system (p. 309). The system in question is the bioengineering and bioethics industry, which is
just one example of how failures in higher academia can lead to ethical disasters down the line.
Jeske argues that by only placing agency on Holmes for the scam she created, we fail to improve
ethics education in academia and industry. This is because we fail to consider the unethical,
profit driven motivations that are increasingly mixing with higher education (p.311). SCOT
analysis will allow for examination of these other actors to come more readily.

The engineering education research will also be closely related to the Carslon/Baritaud
social construction model (Carlson, 2009). This framework is relevant because the design of
engineering education, much like the design of new technologies, should be created with
continuous two-way feedback between the designers, end-users, and social groups. Figure 3,
found on the page 8, demonstrates the core principle outlined in this model. In the figure we see
universities as one of the social groups with which engineering education designers must interact

with. However, there are many more groups that this report will consider.
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Figure 3: SCOT model of social construction of engineering education. (Adopted by Hrnjez
(2021) from Carlson, 2009)

In line with the model, research will attempt to identify the relevant social groups and how each
group interacts with the technology’s design and designers. Furthermore, the unique role of
universities will be considered as a designer and tradeoffs in different design elements will be
explored. A case study example, led by Sunderland et al. (2014), offers some initial insight into
the importance of feedback and many voices in the design of ethics education that led to the use
of this model. Doing so will allow ethics to become more embedded into the core of engineering
curricula and not just the periphery (p. 228). Sunderland et al. created a pilot program to back
their claim. Global Perspectives: Engineering Ethics Across International and Academic
Borders was a pilot educational program administered on graduate students in order to facilitate
discussion about ethics in engineering from multiple perspectives and fields. The program was
given to students from University of California, Berkeley and Delft University of Technology (p.
229). The authors of the program relied on teaching emotion-driven ethics as it improved student
engagement and empathy toward the issues. Student engagement was considered a combination

of how much time and effort students put into their own education as well as how much time and



resources educational institutions put into their students. As a result, developing a proper
engineering ethics curriculum relies on student input (Sunderland et al., 2014, p. 230). Their pilot
course also demonstrated the importance of collaboration between engineers and those in other
fields. Placing everyone on the same level and allowing for open discussion places engineers in a
position to actively discuss where there are holes in ethics education (p. 236).

Given the research and case studies employed by STS scholars, the goal of this STS
research question is to evaluate the best practices for teaching engineering ethics in higher
education. SCOT will allow for uncovering the relevant social groups associated with each
suggested curriculum and how they will progress. The results will be unique and serve as a
possible solution that can be explored further and tested in the future.

COMBINING THE EVALUATION OF TWO DIFFERENT TEACHING PROGRAMS

The two components of this paper, technical and STS, will serve to uncover training
strategies for fleet vehicle drivers and managers and for those developing engineering curricula.
The former will rely on employing actual data collection and analysis in order to experimentally
measure which strategies are the best. The latter will use existing research on engineering
curricula and similar programs in order to uncover the best solution. In addition, the STS
discussion will depend on two frameworks that will allow for better understanding and
judgement of the various methods presented in past research. The findings of both reports will be
novel and important for furthering vehicle fleet performance as well as ethics amongst engineers,
respectively. Proper fleet management is necessary in order to optimize on performance and
decrease cost and emissions. Engineering education is in need of properly taught ethics in order

to ensure the design and integration of future technologies can benefit society correctly.
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