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Navigating the Technological Education System
How do students, educators, and corporations utilize and invent computer-based programs to
make for a more intelligent society?

In the current academic climate, there has been a slew of technological innovation that
has increased the accessibility of information. With the development of the internet, the last few
decades have seen a boom in the number of tutorials, guides, and help videos that allow
individuals to learn topics without having to physically seek out an expert (Fahmy, 2004).
Furthermore, computer-based computational engines such as Wolfram Alpha are gaining the
ability to answer a range of questions that may reduce the need for certain skills. These engines
can also present information inquired in a format mimicking a human’s solution, further
increasing these programs capability. One review summarizes Alpha as: a knowledge engine to
answer free-form user queries that does computations from its own internal knowledge, rather
than searching the web and trying to match a result (Hindin, 2010). Despite the growing use of
these programs, the questions remain: Do students, teachers, and corporations possess a shared
understanding of how these fit into the education system? Are educators incorporating these
technologies into their lesson plans and/or adapting to their student’s technological behavior
trends?

Automating Academic Advising through Course Recommendations

Currently, most colleges and higher education universities have department of faculty
dedicated to helping students navigate their academic experience. People are deployed as
academic advisors because the systems they are advising (majors, courses, topics, careers) are
typically complex and advising can vary from student to student. Differences in student traits
such as skill sets, career goals, and academic interests lead to variety for their best move. While
the current system has its benefits, it is inefficient when students repeatedly ask similar questions
thus wasting valuable resources. Furthermore, a study from the Texas A&M discovered that “No
significant relationship was found among advisor availability, advisor time with student, advisor
focus on student as an individual, ... and advisor assistance of educational planning and the
criterion variable of perceived value of the advisor among students” (Vasquez, 2017, p. 1). Their
research concluded that the frequency of advisee-advisor interactions was the more significant
factor in value received by the student (Vasquez, 2017). Utilizing these findings, it is possible
that an online technological academic advising solution would allow uninterrupted access and
increase the frequency of advisee-advisor interaction while maintaining the utility previously
provided by faculty.

My technical capstone research project seeks to create a web application personal
assistant to provide concrete guidance in topics such as course recommendations, degree
requirements, course workload, and time management. Students will input information about
themselves such as desired major, course load, timings, and grade history and this tool will
output a potential course schedules they can sign up for. These course schedules will be



generated utilizing a constraint algorithm that attempts to maximize student’s inputted desires.
The goal of this project is to provide advice for commonly asked academic career questions
based on student’s individual profiles. This will require determining which student qualities most
effect given advice, and quantifying these metrics. Specifically, students course history, grades,
academic goals, and major requirements will be investigated and analyzed to identify trends in
order to provide recommendations for similar students who create a profile and utilize this tool.
A survey with a gift card raffle incentive will be utilized to ask UV A students what are other key
factors in their decision-making process for course selection. A follow up focus group session
will be used to determine further insights. The results from this survey and session will be
condensed and added to the list of key factors that affect student decisions. Now, when a user
logs into the application for the first time, they will have an option to edit their profile
information such as course history, grades, academic goals, and other key factors in order to
receive more relevant academic advising per semester.

In order to provide a recommend course schedule(s), this personal assistant will need to
access a database of the courses offered at UV A, this will be done through existing web-scraping
libraries and the public UVA Student Information System API. Furthermore, there is also a need
to quantify the requirements for a variety of majors into a singular format that works efficiently
with other aspects of this app. This will most likely be done manually by team members due to
the complex nature and non-standardization in the format this data is currently present. There
will also be metadata for each course in the database which will be collected and updated every
semester through a CSV scraping tool that iterates over the publicly accessible grade data. The
user will not be able to directly access this information as there are other mediums better suited
for those needs; Rather, grade and course metadata will be utilized by the constraint algorithm to
provide optimal schedule recommendations. Some examples of course metadata utility includes:
course timings for students who prefer morning or afternoon courses, unwise course pairings so
students do not take an excess of difficult courses, and prerequisite status so students can
prioritize courses that open future course opportunities.

The ideal results of this project will be a personal assistant that can provide a
recommended course scheduled for a variety of computer science majors at UVA. This is a
feasible amount of functionality that will highlight the strengths and weaknesses of our design
before further utility is expanded. The goal is also to provide a basis through which this personal
assistant can be expanded such that multiple majors and a variety of student profiles can be given
recommendations.

The Different Uses of Computational Knowledge Engines in Education

How are K-12 students and teachers incorporating computational knowledge engines into their
learning and lesson plans and how is this modifying the modern classroom dynamic?

Introduction



Wolfram Alpha, Symbolab, and Mathway are all computational knowledge engines
created in the last decade. The goal of these tools is to solve a range of queries such as simple
fact-checking or complex multivariable calculus equations. These technological innovations have
the potential to significantly alter how knowledge is transferred from teachers to students; my
research seeks to analyze how students and teachers view the abilities of these engines and how,
if it all, the engines affect their behavior. | want to determine whether there is a disconnect in
students and teachers’ beliefs on the role of computational knowledge engines in K-12 education.
Targeting this ideological dissonance can produce a rippling effect in the multitrillion-dollar
education industry and help reduce technological inefficiency and excess monetary costs. In turn
this may lead to a more intelligent society of which an increasing number of students can be
successful, functioning members.

Background and Theoretical Framework

Technology such as personal computers and smartphones have been rapidly transitioning
into the classroom over the past few decades. Accompanied with these devices is an endless
stream of online information indexed by search engines and analyzed by computational engines.
However, research is divided as to whether these devices, and the access they provide, has
resulted in a net positive effect on education. In a survey by the University of Phoenix in 2017,
71% of teachers felt that personal devices distracted students more than the aid provided. Still,
the study also showed that over 50% of teachers used games and simulations to aid learning and
allowed students to research subjects through the internet (Majority of U.S. K-12 Teachers are
Assinging less Homework Than Americans May Think, 2017). As technology will continue
progress and enter the classroom, it is important that students and teachers use it effectively.

On the educator’s perspective of computational knowledge engines, there exists some
foundational research into how to incorporate these engines into lesson plans and teaching
methods. Furthermore, there has been some analysis on whether these engines have a net positive
or negative result on student’s success. One study by a group of researchers in Mexico had
educators and Wolfram Alpha developers implement specific widgets for the course content so
that the students could input physics problems into a smaller version of Alpha tailored for those
problems. The findings showed that these widgets resulted in a “better understanding of abstract
concepts” through visualization and revelation of hidden connections among related ideas
(Cepeda & Acosta, 2014, p. 269). However, another study suggested that the use of engines such
as Alpha to learn probability, required a “deep understanding of mathematics” and the advantage
of them was the minimal programming skills required rather than utility towards teaching
(Abramovich & Nikitin, 2017). It is possible that these deviation views on knowledge engines
are a result of variance in subject matter they were used with, differences in the overall
curriculum structure, or numerous other situational factors. In my research, | will attempt to
better discern educator’s perspective and experiences with computational knowledge engines.



From a student’s perspective, step-by-step calculators, search engines, and computational
knowledge engines are generally an aid towards completing assignments and better
understanding concepts in school. However, there is not extensive research on how students use
these tools and again, whether there is a net positive or negative effect on their overall learning.
As described in a study by the National Council of Teachers of Mathematics, the benefit of
computational knowledge engines is the amount of raw, accurate data available and the ability to
represent data in various forms. Furthermore, queries can be structured and combined in a variety
of formats further allowing students to recognize nuances in concepts (Thrasher & Perry, 2015).
To understand student’s perspective on computational engines, I plan to examine primary
sources that document when and how these engines are used.

Data Collection

The goal of this STS research is to determine the similarities and differences among
students and teacher’s perspective and utility of online computational knowledge engines. More
specifically, the purpose is to determine where there is ideological dissonance among these two
groups and whether this leads to adverse effects towards learning in K-12 education. To gather
information on teachers, I will collect and analyze their discourse through online lesson plans,
blog posts, reddit posts, news articles, educational journals, survey data. From this data | hope to
discover whether teachers create their own lessons plans or use resources available to them.
Furthermore, whether there is a distinction in utility through personalized teaching material vs
out of the box resources. | will also look through comments on message boards, blogs, and other
online discussion forums to pinpoint comment sentiments and shared feelings towards the role of
computational engines in classrooms. To understand confounding variables that may impact how
these engines are being brought into the education system, | will analyze and determine if there
are any relevant trends in conferences and workshops being hosted for teachers. Specifically
looking at keynote topics chose, expert panels brought in, hosted workshops, and sponsor
content. | hope this information will also answer questions such as if a change in the adoption of
computational engines can be tied to an increase in scholarships dealing with technology. Lastly,
I will interview some professors in the Curry School of Education at UV A to determine whether
my findings are consistent with their experience and knowledge of the subject.

In order to collect data and form an understanding of student’s behavior towards
computational knowledge engines, | will look at the marketing material provided by the
corporations that create computational knowledge engines. This information will be used to
determine if the engines are advertised towards students and whether students are aware of these
utilities. Furthermore, | hope to determine whether there are any barriers to entry for these tools,
including but not limited to monetary costs, technological knowledge, and corporate approval.
Since many of these knowledge engines contain application programming interfaces (APIs) and
widget builders, the next step of data collection will consist of looking through GitHub and
widget repositories to determine if and how students and or teachers have used these tools to
customize engines to their needs. I will also analyze articles on tech channels of Medium and



other locations where individuals can share write ups for the work they have done with APIs and
widgets.

Methods

In order to analyze the data and draw any possible conclusions, | will determine a list of
key themes among information collected about teachers and students. These key themes will be
important to keep a count of what perceptions and behaviors are shared among teachers and
students in regard to computational knowledge engines. | will also sort the extent APIs and
widgets were utilized among both groups and use this information to determine whether any
specific group(s) of actors possessed a deeper understanding and utility of these engines. My
hope is that teachers, students, and corporations can all find utility from these findings. On the
teachers end, knowledge of these differences may enable them to modify their teaching style and
plan to better suit their students. From the student’s perspectives and behaviors, information on
barriers to entry and common use cases can be used by corporations to tailor their projects to a
wider audience.

The STS research as described above hopefully provides a step forward in the
understanding and utility of computational engines in K-12 classrooms. It also should provide a
foundation upon which further research can expand and assist in providing resources for teachers
to improve overall pedagogy.

Conclusion

In the United States, the education market is expected to reach 2.04 trillion dollars by
2026, up from 1.35 trillion in 2017. In such a large industry it the impact of technology can be
huge and small optimizations derived from research have paved how education has improved
over the past hundreds of years. In performing research on students’ college planning decision
process and impact of computational engines K-12 education, | will be able to provide insight on
one aspect of how the modern education system is integrated with technological innovation.
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