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ABSTRACT

To address the challenge of teaching the interdisciplinary founda-

tions of data science in computing, mathematics and statistics, we

propose a mathematical logic based framework to seamlessly and

coherently integrate these foundations. A 8-week module based on

the framework is implemented in a high school. The results show

an overall feasibility of the integrated approach.

INTRODUCTION. A National Academies of Sciences, En-

gineering, and Medicine report [2] highlights the foundations of

data science in computing, mathematics and statistics among others.

As a result, data science provides excellent opportunities for high

school students to develop college-ready STEM competencies and

prepare their future careers. However, these foundations are rarely

addressed explicitly in the existing work. We propose a mathemati-

cal logic based framework naturally unifying those foundations and

study its impact on students’ learning of statistics and computing.

THEORETICAL FRAMEWORK. The data in data science

in general are sets of interesting objects in human activities, and

the relations among them. Set theory and logic, core components of

mathematical logic, provide the language to represent and reason

with sets and relations. Statistics has developed important concepts

about data which can be precisely defined using set theory and

logic. Computing complements statistics by automating the entire

reasoning process with data using computers. Abstraction and pro-

gramming are at the core of computing [1]. Set theory and logic

offer a precise language for abstraction (of relevant information for

solving intended problems) and for programming too ( e.g., tuples in

set theory provides a direct and explicit support of data types such

as vectors and data frames in programming language R). Finally, all

concepts are introduced in the context of solving real life problems.
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STUDYDESIGN.We develop an 8-weekmodule (15 100-minute

lessons) aligned with the Texas standards on computer science and

statistics. It is implemented inside an elective course Computer Sci-

ence II of a pubic Texas high school in Spring 2021. The module

covers abstraction (sets, relations and logic), programming, basics

of statistics, central tendency and two categorical/quantitative vari-

ables. The course has 53 10-12th grade students. We conduct pre-

and post-tests (before and after the module) to assess students’

learning outcomes on abstraction (of computing) and statistics. The

statistics questions are based on AP practice questions from a popu-

lar AP statistics textbook. The development of abstraction questions

is guided by the argument based validation with mainly theoretical

evidences. Each test has 13 short answer questions. At the end of

the course, four semi-structured group interviews, with a total of 11

volunteered students, were conducted via zoom and recorded. The

interview questions are to help reveal their thoughts of the course

and cover the course structure and the impacts of this approach on

learning set theory, statistics and computing.

RESULTS. 44 valid responses were obtained for both pre- and

post-test. The difference between students’ pre- and post-test scores

is statistically significant (𝑡 (43) = −5.82, 𝑝 < .05;𝑑 = 2.08). As for

interviews, we transcribed the recordings, reviewed the transcripts,

labeled students’ responses, and merged similar labels to several

meaningful ones. Regarding complexity of the course, four students

thought the content is easy to understand, while some suggested

that they felt lost. As for the impact of learning statistics and com-

puting on each other, at least six interviewed students identified

the benefits of learning statistics and computing together, as they

thought one subject helps the understandings of another one.
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