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Abstract

Today, as advanced technologies and cloud computing tools emerge, it is imperative that such innovations are sustained with 
knowledge and skill set among STEM educators and practitioners. In this paper, the author reports on a  project, HBCU-UP II, 
that works on bringing Computational Thinking  to Science, Technology, Engineering, and Mathematics  (STEM) disciplines.  A 
Computational-Thinking based strategy is adopted to enforce thinking computationally in STEM gate-keeping courses. The paper 
presents framework, implementation and outcomes. This on-going project contributes to efforts to establish computational 
thinking as a universally applicable attitude that is meshed within STEM conversations, education, and curricula. This paper 
will be particularly useful for researchers interested in Computational Thinking and its applications in STEM education, in 
particular and higher education in general
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1. Introduction 

Advanced computing technologies have made possible bolder leaps of innovations across a spectrum of human 
inquiries and fields, as it facilitates problem-solving, and understanding of complex systems. With such advances in 
computation, information and communication technologies, there has been a move toward creating 
cyberinfrastructure -based service systems that support and facilitate scientific research   (i.e., e-science) [20]. These 
cyberinfrastructure systems are developed utilizing cloud technologies to enable  computationally-intensive research 
that requires using large datasets, distributed grids, and/or visualization [4][5][8][16]. Similar to other service 
systems, e-science systems are formed of groups of people, networks, advanced cloud technologies,  and other sub-
systems [23][20], to provide  researchers with services and resources to advanced research.
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A number of e-science systems has emerged (e.g., TeraGrid, XSEDE, and NBCI) to be used for research, 
however, limited number of attempts have been made to use e-science systems in Science, Technology, Engineering 
and Mathematics (STEM) education. According to NSF [15], 

“[S]ustaining this revolution across all areas of science, engineering, and education requires the formation of a 
citizenry and workforce with the knowledge and skills needed to design and deploy as well as adopt and apply these 
cyber-based systems, tools and services over the long-term. The opportunity for such preparation should be 
available at all stages of formal and informal education (K-16 and lifelong), training and professional development, 
and must be extended to all individuals and communities”.

It is imperative to develop computational thinking skill set among STEM educators and students to sustain 
scientific revolution. Today, academic institutions, in attempt to prepare their graduate to computing-based 
workforce, work on  injecting Computational Thinking (CT) across STEM fields to develop analysis and problem 
solving skills among their students [16]. According to Wing [27], "Computational thinking involves solving 
problems, designing systems, and understanding human behavior, by drawing on the concepts fundamental to 
computer science. Computational thinking includes a range of mental tools that reflect the breadth of the field 
Computer Science"(p. 33).  In this paper, I report on  an on-going multi-phase project aims to bring Computational 
Thinking (CT) to STEM education at the undergraduate level. Key concepts within computations, termed here CT 
elements,  are identified to be applied across different STEM disciplines. The rest of the paper is organized as 
follows. Next section would provide a background on CT, practices of CT and some example applications of CT in 
STEM education. Then, a multi-phase framework to bring CT to STEM education is described. Finally, vivid 
outcomes achieved in this on-going project are presented. The paper ends with conclusion and future work.  

2. Background

Computer science is defined as  " ... the body of knowledge of computing concerns the digital computer and the 
phenomena surrounding it- the structure and operation of computer systems, principles underlying computer system 
design and programming, effective methods for using computers for information processing tasks, and theoretical 
characterizations of their properties and limitations"[7].  Competences and knowledge areas that graduates of CS 
programs should demonstrate identified in the CS2013 curriculum guidelines (ACM, 2013). In establishing a 
definition for Computational Thinking(CT), Wing argues that CT  is  the new literacy of the 21st century as it is 
"[t]he thought processes involved in formulating problems and their solutions so that the solutions are represented in
a form that can effectively be carried out by an information-processing agent"[6]. The National Academies (2011) 
pointed out that CT shares a number of practices with other disciplines that can be applied to STEM education.  Lee 
and others (2011) suggest that CT can be applied with three practices of Modeling/Simulation, Robotics and Game 
Design. Others proposed that CT elements are: Data Collection, Data Analysis, Data Representation, Problem 
Decomposition, Abstractions, Algorithms, Automization, Parallization and Simulation [8]. Perkovi´c and Settle 
[17] identified elements of Automation, Communication, Computation, Coordination, Design, Evaluation and 
Recollection. The National Academies [14], identified key elements of CT as: (i) Abstraction; (ii) Data, (iii) 
Retrieving; (iv)Algorithms; (v)Design; (vi)Evaluation and (vii)Visualization.  Regardless of CT definition adopted, 
the main purpose of applying CT and sharing its elements with other disciplines is to teach others how to better 
solve problems and discover new questions (Hemmendinger in [3]).  

Although CT has been applied widely in STEM research, limited number of attempts have been made to 
introduce STEM students to CT concepts. For example, the Northwest Distributed Computer Science Department 
(NW-DCSD) project brings multi-disciplinary faculty from diverse colleges and universities to foster inter-
institutional collaboration in a  multi-disciplinary computing approach [10]. Others applied CT concepts in two 
minority serving institutions in Arkansas by implementing Cyberinfrastructure Minority Training Education 
Consortium (AMC-TEC) project [24]. A more recent project, HBCU-UP II,  is developed and implemented as a 
two-phase project to inject CT in STEM education, as described next.
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3. Bringing CT to STEM

Philander Smith College in Little Rock of Arkansas, is the oldest minority serving, four-year liberal arts 
institution with a total enrollment of more than 700 students. There are five academic divisions of: Education, 
Humanities, Social Sciences, Business and Economics, and Natural and Physical Sciences.  The Division of Natural 
and Physical Sciences serves more than 240 students   majoring in STEM disciplines of   biology, chemistry, 
computer science, and mathematics. The division has an articulation agreement with the University of Arkansas, 
Fayetteville (UARK), to implement the 3/2 Engineering program, that allows students to receive an additional 
engineering degree from UARK. The mission of the Division of Natural and Physical Sciences is "to  graduate 
Science, Technology,  and Mathematics (STM) students who are academically accomplished and equipped with: 
comprehensive knowledge in their science fields, modes of inquiry, quantitative reasoning, scientific communication 
, ethical values that guide their practice, and problem solving and decision making. Students are trained, as 
researchers, critical thinkers, social justice advocates, leaders and policymakers, to succeed in post STM-related 
graduate schools, to compete in the STM workplace, and to contribute to educational and economic advances in 
local, regional, national and international science and technology initiatives"[18].

One key approach to support STEM education is to infuse CT elements within STEM topics. In the past, the 
division implemented the Arkansas Cyberinfrastructure Minority Training Education Consortium (AMC-TEC) 
project that was awarded to study the feasibility of using Cyberinfrastructure resources for STEM education 
[22][24]. As Philander Smith implemented the goals of the project, it became clear that an advanced strategy is 
needed to bring computational thinking to STEM education.  A multi-phase project is  designed to inject CT and 
Cyberinfrastructure  in STEM education (see Figure 1).

4. Outcomes

4.1. STEM education

Gate-keeping courses provide students with their first and  formal exposure to a deep understanding of science.  
Such courses influence students' decision to pursue STEM  education and continue their college experience [11].  
Usually, careful attention is paid  to introductory STEM courses delivery methods and pedagogy approaches [2][14]. 
In this project introductory courses of Applied Computer Science, Introduction to Computer Science, Programming 
I, Biology I, Biology II, Chemistry I, Chemistry II, Calculus I, Calculus II, College Algebra and Introduction to 
Engineering, have been identified  to include elements of CT. In addition courses of Genetics, Programming 
Languages, and Computer Science Research, have been selected to experiment the application of CT. Elements of 
CT adopted to be used are the ones identified by the National Academies [14]: (i) Abstraction; (ii)Data, (iii) 
Retrieving; (iv)Algorithms; (v)Design; (vi)Evaluation and (vii)Visualization (see Table 1).

Table 1. Computational Thinking Elements for   STEM Courses.

STEM Courses
Computational Thinking Elements
Abstraction Data Retrieving Algorithms Design Evaluation Visualization 

Biology I*
Biology II*
Applied CS*
Programming I*
Chemistry I*
Chemistry II*
College Algebra*
Calculus I*
Calculus II*
Genetics
Programming Languages
Object-Oriented Programming
* Gate-keeping STEM courses
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Fig. 1. Project Plan and Outcomes.

4.2. Road map: Intro to computational thinking course

A road map to a new course is developed that introduces CT to students. The course "Intro to Computational 
Thinking" emphasizes CT concepts through hands-on learning experiences, targeting freshmen and sophomore 
students.   The map of this course is designed as two-part course: (i) part I introduces students to computational 
thinking, its concepts, applications in research (e.g., bioinformatics, financial markets, public health); while part II  
introduces students to CT elements via programming exercises.   The course map was put, while in mind, the 
ultimate goal is to teach student CT in an attractive way, by:(i) selecting a programming languages that is easy to 
learn;(ii) course materials selected for this course, including text-book, self-guided labs and learning modules are to 
be online and accessible to students; (iii) co-curriculum detailed labs to be designed to enforce concepts of CT. For 
this course, Java is selected as it is easy to learn yet, effective as a programming language [19].

4.3. Computer literacy workshops

As CT is a universally applicable attitude and skill set, everyone, not just computer scientist, would be eager to 
learn and use [27], a number of workshops have been conducted to demonstrate the use CT. The author of this 
paper, arranged for total of six workshops to be offered with senior citizen centres, to expand the exposure to CT 
among adult learners. The workshops were supported with hands-on labs, and multimedia materials, utilizing 
Microsoft Office as the tool to enforce CT elements.  Students are taught how to collect data, clean it, represent data 
using variables and macro, generate graphs and tables, and use of algorithmic thinking to solve problems. Until the 
moment of writing this paper, total of 14 senior citizens, whom ages range from 63-68 years, 30% of them females 
were introduced to CT and its elements.
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5. Conclusion

Advanced technologies that are coupled with complex data would continue to arise. Therefore, STEM educators 
are encouraged to mesh CT with their conversations, curricula and teaching. By this, it is hoped that future 
investigators in STEM disciplines are well trained and prepared to face the challenge of complex problems that 
would not be solvable unless CT is practiced. 
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