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Abstract 

 

Recent progress in machine learning has been driven by the development of new 

algorithms and low-cost computation. The adoption of machine learning methods can be 

found in science, technology, and commerce including health care, manufacturing, 

education, finance, and marketing. In this epoch of data revolution, it has become 

important to examine machine learning and its influence in higher education. This paper 

examines initiatives that American universities have taken to implement machine 

learning as part of their data science educational curriculum. This paper also explores 

popular categories of courses offered by universities as part of their machine learning 

curriculum. Previous studies have shown that there is currently a shortage of data 

scientists. This study finds that many American universities are now offering machine 

learning courses to train students with the necessary skills to meet this shortage.



 

 

Introduction 

 

Machine learning is a rapidly growing field at the intersection of computer science and 

statistics and is an integral component of artificial intelligence and data science. The 

evolution of data has driven recent progress in machine learning, which has been further 

driven by the current low cost of computation. 

     Information is now the most valuable commodity in multiple fields. 

Knowledge gained via data extraction is extremely useful in today's competitive 

environment. Machine learning techniques are part of the process of knowledge 

extraction and are fundamental in the data mining process. Data mining is considered to 

be a key component in knowledge discovery (Paralič et al., 2003). The process of 

knowledge discovery is crucial for sharing obtained knowledge for effective decision-

making (Brachman et al., 1996, Fayyad et al., 1993, Han and Kamber, 2000). 

     The processing of huge amounts of data includes methods and techniques of 

data mining, and the design of prediction models. These skills are necessary for business 

analytics and data science. To master these techniques, it is necessary to have sufficient 

mathematical and statistical knowledge, as well as computing skills. This knowledge is 

essential for the skillset of a data scientist. Therefore, teaching these skillsets at 

universities as part of the data science program is essential. Previous studies have shown 

that 81% of companies with analytical talent claimed that business analytics creates a 

competitive advantage (Ransbotham, 2015). Therefore, it is important to examine 

machine learning and its influence in higher education. 

     Data science is experiencing rapid growth, urged by the rise of complex and 

rich data in science, industry, and government. The McKinsey report (McKinsey Global 

Inst., 2011) forecasted a need for hundreds of thousands of data science jobs over the 

next decade. This has led to an explosion in the number of data science programs being 

offered in academics as universities are now rushing to meet this demand. This paper 

examines initiatives that American universities have taken to implement machine 

learning as part of their data science curriculum. This paper also explores popular 

categories of courses offered by universities as part of their data science and machine 

learning curriculum. 

     The background section of this paper describes the importance of teaching 

machine learning in higher education as part of data science. The methodology used for 

the study is outlined in the research methodology section. The results section details the 

results of the study, which are then examined in the discussion section. 

Research Background 
 

Machine learning is a multidisciplinary area involving artificial intelligence, statistics, 

information theory, and psychology. The goal of machine learning is to solve real-world 

problems using models that provide good data approximations (Dhage and Raina, 2016). 

     Machine learning has progressed over the past few decades. Machine learning 

is a part of artificial intelligence that emerged as a method to develop applications such as 

computer vision, speech recognition, natural language processing, and robot control to 



 

 

name a few (Jordan and Mitchell, 2015). The influence of machine learning has also been 

seen in industries concerned with data-centric issues, such as consumer services, the 

diagnosis of faults in complex systems, and logistic chains (Jordan and Mitchell, 2015). 

     There is currently a shortage of workers with data mining skills. In 2018, the 

demand for deep analytical skills in the United States is projected to be 50% to 60% 

higher than the supply (Bucko et al., 2017). The use of machine learning methods is 

currently necessary in all fields. Machine learning skills are seen to be a competitive 

advantage for students when applying for jobs (Bucko et al., 2017). In our paper, we 

review the design of data science curriculum with a focus on machine learning 

techniques. 

     Currently, there are several machine learning methods that can be integrated 

into the study plans of universities in data science (Dhage and Raina, 2016). In terms of 

university courses, we include methods that are supported by proper software and are 

useful for industry practice. 

     While previous studies have shown that the teaching process for machine 

learning includes artificial intelligence, computer science, and information science 

(Someren, 2016), we were unable to find any papers describing the teaching process for 

machine learning curriculum in the United States. Further, we observed that most 

universities in the United States offer their machine learning courses as part of a data-

mining course, possibly because machine learning is essentially mining data (Lynch, 

2018). We detail these findings in the results section. 

     In a viewpoint given by Baker et al. (2009), data mining is categorized as 

follows: prediction (classification and regression); clustering; relationship mining 

(association rule mining, correlation mining, sequential pattern mining, and causal data 

mining); and discovery with models. 

     Further, Romero and Ventura (2007) categorize work in educational data 

mining into the following categories: statistics and visualization, and web mining, i.e., 

clustering, classification, and outlier detection; association rule mining and sequential 

pattern mining; and text mining. In this context, previous research on analysis in 

education has been performed using machine learning. Duzhin and Gustafsson (2018) 

describe a machine learning based app they created to compare clickers and traditional 

handwritten homework. It was found that clickers were more effective than traditional 

handwritten homework. 

     As seen by the above classified data mining categories, machine learning topics 

including prediction are incorporated into data mining. This is further supported by our 

results shown in the results section. 

 

Research Methodology 

 

To compare machine learning software used by various universities in the United States, 

we identified several important keywords. For example, we used the keyword ‘machine 

learning tools’ and looked at a list of the top universities in the United States that showed 

up in a Google search. As of September 2018, the keyword ‘machine learning 

certification’ generated 170,000,000 results in a Google search. 



 

 

     In the results section, we show the top machine learning software retrieved in 

our search results using the search discussed above. We also show the popular categories 

of courses offered by different universities in the United States as part of their machine 

learning course curriculum. 

 

Results 

We used the keyword ‘machine learning tools’, which generated 442,000,000 results in a 

Google search as of September 2018. We selected the top results from this search. With 

the help of the top Google search results and those from KDNuggets (2015) we created a 

table of machine learning tools frequently used by various universities (Table 1). In the 

table, we see that Weka, MATLAB, Octave, SAS, and TensorFlow are the top five tools 

used for machine learning courses at American universities. 

    Further, Figure 1 shows the results of a search for the keywords ‘software name 

machine learning course’. For example, a search for ‘Weka machine learning course’ 

generated 197,000 results as of September 2018. Similarly, we searched for other 

machine learning software in Table 1 to determine the ranking of their popularity of use 

at universities. We found that SAS is the most popularly used machine learning and data 

mining software, followed by MATLAB and then TensorFlow. 

 

 

 

 

 

Figure 1: Search results for ‘Software name_Machine Learning course’ as of 

September 2018. 
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Table 1. Data mining and machine learning tools implemented in data science 

curriculum at American universities. 

 

     Table 2 describes popular categories of courses offered by universities in the 

United States as part of their data science curriculum. We searched for ‘machine learning 

courses’ using the Google search engine and compiled a list of popular courses offered as 

part of the machine learning courses at various American universities. The range of 

Serial 

Number 

 

Name of 

Tool 

Benefit of the Tool Source for Additional Information 

1.  Weka Used in machine 

learning for data mining 

tasks. This tool was 

developed at the 

University of Waikato 

in New Zealand. 

https://www.cs.waikato.ac.nz/ml/weka/ 

2.  MATLAB Used for predictive 

maintenance, sensor 

analytics, finance, and 

communication 

electronics. 

 

https://www.mathworks.com/solutions/machine-

learning.html 

3.  Octave Used as a high-level 

language that is 

primarily intended for 

numerical 

computations. 

 

https://www.gnu.org/software/octave/about.html 

4.  SAS Supports the data-

mining and machine-

learning process with a 

visual and programming 

interface that handles all 

tasks in the analytical 

life cycle. 

 

https://www.sas.com/en_us/software/visual-

data-mining-machine-learning.html 

5.  TensorFlow An open source 

software library for high 

performance numerical 

computation that was 

originally developed by 

researchers and 

engineers from the 

Google Brain team 

within Google’s AI 

organization. 

https://www.tensorflow.org/ 

https://www.mathworks.com/solutions/machine-learning.html
https://www.mathworks.com/solutions/machine-learning.html
https://www.gnu.org/software/octave/about.html
https://www.sas.com/en_us/software/visual-data-mining-machine-learning.html
https://www.sas.com/en_us/software/visual-data-mining-machine-learning.html


 

 

courses listed in Table 2 are offered by several universities in the United States, such as 

Columbia University, Harvard, University of Arizona, University of Texas at Austin, 

Stanford University, and Northwestern University. Table 2 shows that the common 

courses offered for data mining and machine learning by universities are courses in R, 

data mining for business, decision analytics, and data warehousing. Note that few 

universities offered machine learning courses with course titles such as ‘Machine 

Learning for Big Data’. 

 

Table 2. Common data science courses taught at various universities in the United 

States. 

Serial 

number 

Course Name Brief Course description 

1.  Core Statistics Using R The structure of this course includes 

statistical analyses such as logistic 

regression performed in the R language. 

 

2.  Data Mining for Business This course includes an introduction to data 

mining algorithms such as neural networks, 

decision trees, discriminant analysis, and 

association analyses to extract hidden 

information in data. 

 

3.  Decision Analytics This course includes an overview of models 

available to analyze decision problems for 

finance, marketing, and operations. 

4.  Data Warehousing This includes course data used to support 

managerial decisions, developing data 

warehouses, which includes ETL 

(extraction, transformation, and loading), 

and dimensional modeling. 

 

Discussion 

 

The field of machine learning is still rapidly expanding. Practical applications have 

driven the invention of new formalizations of machine learning problems (Jordan and 

Mitchell, 2015). The adoption of machine learning methods can be found in science, 

technology, and commerce, including health care, manufacturing, education, finance, and 

marketing. Table 3 lists popular machine learning applications in healthcare, 

manufacturing, and finance. 

  



 

 

 

 

Table 3. Applications of machine learning. 
Serial No. Industry Applications 

1 Healthcare  Diagnoses in medical imaging 

 Drug discovery 

2 Finance   Portfolio management 

 Algorithmic trading 

 Fraud detection 

3 Manufacturing  Optimizing semiconductor devices 

 Quality control 

 Perfecting the supply chain 

 
    

  Computer-aided detection and diagnoses performed using machine learning 

algorithms can assist physicians to interpret medical-imaging findings (Schoepf and 

Costello, 2004). Machine learning is also used in drug discovery (Wale, 2010). Further, 

machine learning has benefited the field of finance, as analysts have used advanced 

mathematical and statistical models to determine the relationships between the future 

values of a stock price and its fundamental quantities (Nuti et al., 2011). 

 

Conclusion 

Undoubtedly, big data and analytics have become a popular topic of discussion (IBM, 

2015). The demand for skilled workers in big data is growing as the amount of data is 

rapidly increasing. In 2011, McKinsey (2011) estimated that there would be a need for 

several scientists with deep analytic skills, to support better decision-making. A growing 

number of students obtaining a Masters degree in analytics program will address the gap 

for these analytic skills. 

Data scientists employ mathematical models. This necessitates that data scientists 

have a strong foundation in mathematics in addition to having an understanding of basic 

statistical theory (Veaux et al., 2017). The recent growth of statistics programs is 

impressive. While still small in absolute numbers, such programs nearly doubled between 

2010 and 2013 (Wasserstein, 2015). Data science graduates should also be skillful in 

various software skills. Data science offers the opportunity to integrate both 

computational and statistical courses to solve problems rather than emphasizing one over 

the other (Veaux et al., 2017). 

     As more universities move toward developing programs in analytics, there are 

different perspectives of how to best prepare students to meet the industry demand for 

data analysts/scientists with advanced skills: some offer analytics certificates or 

specializations in an MBA program, while others are opting for an MS degree in 

analytics (Gupta et al., 2015). 

https://amstat.tandfonline.com/doi/full/10.1080/00031305.2015.1094283


 

 

     From the results section, we can conclude that universities in the United States 

are beginning to explore programs in data science and machine learning and beginning to 

implement data analytics and machine learning tools that are frequently used in industry.  
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