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Abstract— This innovative practice work in progress paper 
presents our pilot experiment of teaching machine learning to 
first-year multidisciplinary undergraduate engineering students 
using an authentic and active learning tool, which consists of a 
public Google site repository and a course project. The 
preliminary evaluation we conducted by pre-post survey shows 
user experiences and effectiveness of this teaching/learning tool. 
Analysis of the evaluation results will be used to guide us for 
further development of the tool. 
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I. INTRODUCTION AND MOTIVATION 

Recently, machine learning has attracted phenomenon 
attention and found many applications in every sector of our 
society, from data mining to automation, entertainment to the 
medical field, business to engineering [1-5]. Machine learning 
technology is enabling a paradigm shift in problem-solving 
from analytical to powerful data-driven approach, through 
computer programs that learn models from training data and 
predict results from new data. It is quickly becoming the 
essential modern engineering tool driven by the explosively 
increasing amount of data and high performance computing 
power available in various industries. Generally speaking, 
machine learning The rapid growth of machine learning 
technology and application resulted in a dearth of qualified 
engineers, who are able to develop and optimize machine 
learning tools to solve real-world problems. It has been well 
recognized that higher education in this field provides 
multitude opportunities to engage student interests, broaden 
student visions, increase student global competitiveness for all 
STEM students. 

Universities have been putting efforts into developing and 
promoting relevant curriculum [6,7]. In the newest revision of 
ACM/IEEE-Computer Society’s curriculum guidelines 
(CS2013), a much greater emphasis has been placed on 
machine learning than in the past [6]. However, most of these 
efforts are made either within the computer science/computer 
engineering programs or into an emerging new data science 
program, which is usually a joint force between computer 
science and mathematics. There is little effort being made in 
other traditional engineering disciplines such as mechanical 
engineering, civil engineering, and even electrical engineering, 
especially at the undergraduate level. 

Although it is possible for undergraduate engineering 
students to take machine learning courses offered in computer 
science or data science program as electives, it is very 
challenging for them due to several reasons.  First, machine 
learning is built upon a variety of theoretical background, 
including advanced math, linear algebra, statistics, and 
probabilities. Engineering students usually do not have all the 
prerequisites until toward the end of their academic program. 
In fact, machine learning courses are mostly taken by graduate 
engineering students.  Second, it requires high computing and 
programming proficiency, which is usually lacking in the 
traditional engineering disciplines. Third, it is very hard to 
squeeze additional courses from other disciplines into their 
already fully packed curriculum. As a result, it is usually 
perceived by students as a very difficult subject and remains a 
foreign topic for those who do not take it as elective. For those 
who do, they usually will not have enough training and 
experience required by the industry workforce upon their 
graduation. 

In this project, the authors systematically design, 
implement and evaluate innovative ways to integrate machine 
learning into multidisciplinary undergraduate engineering 
curriculum, using modern cyber-learning tools and resources, 
through effective engineering pedagogical approaches. As an 
initial step, we are introducing machine learning to first-year 
multidisciplinary engineering students taking a required 
algorithm and application course through an active and 
authentic learning labware. The main learning objective we 
want to achieve through this labware is to recognize the 
importance of machine learning as a data-driven approach to 
solving real-world problems, and consequently, attract 
students’ interests in learning this important tool, change 
students’ perception of its difficulty, motivate students to build 
up background and skills needed, and encourage them to dive 
deeper into this rapidly developing field throughout their 
undergraduate engineering program. 

The following of the paper is organized as follows. Related 
education research that inspired our work will be briefly 
reviewed in Section 2. We will describe the details of our 
designed learning labware in Section 3. Section 4 presents our 
evaluation method and preliminary evaluation results. Section 
5 concludes the current work and outlines our future plan. 
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II. RELATED WORK 

In order to teach advanced machine learning techniques to 
freshman engineering students, it is crucial to employ effective 
pedagogy. In [8], the authors summarized different learning 
and teaching styles and pointed out that most engineering 
students are visual, sensing, inductive, and active learners. 
Therefore, active learning pedagogy is more effective than 
traditional lecture-based passive pedagogy. Other researchers 
have also demonstrated benefits of active learning in STEM 
educations [9,10]. Moreover, educational research has 
demonstrated that authentic learning, which involves real-
world problems, open-ended thinking, collaborative learning, 
and self-directed learning, is stimulating and beneficial to all 
types of learners in engineering education [11,12].  

Inspired by these research results, we combined active 
learning and authentic learning into an integrative learning tool 
to introduce machine learning to freshman engineering 
students.  We call it a labware since it is analogous to the 
engineering instructional laboratory, which has been the most 
critical active learning component in engineering education 
[13]. However, it does not have the physical location and time 
slot limitations as traditional lab activities. It is a web-
supported and mobile-enabled cyber-learning tool, which 
allows students to learn anywhere, anytime, inside and outside 
the classroom. This labware developed in our project will be 
made open source and open access to the public, such that it 
can be shared among the engineering education community 
and easily adopted by other institutions. We would also like to 
invite contributions from other institutions to improve the tool 
to foster learning process and improve the learning experience.     

III. AUTHENTIC AND ACTIVE LABWARE DESIGN  

The prototype of our active and authentic learning labware 
has two components: A public Google Site repository, which is 
powered by Google Cloud technology and platform, and a final 
project associated with this website in a MATLAB based 
programming course. This course is required for all first-year 
undergraduate engineering students. A small portion of 
students from other disciplines, such as sciences and business, 
also take the class to learn practical programming.  Thus, it 
provides a multidisciplinary learning environment that 
facilitates authentic learning through real-world applications in 
different disciplines.  

Fig. 1 shows a screenshot of one page of the Google Site 
and its three main sections, including fundamental concepts of 
machine learning, modules of different machine learning 
algorithms, and real-world applications.The first section serves 
as preliminary material, where the big picture of machine 
learning is painted through a question-and-answer format. Its 
main purpose is to inspire students’ interest and motivation to 
learn more about machine learning. The second section serves 
as instructional lab activities, with basic theories, including 
mathematical tools and algorithm development, followed by 
step-by-step instructions and hands-on activities with some 
simple examples.  The third section provides real-world 
applications with real-world data. Students go through the 
entire process of an open-ended design laboratory experiment, 

 Fig. 1  Screenshot of the Google Site of the Labware Repository 
 

during which a real-world problem is formulated, the initial 
solution is designed, tested, and evaluated, followed by 
improvement of design if necessary.  

Currently, we have implemented two modules in the 
second section:  a linear regression module and a neural 
network module. In each module, we first introduced the basic 
theory, followed by two simple examples, which demonstrated 
the step-by-step development of a machine learning solution. 
Sample MATLAB code for each step is provided in a separate 
page.  

In the real-world application section, there is currently 
only one problem provided. It is a housing price prediction 
problem. A real estate dataset consisting of around 10,000 
houses in the current Southern California housing market is 
provided in a spreadsheet. Each house has feature data, such as 
square feet, lot size, year built, number of bedrooms, number 
of bathrooms,  zip code, and its selling price.  

In the final project, the students are required to read and 
learn from the Google Site, go through the modules and 
examples, and to build a housing price prediction model using 
machine learning approach. Students need to use their 
knowledge and techniques learned from the website to partition 
the data, choose a model, train the model using training data, 
and evaluate the trained model with validation/testing data. It is 
an open-ended problem, different models, different parameter 
settings, and different data processing methods can be explored 
when solving the problem. 

When solving this problem, authentic learning is involved 
during the data preprocessing stage. Compared to the 
examples, where data are generated from a certain 
mathematical model with randomization, this real-world 
problem has real-world data that is noisy and biased with large 
variations. Therefore, it needs to be cleaned up and normalized 
before used as input to the model. Otherwise, the training may 
not converge.  

Students work in groups in the project to promote 
collaborative learning. Each group has 2 or 3 students. Group 
discussions, group activities, progress, and each group 
member’s responsibility are required to be documented in a 



group discussion page. The machine learning topics are not 
covered in class. Students are self-learning all the materials, 
modules, and examples at their own pace outside of the 
classroom, and are given four weeks to finish the project. 

IV. PRELIMINARY EVALUATION 
The prototype of the labware has been tested by three 

sections of students enrolled in the introduction to algorithms 
and MATLAB programming course. Most of them are first-
year engineering students. Few of them had experiences in 
MATLAB programming before taking the course.  

A.  Evaluation method 
We evaluate the effectiveness of this labware in achieving 

the learning objectives as mentioned in Section 1 using a pre-
post survey approach. The pre-survey was taken by the 
students right before the labware was published to the students. 
The post-survey is taken by the same group of students upon 
their completion of the project associated with the labware. We 
use the same sets of questionnaires in both surveys in order to 
measure the difference caused by the labware intervention. The 
evaluation is formative in the sense that the results are used to 
enhance the tool in the future.  

A copy of the survey is shown in Fig. 2. There are 11 
questions in total. Except for the first and last short-answer 
questions, all other questions require students to choose a 
rating between 5 and 1, where 5 means strongly agree, and 1 
means strongly disagree. The last question is designed to 
evaluate the user experience of learning from the labware, and 
will be used to improve the labware in the future. 

 

 
Fig. 2 The Survey (both Pre-Project and Post-Project)  

B. Evaluation result 
Our pre-survey showed some interesting results. For 

example, around 70% of students showed strong interests in 
learning machine learning. However, only one-third of students 
had prior knowledge of machine learning applications in their 
discipline, and another one-third of students did not have any 
idea. Comparing students from different engineering 
disciplines, we found that there is a higher percentage of 
students in civil engineering than other engineering majors 
who have less interest and less knowledge in machine learning. 
Across all disciplines, most (about 90%) students prefer 
authentic learning through solving real-world problems. 
Moreover, most (about 90%) students like to take academic 
challenges.      

Through further analysis of the data, we discovered that 
there is a strong correlation between the student’s interests in 
learning machine learning and their knowledge of machine 
learning applications in their own discipline. Therefore, we 
have assigned a new task in the final project, requiring students 
to research on the recent development of machine learning 
applications in their own discipline. This helps provide us with 
ideas in developing more modules and applications to improve 
the labware.   

The statistical results of the rating scores for each of the 
rating questions are compared between pre-survey and post-
survey in Table 1.  

Table 1 Statistical Results of Pre and Post-Project Surveys 

Quest-
ion #

Mean Standard Deviation 
Pre-project Post-project Change Pre-project Post-project Change

2 3.83 4.33 0.50 1.09 
 

0.91 -0.18 

3 2.92 3.83 0.91 1.20 0.99 -0.21 

4 3.82 4.06 0.24 1.18 
 

1.00 -0.18 

5 3.79 4.11 0.32 0.95 0.76 -0.19 

6 3.72 4.11 0.39 1.04 1.18 0.14 

7 3.07 3.44 0.37 1.19 
 

1.20 0.01 

8 4.13 4.28 0.15 0.92 0.89 -0.03 

9 3.96 3.95 -0.01 0.88 1.05 0.17 

10 4.17 4.23 0.06 0.80 
 

0.73 -0.07 

 

From Table 1, we can see that for most of the questions, 
the mean rating has increased after the project, except for 
Question 9, which asks students to rate their own proficiency in 
math and data analysis. The most significant increase of the 
mean rating is for Question 3, indicating that students think 
they have gained some knowledge on how to apply machine 
learning in their discipline. The second most significant 
increase of the mean rating is for Question 2, indicating that 
students have better recognized the importance and usefulness 
of machine learning in their discipline. From the results of 
Question 5, students think that machine learning is more 
difficult after the project than they thought before the project. 
Nonetheless, they are more interested in learning machine 
learning (Question 4) and more willing to take academic 



challenges (Question 10).  In terms of learning methods 
(Questions 6, 7, and 8), students prefer learning from real-
world problems consistently (pre-project and post-project).  
After the project, they appreciate lectures on difficult materials 
more than before the project, while on the other hand, they are 
embracing self-learning from online materials more than before  
the project. The slight decrease in students’ self-assessment of 
their own proficiency in math and data analysis as shown in the 
results of Question 9 might be associated with the increased 
difficulty of machine learning students have perceived after the 
hands-on project. However, the increase in its standard 
deviation indicates possibly higher uncertainty of the mean 
result. Question 6 has a similar increase in standard deviation, 
thus higher uncertainty in the mean. For all other questions, we 
observe decrease or insignificant increase in the standard 
deviation, indicating higher confidence in the statistical results.  

From the above statistical analysis, we can assess the 
learning objectives as mentioned in Section I. Through the 
learning labware based project, students have better recognized 
the importance of machine learning as a data-driven approach 
in solving real-world problems. It has increased students’ 
interests in learning this important tool, changed students’ 
perception of difficulty, and motivated students to take more 
academic challenges in math and data analysis. The most 
surprising results we found is the increase in students 
perception of difficulty because we had expected a decrease 
instead. However, this increased difficulty perception has not 
prevented students from being more interested and motivated 
to learn.  

Most feedbacks from students (Question 11) were positive 
and encouraging. Many students commented that they have 
realized the importance and usefulness of machine learning and 
more general programming and coding skills in their own 
discipline. “This realization has opened a world of possibility 
in real-world applications”. Students view the introduction to 
machine learning as “opening the door to the intricacies of the 
modern technology”. Some expressed their plans for advancing 
their study in this field in the future. Most students commented 
that the set up of this labware makes learning more effective 
than traditional lectures and homework assignments.  

From students’ feedback, we also found some limitations 
of this learning tool. Many students commented that they had 
difficulties in understanding difficult part of the material, 
especially the materials about neural networks. Since the 
Neural Netowrk toolbox in MATLAB is based on object-
oriented programming (OOP) concept, which was not covered 
in the traditional offering of this programming course, students 
are having hard time to understand the net class and its 
attributes and methods, even though the link to the 
documentation resources from Mathworks are provided. We 
plan to cover OOP concept in lectures in the future offering of 
the course. Some students suggested adding more real-world 
data and problems from a scientific field to solve.   

V. CONCLUSION AND FUTURE WORK 

A prototype of authentic and active learning labware has 
been designed and pilot implementation has been conducted to 
expose machine learning to students in a first-year engineering 
algorithm and programming course. We are continuing to 
design more modules and real-world problems to improve the 
labware based on students survey results and feedbacks.  Upon 
completion of the project, the labware will cover both basic 
and advanced machine learning topics, including some new 
modules in deep learning. Therefore, it can be used as an 
integrated and sequential lab material for multiple classes 
across multiple engineering curriculum. We highly expect to 
increase undergraduate engineering students’ proficiency in 
modern engineering tools and improve their learning 
experiences.  
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