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Abstract - Laboratory courses can be difficult to fit into 

an engineering program at a liberal arts-focused 

university, which requires students to be exposed to 

appropriate breadth, as well as sufficient depth in their 

engineering education.  One possible solution to this 

issue is to integrate laboratory exercises with lecture in a 

‘studio’ format.  In this format, students apply lecture 

concepts directly to in-class programming assignments.  

Another possible solution is to give students ‘take-home’ 

laboratory assignments.  Both of these methods have 

shortcomings: the studio format takes away valuable 

lecture time, and the take-home format provides limited 

access to the instructor.  As such, this work presents a 

mixed learning method that includes lectures and 

laboratory work in both the studio and take-home 

formats.  Students learn skills during lecture in studio 

laboratory exercises, and apply these skills to two in-

depth take-home projects.  Students likely refine their 

applied skills during projects, thereby improving their 

studio lab performance.  In order to assess the student’s 

developed skills, project results are delivered as 

technical reports formatted to comply with IEEE 

standards, which are submitted for blind review to 

several faculty members.  Reviewers employ a 

prescriptive rubric to rate papers as accept/revise/reject 

and provide associated comments.  To assess the success 

of this mixed learning method, the results of the first 

project will be compared to the second project, and it is 

expected that blind review paper scores will improve for 

the second take-home project. 

 

Index Terms – Blind review, Mixed Learning, Studio Labs, 

Take-home projects 

INTRODUCTION 

Conceptions of learning engineering are dependent on the 

learning environment, with students identifying lecture as an 

environment of testing and calculation while the laboratory 

environment is associated with applying and understanding 

[1].  Lecture is the most common format of educational 

delivery, but most engineering students also require 

knowledge that comes only as a result of hands-on 

experiential learning [2,3].  As a result, laboratory 

experiences are vital in undergraduate engineering curricula, 

especially in sophomore and junior level engineering 

courses, as they prepare engineering students for 

internships, research experiences, and their senior design 

project.  However, laboratory courses can be difficult to fit 

into an engineering program at liberal arts-focused 

university, which requires students to be exposed to 

appropriate breadth, as well as sufficient depth in their 

engineering education.  Auxiliary to this fact, 

undergraduate-focused universities require faculty members 

to teach, limiting the availability of instructors for 

laboratory courses.  As such, many sophomore and junior 

level engineering courses in liberal arts-based universities 

lack a large number of laboratory experiences. 

Two reasonable solutions to this dilemma exist, to 

integrate laboratory exercises with lecture in a ‘studio’ 

format, or to give students ‘take-home’ laboratory 

experiments or projects.  The studio format requires students 

to apply lecture concepts directly to in-class programming 

assignments on their personal computers [4].  This format 

has the undesirable side effect of reducing the amount of 

lecture time available when implemented in a non-lab 

course.  The take-home format involves assigning lab 

projects for students to complete on their own outside of 

class [5].  Although this format does not detract from lecture 

time, there is limited access to the instructor and detracts 

from the desired laboratory environment. 

As there are shortcomings associated with both of these 

methods, this work presents a new method, which combines 

the positive aspects of each approach.  This mixed learning 

atmosphere includes lectures and laboratory work in both 

the studio and take-home formats.  Students are given in-

class laboratory exercises during eight lecture periods, as 

well as extensive take home research projects.  In-class 

exercises are implemented using simulation software 

available to students through a cloud based virtual desktop 

service.  In addition to the in-class labs, students are given 

two group-based research projects in which they explore 

research problems requiring the use of these same concepts.   

The course chosen to test this method is an introductory 

junior level course in digital signal processing (DSP).  This 

course was chosen because previous work has shown that 

hands-on experiences in DSP courses can increase student’s 

desire to learn [6].  In addition, DSP laboratories are 

typically software based, making this course is a good 

choice for testing this approach because simulation software 

is available to students everywhere with an Internet 
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connection through the cloud based virtual desktop service.  

This work details the mixed learning approach and the 

assessment tools that will be used to evaluate the success of 

this approach, which is currently being implemented. 

MIXED LEARNING APPROACH 

The mixed learning approach to DSP laboratory experiences 

presented in this work can be split into parts, consisting of 

independent student work in an in-class studio format, as 

well as group work in the take-home project format.  The 

foundation of the mixed learning approach is that students 

are able to develop a deep understanding of skills through 

an iterative process of learning, applying, and refining.  The 

mixed learning process can be visualized by the flow chart 

in Figure 1.  The process starts with skills being introduced 

to students through in-class studio labs.  The skills that 

students develop independently in these studio labs are then 

applied to collaborative take-home projects, where they are 

further refined.  The refined skills can be applied back to 

studio lab assignments, resulting in students being able to 

learn more complex skills.  Ideally, this process repeats until 

students approach high proficiency in necessary skills. 
  

 
FIGURE 1 

MIXED LEARNING LAB PROCESS 

 

The course contains studio labs that are designed to 

cover some of the most essential DSP concepts that show 

students hands-on applications of signal processing while 

reinforcing theory learned in the lecture component of the 

course.  The number of labs is constrained to eight, as 

implementing labs in this way reduces the number of 

lectures that can be offered to cover theoretical material.  

This is less than a typical laboratory course, which typically 

involves 13-14 lab experiments.  Because of the limited 

number of studio labs, take-home lab projects are a 

necessity.  A detailed breakdown of the studio labs material 

is shown in Table 1.  A number of topics were identified as 

essential based on reported work in other DSP courses [6,7]. 

The identified essential topics include: 

 

 Sampling, convolution, and difference equation 

representation 

 Audio processing basics 

 Fast Fourier Transform implementation 

 Filter design 

 Point and area image processing 

 Blob and edge detection 

 

These labs are implemented in lecture, following the 

conclusion of the theoretical background necessary for each 

topic.  This allows for continuity between the absorbed 

knowledge and applied knowledge, and ensures that 

students have the theoretical background fresh in their 

minds while developing hands-on skills. Students bring their 

laptops to class for the studio style labs and have access to 

simulation software through a cloud based virtual desktop 

service, supported by the university.  There are a number of 

benefits to students having laptops in class [8], and the 

cloud based virtual desktop service provides students access 

to laboratory materials anywhere they have a high-speed 

Internet connection, and allows students with a variety of 

operating systems and devices to run engineering software.  

It is also notable that these studio labs could be delivered 

remotely via the Internet due to the accessibility of software. 

 
TABLE I 

STUDIO LAB EXPERIMENTS 

Studio Lab Title of Lab 

DSP Lab 1 Discrete Signals and Systems 
DSP Lab 2 Audio Processing 

DSP Lab 3 Fast Fourier Transform 

DSP Lab 4 Filter Design 

DSP Lab 5 Point/Area Image Processing 

DSP Lab 6 Equalization & Watermarking 
DSP Lab 7 Blob Detection 

DSP Lab 8 Edge Detection 

 

The studio laboratory experiments are augmented by 

two large research projects that require students to further 

refine skills learned in studio labs.  The first project requires 

students to apply signal manipulation skills learned in the 

first four studio labs to the development of a novel 

reverberation algorithm for audio signals.  Students may 

explore a number of topics including filtering methods and 

addition of modulation to algorithms. The second project 

requires students to apply image processing techniques 

developed in the last four studio labs to a computer vision 

application.  In this project, students either develop a unique 

method or apply existing methods to a novel application.  

For these projects, students are split into 

interdisciplinary groups of two or three students each.  Each 

project begins with a proposal phase, in which students 

propose a topic for study in the form of an abstract.  The 

instructor is responsible for guiding the students in their 

research by approving or revising the abstract and providing 

constructive feedback meetings with each group.  The main 

deliverable for each project is a technical report, written in 

IEEE standard format, which details the theory and methods 

used in the project.   In addition to the required technical 

report, students are responsible for submitting any code 

written for the project, in order to verify the skills that the 
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students have applied and confirm that students have 

prepared unique assets. 

ASSESSMENT 

To assess the effectiveness of this method, a direct 

assessment tool is used.  Although surveys can be used as an 

indirect measure of the method, the student’s perceived 

knowledge is often different than actual performance [9].   

As a direct method of assessment, student project 

technical papers are submitted to several faculty members 

for blind review.  These faculty members rate student ability 

using a prescriptive rubric, shown in Table 2.  A total 

overall score between 9 and 12 yields a decision of accept, 

scores between 6 and 9 returns a decision of revise, and 

scores less than 6 result in a decision of reject.  Given these 

guidelines, participating faculty members will return 

comments and a decision for students.  The comments 

associated with the review are invaluable in providing 

students a feedback measure of their skills.  

To determine if this method was successful, rubric 

scores from the first project may be compared with scores 

from the second project.  It is likely that students will show 

improvement in performance the second project for two 

reasons: feedback from the first project and further refined 

skills developed by using the mixed-learning method. 

 
TABLE 2 

PRESCRIPTIVE RUBRIC FOR ASSESSMENT 

 Excellent (2) Adequate (1) Weak (0) 

Format Paper follows 

the IEEE 

format and is 
easy to read 

Minor 

formatting or 

structure issues 

Major formatting 

or structure 

issues 

Writing The writing is 

clear and 
mostly free 

from 

grammatical 
mistakes 

Minor grammar 

mistakes, 
unclear 

presentation 

Major grammar 

mistakes, unclear 
presentation 

Knowledge Clear 

knowledge of 

theory 

Some 

knowledge of 

theory 

Poor knowledge 

of theory 

Application Results 

displaying high 

proficiency in 
applied skills 

Results 

displaying 

some 
proficiency in 

applied skills 

Results 

displaying poor 

proficiency in 
applied skills 

Justification Clear 
justification of 

methods used 

Some 
justification of 

methods used 

Poor justification 
of methods used 

Originality Novel concept 

or application 

Somewhat 

novel concept 
or application 

Unoriginal 

concept or 
application 

 

In addition to the blind review assessment method, 

students are encouraged to submit their papers to the IEEE 

Region 1 Student Conference Paper Competition.  The 

scores received in this competition will provide further 

measures of student ability.  Students are also encouraged to 

submit their abstracts for posters at an ASEE Section 

Conference.  The acceptance rate of these abstracts will also 

provide useful information about the success of this method. 

CONCLUSIONS 

The mixed learning method presented in this work is 

currently being implemented in a junior year DSP course.  

While the results of assessment are forthcoming, informal 

student response has been positive.  In addition, developing 

these laboratory experiences has proved interesting and 

invigorating, as it helps to keep the instruction relevant and 

practical.  There are a number of benefits to mixed learning 

laboratories for sophomore and junior level students.  This 

method can provide an integration of lab experiences into 

non-lab courses and can provide hands-on experience that 

would be otherwise missing.  In addition, providing these 

experiences during the middle years of the curriculum 

allows for students to discover research opportunities and 

grow in their ability to contribute scholarly work [10].  A 

follow up paper will report the results of this approach at the 

conclusion of this experiment. 
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