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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 which students apply lecture concepts directly to in-class assign-

ments. 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, implemented in a 

junior level signal processing course. Students learn skills during lecture in studio laboratory exercises, 

and apply these skills to two in-depth take-home projects. Students refine their applied skills during 

projects, thereby informing a better studio lab experience. In order to assess the student’s developed 

skills, project results are delivered as research papers formatted to comply with IEEE standards, which 

are submitted for blind review to several faculty members, as well as their peers. 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 overall ratings for the research papers from the first 

project will be compared to the second project, accounting for project complexity. The chief contri-

bution of this work is the presentation of a method for providing laboratory instruction in a mid-year 

DSP course, demonstrating that this method may be adapted for other courses at similar institutions.
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INTRODUCTION

Conceptions of learning engineering are dependent on the learning environment, with students 

identifying lecture as an atmosphere of testing and calculation while the laboratory setting is as-

sociated with applying and understanding (Lin, 2009). 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 (Feisel, 2005; Abdulwahed, 2009). 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 experi-

ences, 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 non-engineering 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. Owing to this resource limitation, many sophomore and junior level engineering courses in 

liberal arts-focused universities lack a large number of laboratory experiences. In addition, credit limits 

and accreditation standards may impose a limit to the number of scheduled laboratory experiences 

at many universities, making alternatives to the traditional scheduled laboratory period attractive.

Two reasonable solutions to this dilemma are 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 (Whitmal, 2002). Implementing labs in this way allows students to 

learn engineering skills that practicing engineers are expected to know, with one-on-one access to 

the instructor. This format has the undesirable side effect of reducing the amount of lecture time 

available when implemented in a non-lab course. In addition, these types of labs lack time for ap-

propriate reflection, and are designed as simply instructional without any research or development 

components. On the other hand, the take-home format involves assigning lab projects for students 

to complete on their own outside of class (Jouaneh, 2009). This category of laboratory experience 

allows time for proper reflection, and helps students transition from instructional laboratories to a 

development and research opportunity, such as they would experience in the engineering profes-

sion (Feisel, 2005). Although this format does not detract from lecture time, there is limited access 

to the instructor and detracts from the desired laboratory environment. Furthermore, this method 

requires extensive out-of-class tutorials, whose completion is difficult to police.

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 
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includes lectures and laboratory work in both the studio and take-home formats. Students were given 

in-class laboratory exercises during eight lecture periods, as well as extensive take-home research 

projects, which were intended to mimic the feeling of independent research by the students. In-class 

exercises were implemented using simulation software available to students through a cloud-based 

virtual desktop service. In addition to the in-class labs, students were given two group-based re-

search projects in which they explored 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 pro-

cessing (DSP). This course was chosen because previous work has shown that hands-on experiences 

in DSP courses can increase students’ desire to learn (Adams, 2004). 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 connection through the 

cloud-based virtual desktop service. This work details the mixed learning approach and the assess-

ment methods used to analyze the success of this approach. It is expected that this process will allow 

students to gain laboratory experience leading to the ability to complete more complex problems.

The focus of this work is to describe a method for implementing laboratory experiences in a mid-

year signal processing course, based on the Kolb cycle of experiential learning (Kolb 1984). This 

method may help signal processing educators implement experiential learning in their courses, and 

may be extended to other engineering courses.

LITERATURE REVIEW

In their review of the role of the laboratory in postsecondary education, Feisel and Rosa (2005) 

point out that the importance of laboratory-based learning has changed over time. They report that 

engineering programs in the early 19th century exposed students to both theory and practice. Then, 

in the mid-19th century, the focus turned largely to laboratory instruction, and this largely remained 

standard practice until the mid-20th century, when focus turned to educating engineers more in lec-

ture halls than in laboratories or machine shops. Grayson (1993) explains that in the United States, 

this evolution of engineering education, can be understood in the context of the changing needs of 

the society from a newly founded pragmatic country, to one focused on westward expansion, to one 

focused more on the application of new science to solving problems. Today the importance of the 

laboratory as well as other hands-on design-centered activities has increased. Seeley (1999) points 

out that this is in recognition of the fact that many engineering students were completing engineering 

degrees without sufficient exposure to design and other hands-on experiences. As a result, engineering 

programs are grappling with how to fit laboratory components into an already crowded curriculum. 
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As mentioned previously, Lin and Tsai (2009) state that the learning that occurs in a laboratory 

setting can be considered to be at a higher level than in a lecture: students associate lectures with 

testing, calculating and practicing, while they feel that the laboratory gives them a chance to develop 

a deeper understanding of the relevant phenomena they need to learn to be effective engineers. One 

potential reason for a student’s deeper learning is their active engagement with the material in the 

lab. Another, as Lin and Tsai point out, is subtler: students see laboratory instructors as “supportive 

tutors” rather than a person who is “simply a lecturer.” With this being said, one might expect that 

students would want their education to focus on laboratories, but Lin and Tsai found that this was 

not the case – instead students generally prefer a mix of the two. 

In work published the same year as Lin and Tsai, Abdulwahed and Nagy (2009), argued that the 

traditional implementation of labs in engineering education (specifically in chemical engineering, 

which was their focus) was not effective. So, even if students prefer the mix, as argued by Lin and 

Tsai, the laboratory portion could be improved. Their comprehensive quantitative analysis was in 

the context of Kolb’s experiential learning cycle model, applied to the traditional laboratory. They 

define the traditional laboratory as a 3-hour meeting during which students accomplish an instructor-

defined set of tasks. In the language of the Kolb theory, the traditional laboratory is mainly ineffec-

tive because as implemented they do not require the student to sufficiently explore the prehension 

dimension of the learning cycle, which is to say: only reading the lab manual before doing the lab, 

does not set the stage for effective learning during and after lab. Abdulwahed and Nagy found that 

if the lab manual is supplemented by a “virtual pre-lab” the deficit in prehension is made up. They 

also suggest that the traditional 3-hour lab does not allow student sufficient time to reflect on the 

learning process (another dimension of the Kolb theory).

There is a rich tradition of the incorporation of laboratory and hands-on components to DSP 

courses; see for example (McClellan 1998, Spanias 2005, Cameron 2014, and Mousa 2011). Among 

the varied topics in the engineering curriculum, DSP is uniquely suited to offer laboratory experi-

ences that are outside of the traditional teaching laboratory. The main reason being that useful lab 

exercises can be designed so that they are computer-based, and not dependent on lab equipment 

that is not portable. Furthermore, as Adams and Mossayebi (2004) describe, students can actu-

ally complete and extract valuable learning from some lab exercises in DSP without a complete 

knowledge of the material. They report that a number of DSP-related experiments were developed 

for a junior-level laboratory course, which students take before the DSP course at their institution. 

In another example of how laboratory experiences can be incorporated into coursework, Whitmal 

(2002) describes the use of a “studio” format of laboratory instruction in which class time is used 

for group-based laboratory experiences. Finally, although more specifically geared to mechanical 

instrumentation labs, Jouaneh and Palm (2009), describe how students can perform “take-home” 
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labs, outside of class. In their paper, they describe the development of a carefully-designed hard-

ware platform that the students use to complete the labs, something that would not be needed for 

a DSP-related lab, suggesting that it would be even easier to implement for DSP courses.

MIXED LEARNING PROCESS

As motivated by the literature review, there is a need for further research into the delivery and 

structure of laboratory material. In addition, as laboratory experiences are so vital for engineering 

students, it is important to accommodate labs into non-laboratory courses. There are a number of 

alternatives for the delivery of laboratory experiences that exist in literature and practice. A non-

exhaustive list includes:

1. Scheduled laboratory periods

2. Holding out-of-class laboratory experiences, either during lecture or outside of scheduled 

lecture time (not a scheduled laboratory period)

3. Telecommunicated labs (Ogot, 2003)

4. “Living with the Lab” (Hall, 2008; Moller, 2015)

5. In class studio labs (Whitmal, 2002)

6. Large take-home projects (Jouaneh, 2009)

Each of these solutions comes with a unique set of advantages and disadvantages. As outlined 

earlier, scheduled laboratory periods may not be possible due to credit limitations, instructor 

loading, or facility availability. The other alternatives accommodate for this fact by not requiring a 

scheduled lab period. 

Out-of-class laboratory experiences can be difficult to employ if students lack access to equipment 

or software needed for the laboratory experience. This is not the case for this particular implementa-

tion of laboratory exercises for a signal processing course, as the students have access to MATLAB 

and Simulink through a cloud-based virtual desktop service. While telecommunicated labs are an 

option, even in a residential university, they are not consistent with the nature the engineering pro-

gram in question, which places a high value on face-to-face meetings between faculty and students.

Another method of delivering laboratory experiences is “Living with the Lab”, as implemented at 

Louisiana Tech University. In this method, students own their own tools, devices, and programmable 

controller, so they are able to implement labs at home, on their own time. While this is interesting, having 

students purchase the software needed for DSP is not needed in this case, as students have access to 

a cloud based virtual desktop service, which allows them to use MATLAB. However, some of the same 

principles can be applied to this course, allowing students to work on laboratory experiences at home.
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The two remaining solutions are to incorporate laboratory exercises with lecture in a ‘studio’ 

format, or to give students ‘take-home’ laboratory experiments or projects. The studio format re-

quires students to apply lecture concepts directly to in-class software based exercises (Whitmal, 

2002). This method allows for students to learn engineering software applications of theoretical 

information with easy access to the instructor. This does take away from lecture time, and lacks time 

for student reflection. The take-home format involves assigning projects for students to complete 

outside of class, either alone or in a group (Jouaneh, 2009). This category of laboratory experience 

allows time for student reflection, but does not allow easy access to the instructor.

As a result, some combination of the laboratory instruction alternatives was explored. The method 

used in this work was to combine the studio laboratory approach with the take-home project ap-

proach. The reason for choosing these approaches was that they seemed the most suitable for signal 

processing, for the reasons listed with each alternative described. The solution described is called 

the mixed-learning approach, and has its roots in the cycle of experiential learning, as previously 

explained discussed in the literature review (Kolb, 1984).

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 cycle formed by this approach is 

similar to Kolb’s learning cycle. Kolb proposed that the optimal learning would be achieved through 

a cycle of Concrete Experience, Reflective Observation, Abstract Conceptualization, and Active 

Experimentation (Kolb, 1984; Abdulwahed, 2009).

Instead of describing this cycle in Kolb’s vocabulary, it is presented here translated into terms 

more commonly used in engineering. The process starts with skills being introduced to students 

Figure 1. Mixed learning laboratory approach.
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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, and students 

are able to reflect on what they have learned. The refined skills can be applied back to studio lab 

assignments, resulting in students being able to learn more complex skills. Ideally, this process re-

peats until students approach high proficiency in necessary skills, or alternatively, are able to gain 

moderate proficiency in more difficult skills. This cycle is informed by Kolb’s learning cycle in the 

following way: in-class studio labs provide concrete experience, and the outcome of the completion 

of these labs provides an opportunity for reflective observation. By applying learned skills to take 

home projects, students are asked to perform abstract conceptualization and active experimentation, 

which can lead to more impactful concrete experiences. In this way, the mixed learning approach is 

an application of Kolb’s cycle to laboratory experiences.

Relating this approach to the course content, the first four studio labs are dedicated to teaching 

students skills necessary for completion of the first project. The students then apply these skills 

to the first project, which allows them to research and develop new methods by using these skills. 

These skills can be built upon to help students perform better in the final four studio labs, which 

are then applied to a more complex problem in Project 2.

The specific learning outcomes for the signal processing laboratory experience are that

1. Students will be able to use MATLAB and Simulink to perform discrete signal manipulation, 

filtering, frequency analysis of discrete signals, and image processing.

2. Students will be able to communicate the results of their application of software skills to a 

technical audience.

The achievement of these learning outcomes is assessed by blind review of student research 

papers using a rubric designed to measure these outcomes.

The studio labs are designed to cover some of the most essential DSP concepts that show stu-

dents 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 (Adams, 2004; Ossman, 2008). The identified essential topics include:

• Discrete signal manipulation

• Filtering

• Frequency analysis of discrete signals

• Image processing
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In-class labs are implemented during the scheduled lecture time, 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. There are a number of benefits to students having laptops in class (Kolar, 2002) 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.

The studio laboratory experiments are augmented by two large research projects that require 

students to further refine skills learned in studio labs. As undergraduate research and collabora-

tive assignments and projects are documented as high-impact educational practices, the project 

provides significant value to students (Kuh, 2008). The key aspects in designing the take-home 

projects was that the projects require an application of information from in-class studio labs, and 

that students be allowed appropriate time for reflection. As a result, the students were provided 

with research questions, but the execution and exploration of those questions were left open ended. 

The first project was centered on audio signal processing, as this requires manipulation of discrete 

signals, applications of filtering, and frequency analysis (McPheron, 2015a). The second project was 

an application of image processing, for which students had to manipulate of discrete signals, apply 

filters, and extend these skills to image processing.

The first project required students to apply signal manipulation skills learned in the first four studio 

labs to the development of a novel reverberation algorithm for audio signals. A simple reverberation 

algorithm is shown in Figure 2 (McPheron, 2015b). Students chose to explore a number of topics 

related to reverberation including the use of chorus modulation, vibrato, and wavelet compression 

techniques. The technical steps associated with this project are:

Table 1. Studio Lab Experiments.

Studio Lab Description

Lab 1 Discrete Signals and Systems

Lab 2 Audio Processing

Lab 3 Fast Fourier Transform

Lab 4 Filter Design

Lab 5 Point/Area Image Processing

Lab 6 Blob Detection

Lab 7 Edge Detection

Lab 8 Equalization & Watermarking
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1. Research algorithms

2. Develop a novel algorithm or area to study

3. Implement reverb algorithm in MATLAB and Simulink

4. Test algorithms

5. Iterate until desired result

The second project required students to apply image processing skills developed in the last 

four studio labs to tracking multiple objects through video (McPheron, 2014). A still frame from 

the video used is shown in Figure 3 (McPheron, 2015b). Students were asked to further develop a 

Figure 2. Simple Reverberation.

Figure 3. Still frame for multiple-identical blob tracking.
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tracking algorithm designed to follow multiple blobs through the video. This project is significantly 

more complex than the first project, requiring 8 technical steps, opposed to the 5 steps needed for 

Project 1. These steps are:

1. Research algorithms

2. Develop a novel algorithm or area to study

3. Get frames from video

4. Extract blobs

5. Suppress extra blobs

6. Implement tracking algorithm in MATLAB and Simulink

7. Test algorithms

8. Iterate until desired result

For these projects, students were split into small multidisciplinary teams of 2 or 3 students for work 

on the projects presented in this paper. The overall student population was composed of 11 students 

from disciplines including Electrical Engineering, Computer Engineering, and Computer Science.

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 ap-

proving 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 students have applied and confirm that students have prepared their own assignments.

ASSESSMENT

To assess the effectiveness of this method, a direct assessment tool is used. Although student 

surveys can be used as an indirect measure of the method, the student’s perceived understanding 

is often different than actual performance (Bernadin, 2007). 

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. The rubric was designed with two purposes in mind. The first, and most 

important, is that the rubric assesses the achievement of the learning outcomes for the laboratory 

experience. This means that student completion of technical tasks and ability to communicate their 

results should be measured. The second purpose is to expose students to a review process similar 

to a conference. Many conferences possess unique rubrics for reviewer decision, which aided in 
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the design of this rubric. Three categories (knowledge, application, and originality) are aimed at 

measuring student technical ability, and three categories (format, writing, and justification) reflect 

student ability for technical communication.

The student-written papers represent the student(s) cumulative understanding of the subject 

obtained through multiple class and lab sessions. The papers are evaluated using six categories. 

Three categories (format, writing, and justification) reflect student ability for technical communica-

tion and three categories (knowledge, application, and originality) are aimed at measuring student 

overall understanding, technical skill and the ability to apply additional/available techniques or 

options in a tool (such as MATLAB) that were not directly shown in class or lab and, the ability to 

logically reason out their choice; respectively.

The goal of the hybrid-mixed learning approach is to provide an interactive instructor led compo-

nent and a self-paced self-learning component as part of the same course. To this end assessment 

or evaluation of student work also had to be done in a hybridized fashion i.e. in-class workbook to 

assess in-class work and a lab report assessment that captures the self-learning component. Typically 

the rigor of in-class examples tend to be lower compared to the self-learning component simply 

because of the class time limitation. 

Therefore the desired outcomes of the interactive in-class component are:

1. Familiarizing the students to the concept/tools currently being introduced 

2. Completion of an entire self-contained lab exercise for the purposes of understand the process 

of experimentation

The desired outcomes of the self-paced self-learning component are:

1. Deepening the understanding of the concept/tool currently being considered through detailed 

guided instructions along with interwoven questions that test students’ understanding.

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
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2. Enabling the students to independently perform the process of experimentation by being able 

to setup and run the lab exercise (similar to the one from class) on their own. This task can 

be accomplished by providing detailed instructions of the where and how to find the answers 

rather than giving the answers directly. For instance, in MATLAB, if a student needs to perform 

a matrix multiplication, given the student a link to the help page on how to perform matrix 

multiplication rather than giving them an m-file or a macro.

3. Enabling the students to acquire technical writing and communication skills, while working 

with peers; this is achieved by writing detailed lab reports.

4. Introducing the students to the process of expert (in a particular field) review and evaluation; 

achieved through writing of the IEEE styled paper for faculty review.

To measure the overall efficacy of the hybrid approach, the scientifically acceptable technique 

would be to compare the understanding metric (obtained through tests or surveys) of two student 

groups: one control group with non-hybrid labs and one with the hybrid approach. However, this 

would be prevent the students in the control group in gaining the benefits of the hybrid approach. 

Therefore a safer alternate is to compare the understanding metric of students from previous years. 

This can be done by comparing responses to multiple specific exam questions that deal with the 

multiple specific corresponding concepts from lab. Furthermore the assessment of the student 

written papers provide an additional opportunity to evaluate student understanding.

Format, writing, and justification are relatively easy to assess. The standard paper format is pro-

vided to the students in the form of a template. Checking for mere consistency with the provided 

template, grammatical and spelling errors and, sentence formation to argue the cause-effect or logi-

cal deduction; respectively would suffice. However assessing knowledge, application and originality 

are not trivial especially due to the blind review process utilized. 

To accurately assess student knowledge of theory, the blind reviewer needs to be a subject 

expert. The instructor assigning the papers can easily identify and assign the right papers to the 

right reviewers. As theoretical concepts assessed are universal, the reviewer would only need the 

instructor to provide the intended set of conceptual understanding to be displayed in the paper to 

assess knowledge of theory. Application of skills (such a MATLAB code or Excel plotting or curve 

fitting) can all be easily assessed by the reviewer by looking at the data and results provided. Again 

the list of tools expected to be used is provided to the reviewer by the instructor.

The most difficult portion of assessment is determining originality and or justification. The papers 

are the work of undergraduate third/junior year engineering students. Therefore the focus is not on 

research originality but on the originality in application of known (through class) and self-learned 

techniques to the way in which data is produced, processed, and presented. For instance, the recom-

mended method for plotting is through built-in MATLAB functions. However a student may choose 
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to export raw data, import in Excel and process the data there with additional ways of presenting 

the results. This shows originality of application of techniques. When taken along with the logical 

reasoning provided as justification of the choice for data processing, the reviewer is able to ascertain 

the originality of application. A similar approach was shown to estimate non-directly-measurable 

engineering design skills in (Schilling 2012).

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 returned comments and a decision for students. The comments as-

sociated with the review are invaluable in providing students a feedback measure of their skills. In 

addition to the expert reviews, papers are also submitted to the other groups for peer review. The 

combination of peer and expert reviews are used to assess student performance.

To determine if this method was successful, rubric scores from the first project may be compared 

with scores from the second project. The raw scores of this may by misleading, as the problem 

complexity is not the same for the two projects, so complexity must be accounted for. When com-

plexity is taken into account, students showed improvement in performance the second project for 

two likely reasons: feedback from the first project and further refined skills developed by using the 

mixed-learning method.

COMPLEXITY RATIO DETERMINATION

A standard technique used to estimate the time needed for a test is having the instructor or a 

teaching assistant take the test, then applying a multiple to estimate the time needed for a student. 

To estimate perceived time requirement, difficulty or emotional intensity researchers use the tech-

nique of surveying relevant subjects. The data (usually categorical) thus obtained is analyzed using 

weighted ranking (Carrol and Lovejoy 2005) or categorical frequency count (Kelley and Wicklein 

2009) technique. 

Using time required as a close substitute for project complexity. A weighted averaging approach 

can be used to ascertain the relative complexity of two projects along with other relevant aspects 

of the projects involved. Table 3 shows the perception survey criteria used to determine the com-

plexity ratio of Project 2 with respect to Project 1. The average complexity ratios from multiple 

experts represent the final value of this metric. In general a higher complexity ratio implies higher 

learning. For example, if learning to test MATLAB programs is a stated outcome; then a project 

where the test case is provided would not lend itself well when it comes to achieving this learning 

outcome. On the contrary if the students are expected to develop their own test cases, it increases 
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learning, skills and consequently the complexity ratio would be higher compared to when the test 

case is provided. 

RESULTS

Examples of Student Work

This section shows several excerpts of typical student submissions for the two take-home projects. 

Students were able to complete short four- to six-page research papers for both projects. These 

projects allowed students time for reflection and refinement of skills, and allow students to extend 

from instructional laboratories to research and developmental laboratories, which prepares them for 

research experiences, internships, senior design projects, and a future career as a practicing engineer. 

In order to complete these projects, the students were provided the IEEE Microsoft Word format 

and were required to include an abstract, introduction, theory, methods, results and a discussion/

conclusion. Figures 4 and 5 show two excerpts from the first project, related to audio signal pro-

cessing, while Figure 6 and 7 shows an expert from the second project, related to computer vision. 

These examples display the quality of work that students were able to produce.

Table 3. Project complexity weighting.

0 - no; 1 - yes;  
Scale of 0 - 1, 0 is minimal and 1 is maximum Weights (0-1)

Project 1 
(baseline) Project 2

1 Is the project a software only project? w1 x1 y1

2 More than one software/OS required? w2 x2 y2

3 Software to software or OS interaction manual? w3 x3 y3

4 Amount of coding needed. (0-1) w4 x4 y4

5 Are the input test file/case/parameters provided? w5 x5 y5

6 Need to generate a test file/case/parameters? w6 x6 y6

7 Time needed to generate and run the test. (0-1) w7 x7 y7

8 Calculus or advanced algebra needed? w8 x8 y8

9 Expert’s time to complete the same task. (0-1) w9 x9 y9

10 Expert’s self-declared knowledge on the subject. (0-1) w10 x10 y10

11 Expert’s estimate of time needed for average student (multiple of expert’s 
time)

w11 x11 y11

12 Expert’s estimate of optimal student group size. (1-4) w12 x12 y12

13 Expert’s estimate of difficulty relative to lab 1. 
(multiple of lab 1 difficulty)

w13 x13 y13

Weighted Score X Y

Complexity ratio Y/X
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The student work displayed in Figure 4 is the paper from the first project that was rated highest 

by both the expert and peer reviews. This paper received the highest score because the authors 

were able to clearly communicate the technical content with sufficient detail to allow both sets of 

reviewers to understand the material. On the other hand, the submission displayed in Figure 5 was 

rated as the median score of those submitted for Project 1. This paper was rated lower because, al-

though the results were very good, the students did not provide adequate description of the theory 

and methods, and their presentation of the material left some ambiguity.

The student submission displayed in Figure 6 is the paper from the second project that was 

rated highest by both the expert and peer reviews. This paper received the highest score because 

the authors were able to portray a good grasp on the technical content and showed mathematical 

rigor in their theory section. Both the peer and expert reviewers rated the student work in Figure 7 

as second highest. The score for this paper was the result of formatting errors, and unexceptional 

communication of the theory.

Figure 4. Excerpt of student work studying stacked modulation
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Figure 5. Excerpt of student work studying vibrato modulation

Figure 6. Excerpt of student work studying object tracking
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RESULTS OF BLIND REVIEW

The raw scores from expert and peer review are shown in Table 4 and Table 5. The scores for 

Project 1 are found in Table 4, while the scores for Project 2 are found in Table 5. One useful obser-

vation is that expert and peer reviews tend to agree on rank order of papers. It is also notable that 

peer review scores are uniformly higher than expert review scores.

As outlined earlier, the presupposition of this paper is the improvement in the overall class per-

formance i.e. project paper evaluation scores as a consequence of the mixed learning approach 

expounded herein. A quick comparison of the raw scores tabulated in Tables 3 and 4 seems to be 

in direct contradiction to the expressed outcome at the beginning of this paper. However this con-

tradiction can be readily explained as follows.

Figure 7. Excerpt of student work studying object tracking
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The raw scores shown in Tables 3 and 4 do not account for the project complexity differential 

between the two project assigned. Project 2 was more complex than Project 1. This statement in 

itself provides no value in terms of how the scores are to be compared. In order to quantify the 

complexity differential, a complexity ratio was developed through a complexity perception survey 

of the experts, as discussed earlier. The complexity of each project was rated on a scale of 1-10 and 

the complexity score ratio was calculated to be 5/8. This is interpreted to mean that the complexity 

of Project 2 was at least 1.6 times that of Project 1. The complexity ratio factor was applied to the 

expert review scores only, as the reviewers were unaware of the change in project complexity and 

thus tended to view Project 2 report less favorably than Project 1. 

When the complexity-normalized scores are compared, it is clear that the overall scores for Project 

2 improved with respect to Project 1; as shown in Figure 8. The scores for all five student groups for 

the Project 1 (AVG1, solid line) are generally higher than the raw scores for Project 2 (AVG2, dotted 

line). Group 3 scored higher even when scores were not normalized, this group showed the largest 

improvement in performance between the two projects. When comparing the complexity-normalized 

scores for Project 2 (AVG2_COMP, dashed line) with the scores for Project 1, all the student groups 

scored more except group 5. Group 5’s complexity-normalized Project 2 score was within 2% of 

Project 1 score. 

Table 4. Raw scores for Project 1.

Group Expert Review Average Peer Review Average Average of Peer and Expert

1 10.5 11.2 10.85

2 8.75 10.7 9.725

3 8.75 9.8 9.275

4 8 9.8 8.4

5 7.25 8.6 7.925

Table 5. Raw scores for Project 2.

Group Expert Review Average Peer Review Average Average of Peer and Expert

1 8.5 10.9 9.7

2 8 10.8 9.4

3 4.5 9.8 7.15

4 6 9.5 7.75

5 6 8.4 7.2
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Thus, when the increase in project complexity is accounted for, the overall class project perfor-

mance improved by 10.7 %. The performance of all groups but one increased, with the one group 

scoring –1.83% relative to Project 1. Figure 9 shows the change in the average total class project 

scores for Projects 1 and 2 and complexity-normalized Project 2 score.

To further analyze the result, the project scores were broken down into two categories, namely, 

technical and writing scores. It is widely recognized that general writing skills and, in particular, 

technical writing skills are areas of concern and constant development for engineering educators. 

Looking at the scores separately leads to some interesting observations. 

Figure 10 shows the breakdown of the total scores for all five groups along technical and writing 

categories. Figure 10 also shows Project 1 and complexity-normalized Project 2 scores. Group 3 had 

Figure 8. Un-normalized scores of Project 1 & 2 and, complexity-normalized score for 

Project 2 .

Figure 9. Average total class project scores.
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the largest improvement in writing and in technical aptitude. All groups except group 2 improved 

their writing scores. Group 2 showed a decrease in writing score of –1.875% with a small increase in 

technical aptitude score. Group 5 displayed the exact opposite of Group 2, i.e. a decrease in techni-

cal aptitude with an increase in writing score.

Table 6 summarizes the changes in the technical and writing scores for all five student groups. 

The average increase in the technical aptitude was 5.75% with a change range of –5.93% to 18.43%. 

The average increase in writing score was 17.875% with a change range of –1.875% to 50%. The 

score breakdown uncovers an interesting consequence of the mixed learning approach, that is, 

 irrespective of the complexity of the project, writing skills improve 3 times more of technical apti-

tude improvement.

Table 6. Summary of changes in technical and writing scores

Technical Score 
Delta

Writing Score 
Delta

Group 1 7.19 10.63

Group 2 2.19 -1.88

Group 3 18.44 50.00

Group 4 6.88 21.88

Group 5 -5.94 8.75

AVG 5.75 17.88

Figure 10. Technical and writing score breakdown.
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Note that complexity normalization is not needed for the peer reviews, as students seem to be 

fully aware of the difficulty of the problem when assigning scores. This is unsurprising, as students 

commiserate with each other in the completion of challenging tasks. It may also be that students 

give each other the ‘benefit of the doubt’ when reviewing.

CONCLUSIONS

This work describes and verifies a mixed learning approach for accommodating laboratory expe-

riences in a non-lab course. This is particularly important in middle years of engineering education, 

as students require hands-on practice before embarking on a capstone senior design journey, and 

their courses may be deficient in laboratory experiences. Although this work was specific to a junior 

level DSP course, it is likely that this method can be applied in other engineering courses.

The results suggest that the application of the mixed learning method allows students to im-

prove their skills and to tackle more complex problems. The cycle of Concrete Experience, Reflec-

tive Observation, Abstract Conceptualization, and Active Experimentation, represented in simpler 

terms as the mixed learning method allowed students to build upon skills and information through 

experiential learning. In fact, when controlling for problem complexity, students performed better 

on the second project than the first project. This result is promising for the extension of this method 

to other engineering courses, and especially to courses with no formal lab sections. The benefits of 

providing laboratory experiences outweigh the time taken away from lecture to implement these labs.

In addition to the quantitative results, the instructor reports qualitatively that students performed 

better on the studio labs in the second half of the course. Informal student response to this method 

was generally positive. Students appreciated having high expectations placed on them and the op-

portunity to research and develop new techniques. In addition, developing these laboratory experi-

ences 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 experi-

ences during the middle years of the curriculum allows for students to discover research opportuni-

ties and grow in their ability to contribute scholarly work (Kuh, 2008; Zydney, 2002). 

Although this approach was fairly successful in its first implementation, there are still a number 

of areas for further exploration and optimization. Related to project design, an expanded library of 

possible projects should be constructed so that students do not rehash other’s work. When consid-

ering the execution of this method, it is very important to find appropriate scheduling for the studio 
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labs as timely delivery for their use in the project. It may also be useful to structure more project 

checkpoints to keep students on task and focused on completing the project.

Future work on this method could follow a number of avenues. It would be useful to characterize 

the types of mistakes that students commonly make, for example, when a citation is needed, or the 

appropriate order of ideas (putting the cart before the horse). These results could be helpful to in-

form educators of areas to highlight in order improve the effectiveness of this method. It may also be 

useful to test the impact of random team assignments versus self-selected teams for the completion 

of the projects. Finally, it would be of value to extend this approach to other engineering courses.

In conclusion, the presupposition that a mixed learning approach applied to a non-laboratory junior 

year digital signal procession class will improve student’s grasp of the subject matter is supported 

by the project evaluation score analysis presented. Furthermore, it was shown that as a consequence 

of having two projects within the span of a single semester, the student’s writing skills improved by 

a factor of three relative to their technical aptitude improvement. 
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