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UnLecture: A Novel Active Learning Based Pedagogical Strategy 

for Engineering Courses 

Introduction 

Our notion of adding participant-driven activities to engineering classrooms stems from the 

concept of “unconference”1 in professional meetings and conventions. In recent years, several 

technical conferences include an unconference event in which all conference attendees are 

invited to join an open-ended discussion on existing and new problems in the field. Any 

participant can initiate discussion based on the conference/discussion theme or their own 

research experiences, and other participants can question and/or add to the same topic. This is 

contrary to a typical conference event where selected speakers/experts are invited to present in a 

structured track format, hence the name, unconference. Professional societies in technology and 

engineering fields generally conduct an unconference in their annual meetings to receive 

“holistic” views on problems in the field in order to develop research questions and grand 

challenges. The concept of unconference motivated us to develop an active-learning technique 

called UnLecture, to integrate real-world experiences into engineering classrooms. 

Undergraduate engineering students at the University of Cincinnati (UC) are required to 

participate in a mandatory cooperative education (co-op) program in which students supplement 

their academic coursework with professional work experience in their field of study. During or 

immediately after their sophomore year, students alternate between school and work, completing 

five co-op rotations (approximately 20 months) in industry and/or research positions. Analogous 

to research or professional experience of attendees in an unconference, students in an UnLecture 

session will have co-op or internship experience that can be used to promote learning and 

knowledge sharing and also to inform curriculum development and teaching. 

Literature Review 

One of the core elements of active learning is introducing activity into the traditional lecture-

based classroom2. Activities such as short in-class discussions3 and pause procedures4 are 

predominantly embedded within lectures. Specifically, discussions in class (at “logical” breaks 

during lectures) have been shown to improve retention of material and to help students develop 

thinking skills5, 6. The premise of UnLecture is, however, based on designing inquiry-based 

stand-alone discussion sessions that allow students to create connections to both classroom 

lectures and real-world experiences (see Figure I, Instructional Model of UnLecture). This 

technique is entirely different from round-table discussions7 that involve analysis and critique of 

case studies and/or research articles. It also differs from student presentations, since it 

emphasizes discussion and sharing of professional experience rather than dissemination of 

information provided by a single student or group of students. Rather, UnLectures are based on 

promoting reflective learning through peer instruction. Studies have shown that reflection of 

students’ own or others’ experiences results in development of new perspectives or clarification 

of concepts and techniques8, 9. It is also evident from these studies that reflective learning has 
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significant value in professional practice10. Given that our students have integrated cooperative 

education into their curriculum, UnLectures provide meaningful ways to reflect on lessons from 

both engineering practice and classroom education. 

Development of UnLecture 

The UnLecture technique was first piloted in a senior/graduate-level course, EECE 6038C– 

Advanced Microsystem Design, in Spring 2013. This course is focused on advanced skills for 

microcontroller-based embedded systems11. The pilot UnLecture session was based on an open-

ended theme: the discipline of embedded systems and technology shift. One of the goals of this 

session was to experiment with different inquiry-based strategies to enable formal development 

of an instructional model of UnLecture. Reading material12, 13 was provided to students one week 

prior to the session. This reading assignment was meant to help interested students gather 

information needed for discussion or logical arguments. During the session, active-learning 

strategies such as reaction to a video related to computing education, and inquiry using 

publication trends in the field of embedded systems, were used to stimulate discussion. Students 

presented interesting viewpoints on several topics, including but not limited to, hardware for 

personalized learning in electrical and computer engineering, mobile/ubiquitous computing, and 

System-on-Chip (SoC) technologies. Two key observations were made during this pilot session: 

(1) it was evident that students put forth diverse perspectives based on their experiences from 

cooperative education, and that it is important to utilize student experiences to promote 

classroom learning, and (2) structured inquiry, as opposed to open inquiry, was more beneficial 

in helping students relate concepts learned in the course to both their professional experience and 

the discussion itself.  Based on these preliminary results, the technique was formally modeled 

and deployed in an undergraduate software engineering course during Summer 2013. Additional 

information and results from the pilot session are presented in a later section. 

Instructional Model of UnLecture 

The UnLecture technique is built on a themed, participant-driven discussion session along with 

reflective writing components before and after the session. The central element that facilitates 

both the writing and active-learning components is the UnLecture rubric. The rubric is a set of 

carefully designed questions based on the discussion theme, usually provided to students a week 

before the session. It should be noted that the UnLecture rubric is not necessarily a grading 

rubric. It is rather intended to serve as a “blueprint” to define learning outcomes and guide 

students and instructors in executing activities involved in a session. The instructional model of 

UnLecture, as shown in Figure 1, consists of three phases: Retrospection, Examination, and 

Reflection.  

 Before the session, students retrospect their past co-op/internship assignments, recollect 

details that are related to the session theme, and document some fine points based on the 

questions in the rubric. 
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 During the session, students share their retrospective thoughts and learn from fellow 

students’ cooperative education experiences. They also examine practices that were realized 

in various course projects and assignments, and analyze the differences and similarities 

between their experiences in industry and their learning experience from the course. 

 After the session, the students combine their perspectives from both retrospection and 

examination to reflect on how they will perform differently in their next co-op rotation or 

work assignment. 

Methods 

Implementation of UnLecture in an engineering classroom requires meticulous assessment of 

several aspects of the course. First, class time and student workload for existing traditional 

lecture modules and other course components such as laboratory projects need to be re-evaluated 

in order to make time for the UnLecture activities. This is important because UnLecture requires 

a reasonable amount of time and work, both inside and outside of the classroom. An UnLecture 

related to a certain topic is typically held after that topic is covered in a traditional lecture or 

reading assignment. Second, students’ background and co-op/work experience information 

should be collected early in the semester to ensure that every student benefits from UnLecture-

related activities. If needed, small groups may be formed based on students’ co-op experiences 

so that every group is balanced in terms of technical proficiency and co-op/work experience. 

Last, it is recommended that both attendance/participation in sessions and the reflective writing 

portions be given separate weights in the grading system.  

Rubric Design 

This section presents an example of developing UnLecture rubrics for a senior/graduate-level 

course, EECE 6017C – Embedded Systems. In this course, students learn principles, process 

models, and practical methods for efficiently developing embedded systems, from requirements 

Session Theme 

Examination Retrospection Reflection 

 

 

(Co-op Experience) 

(Classroom/

Laboratory) 

Figure 1 Instructional Model of UnLecture 
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gathering and specification through design, implementation, and testing14. The laboratory 

component of this course focuses on rapid prototyping of digital systems using FPGA and high-

level design tools. This course is currently being considered for the possible addition of 

UnLectures. As a part of this effort, a trial UnLecture was conducted during the Fall 2013 

semester. The rubric for this session is shown in Table 1. The proposed grading scheme is 15% 

of the course grade for a total of four UnLectures (5% for attendance and participation in 

sessions and 10% for the reflective writing component). The weights may be altered based on the 

number of UnLectures included in the course. While only one UnLecture was organized, a total 

of four sessions are proposed for the next offering of this course. The theme and objectives of the 

planned sessions are as follows: 

1. Application Domains and Process Models: The first UnLecture is typically used to allow 

students to introduce their co-op job assignments and their responsibilities. Additionally, the 

focus of this session will be to discuss various application domains of embedded systems. 

The rubric for this session is the same as the example rubric shown in Table I. It will be 

slightly revised to include inquiry on process models in the embedded systems industry. 

2. Performance Analysis and Code Optimization: In the retrospective part of this session, 

students will present their experience in embedded software optimization with respect to one 

of the following parameters: code size, code efficiency (speed), memory, power. 

Performance analysis techniques such as profiling will also be discussed. In the examination 

phase, students will revisit their laboratory assignment on code optimization, and provide 

examples of parts of code that needed optimization.  

3. Reliability, Safety and Security in Embedded Systems: For this UnLecture, students with co-

op experience in teams where safety, security, and/or dependability are major design 

requirements will be identified and assigned as moderators. The objective of this session is to 

review and emphasize concepts that are important to developing safety-critical and secure 

embedded systems. 

4. Embedded Systems Research: This is a non-traditional UnLecture where the focus is on 

academic research experience rather than industry experience. Undergraduate students will 

be teamed with graduate students for this exercise, and the graduate students will serve as 

session moderators. In the retrospective phase, the emphasis will be on topics such as 

developing a research hypothesis, experimental methods, industry jobs versus research 

careers, and examples of graduate research projects in embedded systems. In the examination 

phase, students will present examples of how classroom learning aids in identifying and/or 

solving their research problems. The purpose of this session is to help students broaden their 

views on graduate studies, especially since the majority of undergraduate students are either 

offered jobs by their co-op employers or hired by other industry employers based on their co-

op record and hence may not seriously consider continuing on to graduate research. 
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Table I Example of UnLecture Rubric 

Prelude: In this section, briefly describe your past co-op/internship/work experiences that you think are 

most relevant to this course or embedded systems, in general. Include company name, summary of your 

responsibilities, duration of each assigned task, and duration of the project.  

Retrospection: For each project listed in the prelude, write a retrospective essay based on the following 

questions: 

1.1. There are different abstraction levels (and sub-levels) in embedded system design: hardware 

(architecture, microarchitecture, circuit-level, gate-level, RTL), software (system software/firmware, 

OS/RTOS, application code).   

o List the abstraction layer for each project listed in the prelude.  

o What challenges or issues have you encountered in dealing with these various layers? 

1.2. Different application domains (of embedded systems) have different design philosophies and different 

tool chains and require different skill sets.  

o Share some of your application-specific knowledge gained through co-op/work experience. In 

your own words, explain the connection between application needs and embedded hardware. 

o What tools/programming languages did you use, and how did they help accomplish tasks? 

1.3. Briefly explain system-design activities of the team you were involved in.  

Examination:  

2.1. What are your thoughts on the design choices in the laboratory project of this course? How is the 

class project different from or similar to your past experiences (include pros and cons)?  

2.2. Give specific examples of how the knowledge gained in industry was applied in this course. 

Reflection:  

3.1. What did you learn from this UnLecture session? In other words, what are your thoughts on 

conversations that you had with your classmates and their experiences? 

3.2. Based on this discussion, what will you do differently in your next co-op/industry work assignment? 

Results 

EECE 6017C-Embedded Systems (Fall 2013): A total of 35 students (20 undergraduate, 15 

graduate) were enrolled in this course. The enrollment demographics based on majors is shown 

in Figure 2. Out of 21 students with co-op or industry experience, 10 students had work 

experience in embedded systems. Table II shows UnLecture evaluation results. It was evident 

from the feedback that students wanted more UnLectures to continue the conversation in more 

depth. The first discussion session, however, is usually meant to the set the tone of UnLecture, 

and conversations are expected to be superficial. Also, peer instruction may not be obvious in the 

very first UnLecture session, but it has been observed to set in during the second or third 

sessions, in courses where UnLectures have been completely integrated. The following are a few 

excerpts of student feedback:  

 “Many of my peers had worked in small companies doing board layouts and firmware 

development. I would like to know more details on their work because it is entirely different 

[from] my co-op.” 
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 “I learned differences in design process models between startups, medium, and large-scale 

companies” 

 “I would like to have further discussions on design and testing strategies…”  

 “It was interesting to hear expectations of the embedded systems industry…and what skills 

and knowledge areas they are looking for…” 

Table II UnLecture Evaluation Results (Fall 2013) 

Course-specific Question 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

The UnLecture sessions helped me understand the “climate” of the 

embedded systems industry. 
0% 0% 3.3% 66.7% 30% 

I was able to engage and learn from my peers during this session 0% 16.7% 30% 46.6% 6.7% 

I would like to see more UnLectures in this course 0% 0% 6.7% 33.3% 60% 

I was able to relate my industry experience to the education/curriculum 

at U__ (excluding first-year/new graduate students) 
0% 0% 3.3% 70% 26.7% 

 

EECE 3093C-Software Engineering (Summer 2013): This is the first and only course to have 

UnLectures completely integrated into classroom instruction15. Five Un Lectures were deployed 

and tested during Summer 2013. Complete rubrics and assessment results are also available16. 

With minor changes, some of the rubrics developed for this course can be reused in other 

courses. The software testing rubric for this course, for example, can be easily modified to 

deliver a similar UnLecture in the embedded systems class.  

EECE 6038C-Advanced Microsystem Design (Pilot UnLecture; Spring 2013): This course 

consisted of 35 students (24 undergraduate, 11 graduate) from three majors (see Figure 2). 

Twenty-seven students had co-op or other industry experience. As the first audience to 

experience UnLecture, this class was instrumental in leading to the concept of UnLecture 

rubrics. The following are some excerpts from student feedback: 

 “I wish we had covered more advanced material earlier (in the course). May be more case 

studies like the unlecture.” 

 “Expand more on file management and have more of those round-table discussions, and give 

us more opportunities to talk in those discussions. Great course, learned a lot!” 

 “Closer examination of memory usage and resource cost/performance analysis.” (This 

comment refers to content delivered as a lecture, but it is also an example of a topic that can 

be examined in an UnLecture.) 
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Figure 2 Enrollment Demographics of Courses with UnLecture 

Discussion 

This paper has mainly described the structure and methods of the UnLecture technique, along 

with preliminary results that support the feasibility of this technique in engineering classrooms. 

While it specifically addresses how UnLectures can be applied to courses in the embedded 

systems curriculum at UC, the technique is also applicable to several other electrical and 

computer engineering courses and possibly to courses in other engineering disciplines as well. 

Furthermore, it is worth pointing out that senior capstone design courses in any engineering 

discipline are an ideal venue for implementing UnLectures. At UC and several other institutions 

with co-op programs, in particular, undergraduate students in senior design classes would have 

completed all their core academic coursework and 20 months of cooperative education in 

industry. This is seen as a perfect opportunity to effectively utilize UnLectures to reflect on the 

connection between engineering education and engineering practice. 
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