
Jigsaw on Teaching Methods  

Method #1: 
Pre-Class Readings and Homework (Look-Ahead Homework) 
 

 Reading and homework assignments are due prior to in-class 
discussion of material 

 
 Classroom interactions can focus on concepts 

 
 Encourages self-directed learning 

 
 Same amount of work for students, but front-loaded 

 
 Improved feedback time 

 
 Limitation: requires readings that students can understand on 

their own, e.g., a good textbook 
 
 



Department subject Unified Engineering, and was described in detail by Prof. Steve Hall 
in the previous Aero/Astro review. 
 
Weekly (graded) homeworks on material given prior to being discussed in class. 
In orderto increase the effectiveness of the concept-based lecturing, students need to 
have engaged the material prior to class. Without this prior engagement, students may 
not have sufficient background in the material to even understand the conceptual 
questions being asked. Traditionally, engineering courses almost exclusively assign 
homework after the concepts have been presented in class. However, to improve 
student preparation, I give homework assignments (with appropriate reading) on material 
prior to in-class discussion. These homeworks are essentially the same difficulty of 
homework I would have given after a set of lectures in the traditional pedagogy. With this 
preparation, the classroom becomes an interactive environment where students are 
ready to discuss the conceptual difficulties they have faced and have begun to develop a 
common language to have this discussion. 
 
A semester long, team-based analysis and design of an aircraft. Typically, 
aerodynamics and other advanced engineering topics are taught with a significant focus 
on theory but little opportunity to apply theory especially to problems that approach the 
complexity faced in the design of modern aircraft. As a result, students perceive they are 
learning material 'just-incase' they may need it later in their careers. In the project-based 
approach used in 16.100, the knowledge is immediately being applied. Furthermore, the 
use of a semester-long project provides a context for learning the technical 
fundamentals as proposed in our Department’s Conceive-Design-Implement-Operate 
(CDIO) initiative. Over the past four years, two design projects have been developed: 
one based on a military fighter aircraft (in collaboration with Michael Love of Lockheed 
Martin) and another on a blended-wing body commercial transport aircraft (in 
collaboration with Bob Liebeck of The Boeing Company and a Professor of the Practice 
in our Department). Both of these projects have an initial modeling phase in which 
student teams develop and validate aerodynamic models for a baseline 
 



The new pedagogy, in its final form, is consistently rated as highly 
effective. The past three years (Fall 2001 – 2003), the pedagogy as described 
above has remained nearly the same with only minor adjustments. As shown in 
Table 1, the mean student ratings of the effectiveness of the pedagogy are all 
between effective to very effective. 
 
Challenging pre-class homework increases the effectiveness of lecture. In 
the Fall 2000 semester, while the pedagogy was as described above, the pre-
class homeworks were designed to encourage reading but did not require 
significant engagement of the material. As a result, the students were not 
sufficiently prepared for in-class active learning and found the overall approach to 
be less effective. In fact, the student feedback from the Fall 2000 course 
evaluations led directly to the decision to increase the difficulty of the 
homeworks. The post 2000 data shows a statistically-significant increase in the 
mean effectiveness of not only the homework but also the lectures compared to 
Fall 2000 (see Table 1). 
 
A learning transition occurs over the length of the semester. The open-
response questions show that students are often initially hesitant about pre-class 
homework, but by the end of the semester they recognize the benefits of this 
technique. Some of the comments include: 
 

• I was initially opposed to the idea that I had to do reading & homework before we ever 
covered the subjects. Once I transitioned I realized that it made learning so much easier!! 

• I was skeptical at first of new techniques like [concept questions], homework on material 
that hasn’t been learned in lecture. In the end, it worked out very well. This has been a 
course where I really felt like I got my money’s worth. 

• Prof. Darmofal forces you to learn the subject material by assigning homework that he 
has not covered in lecture, therefore I have to force myself to read the text and go to 
office hours. When he does go over in lecture after the Pset is due, I did absorb the 
material much better. 

• Doing homework before the lectures is good… makes actual learning in lectures 
possible. 

 
The comments also reinforce the link between the pre-class homework and the 
effectiveness of the lectures. 
 
The effective implementation of the team project is difficult. One of the most 
challenging aspects of the new pedagogy has been the implementation of the 
team project. In the first place, the project has multiple facets (in particular the 
wind tunnel experiments and the computational simulations) that must be 
successfully managed. Furthermore, keeping ten or more teams of four students 
functioning effectively can be highly time-consuming for both the faculty and the 
students. The open-response questions for the past three years clearly show 
both the benefits as well as the difficulties of the team project. During this time, 
31 positive comments were made about the project with only 2 negative 
comments; however, 29 students suggested the need to improve the 
implementation. 



Jigsaw on Teaching Methods 
 
Method #2: 
Case Study 
 

 Story of a real engineering experience, organization, or event 
 

 Students face problems that are difficult for students to 
experience first hand, because of danger, limited access, 
limited equipment, etc. 

 
 Problems that may span months or years can be addressed 

(and solved) in a short time 
 

 Students have opportunities to exchange ideas with others 
about real engineering problems 

 
 Limitation: finding “good” cases in specific engineering 

disciplines 
 
 



 

 

 



 

 

 

 
 



 

 

 

 
 
 



Jigsaw on Teaching Methods 
 
Method #3: 
Simulations 
 

 Structured situations that imitate real engineering tasks; may 
or may not use computer software 

 
 Include rules, guiding principles, structured roles and 

relationships 
 

 Faculty: explain roles, monitor students as they go through 
the simulation,  help students reflect, lead the debriefing 

 
 Debriefing looks for meaning and helps students uncover the 

intended ideas and principles. 
 









Jigsaw on Teaching Methods 
 
Method #4: 
Muddiest-Part-of-the-Lecture Cards 
 

 Statements by students about the parts of the lecture that are 
not clear to them 

 
 Procedure: 

o Stop the lecture about 5 minutes before time 
o Distribute 3x5 index cards to students and ask them to 

write what was the “muddiest” part of the lecture for 
them, that is, what parts do they still not understand? 

o Collect the cards and group them by similar questions 
 

 Answer the most common questions: 
o At the start of the next class 
o In handouts that you distribute to the class 
o On the class website 

 
 Save the cards to improve your teaching the next time 

 
 
 



 

 
 
 
 
 



 


