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Abstract

In this paper, the work-in-progress project which seeks the adaptation and
implementation of one undergraduate education’s most promising and readily adoptable
instructional technique in recent years - Just-in-Time Teaching (JiTT), in an electrical and
computer engineering course — Digital Systems Design is presented. JiTT involves web-based
warm-up assignments which students are required to complete and submit before class. Students’
responses to these assignments are then reviewed by the instructor who makes appropriate
adjustments in the teaching based on student’s understanding and concerns. The warm-up
assignments, combined with classroom teaching, will lead to increased teacher-student and
student-student interactions in the classroom and better learning outcomes. The outcomes of this
project will be assessed by means of surveys/questionnaires and students’ achievement
comparisons. If successfully implemented, JiTT will benefit both the traditional and non-
traditional student groups in engineering. This project will not only introduce JiTT into a very
important engineering program, but also serve as an example of using technology and innovative
teaching strategies to promote active learning in undergraduate engineering education.

Introduction of JiTT

Just-in-Time Teaching is a feedback-intensive teaching and learning strategy [1]-[7]. In a
typical implementation, students respond electronically to carefully constructed warm-up
assignments due before class, and the instructor reviews the answers and adjusts the classroom
lesson to meet student needs. The central component of JiTT is the feedback loop from students
before class that will fundamentally affect what will happen during the subsequent in-class time.
Warm-up assignments are at the heart of JITT’s web component. These are short, web-based
assignments, prompting students to think about the upcoming lesson and answer a few simple
questions prior to class. These questions, when fully discussed, often have complex answers. The
students are expected to develop the answers as far as they can on their own. The responses are
submitted to the instructor electronically to form the framework for the classroom activities that
follow. Typically, the instructor duplicates sample responses on transparencies and takes them to
class. The interactive classroom session, built around these responses, replaces the traditional
lecture/recitation format. In general, JiTT strategy pursues three major goals [1]-[3]:

1. To maximize the effectiveness of the classroom session.

Partial support for this work was provided by the National Science Foundation's Course, Curriculum, and Laboratory
Improvement (CCLI) program under Award No. 0632686 and IPFW Instructional Summer Grant. Any opinions,
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necessarily reflect the views of the National Science Foundation and IPFW.
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2. To structure the out-of-class time for maximum learning benefit.

3. To create and sustain team spirit. Students and instructors work as a team
toward the same objective — to help all students master course contents with the
maximum amount of retainable and transferable knowledge.

Here is how JiTT format differs from the traditional teaching format. In a traditional
teaching environment (see Figure 1), the instructor comes to the classroom with prepared lecture
notes. Students are passive information receivers without knowledge of what will be taught. In a
JiTT teaching classroom (see Figure 2), the instructor adjusts lecture contents based on students’
responses to warm-up assignments and comes to the classroom with proper knowledge of
students’ questions and concerns. Students will be more attentive in class because the lecture
contents are adjusted to their level of understanding and students’ concerns are addressed
through properly designed classroom discussions. The results of JiTT implementations in other
disciplines have been encouraging [1].

prepared lecture
Instructor

Figure 1. The Traditional Teaching Environment

H eedback from warm-up questioy H

adjusted lecture
Figure 2. JiTT Teaching Environment

To date, over 300 faculty members in 25 disciplines at approximately 100 institutions
across the US, Canada, Europe, and Israel have adopted the JiTT strategy. A review of the
literature shows that although JiTT has been adopted in many disciplines, including science, arts,
and humanities, it has not been applied to electrical and computer engineering [8].

Proposed JiTT Adoption

ECE 270 — Introduction to Digital System Design is a required course for students
majoring in both electrical and computer engineering at IPFW. It includes regular lectures and
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lab sessions and is offered each semester. The typical enrollment size varies from 15 to 20
students each semester. The traditional teaching format is to present new materials to the
students in class followed by lab sessions, the purpose of which is to help the students learn what
they have received in the classroom. This format involves few interactions between the teacher
and students and between the students themselves.

Upon implementation of the lecture in the JiTT format, students will be required to finish
on-line warm-up assignments (using WebCT) due a few hours before class. The warm-up
assignments consist of two or three short questions or an essay question and a comment feedback
box. The answers will be graded on the quality of the thoughts and details. Students can receive a
full credit even if their answers are not correct. Based upon students’ feedback, the instructor
will adjust the lecture contents to address students’ concerns and questions.

Development of Warm-Up Questions

It should be noted that it is challenging to develop these warm-up questions due to the
nature of the subjects compared to the arts and sciences. In the arts and sciences courses, most of
the warm-up questions could be subjective, and thus they could lead to some good discussion
during the lecture time. In contrast, most of the warm-up questions in the engineering field are
objective. Thus the development of these questions may require a different approach.

The warm-up questions are based on the categories adapted from a classic article on
college science teaching by A.B. Arons [9]. JiTT assignments are introduced to examine
students’ understanding of new terms and definitions and their ability to explain the meaning of a
concept, or a particular jargon, articulate their thinking processes when dealing with difficult
ideas, draw inferences from data and evidence, translate words into written symbols and written
symbols into words.

Following are some samples of short answer and essay warm-up questions for ECE 270
JiTT exercises.

Sample Warm-up Short Answer Questions:

1) Introducing the idea of AND, OR operations in Boolean algebra.

Please draw at least two graphs to control a light bulb while using two switches at your home.
2) Introducing different radices.

Please give some examples of number counting in your daily life besides using decimal number
system. If you can only use the number O and 1, can you think of a way counting the numbers
from 0 to 20?

3) Introducing the new concepts of encoding and decoding in digital logic system.

Think of at least two methods to represent the alphabet letters A,B,C,D,E,F,G,H using binary
numbers 0 and 1.

Sample Essay Warm-up Question:
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Please represent the alphabet letters A,B,C,D,E,F,G,H using binary numbers. Please explain
your answers and answer the following questions.

a) Is it necessary to encode all the letters in the same length of bits? Please explain your
answer.

b) Is it necessary to encode all the letters in the binary ascending or descending order?
Please explain your answer.

This essay question will be used as a warm-up exercise early in the course after the binary
number concept has been introduced. This is an open-ended question with answers that can lead
to a good discussion in the classroom. Some possible answers are listed in the following:

1) Binary number representations of letters from A to H as
A-000, B-001, C-010, D-011, E-100, F-101, G-110, H-111
2) ASCII code representations
A- 1000001 (41H), B-1000010 (42H), C-1000011 (43H), D-1000100 (44H)
E- 1000101 (45H), F-1000110 (46H), G-1000111 (47H), H-1001000 (48H)
3) I-out-of-8 representations.
A- 00000001, B-00000010, C-00000100, D-00001000
E- 00010000, F-00100000, G-01000000, H-10000000
4) Other answers.

The above essay question is assigned to the students when the binary number system has
just been introduced and students have learned how to represent a decimal number in binary
system. The answer to this warm-up question seems very simple and straightforward. Answer
one is a direct and straightforward answer. As to answer two, some students may look it up in the
textbook and other reference books to find the ASCII encoding. It is also possible some students
may come up with answer three or other answers. Here are some thoughts for the discussion
following these answers.

Question 1: Is it necessary to encode all the letters in the same length of bits?

This discussion can lead to the introduction of not-the-same-length encoding. If the
probabilities of these letter appearances are different, the encoding bit length may not be the
same for each symbol. Assume that the probabilities of the letter appearances are: A-0.25, B-0.2,
C-0.175, D-0.125, E-0.1, F-0.975, G-0.0625, H-0.0625, the following encoding will result in the
minimum entropy.

A-1, B-01, C-001, D-0001, E-00001,F-000001,G-0000000,H-00000001.

Question 2: Is it necessary to encode all the letters in the binary ascending order?
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The encoding of these letters isn’t necessarily encoded in binary ascending or descending
order. The concept of Gray encoding can be introduced here. Gray encoding is a binary encoding
in which only one bit changes between each pair of successive code words. The 3-bit Gray codes
are listed as:

A-000, B-001, C-011, D-010, E- 110, F-111, G-101, H-100

The concept of combinational logic circuit encoder and decoder could also be introduced
in this discussion. Basically encoder and decoder perform the code conversions between these
different encoding systems. In a decoder, the number of input codes is bigger than that of the
outputs. For example, a 3-8 decoder is needed to convert a binary encoding in answer one to 1-
out-of-8 encoding in answer three. Vice versa, an 8-to-3 encoder can convert I1-out-of-8
encoding in answer three to a 3-bit binary encoding in answer one.

The ASCII table can also be introduced in the discussion following answer two. The
American Standard Code for Information Interchange (ASCII) represents each character with a
7-bit string, yielding a total of 128 different characters. The code contains the uppercase and
lowercase alphabet, numerals, punctuation, and various nonprinting control characters. It is the
most commonly used character code.

During the implementation of this JiTT project, WebCT will be used to deliver warm-up
assignments and collect students’ responses. In the event that WebCT server is down, both the
warm-up assignments and students’ responses can be delivered via email. The assessment tools
in WebCT will be used to deliver these warm-up exercises and gather students’ response for
JiTT practices.

Project Assessment Plan Development

Project outcomes, which include students’ attitude change, student-instructor’s
interactions, time spent in and out of class presentations, the natures of JiTT presentations, will
be assessed and evaluated using surveys/questionnaires. Student responses to a standard
attitudinal survey and anonymous end-of-course survey responses will be used to generate
information regarding students’ attitudes and thoughts relevant to this JiTT course. The
following pre-JiTT and post-JITT questionnaires will be adopted for JiTT practices.

Pre-JiTT and Post-JiTT Questionnaires:

Please answer the following survey questions at the best you can. Some of them are
answered in a 10-point scale. In that case, 10 means strongly agree, O means strongly disagree.

1) What are your expectations of this course?

2) How much percentage each week did you spend on this course? (homework
assignment, textbook reading, etc)

3) How many hours did you spend on reading course materials before each lecture time?

4) I am very much involved in the classroom discussion during lecture time. Give your
answer in a 10-point scale.
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Your answer: (0-10)

5) I'm very well prepared for this course before each new lecture.
Your answer: (0-10)

6) Ihave a strong motivation to study this course.
Your answer: (0-10)

7) Any other comments.

In addition, based on the nature and frequency of questions students ask, and the
percentage of warm-up question completeness by the students, the instructor will get a good
understanding of the students’ attitude and thoughts during the implementation of this project.
Data gathered from the surveys/questionnaires’ results, will provide the basis for assessing the
outcomes of the project.

Plan Development of JiTT Implementations

JiTT exercises in ECE 270 will be conducted in one semester with control (JiTT) and
non-control (non-JiTT) sessions. Though all content areas are not equivalent in difficulty levels,
the students’ view on both methods could be provided of having the same students. The results
of this experiment could be reached in one semester. The teacher-student interactions, time spent
in/out of class presentation, the nature of the preparation, and student attitudes toward the content
could be measured through comparing between JiTT and non-JiTT lecture sessions.

The model of Integrated Course Design (see Figure 3) proposed by L. D. Fink [10] will
be followed during JiTT exercises in ECE 270, which conclude three phases as depicted in the
following.

Learning
Goals

Teaching/
Learning
Activities

Feedback &
Assessment

Figure 3. A Model of Integrated Course Design Proposed by L. D. Fink [10]

Weeks 1 to 5, phase 1: Topics from chapter 1 to 5 will be taught using traditional
lecture/recitation format. Pre-JiTT questionnaires will be conducted at the end of phase one.
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Weeks 6 to 10, phase 2: Topics from chapter 6 to 9 will be taught with JiTT exercises.
Post-JiTT questionnaires will be conducted at the end of phase two. During the phase two, the
instructional activities in Figure 4 will be carried, which includes students’ warm-up exercise
preparations, adjusted classroom teaching, project assessment with questionnaires, etc.

In-Class
In-Class,
1. Adjusted Il“gf.‘ss’ g Post-JiTT
Pre-JiT'T instruction o S.te Survey
Survey 2. Group instruction
Conducted discussion 2: Grou'p JiTT Project
discussion
Assessment
1. Reading 1. Reading 1. Reading
Out-of-Class 2. Warm-up 2. Warm-up 2. Warm-up
Exercise Exercise Exercise
3. Homework] 3. Homework

Figure 4. JiTT-Exercise Activities

Week 11 to 13, phase 3: All data gathered from pre-JiTT, post-JiTT and interim
comments will be analyzed and processed to evaluate the effectives of JiTT exercises. The
strengths, weaknesses, and value of the project experiences will be assessed during this phase.
Results will be used to improve the quality of the program in the next semester and to ensure the
faculty and students continue to see this project as a worthwhile education experience.

Besides the pre-JiTT and post-JiTT survey, the interim survey will also be conducted to
assess the JiTT practice. A comment box in each warm-up exercise will be added to get students’
feedback. If anything necessary is brought to the attention of the instructor, it can be corrected in
a prompt approach.

Warm-up exercises will be due four or five hours before next class begins, thus it gives
the instructor sufficient time to adjust the teaching materials for JiTT exercises. In the JiTT
classroom practice, to facilitate some essay questions, students with different answers to warm-
up questions will be divided into groups. Thus it will create a cooperative learning environment
and lead to a good discussion.

This JiTT implementation plan is only preliminary and it will get updated once in
practice to get it running smoothly.

Summary

An ongoing project in which Just-in-Time Teaching (JiTT) instructional techniques was
adapted and implemented in Digital Systems Design Education is introduced in this paper. Upon
the implementation of JiTT, the lecture and lab sessions of the course will be enriched with
problem-based classroom interactions. These interactions not only promote active learning and
cognitive engagement among the students, but also support problem-solving and critical thinking
activities. Because their questions and concerns are addressed in the class, students will be more
motivated to learn, resulting in increased time on task and improved learning outcomes. For a
cross-disciplinary course like ECE 270, the JiTT strategy will significantly transform classroom
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practice from one that is teacher-centered to one that is student-centered. Classroom teaching and
learning will shift from the traditional format into a student-centered learning environment. The
successful implementation of JiTT will not only set up a valuable and instructive example of
how innovative teaching strategies can be employed in electrical and computer engineering, but
also contribute new knowledge and experience to other engineering courses at IPFW and the
JiTT community at large.
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