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Reverse Curriculum Design of Lean Manufacturing for Distance 

Education: 

ETD IT/IET Interest Group 
 

Abstract 

 

Due to globalization and recent trends, Lean manufacturing is an important area of competency 

for Industrial Technology students. As demographics of students change, the method of 

delivering curriculum changes as well. The development of a Lean manufacturing course to an 

on-line, asynchronous method from a traditional face-to-face method is discussed here. With the 

natural increase in knowledge in technology field, a reverse design curriculum model is utilized. 

A reverse design model begins with the end results of learning compared to a traditional 

curriculum model of ‘covering’ the material to ensure students have the competencies in 

knowledge and skills to prepare them for a global workplace. 
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Introduction 
 

The impact of globalization over the last twenty years has resulted in a connection of much of 

the world economy. Organizations, and individuals, now collaborate and compete on a global 

scale through commerce
1
. For the individual to be able to successfully participate in a global 

economy, they should possess skills sets that result in an ability to understand and utilize 

technological change
2
. Central to this change has been the transformation in the manufacturing 

sector. Within manufacturing, the competitive strategy has been to create a system that utilizes 

the collective knowledge of the workforce tuned to efficient production. Called Lean 

Manufacturing or Lean Enterprise (Lean), the objective is to eliminate non-value added activities 

by focus on the external customer
3
. Developed in Japan, Lean has become a significant 

management strategy for the manufacturing company seeking to compete globally
4
. To maintain 

vitality in manufacturing, productivity in the United States requires individuals that can utilize 

such innovative ideas such as Lean
2
. A recent nationwide survey of manufacturing professionals 

puts Lean as the most important area of expertise for professionals to understand
5
. Lean has 

become an important topic in academic research engineering technology (ET) programs
6
. As 

colleges and universities adopt Lean into ET programs, the method of delivery varies as well.  

The changes in demographics of ET students require a variety of delivery methods
7
. 

 

The traditional college student that is engaged full-time in coursework and living within a peer 

environment is giving way to a more unconventional model. The acceleration of an aging U.S. 

population has resulted in a wider demographic range of individuals identifying themselves as 

college students. Called non-traditional students, these individuals are often older, engaged in 

higher education in a part-time basis, and live outside an environment of higher learning. There 

are some benefits that a non-traditional student brings into the classroom. As older adults, non-

traditional students often have a background in a professional career that traditional students 

lack. Also, non-traditional students are often working in an area that facilitates their learning 

inside the classroom. However, the main challenge of non-traditional education is the mode of 

delivery: students and their course instructor may be obliged to engage outside the classroom.  

One form of delivery is distance learning. Distance learning and distance education are 

interchangeable terms that commonly refer to a field of education that pertains to the design of 

advanced instructional systems used to deliver education remotely to students who are not 

physically present in the classroom
8
. The use of information technology and the internet allows 

the instructor and students to communicate asynchronously
8
. Asynchronous programming is an 

increasingly popular medium of higher education instruction
9
. Course technology, such as 

Blackboard
TM

 and WebCT
TM

 are used to supplement or deliver courses. This technology is 

appropriate for asynchronous delivery of coursework for traditional students, located on 

campuses and connecting with instructors through ‘brick and mortar’ classrooms, and non-

traditional students, located afar and connecting with instructors at a distance
10

. The creation of a 

Lean course for online use to a varied (traditional and non-traditional) student body was done 

utilizing this framework. 
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Backwards Curriculum Design 
 

A ‘backwards’ curriculum design process was utilized to create an online Lean course for a 

diverse student body. Backwards curriculum design is a methodology to create curricula based 

on an industrial design based upon student achievement of desired learnings
11

. There are multiple 

stages of a backward design process. The first stage is to identify desired results or student 

learnings by asking essential questions of the body of knowledge to be taught: what should 

student know, understand, and be able to do? What are the enduring, or lasting, understandings 

that are desired of an instructional designer
11

? After identifying enduring understandings, the 

next stage is to determine acceptable evidence. The assessment of understandings is based upon 

the collective assessment of evidence needed to document understandings. The last stage is to 

plan and create the learning experiences and instruction
11

. Backwards design brings a number of 

benefits. By focusing on student outcomes, a backwards curriculum is learner focused. A 

curriculum written from the learner’s point of view focuses on what the student will do, not the 

instructor
11

. With students at the center of attention, this also assists the instructor in designing 

curriculum mindful of their student audience. Effectiveness of the curriculum is determined by 

student success in achieving the enduring understandings
11

. A primary characteristic is that 

students shape the instructional work
11

. These features make backward design desirable to ET 

faculty in developing coursework. 

 

Lean Course Competencies 

 

Technology faculty must respond to the requirements of student assessment and ensure that 

graduates of an ET program meet both the expectations and standards of the institution, and other 

stakeholders, such as private industry
12

. To meet expectations of various stakeholders, 

accreditation to a nationally recognized body, such as TAC-ABET, may be completed by ET 

programs
13

.  Accreditation criteria of ABET places emphasis on learner-centered instruction and 

measured learning
14,15

. Learner centered instruction and measured learning are tenants of a 

backwards curriculum design. A backwards design process is essential for the creation of a 

distance education course
16

. By utilizing learner understandings, backwards curriculum design 

can provide advance organization and planning for effective delivery
16

. The creation of an online 

Lean course was based on the accreditation idea of meeting various stakeholder expectations 

through a backwards design process. 

 

The creation of the online Lean course was based on the creation of enduring understandings.  

Instructional design and assessment was based upon these competencies. The competencies were 

created based upon faculty expertise, faculty industry experience, and external industry 

identification of proficiency. Both course designers have experience in teaching Lean as an 

undergraduate course. In addition, the designers have industry background that makes the 

process of creating enduring understandings relevant. Finally, the enduring understandings were 

reconciled with Society of Manufacturing Engineers (SME) competencies (appropriate to an 

introduction to Lean course) of SME Lean body of knowledge certification
17

. As the leading 

society for manufacturing professionals, SME reference is appropriate for external industry 

recognition
18

. The enduring understandings were incorporated into a course syllabus for 

assessment of the research study. 
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Assessment 

 

Utilization of a syllabus for assessment of student perceptions is appropriate. As the primary 

written communication between the instructor and students, utilizing the syllabus as a medium 

for student assessment is suitable
19

. It is also suitable for describing the online, Lean course since 

a course syllabus has been previously been utilized for student assessment of course 

understandings
19,20

. Utilizing a syllabus also clarifies learner expectations of course material and 

align instructor and student perceptions of the most important course understandings; a tenant of 

backwards design
11,19

. Feedback from students through a survey of a Lean manufacturing 

syllabus will aid further development of the course for continuous improvement of distance 

delivery 
21

. 

 

The following research questions were explored: 

 

1. Do students’ perception of the syllabi differed based on the university they attend?  

 

2. Do students’ perception of the syllabi differed based on their enrollment status such as 

part time or full time?  

 

3. Is there a strong correlation between ownership of learning, promotion online 

collaboration, competency building with problem solving ability, and critical thinking as 

the achievement of the course outcome? 

 

Methodology 

 

Survey Instrument 

 

A questionnaire consisting of 31 questions chosen from a catalog of validated course evaluation 

questions pertaining to the selected topics and took approximately five to ten minutes to 

complete
22

. It included questions about the following: basic demographic information, university 

attended, major study area, highest level of education completed, enrollment status, frequency of 

computer use and questions based on four functions of a backwards curriculum design for 

distance education. The four functions are the following: students’ ownership of learning, 

promotion of students’ online collaboration, competency building with problem solving ability, 

and critical thinking as the achievement of the course outcome described in Table 1. 

 

Function Facet of Understanding Definition 

Function 1 Students’ ownership of 

learning 

Student’s explain through knowledgeable and 

justified accounts of ideas, events, and actions
11

 

Function 2 Promotion of students’ 

online collaboration 

Students’ ability to get inside another student’s 

view and understanding
11

 

Function 3 Competency building 

with problem solving 

ability 

Students uses knowledge in authentic situations 

and understand background of that knowledge
11

 

Function 4 Critical thinking as the 

achievement of the 

Students have self-knowledge to know one’s 

ignorance and patterns of thought and action 
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course outcome which inform and prejudice understanding
11

 

 

Table 1: Definitions of the Functions of a Reverse Curriculum Design 

 

The task was designed to investigate students’ perceptions about a reverse curriculum designed 

Lean course created in a collaborative environment between University A and University B. 

Three types of syllabi: traditional (live) delivery, current distance delivery, and a distance 

delivery based upon backwards design were used in the study. The participants were assigned to 

one of the three possible groups based upon which syllabus they evaluated.  Each syllabus type 

was sent randomly to each participant along the survey for his/her evaluation before completing 

the survey. The participants’ perception was determined by the series of questions each using a 

Lickert scale from one (strongly agree) to five (strongly disagree). The participants were allowed 

to take the survey, even if they had never taken a distance education course in the past. The 

researchers used Qualtrics, survey software, to construct the survey along with a consent form.  

 

Study Participants 

 

The population of participants in this study was approximately 41 students (Table 2) registered in 

Engineering and Technology programs at University A and University B, two public university 

locates respectively on the Southeast and Northwest of the United States of America. University 

A is a fairly small school with less than five thousand students, less than 300 faculty and staff, 

and less than fifty courses offered online. University B is a large university with more than fifty-

thousand students and more than three-hundred courses offered online every semester. Sixty-four 

percent (64%) of the respondents are attending University A and 36% University B. Seventy-

eight percent (78%) were male and 22% twenty-two percent were female. When asked about 

their age, 70.7% seventy point seventy of the respondents were between 18 and 25 years, 4.9% 

were between 26 and 34 years of age and 24% were 35 and over. Students were classified as part 

time (less than 12 credits) and full time (more than 12 credits) at 24.4% part time and 75.6% full 

time respectively. When asked about their highest level of education, 39% of the respondents 

said they are currently classified as freshman, 29.3% are considered sophomore, 17% as junior, 

12.2 as senior and 2.4% as master’s degree students. There were no students classified as 

doctoral degree students, even though the option was provided. When questioned about their 

frequency of use of computers, 80% attested that they use computers several times in a day, 14% 

use computers few times in a day and 4.9% percent said once a day. No participants selected the 

options of using computer once a week or very rarely. Each participant was required to sign an 

informed consent form prior to participating in the study. The study protocol was approved by 

both University A and University B Internal Review Board (IRB) where the study took place. 

 

Procedure 

 

A mass email was sent to the students from both schools inviting them to participate in the study. 

Before beginning the survey each participant received a briefing on the nature, objectives, and 

potential risks of the study. Next, the participants were asked to sign a consent form online. 

Students could leave the survey at any time.  If a student object to the consent form, a thank you 

notice appeared on the screen, and they were prompted to leave the survey. If the participant 

accepted, the participant was taken directly to the survey main page. The participant received 
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instructions to become familiar with the tasks of the survey. Upon the notification to start, they 

began the tasks. A place for comments was placed at the end of the survey. Once the survey was 

completed, a thank you e-mail was sent to the participant.  

 

Results 

 

Comparison of University A and University B students’ satisfaction of the syllabi.  

 

To answer our first research question, we examine the two groups of students used in the study. 

University A students rated the reverse curriculum design syllabus 11.1% compared to the 

traditional (live) delivery 18.5% and current distance delivery syllabi 70.4%. Students from 

University B, on the other hand, gave the same rate to the distance delivery based upon 

backwards design, 23.7% and to the traditional (live) delivery 33.4%. Current distance delivery 

syllabi received a 42.9% approval from the students. The two groups did not differ on their 

dissatisfaction of the reverse curriculum design syllabus which received the lowest rating in the 

case of both group of students.  

 

Comparison of students’ satisfaction of a syllabus design based on their enrollment status 

such as part time or full time. 

 

To examine our second question, we considered the students enrollment status to examine its 

extent on student satisfaction. Out of the two enrollment status considered in the study, the full 

time students viewed distance delivery based upon backwards design to be the least satisfying 

design 9.7%, compared to the traditional (live) delivery 67.7% and current distance delivery 

syllabi 22.6%. The students with a part time status gave delivery based upon backwards design 

to be the most satisfying design along with the current distance delivery syllabi, followed by the 

traditional (live) delivery 40%. 

 

Student’s importance of four functions of a lean course syllabus based on reverse 

curriculum design principles.  

 

A statistical software program, SAS version 9.1, was employed in model testing. A correlation 

was conducted to measure the strength of any relationship between the four functions of the 

syllabus designed based on reverse curriculum principles. Correlations of the predictor variables 

with the predicted variable were reported as Pearson correlation coefficients by the linear 

multiple regression analysis (Table 1).  

From the table it can be seen that the largest coefficient occurred between Function 1 and 

Function 3 (0.86038 p=<.0001). It was expected that the two functions will be highly correlated 

showing that the analysis would provide a meaningfully results. The next highest was (0.83917; 

P=<.0001) and occurred between Function 1 and 4. On the other hand, the weakest correlation 

occurred between Function 2 and Function 3 (0.53428; p=0.0003), following by function 1 and 2 

(0.59986; p<.0001). 

 

 

 
 

P
age 14.1031.7



 Function 1 Function 2 Function 3 Function 4 

Function 1 

 

    

Function 2 

 

0.59986 

<.0001 

   

Function 3 

 

0.86038 

<.0001 

0.53428 

0.0003 

  

Function 4 

 

0.83917 

<.0001 

0.68334 

<.0001 

0.83393 

<.0001 

 

 

Table1.  Pearson Correlation Value P-Value 

 

Discussion 

 

This study resulted in a satisfaction rating of syllabi, regardless of how the syllabi were designed.  

The syllabi were based on distance delivery created through a backwards design, traditional 

(live) delivery, and current distance delivery. Four functions critical to a good syllabus were used 

to test each design. University A and University B students favored the distance delivery based 

upon a backwards design least. This can be explained by the fact that the students from both 

schools are not familiar with the backwards design concept through distance delivery. Asking 

students to rate their satisfaction with the document is accessing their familiarity of the 

document. The design of a curriculum process backwards is a faculty function.  This study shows 

that it currently resides a function of faculty. 

There remains a difference in students rating between the traditional (live) delivery and the 

current distance delivery design. University A selected the traditional (live) design to be the best 

design, while University B students gave the highest rate to the current distance delivery 

syllabus. This can be explained by the level of Distance Education (DE) delivery level at both 

universities. While University B is a mature university in DE and offers many courses online, 

The DE effort at University A is very recent and many of the its students have never taken online 

course or are in their first semester experience. Their preference goes to the traditional (live) 

whereas University B students preferred the current distance delivery syllabus. 

The full time students, when asked to rate the three syllabi, gave the highest rate to the current 

distance delivery design and the part time students rated the same design the lowest.  The other 

two types gave a split opinion.  This can be explained by the fact that the students attending 

school full time are younger, selecting more online courses, and are dictating their preference for 

the current distant delivery design. In contrast, part time students are older and are more familiar 

with more traditional delivery.  

The correlation analysis conducted in the study showed the strongest correlation between 

students’ ownership of learning and competency building with problem solving ability. A student 

who explains through knowledgeable and justified accounts of ideas, events, and actions will 

ultimately develop a problem solving through critical thinking ability. An emphasis of one of 

these two functions will ultimately uncover the others. A good syllabus will emphasis typically 

one, not necessary both.  A backwards curriculum process, designed to ‘uncover’ student, should 

focus on the student’s view of knowledge more sophisticated by the student’s actions, events, 
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and ideas.  Thus, a syllabus devised from the functions of reverse design, should drive the rest of 

curriculum development. 

 

Conclusions 

In recent years, there has been more attention given to curriculum design because of the 

complexity and the importance given to the skills that the students need to gain.  This study 

assessed three types of syllabi using students’ perception. The results of the study showed that a 

profound understanding of the elements of a new type of syllabus is required to familiarize the 

students to the material before its introduction. Furthermore, it was shown that students with 

different backgrounds tend to favor different types of curriculum design. 

However, because of the limitations of this research, such as the use of a small number of 

participants in the survey and the unavailability of other types of schools such as private or 

community colleges, readers should be cautious in making generalizations from the study 

findings. Future research can focus on using a survey to assess students’ perception, but 

instructors’ as well from many types of schools. 
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