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Abstract—This innovative practice full paper presents the 

implementation of whole system mapping for sustainable design 

thinking in engineering and non-engineering courses. Sustainable 

design has gained substantially more attention in both academia 

and industry as increasingly designers of products and services are 

expected to consider the longevity and sustainability of their 

products and services. Whole system mapping entails 

consideration of the resources, users, product life cycle, 

environment, and the interconnections of a product or service idea 

during design. Using the open educational resources, whole system 

mapping exercises were incorporated in senior engineering 

Project Management and senior Electrical and Computer 

Engineering Project Lab courses with engineering students, and a 

Gulf of Mexico Studies course for non-engineering students as a 

method to introduce the students to the idea of sustainable design. 

In this paper, we compared the students' utilization of whole 

system mapping to help them demonstrate sustainable design 

thinking in their proposed project ideas. This innovative practice 

assisted the students with determining resources needed to create 

their product or service, and whether more sustainable materials/ 

options could be chosen. The exercise assisted the students in 

considering the product life cycle from ideation to disuse of the 

product/service, and how they could incorporate reuse/ 

repurposing/recycling to extend the life of the product or its parts. 

The students considered the interactions based on the purpose of 

the product to incorporate useability in their design. Finally, the 

students also established connections to the users and where the 

product/service outputs or outcomes may end up, impacting their 

environment. Creative ideas were generated both in the 

interdisciplinary engineering and single-discipline engineering 

courses at two institutions. Non-engineering teams also brought 

fresh perspectives to the process with alternative project ideas in 

one course. This case study represents part of a wider study that 

includes additional cohorts to study whole system mapping and 

students’ skills development in sustainable design.  

Keywords—sustainable design, whole system mapping, 

engineering design, product life cycle, problem-based learning, 

introduction to sustainable design principles, interdisciplinary 

collaboration, systems thinking training, life cycle assessment (LCA) 

I. INTRODUCTION 

Sustainable design is gaining more attention in both 
academia and industry as increasingly designers of products and 

services are expected to consider longevity and sustainability of 
their products and services. Whole system mapping (WSM) 
entails consideration of the resources, users, product life cycle, 
environment, and the interconnections related to a product/ 
service/process during design. Using the open educational 
resources (OER) put together by VentureWell [1], whole system 
mapping exercises were incorporated in senior engineering 
Project Management (Fall 2023) and senior Electrical and 
Computer Engineering Project Lab (Spring 2024) courses with 
engineering students, at two institutions, and a Gulf of Mexico 
Studies (Spring 2024) course for non-engineering students. 
These courses were chosen due the requirement of a project in 
the course outcomes.  

In this paper, we compare the students' utilization of whole 
system mapping to demonstrate sustainable design thinking in 
their proposed project ideas. This innovative practice, as it is 
incorporated in senior capstone design projects, and gulf impact 
projects practice, assisted the students with determining 
resources needed to create their product or service, and whether 
more sustainable materials/options could be used. The exercise 
encouraged the students to consider the product life cycle from 
the ideation to the disuse of the product or service, and how these 
students could incorporate reuse/repurposing to extend the life 
of the product/service or its parts. The students examined the 
potential interactions based on the purpose of the product to help 
them incorporate useability in their design. Finally, the students 
also established connections to the users and where the 
product/service outputs or outcomes may end up, impacting 
their environment and therefore fostering critical thinking for 
sustainability and sustainable design. 

II. BACKGROUND 

A. Literature Survey 

System mapping has been used to help plan and implement 
action to promote physical activity [2] in a less structured system 
mapping model. Whole system mapping has been applied in 
non-design contexts and considers five steps including: 1) 
internal environment, 2) human factors, 3) tool application, 4) 
lived process cycle, and 5) external environment [3]. Green 
design tools have been developed in the whole system design 
process to support sustainable thinking in design. Faludi et al. 



investigated the tools we incorporate here to determine green 
design activities and mindsets that drive innovation and 
sustainability and found that whole system mapping was well 
received by students [4]. In an earlier work, sustainable design 
was introduced to interior design/architecture students through 
studio experiences resulting in increased awareness among 
students to sustainable design as “a multidimensional concept 
that requires critical thought processes”, as well as recognizing 
environmentally responsible design [5]. 

A survey of almost 7000 students found that most of the 
surveyed students were concerned with sustainability as well as 
environmental impacts resulting from climate change [6]. There 
is a growing concern to incorporate more information about 
sustainability into engineering curricula utilizing innovative 
practices so that students learn the skills necessary to incorporate 
sustainability practices into their engineering designs. For 
instance, Engineering for One Planet (EOP) strives to ensure 
that students learn the skills required to incorporate 
sustainability into engineering design and associated processes 
[7]. As part of the ABET engineering accreditation process, 
engineering programs need to include content as well as design 
projects and/or assignments in which students learn to 
“…produce solutions that meet specified needs with 
consideration of public health, safety, and welfare, as well as 
global, cultural, social, environmental, and economic factors,” 
(outcome 2) [8] and content that instills in students the ability to 
address “…the impact of engineering solutions in global, 
economic, environmental, and societal contexts” (student 
outcome 4) [8]. These particular open educational resources 
(OER) were chosen since they directly contributed to the course 
and student learning outcomes in engineering, and are also 
relevant to non-engineering application scenarios.  

As systems become more complex, methods to visualize or 
analyze these system-of-systems are needed to facilitate 
working with these complex systems. System maps enable 
visualizing a complex system with its associated subsystem 
relationships as a whole. Flores looked at a capstone course’s 
use of system methods and concepts to improve student 
coordination and students’ application of system methodologies 
to a project [9]. Schimpf and Olewnik studied differences 
between an instructor’s and student’s system mapping for a 
system of systems and the inherent relationships among the 
systems; the instructor’s mapping incorporated more structure 
and aspects that a student or novice did not include [10]. Ghadiri 
et al. studied complex food systems using system maps [11]. 
Faludi et al. conducted workshops and surveyed professionals 
about sustainable design methods, such as Whole System Maps 
[12]. 

The comparison of WSM ideas, approaches and connections 
by engineering vs. non-engineering students is unique to this 
project. We discovered that even though the non-engineering 
students' project ideas differ significantly from engineering 
design projects (Gulf of Mexico related summer camps, 
informational brochure, tagging sports fish, vs. traditional 
engineering design solutions to identified engineering problems, 
including building prototypes), sustainable design ideas can be 
incorporated equally successfully in both engineering and non-
engineering disciplines through innovative practices to engage 
the students in the process. 

III. STUDENT COHORTS AND WSM EXERCISES 

Whole System Mapping exercise was conducted in a Project 
Management (Senior Design 1) course at Texas A&M 
University-Corpus Christi (TAMUCC) (n1 = 29), and Senior 
Design 2 at Texas A&M University-Kingsville (TAMUK) (n2 = 
5). In addition, Whole System Mapping exercise was introduced 
to Gulf Scholars Program (GSP) students composed of 
junior/senior science students (biology and environmental 
science), psychology, pre-mechanical engineering and pre-
nursing students (n3 = 13). These students were chosen because 
they were enrolled in courses that had a project and design 
component. 

At TAMUCC, In Senior Design 1, students performed the 
task within their capstone team using their capstone project idea 
for the WSM exercise. In GSP, students formed teams of two or 
three, picked a topic of interest, and applied WSM and analysis 
to their chosen project topic. At TAMUK, The Senior Design 
students applied WSM to their team’s capstone project, but 
individually. 

A. WSM Exercises 

The exercise conducted was adapted from Venture Wells’ 
Design and Sustainability resources available online [1]. The 
general concept and considerations for whole system mapping 
as used in the courses is summarized in Figure 1.   

 

Fig. 1. Conceptualization and interconnections relaed to whole system 

mapping. 

The four steps of whole system mapping adapted from [1] is 
listed below: 

Step 1. Visually map the product’s (or service’s or 

process’) system. 

Step 2. Use estimated product life cycle assessment 

(LCA) to set environmental priorities, then 

balance with business or other priorities. 

Step 3. Brainstorm further on the system map to generate 

additional ideas. 

Step 4. Choose winning idea(s) based on the identified 

priorities and expected idea performance. 

 
At TAMUCC, engineering students used steps 1-4 as an in-

class exercise during a laboratory period. The students were first 
presented with a PowerPoint presentation covering the main 
concepts of sustainable design and whole system mapping (see 
Appendix), and then shown a short video with an example that 



highlighted the concept of sustainability in design where the 
whole system must be considered to devise the optimal solution. 
In sustainable design, therefore, it is not enough to consider only 
one part of the whole system, or subsystem. Students were asked 
to consider two alternatives, and compare these alternatives to 
select the best solution for sustainable design. 

At TAMUK, the entire exercise was implemented as a take-
home assignment, as posted on the OER Website [1], as an 
individual assignment.  

B. WSM With Engineering Students 

At TAMUCC, engineering students typically chose tangible 
projects whose focus was a product, or engineering-related 
service. These included the creation of a basic utility vehicle, an 
unmanned aerial system for firefighting, an autonomous rover, 
a tank for sinkhole simulation and modeling, conversion of a 
gasoline truck to a hybrid truck, and a weather balloon. 

At TAMUK, the students implemented whole system  
mapping for an infrared mapping system, an automated lighting 
system, and an autonomous robot for material transport. 
Students on the same capstone project were asked to attempt 
whole system mapping individually, so multiple perspectives 
were possible for the same project idea. 

C. WSM With Non-Engineering Students 

A very different set of projects emerged from the Gulf 
Scholars Program students, including creating high-impact 
business cards, informational brochure, a summer camp, sports 
fish tagging, and beach (debris) comber. 

  

IV. RESULTS 

Figure 2 depicts an example whole system map [13] developed 

as a student team in Project Management (Fall 2023), and 

included in the Capstone Project Final Report (Spring 2024). 

 

Fig. 2. Sample Student work of a whole system map (soil tank for sinkhole 
simulation and modeling, an engineering senior capstone design project team) 

[13]. 

V. PRELIMINARY ASSESSMENT OF STUDENT WORK    

A. Instructors’ Assessment  

During whole system mapping in-class exercises at 

Texas A&M University-Corpus Christi, the students 

demonstrated creativity, teamwork, and ideation as a group. 

The students were able to adapt the concept mapping exercise 

to either their capstone projects, or to a project idea of interest 

to them or their discipline. The students made strong 

connections between their product/service idea and raw 

materials, its user interactions, life cycle, and its environment. 

They were able to show how the product and system could be 

created using alternative materials; they demonstrated how 

their brochure could be turned into a sustainable product by 

generating a QR code, and updating brochure content on the 

Internet so it would not be outdated. They successfully 

investigated the reusability and recyclability of materials when 

the product life cycle reached its end. On a scale of 1-poor to 5-

excellent, all student teams performed at a level of 5-excellent 

in this assignment. 

At Texas A&M University-Kingsville, students 

demonstrated individual understanding of the concepts in a 

more extended version of the assignment, completing the entire 

exercise that provides a 360 viewpoint for whole system 

mapping for sustainable design (n = 5), performing at a level of 

excellent. 

B. Student Opinions 

Students were asked to complete an optional survey 

assessing the Whole System Mapping in-class exercise in 

engineering Project Management (Senior Capstone Design 1) 

course. Figure 3 shows the survey results based on average 

scores for each question. 

 

Fig. 3. Student opinion survey results in Project Management (Capstone 

Design 1) class. 1 – Poor, 2 – Fair, 3 – Neutral, 4 – Good, 5 – Excellent                 

(n = 18) 



Based on the average scores of 18 students who responded, 

students ranked all Whole System Mapping exercise related 

survey questions above 3.0. The WSM exercise, in general, had 

mixed reviews and received the lowest score of 3.1. 

Anecdotally, some students mentioned that there was not 

enough time to complete the exercises in 2-3 hours during the 

lab time. Some students also mentioned additional examples 

could have been helpful, as whole system mapping was a new 

concept for them. The students in this course scored “Setting 

Priorities from Product Life Cycle Assessment and Business” 

at 3.4. This exercise excelled in “Critical Thinking” and 

“Teamwork.” The students expressed that this exercise engaged 

them in critical thinking (score of 4.1) by requiring them to 

make connections using their knowledge and research results. 

The majority of students who responded also enjoyed working 

in teams (score of 3.9), expanding their knowledge through 

peer-learning. Visually mapping the capstone project was rated 

at 3.8, suggesting the students found visually displaying the 

whole system map of their capstone project idea valuable. 

Making industry/community connections received a 

comparable score of 3.7, suggesting students were able to make 

these connections but there is always room for improvement. 

Surveys in the other two classes were not completed during 

class. 

 

VI. CONCLUSIONS 

 Based on the observations and student performance, and 
student opinion results, whole system mapping was successfully 
completed by both engineering and non-engineering students, 
and both in teams and as individual student exercises.  

 The project ideas categorically varied among engineering 
and non-engineering students. Some service projects appeared 
among non-engineering teams’ project ideas, whereas among 
capstone teams, the project ideas centered around the 
development of a prototype. 

 Students successfully compared the sustainability of their 
design and design options, appropriately selecting the optimal 
solution for their application. Interdisciplinary teams produced 
more diverse solutions than teams composed of same majors.  

 OER as external resources developed by VentureWell to 
conduct whole system mapping that foster sustainable design 
thinking were successfully incorporated into three courses as 
innovative practice where the students in these courses had not 
experienced or covered relevant topics, or achieved relevant 
objectives, before. The team looks forward to expanding this 
work to other courses as well as new cohorts in these courses 
using EOP and other OER. 
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