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A Contextual Approach to Teaching Sustainability 
 
Abstract 
 
The goal of this project is to research sustainability across contexts (environmental, economic, 
social, technical, and individual) in order to determine the best methodologies for teaching these 
contexts across academic disciplines (in our case:  engineering, integrated science and 
technology, psychology, education, English, and communication studies).  We are working to 
determine the most effective ways in which to assess these methodologies using behaviors as 
educational outcomes.  This research has focused on creating cognitive dissonance by 
demonstrating to students the difference between their stated values and behaviors across 
sustainability contexts.  Key studies have focused primarily on individual sustainability, but 
smaller catalyst studies have also focused on the self-knowledge that informs decision making 
and problem solving, cultivating mindfulness as an approach to sustainable living, understanding 
the self as a sustainable system, promoting sustainable student and reader behaviors in literature, 
and changes in metacognitive strategies and exam performance by attribution status (among 
others).  The final deliverable will be the first iteration of a low-cost scalable and transferable 
global model for instructional integration that will allow students and faculty to engage in 
meaningful and intentional self-development of behaviors in specific sustainability content areas. 
 
1 Introduction 
 
Two tragic characteristics tend to characterize human behavior:  1)  our inability to employ a 
systems approach for understanding the world around us, as well as ourselves; and 2)  our failure 
to demonstrate behavior that is aligned with our values.  These factors tend to result in 
individuals who are often unable to direct their own personal growth and professional 
development. 
 
The central goal of this research is to help students understand and employ intentional self-
development strategies in a variety of contexts.  What are the skills and reasoning that underlie 
an individual’s ability to intentionally direct his or her own personal and professional 
development—and how can we teach these skills and behaviors?  Systems theory is at the core of 
this methodology as is an understanding of sustainability across contexts (environmental, 
economic, social, technical, and individual).  Together these provide a foundation that leads to 
greater understanding of the world as well as the ability to demonstrate effective intentional self-
development skills.  The wide variety of research projects conducted under this grant have 
resulted in the development of successful pedagogies that lead students to effective behavioral 
changes, ones that support intentional self-development.   
 
In this research, we have focused on creating cognitive dissonance between students’ stated 
values and subsequent behaviors across sustainability contexts.  Using a variety of settings, tools, 
and methodologies, we have focused primarily on individual sustainability (emotional, social, 
physical, philosophical, and intellectual) and the self-knowledge that informs professional self-
minded engineers, enhances decision making and problem solving in engineering and the 
sciences, cultivates mindfulness as an approach to sustainable living, and promotes 
understanding of the self as a sustainable system. 



 
 

 
This paper is based on work completed under an NSF Engineering Education Grant #1158728:  
Research into Instructional Content and Methodologies for Teaching Sustainability.  We have 
found that our research in a variety of settings and disciplines has yielded support for our 
hypothesis that creating cognitive dissonance between students’ values and behaviors strongly 
motivates them to change their behaviors in the direction of more sustainable and thoughtful 
action. 
 
2 Literature Review 
 
We do not consider environmentalism to be the central context in sustainability.  This departure 
from convention allows students to recognize that sustainability is a complex system; that 
everything is connected to everything else, and that a change in one context in sustainability will 
result in unpredictable changes in the other contexts.  A systems approach to sustainability 
includes the following contexts:  economic, environmental, social, technical, and individual.  The 
approach (and philosophy) embraced in our research places social sustainability—and by 
obvious connection, individual sustainability—as the central contexts.   
 
2.1 Individual Sustainability  
 
An important context missing from most discussions of sustainability, especially within 
academia (or society in general), is individual sustainability.  Living a sustainable lifestyle 
includes creating harmony, interconnection, and relatively high levels of awareness in one’s 
values, thoughts, and behaviors, as well as maintaining an increasing control over one’s 
physical, emotional, social, philosophical/spiritual, and intellectual life.1  The general skills that 
lead to individual sustainability are awareness, motivation, and the ability to engage in 
intentional self-development.   
 
Individual sustainability is likely the most important factor influencing the success of activities 
in the other four contexts as it is one’s individual behavior that creates the foundation for action 
in social, economic, and environmental sustainability and potentially guides our ability to work 
with one another to solve problems and make life-affirming decisions. For this reason, learning 
about sustainability should start with understanding individual sustainability in the following 
contexts: physical, cognitive, emotional, social, and philosophical.  
 
Successful attempts at maintaining meaningful individual sustainability are dependent upon 
one’s ability to change intentionally.  Such growth may be difficult for some, and the challenges 
to individual development may be hindered by personal, career, family, and psychological issues, 
as well as a dysfunctional relationship with time or technology.2  Some psychologists, like 
Maslow3 and Rogers,4 as well as engineers Adams5 and Petroski,6 suggest that barriers to growth 
are related to a variety of personal limitations or insecurities.  Bigda-Peyton7 suggests that 
“humans have inherent [psychological] tendencies to destroy and use up” and that “harmful 
overconsumption occurs when psychic structures dominated by destructive instincts succeed in 
overpowering life-sustaining impulses” (p. 264).  Academia often deemphasizes such personal 
topics, yet it is quite clear that little meaningful and lasting societal change will take place until 
individuals understand and address the nature of sustainability on this deeply personal level.  



 
 

2.2 Theories of Intentional Self-Development and Intentional Change 
 
Several decades ago, Rogers8 considered the motivation behind intentional self-development:  
“…to actualize, maintain, and enhance the experiencing organism” (p. 487).  Maslow3 also 
discussed intentional self-development—“self-actualization”—as the key to individual growth 
and change although his approach was generally more abstract than those noted here.  The 
contributions of Brandtstädter’s9 Development Systems Theory are central to the body of research 
on individual change, and he maintained that individuals are both the products and producers of 
their own self-development—that our motivations guide and shape our personal development.  
Baltes and Baltes10  and Freund et al.11 noted that, through the consequences of intentional 
actions, individuals develop guides (motivations, intentions) for further goal-oriented action; 
and, hence, this “action” becomes the driver for change. 
 
Brandtstädter12 suggested that “beliefs related to the control of personal development deeply 
influence the ways in which individuals experience, and try to manage, their development in 
different phases and areas of life” (p. 198).  Others, including Rotter,13 Schultz and 
Heckhausen,14 and Morf and Horvath15 stressed intentional self-development as a means for 
improving both cognitive and affective abilities.  
 
Gestsdottir and Lerner16 referred to these developmental processes as “intentional self-
regulation”—actions aimed towards harmonizing personal goals in order to enhance self-
development.  This is relevant to our subsequent and current studies since successful intentional 
changes were entirely dependent upon the students’ learning and demonstrating increasing 
control over their behaviors, and selecting desirable and achievable goals.  Selecting such goals 
and identifying desirable behaviors, according to Baltes,17 reduces the possibility of unsuccessful 
results and increases the likelihood of developing methods that lead to desired outcomes.  
According to Brandtstädter,12 reflective thought and intentional control of behaviors, especially 
strategies employed to make progress towards achieving a goal, are central processes that help 
create the desired change in behavior. 
 
2.3 Applications of Intentional Self-Development 
 
Maslow3 described the “self as a project” (p. 12), terminology he likely lifted from Jean-Paul 
Sartre, in which intentional change processes, along with effective decision making, allowed the 
increasingly self-actualized individual to “…make himself into anything he decided to be” (p. 
12).  Rogers4,18 centered much of his philosophy and practical methodology on change processes 
as a method for seeking knowledge, developing learning skills, and living as “individuals in 
process” (p. 105).18 
 
Specific approaches to intentional self-development have taken several forms, and 
Brandtstädter’s9 four principle components of self-development have influenced most recent 
approaches.  These stages include 1)  the ability to control one’s everyday behavior, 2)  the 
development of a structured self-concept, 3)  the ability to evaluate and correct behavior, and 4)  
the integration of these processes into a stable identity.9  Among other successful structured 
behavioral approaches to intentional self-development, Prochaska and Velicer19 developed the 
Transtheoretical Model of Health Behavior Change, which notes five stages of the change 



 
 

process:  pre-contemplation, contemplation, preparation, action, and maintenance, each of which 
is dependent upon intentional control of behavior (self-regulation) and reflection 
(contemplation).  The stages in Prochaska and Velicer, as well as those in Brandtstädter, 
represent a closely monitored and structured approach that approximates the process the authors 
used in past research focused on slow change.20  Structured approaches to behavioral change 
require individuals to create a workable plan to be executed over a pre-determined period of 
time, to monitor progress, to reflect upon and evaluate progress, and to adjust the plan according 
to the relative successes or failures of the plan.21,22 
 
2.4 Cognitive Dissonance 
 
Our experimental studies over the last three years, as well as our increasingly formal studies, 
have focused on cognitive dissonance as a motivation for change.  Cognitive dissonance is a 
psychological situation arising from inconsistent knowledge, which can be reduced or eliminated 
only by decreasing the inconsistency.23  Cognitive dissonance is largely about the resistance to 
change of cognitions and the degree to which dissonant factors conflict.   
 
Behavior, because of its naturally reinforcing nature, is at the center of resistance to change as 
well as imperative to reducing or eliminating cognitive dissonance. In his original theory, 
Festinger23 outlines three factors central to creating cognitive dissonance in an individual:  1)  
having to choose between alternatives, 2)  the existence of a behavior one might normally avoid, 
and 3) the occurrence of new information.  Brehm and Cohen24 noted that behavioral 
commitment was not simply a central factor in reducing dissonance, but a necessary condition in 
the dissonance reduction process.  According to Wicklund and Brehm,25 “dissonance reduction is 
accomplished by changing the behavioral element” (p. 5).  The authors further noted that 
dissonance reduction in the form of active decisions or changed behaviors tends to persist, in 
some form or other, even years following the event since maintaining such a cognitive state was 
not subject to continued motivation.25 
 
Harmon-Jones et al.’s26 action-oriented model, which posits that cognitive discrepancies generate 
dissonance because they interfere with efficient belief-consistent actions, also is compatible with 
the fundamental premises of dissonance, as is recent research that demonstrates vicarious 
dissonance arousal.27,28   
 
3 Methods and Tools 
 
The research performed under the NSF Engineering Education Grant #1158728:  Research into 
Instructional Content and Methodologies for Teaching Sustainability has been divided into two 
key phases.  During the first phase of the research, a multi-disciplinary team of researchers 
representing engineering, science and technology studies, social sciences, education, and 
humanities worked together performing catalyst studies to explore and identify effective cross-
disciplinary methodologies for integrating instruction focused on aligning students’ personal 
values and behaviors in sustainability into existing course materials.  Following these catalyst 
studies, larger case studies have focused on assessing scalable and transferable models for 
instructional integration using the methods and tools identified during the catalyst studies as 



 
 

those most effective at fostering alignment of students’ personal values and behaviors.  
Specifically, in this research, we define values and behaviors as follows. 
 

• Values are the beliefs in the significance and meaning of objects, qualities, or human 
behaviors.  Values may be personal and individually held or guided by 
community/cultural, governmental, or corporate norms.  

 
• Behaviors are the competencies students can demonstrate—rather than simply the 

acquisition of knowledge of, or attitudes towards, a particular topic.  Individual behaviors 
are one’s actions and decisions across sustainability domains in all decision making 
contexts.   

 
Three key methodologies provide the underlying foundation for research performed under this 
grant.  First is a pedagogical approach to sustainability that employs systems theory stressing that 
the interrelationship of factors in a unified system depend upon the unpredictable nature of the 
relationship of individual factors (emotional, social, physical, philosophical, and intellectual).  In 
other words, sustainability must begin with the individual.  Second, an individual's demonstrated 
behaviors following an educational intervention are a more effective measure of learning than 
are affirmation of learned skills and knowledge or new attitudes and goals.  Third, one’s values 
provide an individual with the necessary principle guiding force for self-development and 
intentional individual change when confronted with disparities between stated values and 
behaviors.  Through recognition that change must begin with one’s self and a heightened self-
awareness of one’s values and behaviors, students may engage in meaningful and intentional 
self-development.   
 
Through catalyst studies these three methodologies have come together into the following 
generalizable pedagogical approach, as shown in Figure 1.  First, students learn about systems 
theory and individual sustainability through class lectures, discussions, and readings.  
Understanding and change are assigned as out-of-class assignments and do not require any in 
class time for implementation.  During the understand phase, students affirm their values 
(typically through survey instruments) and describe their personal behaviors.  In the change 
phase, cognitive dissonance is developed to motivate intentional self-development.  An action 
plan guides students’ plans for change, and formal reflections and evaluations help students 
monitor progress. 
 

 
Figure 1:  Pedagogical Approach 
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Each of the tools and methods applied through catalyst and case studies are defined as follows: 
 

• Value Affirmation:  Value affirmation is the process by which an individual asserts a 
belief in a particular value, and the assertion may be either explicit or implicit.  When 
explicit, value affirmation typically occurs through a survey instrument containing value 
statements, and individuals rate their values on a Likert scale.  When implicit, value 
affirmation occurs through the assertion of desirable or ideal behaviors of an individual 
or population (e.g., an ideal professional engineer would be ethical in all business 
dealings).   

 
• Behavior Understanding:  Behavior understanding is the process by which individuals 

identify their current actions or decisions with respect to a particular domain.  In this 
research, behavior is always explicit taking the form of a survey instrument, and 
individuals rate their behaviors (as listed in the survey instrument) on a Likert scale.  For 
example, an individual might rate the behavior, “When making contractual decisions, I 
always allow bribes to sway my decision making,” highly as in that he or she agrees 
strongly with this behavior. 

 
• Cognitive Dissonance:  Our approach to research into cognitive dissonance is behavioral 

but with the recognition that cognitive and behavioral factors are largely interconnected 
and tend to function on complementary terms.  Our research addresses cognitive 
dissonance that is intentionally introduced into a setting, not the dissonance that occurs in 
everyday life or comes to our attention through typical life events.  As well, our approach 
to cognitive dissonance focuses on the alignment of values and behaviors in our students, 
in that students’ stated values are often in conflict with their demonstrated behaviors.  For 
example, cognitive dissonance may be recognized by an individual if he or she rates 
strongly in agreement that “an ideal professional engineer would be ethical in all business 
dealings,” yet that same individual rates highly in agreement that “when making 
contractual decisions, I always allow bribes to sway my decision making.”   

 
• Intentional Self-Development:  The process by which individuals work toward aligning 

their ideal behaviors or values with their actual behaviors.  Intentional self-development 
may refer to either fast or slow change processes.   

 
• Concept Maps:  Concept maps (or cmaps) are graphical tools for organizing and 

presenting knowledge. A cmap consists of a central topic that branches off into different 
hierarchies by identifying related concepts and connecting them with linking lines and 
phrases. Cross-links (consisting of a line and descriptive phrase) are used to connect 
concepts across two or more hierarchies. The use of cmaps to capture the structure and 
content of student knowledge 29 is supported by cognitive psychological research in the 
area of semantic memory, which refers to an organized database of concept-based 
knowledge.30  Concept maps can be used as both an instructional and assessment tool, 
and in this research are used to capture student conceptualizations of the five 
sustainability concepts.   

 



 
 

• Reflection:  Per Boyd and Fales,31 reflection may be defined as “the process of creating 
and clarifying the meaning of experience (present or past) in terms of self (self in relation 
to self and self in relation to the world)” (p. 101). Through a review of literature by Van 
Manen, Mezirow, Boyd and Fales, Goodman, Boud, and Schon on reflective processes, 
Atkins and Murphy32 deduced that the process of reflection can most simply be 
summarized by three phases. During phase one, “an awareness of uncomfortable feelings 
and thoughts” initiates the reflective process (p. 1189).32  During phase two, one performs 
“a critical analysis of the situation, which is constructive and involves examination of 
feelings and knowledge” (p. 1189).32  During the third phase, one develops a “new 
perspective” on the issues which arose the initial discomfort (p. 1190).32  This new 
perspective may lead to or may perpetuate intentional self-development efforts or may 
result in changes to one’s values or behaviors, hence the two-way connection from 
Reflect & Evaluate in Figure 1 to Develop Action Plan and the one-way arrows from 
Reflect & Evaluate to both Affirm Values and Understand Behaviors.   

 
4 Research Studies 
 
Per the project methodology, this research project was divided into two phases.  Catalyst studies 
carried out by a multi-disciplinary team of researchers were focused on applying the generalized 
pedagogical approach across university disciplines.  Catalyst studies informed larger and more 
focused case studies which have been completed in engineering as well as science and 
technology studies courses.  This section provides an overview of catalyst studies as well as 
descriptions of three case studies.   
 
4.1 Catalyst Studies 
 
Catalyst studies were carried out in engineering, science and technology studies, social sciences, 
education, and humanities courses and represented a variety of different types of studies with the 
goal of exploring the application of intentional self-development based on cognitive dissonance 
between values and behaviors.  An overview of these catalyst studies follows.  It should be noted 
that not all of the catalyst studies resulted in publishable results, but instead they informed the 
later case studies.   
 

• The Self-knowledge that Informs Decision Making and Problem Solving.  Empirical 
observations of engineering students working with clients and in teams has led us to 
realize that a higher communication barrier, and the more distinct the differences between 
each student as well as the client, the more likely students are to disengage from the 
project and their teams.  The overarching goal of this catalyst study was to make students 
aware of this dissonance and encourage them to balance more effectively the self-
knowledge that informs decision making and problem solving.33  Through this study, 
students worked closely with a client with a disability (as the students do every semester 
in this course) and reflected frequently on the experience.  New course modules (added to 
subsequent course offerings) were developed to help students through dissonance noted 
in their personal reflections.       
 



 
 

• Cultivating Mindfulness as an Approach to Sustainable Learning.  This study sought to 
help students in a integrated science and technology course cultivate mindfulness as a 
vehicle to promote more sustainable learning.  Students with sustainable learning habits 
possesses the ability to perform and succeed academically, not just with respect to 
intentional regulation and cognitive development, but also with respect to the quality of 
their emotional well-being as it pertains to the values and conditions that promote 
continued prosperity and growth. 
 

• Understanding the Self as a Sustainable System.   Students in an writing and rhetoric 
course explore the concept of systems theory through creative and reflective writings.  
Students write about themselves (both abstractly and directly) as interlocking “systems” 
determined by the five contexts in individual sustainability (emotional, intellectual, 
social, physical, philosophical).  Students visually inter-animate these five contexts in 
individual sustainability to show how balanced they feel at the moment.  The goal is to 
translate ways individuals may already think about their identities within the contexts and 
definitions of Individual Sustainability. 
  

• Sustainable Personality.  Students in an integrated science and technology course 
experience cognitive dissonance when they realize their behaviors related to 
sustainability do not reflect their values.  We expected students would work to align their 
behaviors with their values.  Three primary objectives are meant to encourage students to 
change their everyday behaviors:  1) to facilitate individual sustainability awareness; 2) to 
study the cognitive dissonance that occurs when students realize that their behaviors 
related to physical, emotional, social, economic, and intellectual sustainability do not 
align with their values; and 3) to determine, when faced with this dissonance, if and how 
students are motivated to individual behavior change.34  Student reflections indicated 
positive changes in relationships, study behaviors, time use, and relationship with 
technology as well as an improved sense of personal integrity and self-esteem, and 
decreased stress and anxiety.34  
  

• Role Behavior in Groups.  The goal of this research is to assist students in improving 
their academic life (individual sustainability) by asking them to reflect on their values, 
thoughts, and behaviors related to small group problem solving.  After engaging in self-
reflection, students engaged in a series of small group activities with each student’s 
teammates providing a ranking of each of their peer’s behavior.35,36  Student reflections 
indicated that cognitive dissonance was created as a result of course modules.  A set of 
role behaviors and values related to groups was generated as a part of this study.  This 
study was completed with students in an engineering course as well as with students in a 
communication studies course.   
  

• Changes in Metacognitive Strategies and Exam Performance by Attribution Status.  
This study explored a metacognitive intervention to encourage generalizable changes in 
student attribution styles as they pertain to academic effort, strategy, and achievement in 
a general education psychology course.  We hypothesized that confronting students with 
their planned behavior and actual results might encourage cognitive dissonance resulting 
in a stable adjustment of attribution style and academic performance.  It was further 



 
 

hypothesized that the effect may differ by baseline attribution style.  While cognitive 
dissonance was noted, student performance did not change, indicating that there are other 
factors influencing students academic effort, strategy, and achievement in this general 
education course.   

 
4.2 Case Studies 
 
In this paper, three of the larger case studies that followed the initial catalyst studies are 
highlighted.  The three case students are (1) Sustainable Personality with Personality Pad, (2) 
Fast Change:  Teaching Intentional Self-development, and (3) Cognitive Dissonance and 
Formation of Professional Engineers.  Descriptions of these case studies follow. 
 
Research Study #1:  Sustainable Personality with Personality Pad.  The general objective of 
this research is to determine how an interactive website (PersonalityPad.org) providing 
multisource feedback on personality motivates students to change their behaviors or values, or to 
align their behaviors and values. PersonalityPad.org is a website whose goal is to foster 
intentional self-development in the area of individual sustainability.  Personality Pad automates 
the process of 360° evaluation, also known as multi-source feedback, allowing an individual to 
experience a process leading to self-discovery and personal growth.37 
 
The purpose of this study was to determine which group of students—first year science and 
technology students (in a class focused on individual change), or upper-level psychology 
students (in a class unrelated to individual change)—would report greater personal changes 
following using Personality Pad.   
 
In this study, four hundred students in two classes, a general education science and technology 
class and an upper-level psychology class, were given a 50-item multi-source feedback online 
survey, Sustainable Personality (on PersonalityPad.org); this survey assessed individual 
sustainability in the following contexts:  emotional, social, physical, economic, and intellectual.  
Following a post-test, reflective essays, and a later follow-up survey, results revealed that many 
students increased their awareness of the topic of individual sustainability and reported changes 
in their behaviors and values.1   
 
The science and technology students reported slightly higher levels of increased awareness than 
the psychology students (100% vs. 94%).1  While more science and technology students reported 
greater motivation toward behavioral changes than the psychology students (96% vs. 60%) or 
engaging in actual behavioral changes (66% vs. 50%), both groups had substantial numbers 
making personal changes.1  Fewer students report making changes in values due to their 
interaction with the website and survey.1  Over 73% of science and technology students and 40% 
of psychology students reported motivation toward making some changes in values, and 41% vs. 
22% reporting actual changes in values.1  
 
The final issue, whether the survey process helped students align their behaviors with their 
values, is the most important one and, as well, the most relative.  Science and technology 
students reported 90% agreement, and psychology students reported 48% agreement.1  While this 



 
 

particular question did not require students to explain the degree of their “improved alignments,” 
these numbers are encouraging whatever the case.   
 
Our results in this study are encouraging, and we continue to research these effects.  If students’ 
self-reports are to be believed to any degree, this study has yielded measureable changes in 
personal awareness, values, and behavioral change.  Most importantly, because students 
experienced some success in these improved behaviors (that is, behaviors aligned with their 
values), their narrative responses reflected an improved sense of personal integrity and self-
esteem.  It is true here, perhaps, that if a change in one’s behaviors improves daily life, then 
those behaviors tend to be repeated and perhaps become a personality characteristic.2 
 
Case Study #2:  Fast Change:  Teaching Intentional Self-development.  This experimental 
study using cognitive dissonance as a tool for self-development is a departure from our 
established research in that we are experimenting with producing lasting personality/behavioral 
change in one week.38   
 
In this study, conducted in Fall 2014, the motivation for students to make rapid intentional 
changes is cognitive dissonance,23 most specifically between their everyday values and 
behaviors.  Twenty-five upper-class students took part in the study as a project in a senior-level 
special study social psychology course:  Sustainable Personality.  Briefly, students wrote 
narratives meant to discover and examine the differences between their “real self” and “ideal 
self.”  Following a written analysis of cognitive dissonance in these essays, students were 
required to be their “ideal self” in every situation for a week.  All students submitted electronic 
journal entries to their teaching assistant each night and took two surveys:  one following the 
experimental week, and another at the end of the semester.23   
 
The surprisingly encouraging results in this study, from focus groups, narratives, and two 
surveys, tend to support our hypothesis that when students recognize that their behaviors do not 
match their values, they engage in rapid positive personal change.23 Two reasons stated by many 
students as to why they felt motivated to make changes is that the change processes were “easier 
than they expected” and “made them feel good about themselves.”  Additionally, it appeared 
that, confronted with this cognitive dissonance, many students were highly motivated by wanting 
to live a life characterized by authenticity and integrity.  Results will be published in a 
forthcoming publication.   
 
Case Study #3: Cognitive Dissonance and Formation of Professional Engineers.  Beginning 
in Fall 2014, we have focused on engineering students’ conceptualizations of the five contexts of 
sustainability (environmental, economic, social, individual, and technical) and used a revised 
Sustainable Personality survey to ascertain in which areas students identify the greatest 
dissonance and use that self-identified dissonance to direct change.  In Fall 2014, junior design 
students beginning their capstone experience created cmaps on the focus question:  “What is 
sustainability?”  Figure 2 shows an example of a student concept map.  Structure of student 
knowledge was analyzed using the traditional cmap scoring method, while students’ depth and 
breadth of sustainability knowledge represented in the content of cmaps was analyzed using 
word clouds, a strategy used by others for content analysis.39  
 



 
 

From student concept maps, the social dimension demonstrated the greatest diversity of terms 
amongst the four categories (21 distinct concepts versus 16 for environment), although 
environmental concepts were included with greater frequency (30% versus 27% for social).39  
Interestingly, the students often distinguished between individual and community dimensions of 
the social pillar.  Prior research on students’ conceptual understanding of sustainability has 
overwhelmingly suggested that students emphasize the environmental dimension of 
sustainability, while largley neglecting social aspects (e.g., Watson et al.40).  The “equity” 
dimension of social sustainability remains a weak area for students’ conceptualizations and 
applications of sustainability knowledge, and the content of cmaps in this study did not indicate 
otherwise.  The economic dimension was least well represented, both in terms of number of 
concepts within that category (six distinct concepts) and frequency (12% of all concepts).39  
Perhaps the integration of sustainability content into the unique sequence of design courses 
contributed to students’ awareness of social aspects of sustainability.  It is important to note that 
the majority of students participated in a client-based sophomore design project and are exposed 
to identifying stakeholder needs and impacts over a project’s lifecycle during that course 
experience (see catalyst study:  The Self-knowledge that Informs Decision Making and Problem 
Solving).  
 

 
 

Figure 2:  Example Student Concept Map of “What is Sustainability?” with purple text indicating typical 
courses where students would learn the concepts	  

 
In addition to the concept maps, junior design students also completed the 50-item Sustainable 
Personality survey, although not using PersonalityPad.org as described previously.  Rather, 
students rated the survey items twice—first to describe their “real self” and second to describe 
their “ideal self.”  Given that the sustainability survey was administered in two different ways 
(ideal vs. real self), differences between responses on the same item would indicate dissonance 
between the ideal self and an individual’s real behaviors.  Although there were some negative 
scores in the data, the mean difference scores were all positive indicating that, on average, 



 
 

students responded with higher agreement to the ideal items than the real items.  Based on the 
mean difference between ideal and real, students’ reported the greatest dissonance (at least 1.00) 
in the following items.  
 

• “I am a person who talks to my friends and family about the characteristics and qualities 
of our relationship.” (Social) 

• “I am a person who expresses myself with appropriate warm physical contact with 
friends.” (Social) 

• “I am a person who actively addresses health concerns.” (Health) 
• “I am a person who experiences physical discomfort caused by stress and anxiety.” 

(Health) 
• “I am a person who actively pursues good eating habits, including avoiding fast foods.” 

(Health) 
• “I am a person who is careful to get the amount of sleep I need.” (Health) 
• “I am a person who frequently experiences significant emotional stress in my life.” 

(Emotional) 
 
In addition to analyzing sources of student dissonance, we also explored the validity of the 
survey instrument when applied to engineering students.  
 
Based on the results of factor analysis, the survey instrument was revised to include 36 items 
(versus the original 50), with six to eight items in each of the five categories: economic, social, 
intellectual, emotional, and health.  In Fall 2015, the refined survey instrument was administered 
to engineering students enrolled in the introductory and design classes.  For this iteration of the 
survey, students responded to the items twice:  first, to reflect their “real self” behaviors and 
second, to reflect what is valued by an “ideal engineer.”  In addition, sophomore students 
responded to a prompt concerning the values of an ideal engineer and areas in which they could 
change behaviors to better align with those values.  Junior students were asked to reflect on their 
survey responses and develop a personal “change plan” to address an area in which their real self 
differed from an ideal engineer.  Preliminary analysis of 241 responses shows dissonance 
between real self and ideal engineer for each category.  The following items indicated the 
greatest difference between real and ideal. 
 

• “I am a person who talks with others about issues that are important to our society.” 
(Social) 

• “I am a person who experiences physical discomfort caused by stress and anxiety.” 
(Health) 

• “I am a person who eats a lot of processed foods, like fast food.” (Health) 
• “I am a person who is careful to get the amount of sleep I need.” (Health) 

 
Anecdotal evidence indicates that most junior students in the test sample identified one or more 
areas of dissonance from their responses to the real self and ideal engineer surveys and 
developed an appropriate change plan for the remaining five to six weeks of the semester.  
Analysis of the survey responses and written essays is on-going, along with factor analysis and 
other methods to determine survey validity; results of both will be reported in future 
publications. 



 
 

 
5 Discussion 
 
Our research across disciplines and, as well, our studies with different objectives has resulted in 
some similar results.  First, it seems clear that creating cognitive dissonance related to values and 
behaviors among our students is effective.  One clear consistency among our results in all our 
studies is our students reporting individual behavior change based on wanting to align their 
behaviors with their often well-stated values.  While we have our own suspicions concerning 
self-report data, our subjects’ responses are consistent across all our studies.  Our studies using 
cognitive dissonance related to values and behaviors have included nearly one thousand students. 
 
A second, and related, result is that this methodology appears quite clearly to be transferrable to 
different disciplines.  Our catalyst studies used this methodology in the following disciplines:  
engineering, science and technology, English, communications, and psychology.  The results 
were fairly consistent, differing only in type of change reported.  
 
Our third consistency is related to academic level.  Catalyst and case studies have involved not 
only students across disciplines but also across academic levels, from first-year students to 
senior-level students. While upper-class students reported slightly greater degrees of change, this 
difference is too small to be considered significant.  At this point, we have assumed that 
academic level (and academic discipline) is of little concern when designing future studies or 
recommending the methodology to others.   
 
The potential to transfer our pedagogical approach across disciplines and grade levels is 
powerful and is not dependent on other course content. In one study, results of samples between 
a class related to intentional self-development and a class completely unrelated to the topic were 
compared.1  While the class related to self-development had “better” results, the class unrelated 
to self-development had significant results, even though the application was not tied to class 
material.  Here we find that the usefulness of our application strategies is effective, even in 
situations in which the topic is largely foreign to the student sample.  This area is, perhaps, the 
one most worthwhile for exploring because of its promise of being effective across disciplines as 
well as the little time it takes to produce noticeable results in students.   
 
We believe that participant reflection is at the center of these changes, regardless of the specific 
changes being attempted or the discipline in which the studies occur.  It is clear that many 
students are bothered by their values and behaviors being misaligned, regardless of the specific 
value being addressed.  This may be due to students’ believing that their own integrity is at stake 
here, or that the authenticity of their expressions may be in question.  Why students do not 
experience this often obvious cognitive dissonance at other times—or without our assistance—is 
unclear to us.  Quite clearly, we are putting students into situations in which they have to reflect 
on themselves, a practice that often results in greater self-awareness and understanding of 
individual responsibility, regardless of the setting.   
 
Measuring educational outcomes using behaviors is the central objective of our overall efforts.  
We believe that student behaviors, more than content knowledge or attitudes, measure learning 
more thoroughly and effectively (especially long-term).  The fact that successful behaviors may 



 
 

tend to become personality characteristics drives our research and experimentation.  Our research 
indicates that students’ desire for integrity and individual value consistency, often taught to them 
in childhood, as well as revered (if not often practiced) in American culture, tend to move them 
to align their values and behaviors. 
 
All societal change begins with individual change.  One cannot do for a community what one 
cannot do for one’s self.  The topic of individual sustainability is a controversial one, as students 
often appear to be unable to align their demonstrated behaviors with their admirable values 
related to sustainability.  Individual behavior creates the foundation for action in social, 
economic, and environmental sustainability and potentially guides our ability to work with one 
another to solve problems and make life-affirming decisions.  In short, it is a matter of aligning 
our day-to-day behaviors with our well-stated values that will result in greater sustainable 
community action.  We can hardly understand sustainability on a global level if we do not 
understand it within ourselves.    
 
Unfortunately, in terms of how universities focus their curricula, these results are disturbing.  
That such important topics would find little or no place in a university curriculum illustrates an 
educational system dramatically misguided. 
 
6 Future Work 
 
The work reported here is in its relative infancy, despite having been the subject of nearly ten 
studies and almost as many publications.  Our future work will be characterized especially by 
moving away from self-report, a task considerably more difficult than it might appear.  While 
students seem to respond honestly to the survey instruments and reflections, given the 
academically low-stakes assignments, it is unclear whether they fully achieve (or sustain) the 
change that they report.  Intentional changes in personality may rarely be reported honestly by 
individuals.  We do have an online multisource feedback tool, PersonalityPad.org 
(PersonalityPad.org V2.0 will be released Summer 2016), that will help meet this need.  As for 
other mixed methods of reporting, we will need to tailor our projects more specifically to our 
assessment tools and strategies. 
 
Some other topics for later studies, perhaps, are the applicability of our methodology in 
workplace settings.  We find this idea enticing and believe there is no reason our results would 
differ much from our academic studies.  Will professional engineers, scientists, etc. change their 
behaviors when confronted with dissonance between stated values and behaviors?  As well, we 
are interested in broader transferability of the studies to demonstrate that the cognitive 
dissonance methods and processes are applicable at other universities.  As part of the grant’s 
evaluation plan, we intend to have partners at other universities (representing different 
institutional settings and engineering disciplines) administer the Sustainable Personality survey 
and reflection through PersonalityPad.org V2.0.  The goal is to demonstrate that introducing 
dissonance with the Sustainable Personality survey and encouraging self-directed change is an 
effective approach in different educational contexts. 
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