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Abstract 

The purpose of this study was to examine the relationship between environmental 

knowledge and attitudes and resistance to change (RtC) in high school students 

who just started college, including whether RtC predicts self-reported 

environmental knowledge, and whether RtC differs according to geographical 

region. We administered instruments measuring RtC and environmental 

knowledge and attitudes to three groups (n=3,169) of first-year engineering 

students in the fall semesters of 2008 - 2010. Results showed that over half of the 

students did not receive any environmental education in high school and that 

students were most knowledgeable about topics receiving more media attention 

(e.g. global warming) than other topics (e.g. photochemical smog). Cognitive 

Rigidity was a significant positive predictor of environmental knowledge for all 

cohorts while other RtC subscales were significant negative predictors. Further, 

results showed a significant relationship between region and RtC. These results 

suggest that students’ views about the relevance of environmental knowledge and 

issues may influence their learning about the topic. Environmental sustainability 

is a key responsibility of the educated engineer; thus, understanding entering 

engineering students’ levels of environmental knowledge/attitudes in relation to 

RtC could assist pre-college educators in more effectively addressing 

sustainability in their curricula. 

 

Introduction  
 

Engineering as a profession is in a unique position when it comes to ecological and 

environmental issues, with the potential to provide relief or even additional damage to our 

natural resources (Graedel & Allenby, 2010). In fact, there is increasing awareness in most fields 

of engineering that environmental constraints are embedded in almost every societal challenge. 

To this end, several professional engineering societies (e.g., the American Society of Civil 

Engineers; ASCE, 1996), have identified sustainability as a key quality or ethical responsibility 

of all educated engineers. Thus, making explicit the connections of engineering to sustainability 

and the responsibility of all engineers to understand sustainability concepts is a core 

characteristic of engineering (Cardella, Hoffmann, Ohland, & Pawley, 2009). 

 There have been increased efforts to integrate sustainability concepts into the 

undergraduate engineering curriculum (e.g., Aurandt & Butler, 2011; Bhandari, Ong, & Steward, 
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2011). While most of these efforts have measured students‟ knowledge, skills and attitudes, 

underlying factors such as resistance to change are rarely addressed. Learning theories grounded 

in conceptual change emphasize the notion of "troublesome" knowledge (Perkins, 1999) and that 

“resistance is a natural and normal response to change” (Bovey & Hede, 2001, p. 372) with 

individuals varying in their resistance (Oreg, 2006).  

 Resistance to change (RtC) is "an expression of reservation which normally arises as a 

response or reaction to change” (Block, 1989, p. 199). Although this definition was developed in 

the field of organizational change, Dembo and Seli (2004) have applied the model to academic 

situations.  

 In the context of environmental sustainability, there is often a paradox of positive 

sustainability attitudes, while continuing to show personal negative environmental behaviors. 

Wray-Lake, Flanagan, and Osgood (2009) examined high school students‟ attitudes toward the 

environment and found that students believed that environmental protection was in the hands of 

the consumers and government, and not a student responsibility. Additionally, this study noted 

that youth do not feel they are the primary resource in combating environmental issues, and also 

pointed out that students‟ resistance to change their opinions was due to a feeling that issues such 

as climate change would not affect them personally in the future.  Students often encounter 

roadblocks when trying to alter their thoughts on environmental issues (Dembo & Seli 2004), 

and they may resist change because of a disconnect with their life and the fact that they believe it 

is the government‟s responsibility to make the necessary changes to benefit the environment 

(Wray-Lake et al., 2009). 

 

Purpose 

The purpose of this study was to examine the relationship between resistance to change and 

environmental knowledge and attitudes among engineering students just leaving high school. 

The research questions are: 

 What is entering engineering students‟ baseline understanding of environmental issues, 

sustainable development and resistance to change?  

 What is the relationship between resistance to change and environmental knowledge and 

does resistance to change predict environmental knowledge? 

 How does students‟ resistance to change differ according to geographic region? 

 Understanding the environmental knowledge and attitudes in relation to RtC in high 

school students who just started college would assist educators at both the high school and 

college level to more effectively address sustainability in their curricula, to develop more 

effective methods of addressing knowledge, attitudes, and behavioral components. 

 

Methods 

 

Design and procedures 

The design was cross-sectional, and consisted of a baseline survey that was administered to three 

groups of first-year engineering students at a large, Midwestern university in the fall semester of 

2008, 2009, and 2010. The survey was administered online and students were asked to complete 

the survey as part of their homework in a required first-year engineering course. 

 

Participants 



For the 2008 administration, a total of 1,394 participants completed the surveys; of those, 285 

students were female and 1,109 were male. The majority of students were from the United States 

(n = 1,250) in addition to 144 international students. For the year 2009, a total of 186 students 

completed the surveys; 27 students were female and 158 were male. The number of U.S. students 

was 101 and there were 85 international students. Finally, for the 2010 year (n = 1,589), 326 

students were female and 1,263 were male. The number of students from the U.S. was 1,360; 

there were 223 international students, and 18 unreported. 

 

Data sources 

The baseline survey was administered using an online survey system, and consisted of several 

surveys administered at the same time: 

(1) Demographic information, including students‟ zip codes of their permanent residence. 

(2) Resistance to Change Scale: The Resistance to Change Scale (Oreg, 2006) is divided into 

four subscales: Routine Seeking, Emotional Reaction to Imposed Change, Cognitive 

Rigidity, and Short-Term Focus. The resistance to change construct originates from the 

field of organizational behavior, where Oreg (2006) defined resistance to change as an 

“individual‟s tendency to resist or avoid making changes, to devalue change generally, 

and to find change aversive across diverse contexts and types of change” (p.680).  

(3) Self-reported environmental knowledge and attitudes survey (Azapagic, Perdan, & 

Shallcross, 2005): This survey assessed  students‟ self-reported knowledge about 

sustainable development in general and specific environmental topics in four areas: (i) 

environmental issues, (ii) environmental legislation, policy and standards, (iii) 

environmental tools, technologies and approaches, and (iv) sustainable development; in 

addition to asking students to rate the importance of sustainable development in different 

contexts (e.g. for you personally, for the country).  

(4) Environmental knowledge survey: A multiple-choice environmental knowledge survey 

was administered using items from the National Environmental Education & Training 

Foundation (NEETF)/Roper Questions, 1997-2000 (Coyle, 2005). 

 

Data analysis 

To determine whether the three cohorts of data could be combined for analyzing the resistance to 

change variables, we performed a one-way analysis of variance (ANOVA) with the cohort (one, 

two, and three) as the dependent variable and the four factors of resistance to change as the 

independent variables. Results indicated that there were significant differences between the 

groups on the Routine Seeking subscale, F (2, 3139) = 20.17, p < .001 and on the Short-term 

Focus subscale, F (2, 3138) = 22.08, p < .001. Tukey‟s post hoc comparison showed that for both 

of the significant subscales, cohort 1 was significantly different than both cohorts 2 and 3. 

Therefore, we combined cohorts 2 and 3 (referred to as Cohort B) in subsequent analyses and 

analyzed cohort 1 (referred to as Cohort A) separately. 

 

Results 

 

Demographic profile and baseline knowledge 

First, we investigated students‟ baseline awareness and knowledge of environmental issues. A 

frequency analysis revealed that only 34.58% of the first-year engineering students from Cohort 

A said “yes” when asked whether they had environmental education in high school. Similarly, 



less than half (35.4%) of students from Cohort B said “yes” when asked whether they had 

environmental education at high school. 

 Next, we examined students‟ self-reported knowledge, where students were asked to rate 

their knowledge on a scale of one to four (1 for “not heard of” and 4 for “know a lot”) on (a) 

environmental issues; (b) environmental legislation, policy and standards; (c) environmental 

tools, technologies and approaches; and (d) sustainable development (Table 1).  

 

Table 1. Means and Standard Deviations for the Environmental Topics. 
 Cohort A Cohort B 

Topic Mean (S.D.) Mean (S.D.) 

1) Environmental Issues 2.73 (.40) 2.86 (.45) 

2) Environmental Legislation, Policy, and Standards 1.30 (.41) 1.37 (.48) 

3) Environmental Tools, Technologies, and Approaches 2.16 (.54) 2.22 (.57) 

4) Sustainable Development 2.07 (.58) 2.17 (.60) 

 

 To clarify the precise nature of students‟ knowledge on each topic, we examined the 

mean of each item for each topic. Topic 1 means revealed that students had the most self-

reported knowledge of global warming (Cohort A mean = 3.27, sd = .57; Cohort B mean = 3.35, 

sd = .58) and the least knowledge about photochemical smog (Cohort A mean = 1.83, sd = .80; 

Cohort B mean = 2.02, sd = .87) and salinity (Cohort B mean = 2.02, sd = .90).  The second 

examination of Topic 2 showed that students reported that they knew more about the Kyoto 

Protocol (Cohort A mean = 1.64, sd = .88; Cohort B mean = 1.70, sd = .94), which meant many 

of them heard of, but could not explain, the issue.  Students reported minimal knowledge of the 

rest of the items under the second topic as indicated by a score very close to one for Cohort A. 

Students in Cohort B showed slightly higher ratings, with the lowest rating for EU EMAS (mean 

= 1.12, sd = .40).   For Topic 3, students best knew about renewable energy technologies (Cohort 

A mean = 2.82, sd = .78; Cohort B mean = 2.95, sd = .77) and least about product stewardship 

(Cohort A mean = 1.57, sd = .74; Cohort B mean = 1.63, sd = .77). Finally, for Topic 4 students 

had the most knowledge of population growth (Cohort A mean = 2.86, sd = .72; Cohort B mean 

= 2.99, sd = .72) and the least knowledge of stakeholders’ participation (Cohort A mean = 1.52, 

sd = .73; Cohort B mean = 1.60, sd = .76).  

 

Environmental knowledge and resistance to change 

To determine how students‟ scores varied on the different factors of resistance to change, we 

calculated means and standard deviations for each factor of the Resistance to Change scale 

(Table 2). For both cohorts, the highest mean score was found for the Cognitive Rigidity 

subscale, followed by the Emotional Reaction to Imposed Change subscale. The lowest mean 

score for both cohorts was the Routine Seeking subscale, indicating that students are less likely 

to resist changes in their routines.  

 

Table 2. Means and standard deviations for each Resistance to Change subscale. 
Resistance to Change Subscale Mean Std. Dev. Mean Std. Dev. 

Routine Seeking 1.35 0.54 1.47 0.55 

Emotional Reaction to Imposed Change 1.85 0.70 1.86 0.62 

Short-term Focus 1.41 0.66 1.56 0.65 

Cognitive Rigidity 1.99 0.68 1.98 0.55 

 



 Next, we conducted a multiple regression analysis using the RtC subscales as the 

independent variables (IVs) and environmental knowledge as the dependent variable (DV) to 

determine how well resistance to change predicts environmental knowledge and which subscales 

are the best predictors. For the DV, we utilized the following environmental knowledge factors: 

(a) Environmental Issues, (b) Environmental Legislation, Policy, and Standards, (c) 

Environmental Tools, Technologies, and Approaches, (d) Sustainable Development, and (e) 

Multiple-choice knowledge survey.  

 For Cohort A, we found significant predictors for all of the five models (Table 3). For 

Model 1: Environmental Issues, two subscales of resistance to change were found to be 

significant predictors: Routine Seeking (β = - .071, p < .01) and Cognitive Rigidity (β = .072, p < 

.01). Routine Seeking was significantly negatively related to students‟ self-reported 

environmental knowledge regarding environmental issues. That is, for a one-unit increase in 

students‟ routine seeking, knowledge of environmental issues will decrease by.071 units. 

Conversely, Cognitive Rigidity was significantly positively related to the DV, meaning that for a 

one-unit increase in students‟ cognitive rigidity, self-reported knowledge of environmental issues 

will increase by .072 units. For the second model, where Environmental Legislation, Policy, and 

Standards was utilized as the DV, we found that Cognitive Rigidity was a significant positive 

predictor: (β = .057, p < .05). Next, the third model examined whether any of the RtC subscales 

were significant predictors of the DV Environmental Tools, Technologies, and Approaches. Two 

significant predictors were found: Short-term Focus (β = - .096, p < .001) and Cognitive Rigidity 

(β = .075, p < .01). Again, Cognitive Rigidity showed a positive relationship to the DV, while 

Short-term Focus showed a negative relationship. For Model 4 we examined the predictors of 

students‟ self-reported knowledge of sustainable development. Short-term Focus was a 

significant negative predictor (β = - .093, p < .01) and Cognitive Rigidity was a significant 

positive predictor (β = .090, p < .01) of the factor, Sustainable Development. Finally, we 

analyzed the predictors of students‟ scores on the multiple-choice knowledge survey. There was 

one significant negative predictor of the resistance to change subscales: Short-term Focus (β = - 

.056, p < .05). Because of the small adjusted R
2
 value (ranging from .007 - .013) for each of the 

models, some of the variance remains unexplained by each model. 

 

Table 3. Regression analysis of resistance to change subscales as predictors of 

environmental knowledge for Cohort A. 
Model DV IV β Adj. 

R
2
 

Model 1 Environmental Issues Routine Seeking - .071** .007 

Cognitive Rigidity .072** 

Model 2 Environmental Legislation, Policy, and Standards Cognitive Rigidity .057* .003 

Model 3 Environmental Tools, Technologies, and 

Approaches 

Short-term Focus - .096*** .011 

Cognitive Rigidity .075** 

Model 4 Sustainable Development Short-term Focus - .093** .013 

Cognitive Rigidity .090** 

Model 5 Multiple-choice Knowledge Survey Short-term Focus - .056* .002 

 

 For Cohort B, we found significant predictors for all but one of the five models (Table 4). 

For the first model with the DV of  Environmental Issues, results were similar to those found in 

Cohort A. The two subscales of resistance to change were found to be significant predictors: 

Routine Seeking (β = - .106, p < .001), which was a significant negative predictor, and Cognitive 

Rigidity (β = .052, p < .05), which was a significant positive predictor of students‟ self-reported 



knowledge about Environmental Issues. For the second model, where Environmental 

Legislation, Policy, and Standards was utilized as the DV, we found no significant predictors of 

the resistance to change factors. Next, the third model examined the predictors of the DV, 

Environmental Tools, Technologies, and Approaches. Two significant resistance to change 

predictors were found: Emotional Reaction to Imposed Change (β = - .048, p < .05) and 

Cognitive Rigidity (β = .050, p < .05). Similar to Cohort A, Cognitive Rigidity showed a 

significant positive relationship to the DV, but unlike Cohort A, Emotional Reaction to Imposed 

Change, rather than Short-term Focus, was a significant negative predictor. Model 4 examined 

the predictors of students‟ self-reported knowledge of sustainable development, and found 

similar results to model 1. Again, Routine Seeking (β = - .094, p < .001) and Cognitive Rigidity 

(β = .060, p < .05) were significant predictors of the factor, Sustainable Development. Cognitive 

Rigidity was also a significant predictor for Model 4 with Cohort A. Finally, we analyzed the 

predictors of students‟ scores on the multiple-choice knowledge survey. There were two 

significant predictors of resistance to change: Routine Seeking (β = - .065, p < .05) and Short-

term Focus (β = - .090, p < .01). Both of the predictors had a significant negative relationship 

with the DV. Again, small adjusted R
2
 values (ranging from .009 - .018) for each of the models 

indicates that some of the variance remains unexplained. 

 

Table 4. Regression analysis of resistance to change subscales as predictors of 

environmental knowledge for Cohort B. 
Model DV IV β Adj. 

R
2
 

Model 1 Environmental Issues Routine Seeking - .106*** .011 

Cognitive Rigidity .052* 

Model 2 Environmental Legislation, Policy, and 

Standards 

No significant predictors 

Model 3 Environmental Tools, Technologies, and 

Approaches 

Emotional Reaction to 

Imposed Change 

- .048* .003 

Cognitive Rigidity .050* 

Model 4 Sustainable Development Routine Seeking - .094*** .009 

Cognitive Rigidity .060* 

Model 5 Multiple-choice Knowledge Survey Routine Seeking - .065* .018 

Short-term Focus - .090** 

 

 We also examined correlations between students‟ resistance to change and their 

attitudinal ratings (1 = not important, 2 = possibly important, 3 = important, 4 = very important) 

of the importance of sustainable development for: a) you personally, b) you as an engineer, c) 

your country, d) the society worldwide, e) population growth, and f) future generations.  

For Cohort A, all ratings of the importance of sustainable development were significantly 

negatively correlated with the Routine Seeking subscale of resistance to change. That is, the 

higher a student rated the importance of sustainable development for all of the categories the 

lower the student tended to score on the Routine Seeking subscale. Next, there were significant 

negative correlations between students‟ scores on the Emotional Reaction to Imposed Change 

subscale and their ratings of the importance of sustainable development for four categories (you 

personally, you as an engineer, your country, and future generations). For the Short-term Focus 

subscale, significant negative correlations were found with all of the categories of ratings of 

importance. Finally, no ratings of the importance of sustainable development for any category 

were significantly correlated to the Cognitive Rigidity subscale. 



 Examining correlations between the RtC subscales and students‟ environmental 

attitudinal ratings for Cohort B, we found three significant negative correlations for the Routine 

Seeking subscale (you personally, population growth, and future generations). That is, as 

students rate more highly their beliefs about the importance of sustainable development for them 

personally, for population growth, and for future generations, their routine seeking ratings tended 

to lower. Next, looking at the correlations between attitudinal ratings and Emotional Reaction to 

Imposed Change, no significant correlations were found. For the Short-term Focus subscale, 

significant negative correlations were found with all but one of the categories of ratings of 

importance (you personally, your country, the society world-wide, population growth, and future 

generations). Finally, there was one significant negative correlation between Cognitive Rigidity 

and students‟ ratings of the importance of sustainable development for population growth. 

 

Resistance to change by region 

An Independent Samples Kruskal-Wallis test was conducted due to unequal sample sizes and 

non-normality of the data. Students were classified into geographical regions based on their 

permanent address (Figure 1), while International students were grouped separately. For Cohort 

A, the results revealed one significant difference for the resistance to change subscale of 

Cognitive Rigidity (4, 11.41, p < .05). Pairwise comparisons were performed using adjusted 

significance levels to control for Type I error. One significant pairwise difference was found 

between International students (mean rank = 784) and Midwestern students (mean rank = 680). 

That is, International students scored significantly higher on the Cognitive Rigidity factor of 

resistance to change than did students from the Midwestern United States (p < .05). Results for 

Cohort B were somewhat similar because only one significant difference was found for the RtC 

subscale of Cognitive Rigidity (4, 16.35, p < .01). However, pairwise comparisons revealed two 

additional significant differences: between International students (mean rank = 940) and 

Southern students (mean rank = 746, p < .01), and between International students and 

Midwestern students (mean rank = 849, p < .05). That is, International students rated themselves 

significantly higher on the Cognitive Rigidity subscale of RtC. 

 

 
 

Figure 1. Division of United States Census Bureau’s four geographical regions. 



Discussion 

 

We first examined students‟ mean scores on an environmental survey of knowledge. In terms of 

students‟ baseline knowledge, results showed that in general, students have more knowledge 

about more general environmental topics (Environmental Issues) than more specific topics or 

terminologies (e.g., Environmental Legislation, Policy, and Standards). The results were 

consistent with the findings of a world-wide study (Azapagic, et al., 2005), which showed that 

the level of knowledge on sustainability and environmental issues among surveyed 

undergraduates was not satisfactory and there was a large knowledge gap on almost every aspect 

from environmental tools, technologies and approaches like tradable permits to environmental 

issues such as biodiversity loss. These results also seem to fit with less than half of students from 

both cohorts reporting to have no environmental education in high school.  

 Next, we explored the relationship between resistance to change (RtC) and environmental 

knowledge, awareness, and attitudes. One trend was that the factor of Cognitive Rigidity 

appeared to be emerge as a significant variable in many of the analyses. Looking at the average 

ratings for students on each of the RtC subscales, Cognitive Rigidity was the highest for both 

cohorts. Cognitive rigidity implies that once an individual has come to a conclusion, they are less 

likely to change their minds and their views remain consistent over time. In terms of the 

implications for environmental sustainability knowledge and attitudes, we further explored these 

connections in a multiple regression analysis to determine whether any subscale of RtC was 

predictive of environmental knowledge, awareness, and attitudes.  

 We found that the resistance to change factor of Cognitive Rigidity was a significant 

positive predictor of students‟ environmental knowledge for both cohorts, meaning that as a 

students‟ Cognitive Rigidity increases, their environmental knowledge will also increase. This 

finding is unexpected, because cognitive rigidity implies that individuals are resistant to 

changing their opinions once they have formed. In contrast, we found that the other subscales of 

RtC were significant negative predictors for many of the environmental knowledge scales. This 

finding was anticipated, because it was hypothesized that if an individual is more resistant to 

changing his or her mind, in this case seeking routines, feeling stressed by change, and focusing 

on short-term rather than longer-term outcomes, that environmental attitudes or knowledge 

would not be a priority for that individual because of the longer-term outcomes of environmental 

sustainability. These three subscales of RtC seem to fit this pattern, because if a student seeks 

routine, then implementing sustainability into their lives or learning more about the topic might 

not be considered a priority. Similarly, if a student scores highly on Short-term Focus, they are 

resistant to changing their plans or behaviors even if longer-term benefits may occur, which 

means that students might not consider or wish to consider more longer-term goals and changes 

required for environmental sustainability. Finally, a student who feels stressed by change may 

resist sustainable thinking or behaviors. Prior studies have shown that in regards to 

environmental sustainability, individuals often resist changing their behaviors even when they 

show positive environmental sustainability attitudes (Kollmuss & Agyeman, 2002; Powers et al., 

2011). For example, Wray-Lake et al.‟s (2009) study regarding high school students‟ 

environmental attitudes showed that students‟ resistance to change their opinions about the need 

for sustainable behavior was due to their belief that issues such as climate change would not 

affect them in the future. Future research to explore reasons for students higher in Cognitive 

Rigidity to be more knowledgeable about environmental behavior should be explored.  



 Correlation analyses examining the relationship between ratings about the importance of 

sustainable development (students‟ ratings of the importance of sustainable development for 

themselves, as an engineer, their country, society, population growth, and future generations) 

showed similar patterns with significant negative correlations between RtC subscales and the 

attitudinal ratings. Routine Seeking, Emotional Reaction to Imposed Change, and Short-term 

Focus were all significantly negatively correlated with several attitudinal variables. Interestingly, 

Cognitive Rigidity only showed one significant negative correlation with any of the variables, 

suggesting that this aspect of RtC may not have as strong a relationship with students‟ attitudes 

about environmental sustainability as with their knowledge about the environment. These results 

were in line with Eagly and Kulesa‟ statement that “it is more difficult to change attitudes to the 

extent that they are strong”(Eagly & Kulesa, 1997, p.129), which aligns with the notion of 

resisting change, whether it be through an emotional reaction, persisting in routines, or focusing 

on short-term solutions. Again, further research is needed to explore possible explanations for 

why these types of resistance imply lower levels of environmental knowledge and why the 

opposite is found with the Cognitive Rigidity subscale.  

 Finally, examination of students‟ permanent address in relation to their resistance to 

change revealed some similarities for Cohorts A and B. For Cohort A, we found one significant 

difference for the Cognitive Rigidity subscale between International students and Midwestern 

students, with International students showing higher resistance to change in terms of cognitive 

rigidity. Similarly, the same significant difference was found for Cohort B between International 

students and Midwestern students, with International students scoring higher on Cognitive 

Rigidity. Another significant difference was found for Cohort B; this time International students 

were found to score significantly higher on Cognitive Rigidity than Southern students. These 

findings are unexpected, and more research needs to be conducted to determine why this is. For 

example, International students as a whole might be diverse; dividing students by country rather 

than grouping them together might provide more insight into their resistance to change.  

 Limitations of the study include using only one indicator of what participants learned in 

high school, making it more difficult to control for different high school experiences and their 

impact. This study is exploratory, and as such more research is needed to determine how 

resistance to change affects or relates to students‟ knowledge and attitudes about environmental 

sustainability.  

 

Significance of the study 

Understanding students‟ levels of environmental knowledge and attitudes in relation to resistance 

to change can assist educators, curriculum designers, and researchers to more effectively address 

gaps of environmental sustainability in the curricula as well as targeting areas of resistance based 

upon students‟ location or RtC factors. First-year engineering students come to higher education 

with a lack of knowledge about environmental issues. Because of the importance of 

sustainability and environmental concerns in all aspects of the engineering design process, an 

implication of this study is that the first-year engineering program may need to start strategically 

implementing more sustainable engineering curriculum. The lack of first-year engineering 

students‟ knowledge about many pressing environmental issues that are significant for engineers 

highlights the importance of integrating sustainability into high school or undergraduate 

curricula.  

 

 



Acknowledgement 

 

This work was made possible by a grant from the National Science Foundation (DRL 0935174).  

Any opinions, findings, and conclusions or recommendations expressed in this material are those 

of the author and do not necessarily reflect the views of the National Science Foundation. 

 
 

 

References 

 

American Society of Civil Engineers (ASCE) Board of Direction (1996). Code of Ethics, Retrieved from 

http://www.asce.org/ inside/codeofethics.cfm. 

Aurandt, J. and Butler, E. (2011). Sustainability Education: Approaches for Incorporating Sustainability into the 

Undergraduate Curriculum. ASCE Journal of Professional Issues in Engineering Education and Practice, 

137(2), 102. 

Azapagic, A., Perdan, S., & Shallcross, D. (2005). How much do engineering students  know about sustainable 

development? The findings of an international survey and possible implications for the engineering 

curriculum. European Journal of Engineering Education, 30, 1–19. 

Bhandari, A., Ong, S.K., & Steward, B.L. (2011). Student learning in a multidisciplinary sustainable engineering 

course. Journal of Professional Issues in Engineering Education and Practice, 137, 1943-1951. 

Block, P. (1989). Flawless consulting. In McLennan, R. (Ed.), Managing organizational change. Englewood Cliffs, 

NJ: Prentice Hall. 

Bovey, W. H., & Hede, A. (2001). Resistance to organisational change: the role of defense mechanisms. Journal of 

Managerial Psychology, 16(7), 534-548.  

Cardella, M.E., Hoffmann, S.R., Ohland, M.W., & Pawley, A.L. (2009). Sustaining sustainable design through 

‘normalized sustainability’ in a first-year engineering course. Presentation at Mudd Design Workshop VII, 

Claremont, CA.  

Coyle, K. (2005). Environmental literacy in America: What ten years of NEETF/Roper research and related studies 

say about environmental literacy in the U.S. The National Environmental Education and Training 

Foundation. Retrieved from http://www.neefusa.org/pdf/ELR2005.pdf 

Dembo, M. H. & Seli, H. P. (2004). Students‟ Resistance to Change in Learning Strategies Courses. Journal of 

Developmental Education, 27(3), 2-11. 

Eagly, A. H., & Kulesa, P. (1997). Attitudes, attitude structure, and resistance to change. In M. H. Bazerman, D. M. 

Messick, A. E. Tenbrunsel, & K. A. Wade (Eds.), Environmental ethics and behavior (pp. 122--153). San 

Francisco: New Lexington. 

Graedel T. & Allenby B. (2010) Industrial Ecology and Sustainable Engineering. Prentice-Hall, Englewood Cliffs, 

NJ. 

Kollmuss, A., & Agyeman, J. (2002). Mind the gap: Why do people act environmentally and what are the barriers to 

pro-environmental behavior? Environmental Education Research, 8, 239-260. 

Oreg, S. (2006). Personality, context, and resistance to organizational change. European Journal of Work and 

Organizational Psychology, 15, 73-101. 

Perkins, D. (1999). „The many faces of constructivism‟, Educational Leadership, 57 (3). 

Powers, S., DeWaters, J., & Venczel, M. (2011). Teaching life-cycle perspectives: Sustainable transportation fuels 

unit for high-school and undergraduate engineering students. ASCE Journal of Professional Issues in 

Engineering Education and Practice, 137(2), 55-63. 

Wray-Lake, L., Flanagan, C. A., & Osgood, D. W. (2009). Examining Trends in Adolescent Environmental 

Attitudes, Beliefs, and Behaviors Across Three Decades. Environment and Behavior, 42(1), 61-85. 

 


