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Introduction 
This paper describes some first-year results of a five-year project funded by the NSF’s ER2 
program. The project explores how culture and education affect the ethical reasoning and moral 
intuitions of engineering students. This paper describes the project and is divided in two parts. 
First, it begins by describing some background about this project. Second, the paper presents 
some first-year results. 
 
Background: Motivation, Method, and Goals 
This first section describes some of the project’s background, including its motivation, method, 
and goals. 
 
Motivation for this project: Ethics has long been recognized as crucial to engineering, although 
ethics curricula and research have tended to be developed in and by people from the US [1]–[4]. 
However, engineering is more cross-cultural and international than ever before, with peoples 
from different places studying and working together as never before [5]–[8]. As a result, and 
since culture affects ethics [9]–[14], it is unclear if curricula developed and research conducted 
in the US would be effective among non-US students and engineers. (Here the term “ethics” is 
used in a relatively broad sense, to refer to conceptions of right and wrong, what should and 
should not be done, in general, “normativity.” This comes from the word “norms,” referring to 
rules regarding what people are obliged to do or refrain from doing. This distinction is mentioned 
since there’s increasing evidence that a concern with demarcating a specifically “ethical” or 
“moral” domain is a concern somewhat unique to Western, Educated, Industrialized, Rich, and 
Democratic (WEIRD) cultures, which are outliers on other psycho-social measures, including 
self-concepts, thought styles, and ethical reasoning [15]–[24].) 
 
Method for this project: To address these issues, this project consists in assessing the effects of 
education and culture on the ethical perspectives of engineering students, tracking the effects of 
curricular and extra-curricular interventions on the ethical reasoning and moral intuitions of 
engineering students in the US, Netherlands, and China over a five-year period. Although ethical 
reasoning and moral knowledge are typically adopted as goals of professional ethics education, it 
is unclear that either of these result in more ethical judgments or behaviors [12], [25]–[32]. For 
that reason, in addition to ethical reasoning, this project assesses moral intuitions. 
 
To assess ethical reasoning, this study uses the Engineering and Science Issues Test (ESIT), 
which is an engineering-and-science-specific version of the Defining Issues Test 2 (DIT2), a 
neo-Kohlbergian instrument to assess ethical reasoning [33]–[36]. 
 
With this instrument, participants read six ethical dilemmas related to engineering and the 
sciences. Then they decide on a course of action and rank twelve considerations of potential 
importance to their decision-making, as well as identifying the four most important 
considerations. Each of these corresponds to one of four categories, one nonsense category – to 



ensure participants are paying attention and answering in earnest – and three “schema,” ways of 
conceiving right and wrong, the preconventional, conventional, and postconventional [35], [37]. 
 
The preconventional consists in considerations that affect oneself, for example, being punished; 
the conventional consists in considerations affecting social order, such as laws and conventions; 
and the postconventional consists in considerations of universal concern, for instance, justice. 
According to this theory, postconventional reasoning is the highest, most developed form of 
reasoning, assessed by the P and N2 scores.  
 
While the P score measures the prevalence of postconventional reasoning, the N2 score measures 
the prevalence of postconventional relative to preconventional reasoning – not only the presence 
of postconventional but also the absence of preconventional reasoning. Previous research using 
the ESIT and DIT2 has found that ethical reasoning is related to higher levels of education, US 
citizenship, and liberal political tendencies, raising questions about its potential biases [33], [34], 
[38]–[40]. As a result, we’re also using a second measure to assess moral intuitions, the Moral 
Foundations Questionnaire (MFQ) [41]. 
 
According to Moral Foundations Theory (MFT), moral judgments are the result of intuitions, 
closer in nature to emotions than rational thought [11], [42]. These intuitions have evolved to 
address key challenges throughout our species’ history, such that they are relatively universal 
while at the same time culturally variable. These include a concern with care, fairness, loyalty, 
authority, and sanctity, where caring for others would be good and harming them would be bad, 
behaving fairly would be good and cheating would be bad, and so on [43]. The first two are 
called the “individuating foundations,” since they protect individuals, whereas the last three are 
called the “binding foundations,” since they bind individuals into groups.  
 
On the MFQ, participants read a series of statements corresponding to each moral foundation and 
a nonsense category – again, to ensure sufficient attention and earnest responses. For the first set 
of statements, participants must decide how relevant they would be when deciding whether 
something was right or wrong and, for the second set of statements, participants must decide how 
much they agree with them. The higher the average score participants give to statements 
corresponding to each foundation, the more intuitive and important are those types of 
considerations. Previous research using the MFQ has found that individuals who identify as 
politically liberal and those from the West tend to emphasize the individuating and deemphasize 
the binding foundations, whereas those who identify as politically conservative and individuals 
from the East tend to emphasize all the foundations [11], [41], [44]–[48]. Work using the MFQ 
with the DIT2 has found that an emphasis on the individuating foundations is positively related 
to conventional reasoning, and negatively related to both conventional and preconventional 
reasoning [49], [50]. (Full versions of both the MFQ and ESIT can be found in the appendix to 
this paper.) 
 
Information was collected from the first cohort of first-year engineering students in the fall of 
2021, from the US, Netherlands, and China. To ensure meaning, versions of the ESIT were 
translated and back translated into Dutch and Mandarin, and then corrected. Mandarin- and 
Dutch-language versions of the MFQ were taken from moralfoundations.org. Along with 
demographic items and open-ended questions, these were placed online. First-year engineering 

https://moralfoundations.org/questionnaires/


students at [blinded], [blinded], [blinded], and [blinded] were recruited to complete them, 
through large, required courses. In total, 454 valid responses were collected – 300 male, 140 
female, 7 non-binary/third gender, and 7 who preferred not to say. The mean age was 19.46 years 
old. 
 
The hope is that by better understanding how moral intuitions and ethical reasoning interact, and 
how these are affected by education and culture, we can develop more effective, culturally 
responsive engineering ethics education and training [6], [51]. 
 
Ethical reasoning and moral intuitions among first-year engineering students across 
cultures 
The second section of this paper describes some first-year results, the effects of culture on the 
relations between ethical reasoning and moral intuitions. 
 
To assess relations between ethical reasoning and moral intuitions, correlations and their 
significance levels were calculated between scores of care, fairness, loyalty, authority, sanctity, 
individuating, and binding foundations on the MFQ, and N2, P, conventional, and 
preconventional scores on the ESIT. Since multiple comparisons were made, to reduce the 
probability of type I errors, the significance levels reported are the result of applying Holm-
Bonferroni corrections. To compare relations between ethical reasoning and moral intuitions 
across cultural groups, correlations and their significance levels were calculated for each of the 
samples collected in the US, Netherlands, and China. The results of all scores can be found in 
Table 1.a, and those from the US, Netherlands, and China in Tables 1.b to d, respectively. 
 
The following discusses findings that jump out from each of the tables, first in terms of relations 
between ethical reasoning and moral intuitions, and next in terms of the coherence of each 
instrument in relation to the different samples. 
 
Tables 1.a Correlations between measures of ethical reasoning and moral intuitions among first-year engineering students in the US, Netherlands, and China (N = 454) 
Fairness 0.56*** -         
Loyalty 0.01 -0.03 -        
Authority -0.03 -0.09 0.71*** -       
Sanctity 0.13 0.00 0.62*** 0.66*** -      
Individuating 0.90*** 0.86*** -0.00 -0.07 0.08 -     
Binding 0.04 -0.04 0.88*** 0.89*** 0.87*** 0.00 -    
N2 0.17** 0.22*** -0.27*** -0.29*** -0.20*** 0.22*** -0.29*** -   
Postconventional 0.19*** 0.22*** -0.22*** -0.29*** -0.20*** 0.23*** -0.27*** 0.65*** -  
Conventional -0.11 -0.09 0.10 0.20*** 0.08 -0.11 0.14* -0.19*** -0.61*** - 
Preconventional -0.09 -0.16* 0.15* 0.15* 0.14* -0.14* 0.17** -0.59*** -0.62*** -0.19*** 
 Care Fairness Loyalty Authority Sanctity Individuating Binding N2 Postconventional Conventional 
*significant at the < 0.05 level, ** < 0.01 level, *** < 0.001 level 

 
In terms of the pooled results, the individuating foundations (care and fairness) were positively 
related to ethical reasoning (N2 and P scores), but they were negatively related to 
preconventional reasoning (a concern with oneself). Similarly, the binding foundations 
(especially loyalty and authority) were negatively related to ethical reasoning, but they were 
positively related to conventional (social concerns) and preconventional reasoning. These 
findings are largely in lines with previous results of work using the MFQ in conjunction with the 
DIT2 [49], [50].  
 
The preconventional, conventional, and postconventional schema are conceived as theoretically 
distinct/mutually exclusive, such that the more one relies on preconventional reasoning, for 



instance, the less one relies on conventional or postconventional reasoning. Since scores of 
postconventional, conventional, and preconventional reasoning are all significantly negatively 
related to each other, with this sample, the ESIT can differentiate between these forms of 
reasoning, supporting the validity and use of this instrument. (If these scores were positively 
related, then they would not be mutually exclusive/distinct.) One could draw a similar conclusion 
regarding the MFQ, since scores of the individuating foundations are significantly related to each 
other, the binding foundations to each other, and the binding and individuating foundations are 
unrelated/negatively related to each other. Obviously, confirmatory factor analyses would have 
to be conducted, and alpha levels calculated, to further support the validity of these measures. 
This will be done once the sample sizes are larger.  
 
It should also be mentioned that the sample sizes of each of the national groups are different, 
with 341 from the US, 41 from the Netherlands, and 72 from China. As a result, the significance 
levels of correlations reported across the different groups should be interpreted with care, since 
small differences in large samples are more likely to be flagged as significantly different from 
the null hypothesis – here, that there is no relation between scores of ethical reasoning and moral 
intuitions. 
 
Tables 1.b Correlations between measures of ethical reasoning and moral intuitions among first-year engineering students in the US (n = 341) 
Fairness 0.53*** -         
Loyalty 0.05 -0.05 -        
Authority -0.03 0.12          0.69*** -       
Sanctity 0.17* -0.03 0.60*** 0.60*** -      
Individuating 0.89*** 0.85***           -0.08            -0.08 0.08            -     
Binding 0.08 -0.08   0.87*** 0.87*** 0.85*** 0.00   -    
N2 0.20** 0.23***   -0.25*** -0.25*** -0.15 0.25***   -0.24*** -   
Postconventional 0.20** 0.22*** -0.24* -0.24*** 0.14   0.24*** -0.21** 0.65*** -  
Conventional -0.11 -0.07    0.18     0.18*     -0.06     -0.11    0.13 -0.24*** -0.65*** - 
Preconventional -0.10 -0.18* 0.11 0.11 0.12 -0.16 0.14 -0.56*** -0.59*** -0.18* 
 Care Fairness Loyalty Authority Sanctity Individuating Binding N2 Postconventional Conventional 
*significant at the < 0.05 level, ** < 0.01 level, *** < 0.001 level 

 
The US sample largely confirms trends in the larger sample, positive relations between ethical 
reasoning and the individuating foundations, and negative relations between ethical reasoning 
and the binding foundations. The ESIT does an equally adequate job differentiating between 
postconventional, conventional, and preconventional reasoning. Interesting here is a positive 
relation between the care and sanctity foundations. Since a concern with sanctity is typical of 
religious beliefs, this might be explained by the highly religious nature of the US, relative to its 
level economic of development [52]. 
 
Tables 1.c Correlations between measures of ethical reasoning and moral intuitions among first-year engineering students in the Netherlands (n = 41) 
Fairness 0.60** -         
Loyalty -0.10       -0.09            -        
Authority -0.26    -0.19           0.69***      -       
Sanctity -0.04            0.12                  0.46                 0.67***              -      
Individuating 0.90***      0.88***         -0.10            -0.25            0.03           -     
Binding -0.14   -0.04   0.82*** 0.90*** 0.85*** 0.11  -    
N2 0.02   0.27  -0.08 -0.14 -0.12 0.16   -0.13 -   
Postconventional 0.01     0.22 -0.12     -0.31 -0.29     0.13    -0.28     0.42    -  
Conventional 0.00    -0.11  0.10     0.25     0.13     -0.05    0.18     0.06    -0.66***   - 
Preconventional -0.04 -0.19 0.02 0.13 0.19 

 
-0.13 
 

0.14 
 

-0.62*** 
 

-0.57** -0.21 

 Care Fairness Loyalty Authority Sanctity Individuating Binding N2 Postconventional Conventional 
*significant at the < 0.05 level, ** < 0.01 level, *** < 0.001 level 

 
Within the Dutch sample, ethical reasoning and moral intuitions were less clearly related among 
Dutch than US participants, especially between ethical reasoning and the individuating 
foundations. Negative correlations between N2 scores and the binding foundations were higher 



among Dutch than US participants, although this relation was not identified as significant. Like 
the US sample, the ESIT could differentiate between postconventional, conventional, and 
preconventional reasoning. There were high correlations between both individuating 
foundations, but only between loyalty and authority among the binding foundations. Again, this 
difference might be explained with reference to high rates of religiosity in the US, relative to 
countries with similar levels of economic development throughout the world. 
 
Tables 1.d Correlations between measures of ethical reasoning and moral intuitions among first-year engineering students in China (n = 72) 
Fairness 0.58***         -         
Loyalty 0.57***        0.51***          -        
Authority 0.47***           0.36*       0.57***       -       
Sanctity 0.54***                  0.38*                0.68***            0.72***              -      
Individuating 0.91***      0.86***          0.61***      0.47***      0.52***      -     
Binding 0.60*** 0.47*** 0.84*** 0.87*** 0.91*** 0.61 -    
N2 -0.14 -0.05   -0.09 -0.19 -0.17 -0.11   -0.17 -   
Postconventional -0.01    0.03    -0.01    -0.22     -0.12     0.00    -0.13     0.73*** -  
Conventional 0.05     -0.02     -0.01     0.17     0.08     -0.04     0.09     -0.08    -0.38* - 
Preconventional -0.03 0.00 0.08 0.13 0.06 0.02 0.10 -0.69*** -0.71*** -0.31 
 Care Fairness Loyalty Authority Sanctity Individuating Binding N2 Postconventional Conventional 
*significant at the < 0.05 level, ** < 0.01 level, *** < 0.001 level 

 
The Chinese sample is the most interesting, since there don’t appear to be any relations between 
ethical reasoning and moral intuitions. This might be explained by the fact that ethical judgments 
among individuals from East-Asian cultures tend to involve lower degrees of emotion than those 
from Western cultures [53]. Nevertheless, the ESIT could differentiate postconventional, 
conventional, and preconventional reasoning. Differences between postconventional and 
conventional reasoning were less pronounced among the Chinese than the Dutch and US 
participants, perhaps supporting the claim that Confucian ethics tends towards conventional 
reasoning [54]. Unlike the ESIT, the MFQ seems to have done a poor job differentiating between 
moral intuitions among Chinese participants. All measures were highly correlated, although 
individuating foundations more so among individuating foundations, and the same with binding 
foundations. 
 
Conclusion 
This paper described a five-year study that will be carried out in the US, Netherlands, and China, 
exploring the effects of culture and education on the ethical reasoning and moral intuitions of 
engineering students. This paper was divided into two parts: It began by discussing the 
background of this project, including its motivation, method, and goals – its motivations concern 
the increasingly cross-cultural and international environments of contemporary engineering; its 
method consists in administering the ESIT and MFQ to engineering students in the US, 
Netherlands, and China over a five-year period; and its goals are to improve engineering ethics 
education and training. This paper moved on to talk about some first-year results, concerning the 
effects of culture on ethical reasoning and moral intuitions. Initial findings seem to indicate that 
culture affects if and how moral intuitions are related to ethical reasoning among first-year 
engineering students. They were most closely linked in the US, less so in the Netherlands, and 
not at all in China. The work reported here did not check for confounding variables – for 
example, the effects of professed religiosity or political orientation on the relations between 
reasoning and intuitions – although this is an important activity that will be undertaken in future 
work. 
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