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Comparative Dimensions of Disciplinary Culture 

 
Introduction 

 

Despite calls to promote creativity as “an indispensable quality for engineering” [1], the U.S. 

engineering educational system has been slow to develop pedagogies that successfully promote 

innovative behaviors. Engineers need more creativity and interdisciplinary fluency, but 

engineering instructors often struggle to provide such skills without sacrificing discipline-specific 

problem-solving skills. At the same time, engineering programs continue to struggle with 

attracting and retaining members of underrepresented populations—populations whose diversity 

could greatly contribute to innovation. Interestingly, the lack of diversity in engineering is often 

attributed to cultural traits of the field, which is often characterized as masculine, individualistic, 

and function-oriented. To address these issues, we have undertaken a 3-year study to investigate 

patterns of cultural traits in students across disciplines, and to build an actionable theory of 

engineering culture that can support pedagogies of inclusive and collaborative innovation as well 

as strategies for recruiting and retention efforts. In this paper, we present preliminary results from 

our survey in order to define how Hofstede’s dimensions of national culture map to 14 majors in a 

research university.  

 

Specifically, we are applying Hofstede’s original four dimensions of national business cultures 

(power distance, uncertainty avoidance, individualism, masculinity) [2] to academic disciplines to 

explain how students develop skills to operate within and across disciplinary boundaries. To do 

so, we are addressing the following research questions:  

1. How do Hofstede’s dimensions of national cultures map to academic disciplines? 

2. Do different majors have different disciplinary cultures according to Hofstede’s 

dimensions? 

 

This research purpose is to understand how students in different disciplines behave and perceive 

their majors. The information presented builds up on a pilot study where we applied Hofstede’s 



instrument with no major findings. However, we improved the survey based on the responses and 

expanded it outside engineering majors.  

 

Literature Review 

 

Hofstede [2] defines culture as patterns of thinking, feeling, and acting that every human being 

carries. He analogizes culture as the “software of the mind” in that culture is a mental program 

that is developed by social interactions and experiences collected across an individual’s lifetime. 

In his words, “the programming starts within the family; it continues within the neighborhood, at 

school, in youth groups, at the workplace, and in the living community” (p. 6). In order to 

understand this culture, Hofstede developed a series of dimensions to characterize the common 

traits and beliefs every individual has, with each dimension having two poles. His theory of 

culture then posits that individuals are located at various points across the spectra of opposite 

characteristics that comprise each dimension, and individuals with similar characteristics can be 

grouped under the same type of culture.  

 

Hofstede’s theory of cultural dimensions was developed in the mid-1960s, based initially on a 

survey of IBM employees in more than 40 countries. Hofstede’s original analysis yielded four 

“dimensions,” or “values that distinguished countries (rather than individuals) from each other” 

[3]:  

• Power Distance addresses the degree to which those with less power in a given system 

(workplace, family) may support and expect unequal power distribution; 

• Uncertainty Avoidance/Acceptance addresses the degree to which members of a culture can 

operate comfortably with uncertainty;  

• Individualism/Collectivism addresses the relationship between individuals and the larger 

group; and 



•  Masculinity/Femininity refers to how emotional roles are distributed across genders, with 

assertive roles aligned with the masculine pole of the continuum and caring roles aligned 

with the feminine pole.  

 

Several authors have evaluated applications of Hofstede’s dimensions in research, identifying 

problems such as (i) the use of nation as a unit to analyze culture [4,5,6,7]; (ii) the difficulties and 

limitations of a quantification of culture represented by cultural dimensions and matrices [4, 6, 

8,9]; (iii) the ecological fallacy of assuming that dimensions developed at the national level also 

apply at the individual level [4,11]; and (iv) the use of data collected from a single company 

[4,10] along with critiques of reliability [12, 13, 14, 15, 16, 17] and validity [10, 13, 18, 19, 20, 

21, 22, 22, 24] in both Hofstede’s and derivative instruments. Each of these critiques, while 

important, also has notable counterarguments. 

 

First, as several authors have argued, countries should not be treated as unit of analysis. Any 

given nation may have multiple cultures present. Yet Hofstede based his theory on the 

assumption, from a sociology and anthropologist perspective, that differences in nations can be 

treated as similar to differences in cultures [5,7,11]. Second, in critiquing Hofstede’s expression 

of culture as quantitatively measurable, researchers argue that because culture is dynamic and 

adaptive, it is a qualitative variable with meanings that depend upon context and external factors. 

Hofstede has countered by arguing that in defining cultural differences, quantitative data at the 

national level is all that is available, and such data is at least a useful starting point in 

understanding patterns on a large scale [3]. Third, in addressing the critique that Hofstede’s 

instrument is flawed due to ecological fallacy, Brewer and Venaik [4] state that this false mapping 

may not exist if there is a theory of causation and that under specific situations, people may act 

according to the dimensions developed for the national level. They explain that despite the 

criticism of Hofstede’s theory regarding ecological fallacy, the model is valuable to explain 

national-level phenomenon. Similarly, Grenness [11] affirms that “avoiding the ecological fallacy 

is possible when the aggregated data are collected from groups or samples which are assumed to 

be or known to be homogenous, e.g. sharing dominant cultural values” (p.80). Using the model 

thus requires an understanding of the population to be analyzed, including knowledge of the 



population’s homogeneity or heterogeneity. Therefore, understanding how students understand 

their majors will minimize the ecological fallacy critique to Hofstede’s model. Finally, Hofstede’s 

framework and instrument have also received critiques of reliability and validity, including 

critiques regarding use of a single employer. However, since the original study was conducted, 

researchers have used Hofstede’s instrument in different settings and confirmed internal 

consistency in its use [e.g. 25, 26]. Different studies have also addressed validity issues with 

positive results [27, 28]. Finally, several studies in the past three decades [29, 30, 31, 32, 33, 34, 

35, 36, 37, 38, 39, 40, 41, 42], even when not reporting instrument reliability or methodological 

validity, have successfully used Hofstede’s theory to study cultural differences, arguing for the 

validity and reliability of the model overall. 

 

Based on these studies, it is possible to argue that Hofstede’s instrument and methodology can be 

reliable if confirmed by rigorous testing and, ensuring the necessary considerations of validity are 

met, can be a useful framework to study cultures and sub-cultures, such as academic disciplines. 

Our research will test the possibility of mapping cultural dimensions to academic disciplines, and 

particularly disciplines within engineering. These disciplines may be considered generally 

homogeneous as subfield of engineering, although disciplines will vary somewhat across 

universities. We thus hypothesize that it will be possible to use Hofstede’s theory to understand 

cultural differences in disciplines. 

 

Methods 

 

In order to answer our research questions regarding how Hofstede’s dimensions of national 

cultures map to academic disciplines, we used a version of his survey in a pilot study. After a 

review of studies that used replicas and adaptations of Hofstede’s instrument, and considering the 

various critiques, the research team selected the survey as adapted by Sharma [43]. Our IRB-

approved university-wide survey was delivered online using Qualtrics to a stratified sample of 

undergraduate students at research university during the Spring semester 2014, obtaining 742 

valid responses from 61 different majors across all years. However, we were only able to use 



results from the college of engineering since it represented 92.5% of the responses (687). 

Preliminary results did not show significant differences between the 11 engineering majors 

studied.  

 

In this study the survey was improved based on the analysis of the Cronbach’s alpha of the pilot. 

In addition, to ensure validity, the survey was critiqued by the four authors of the project, who 

discussed every item in detail. In addition, an assessment expert evaluated the survey and made 

suggestions. Face validity and content validity were established with consensus of the researchers. 

The instrument, as mentioned before, has been proven to measure the theory developed by 

Hofstede. Construct validity has also been proven in previous studies [16, 27, 28, 38, 43] and 

relates to the measurement of the four different constructs being measured (dimensions) that 

explain the cultural differences. 

 

The survey was administered online and managed thorugh Qualtrics. Three engineering majors 

were selected as the base of the study: electrical, computer, and industrial engineering. We 

decided to select those majors from our college of engineering for several reasons. First, tha 

departments are innovative, large, and highly ranked relative to other departments nationwide, and 

thus results from these contexts are likely to be applicable to other departments across the 

country.  Second, both locally and nationally, these two departments are at opposite ends of the 

diversity spectrum, with ECE among the least diverse departments and ISE among the most 

diverse. In addition to the engineering majors, we selected 12 other majors based on Nulty and 

Barret’s model. The model divides disciplines into four different –and opposite- clusters (i.e. soft 

– applied, soft – pure, hard – applied, hard – pure). The results from the survey were processed 

using SPSS software; data from 401 undergraduate students in 13 different majors were analyzed. 

Descriptive statistics are presented in Table1. Responses were grouped by discipline and the four 

dimensions proposed by Hofstede were measured. Table 1 summarizes the arithmetic means 

based on a 7-point Likert scale: 

• For Individualism/Collectivism, 1 is considered to be less individualistic (more 

collectivistic) and 7 is considered highly individualistic.  



• For Power Distance, 7 is considered to have a high power distance (more comfort 

with/support of hierarchies) 

• For Uncertainty Avoidance, 7 is considered higher resistance to uncertainty.  

• For Masculinity/Femininity, 1 is the lower value for Masculinity, representing a disposition 

toward femininity (caring), while 7 is the higher value of Masculinity (assertivenes).  

 

Results and Discussion 

 

Results from the survey are presented in Table 1. Means of the scores for each discipline are 

reported for each major. Also, the standard deviation and sample size is presented. After 

analyzing the descriptive statistics we conducted some inferential statistics using T-tests to 

determine if the differences regarding how disciplines score on a specific dimension of culture 

were signigicant. We present the results and our data analysis in this section.  

 

Table 1. Arithmetic mean and standard deviation of responses for cultural dimensions 

Major 
Cultural Dimensions 

Individualism Power Distance Uncertainty Avoidance Masculinity 
Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev 

Architecture 
(n = 58) 5.850 0.739 3.940 1.123 4.042 1.169 3.690 1.009 

Chemistry 
(n = 26) 5.491 0.926 4.231 1.051 5.250 1.095 3.644 0.952 

Communication  
(n = 10) 5.864 0.626 4.500 1.405 4.636 1.109 4.250 0.474 

Comp Engineering 
(n = 38) 5.738 0.900 3.840 1.145 4.892 1.272 4.234 1.174 

Electrical Eng. 
(n = 43) 5.197 1.080 4.031 1.120 4.647 1.166 4.505 0.945 

English 
(n = 31) 5.770 0.731 3.897 1.293 4.654 1.237 3.508 1.192 

History 
(n = 22) 5.740 0.912 3.820 0.967 4.522 1.163 3.848 1.172 

Industrial Design  
(n = 18) 6.038 0.703 3.538 1.122 3.597 1.095 3.278 1.018 

Industrial and 
Systems Eng. 
(n = 34) 

5.710 0.949 3.888 1.040 4.313 1.339 4.382 1.068 



Major Cultural Dimensions 
Individualism Power Distance Uncertainty Avoidance Masculinity 

Marketing  
(n = 17) 5.890 0.616 4.136 1.183 4.500 1.340 4.136 1.136 

Mathematics 
(n = 40) 5.600 0.897 4.090 1.318 4.867 1.150 3.908 1.211 

Physics 
(n = 39) 5.738 1.067 3.635 1.457 4.514 1.244 3.831 1.066 

Sociology 
(n = 20) 6.060 0.903 4.333 1.593 5.088 1.406 3.813 0.906 

Note: Every dimension was measured on a Likert scale from 1 to 7. 
 

According to the mean of the responses regarding cultural dimensions, there are no apparently 

major differences between the responses by major. However, after conducting statistical analysis 

we were able to determine some significant differences between how majors score regarding the 

different dimensions of culture. Overall, students in every major tend to have a high 

individualistic score. That means that students perceive their independence working on school-

related tasks important. In general, they also have a relative low score for power distance. They 

are not confortable being dominated by people with authority coming from positions of high 

power. Thus, they would prefer a learning environment where their teachers treat them like peers 

or colleagues. Although uncertainty avoidance was probably the dimension with more diverse 

responses between different majors, they tend to avoid uncertainty. Students prefer to have clear 

instructions and not take many risks. In general students tend to be in a neutral zone regarding 

masculinity, therefore they try to balance being assertive (masculinity) and caring for others 

(femininity). In the following paragraph the scores of each dimension will be described in detail 

and the majors will be ranked based on their scores in tables 2, 3, 4, and 5. T-tests were conducted 

to identify statistical significance where we saw differences in responses. In some cases there are 

differences between majors that are statistical significant and worthy to analyze further.  

 

Individualism/Collectivism 

 

Table 2 summarizes the responses regarding individualism across majors. All the disciplines 

consulted tend to have high independence (i.e. to be more individualistic). The disciplines with 

higher scores for individualism are sociology, industrial design, and marketing. In the lower end 



are electrical engineering, chemistry, and mathematics. After conducting T-tests (t(71)=3.42, 

p=0.001) we could confirm with 95% of confidence that electrical engineering students 

(M=5.197, SD= 1.08) are less individualistic than sociology students (M=6.06, SD= 0.903). 

Additionally, the assumption’s of homogeneity of variance was satisfied via Levene’s Ftest 

(F(71)=2.718, p=0.104). We were able also to compare electrical engineering with industrial and 

systems engineering (M=5.71, SD= 0.949), in order to see if there were differences between two 

engineering majors, and we obtained that the difference in their means has statistical significance 

(t(94)=2.450, p=0.016) with 95% of confidence. We argued that disciplines like electrical and 

computer engineering, and mathematics required more individualistic work. Instead, disciplines 

like marketing, industrial design, and sociology rely more on collective work like team projects. 

However, results demonstrated the opposite. Students in majors we thought were more collective 

are representing the more individualistic poles in the spectra. One major that according to Nulty & 

Barrett  [45] we were expecting to be very collective was industrial design because of the type of 

creative and collaborative work the students do, however, they are one of the most individualistic 

majors.  

 

Table 2. Scores for Individualism/Collectivism 
Major Sample size Mean Std. Dev. 

Electrical Engineering 43 5.197 1.08 
Chemistry 26 5.491 0.926 
Mathematics 40 5.600 0.897 
Industrial & Systems Eng. 34 5.71 0.949 
Computer Engineering 38 5.738 0.9 
Physics 39 5.738 1.067 
History 22 5.74 0.912 
English 31 5.77 0.731 
Architecture 58 5.85 0.739 
Communication 10 5.864 0.626 
Marketing 17 5.89 0.616 
Industrial Design 18 6.038 0.703 
Sociology 20 6.06 0.903 
Note: The dimension was measured on a Likert scale from 1 to 7. 

 
 
 
 



Power Distance 

 

Regarding power distance, Table 3 presents all the scores in each major studied. Overall, students 

tend to have low scores of power distance. In general students tend to not be intimated about 

people in positions of power. We could not find statistical significant differences in power 

distance scores. One thing to consider is the emphasis made in higher education recently to 

promote students’ awareness of their rights and the importance of fairness and justice.  

 

Table 3. Scores for Power Distance 
Major Sample size Mean Std. Dev. 

Industrial Design 18 3.538 1.122 
Physics 39 3.635 1.457 
History 22 3.82 0.967 
Computer Engineering 38 3.84 1.145 
Industrial & Systems Eng. 34 3.888 1.04 
English 31 3.897 1.293 
Architecture 58 3.94 1.123 
Electrical Engineering 43 4.031 1.12 
Mathematics 40 4.09 1.318 
Marketing 17 4.136 1.183 
Chemistry 26 4.231 1.051 
Sociology 20 4.333 1.593 
Communication 10 4.5 1.405 
Note: The dimension was measured on a Likert scale from 1 to 7. 

 

Uncertainty Avoidance 

 

Table 4 presents the results for uncertainty avoidance. In this dimension, students from chemistry 

scored considerably higher than the rest of the majors. For example, industrial design (M=3.597, 

SD=1.095) students, have significant difference on their scores compared to chemistry students 

(M=5.25, SD= 1.095) (t(42)=2.49, p=0.017) and computer engineering students (M=4.892, 

SD=1.272) (t(51)=3.241, p=0.002) with 95% of confidence. In addition, we obtained significant 

statistical difference between industrial and systems engineering and computer engineering 

(t(69)=2.697, p=0.009). It would be interesting to explore in future research students’ perceptions 

in chemistry about uncertainty avoidance and why they need to have clear instructions. In the case 



of industrial design it makes sense because design students are motivated to be creative and think 

outside the box. Regarding engineering, it is also notable the differences between electrical 

engineering and industrial and systems engineering.  

 

Table 4. Scores for Uncertainty Avoidance 
Major Sample size Mean Std. Dev. 

Industrial Design 18 3.597 1.095 
Architecture 58 4.042 1.169 
Industrial & Systems Eng. 34 4.313 1.339 
Marketing 17 4.5 1.34 
Physics 39 4.514 1.244 
History 22 4.522 1.163 
Communication 10 4.636 1.109 
Electrical Engineering 43 4.647 1.166 
English 31 4.654 1.237 
Mathematics 40 4.867 1.15 
Computer Engineering 38 4.892 1.272 
Sociology 20 5.088 1.406 
Chemistry 26 5.25 1.095 

Note: The dimension was measured on a Likert scale from 1 to 7. 

 

Masculinity 

 

In the dimension of Masculinity we also found some significant difference between the scores. In 

this dimension Industrial design had the lower scores followed by English, and chemistry. In the 

other hand electrical engineering, industrial and systems engineering and communication obtained 

the higher scores meaning that they do perceive their major as masculine (assertive) rather than 

feminine (caring). In Table 5 all the results are presented. Regarding the t-tests conducted 

significant difference were observed between industrial design and electrical engineering 

(t(62)=4.573, p=0.000) with 95% of confidence. In addition, there is significant difference 

between industrial design and industrial and systems engineering (t(52)=3.636, p=0.001) with 

95% of confidence. It is interesting to see that in this dimension all the engineering majors are 

reporting high scores, meaning that students still perceive the engineering profession as 

“Masculine”. One major to analyze further regarding masculinity is communication that also has a 

high score in this dimension. 



Table 5. Scores for Masculinity 
Major Sample size Mean Std. Dev. 

Industrial Design 18 3.278 1.018 
English 31 3.508 1.192 
Chemistry 26 3.644 0.952 
Architecture 58 3.69 1.009 
Sociology 20 3.813 0.906 
Physics 39 3.831 1.066 
History 22 3.848 1.172 
Mathematics 40 3.908 1.211 
Marketing 17 4.136 1.136 
Computer Engineering 38 4.234 1.174 
Communication 10 4.25 0.474 
Industrial & Systems Eng. 34 4.382 1.068 
Electrical Engineering 43 4.505 0.945 
Note: The dimension was measured on a Likert scale from 1 to 7. 

 

Limitations 

 

One limitation of the study is generalization of the findings. The data may not be representative of 

the majors studied. Neither can we make inferences of the engineering student population as a 

whole. To address this concern, we are actively working to minimize threats to internal and 

external validity by including partner institutions in the data collection in the next phases.  

 

Future Implications 

 

This study shows results from a part for our research project. The instrument is being applied in 

five partner institutions to identify possible differences in perceptions in different types of 

universities. We are aiming to identify relationships between the dimensions of culture and a) 

student choice of major, and b) student success within a major. In addition, we are conducting a 

longitudinal study to understand whether students’ perceptions about their academic programs 

change over time and under which circumstances, leading, to an actionable theory of engineering 

culture that can support pedagogies of inclusive and collaborative innovation. 
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