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Abstract 

 

The purpose of this study was to integrate the previously disconnected body of knowledge 

surrounding the social, cultural and professional identity development of graduate students in 

internationally diverse engineering departments. Due to the lack of studies that focus specifically 

on this topic, a collection of literature was identified and an integrative literature review 

preformed.  Articles reviewed cover a wide variety of topics, including: professional identity 

development, socialization experiences and social adaptation in doctoral education, culture shock 

and assimilation of international students in learning communities, engineering culture and the 

climate for graduate students, and international and domestic graduate student enrollment and 

admission trends, among others. These articles were critically reviewed to determine the current 

state of graduate engineering education for both international and domestic students. We 

conclude by identifying gaps and posing questions for future work relating to internationally 

diverse communities and graduate education. 

 

Introduction 

 

The prevalence of international students is a defining feature of many US graduate engineering 

programs. Non-US citizens accounted for two-thirds (67%) of all engineering doctorate 

recipients in 2006 
1
. After two years of decline, first time graduate enrollment in science and 

engineering increased in 2006—by 16% for foreign students but only 1% for domestic students 
2
.  

A recent report by the Council of Graduate Schools indicates a shift in enrollments during the 

2007/2008 academic year for engineering departments, with enrollment of US citizens increasing 

10.9% compared to a 5.5% increase in international enrollments.  Despite these fluctuations, the 

past 10 years have seen an average annual change in graduate enrollment in engineering of 1.2% 

for US citizens and permanent residents, and 6.3% for international students 
3
.   

 

To date, much of the research regarding the recruitment and retention of doctoral students has 

focused on examining student characteristics and factors external to the university, such as 

undergraduate GPA, gender and marital status 
4, 5

. While these quantitative studies have yielded 

a broad overview of possible factors that influence the decision to leave doctoral study, we have 

yet to fully conceptualize the engineering graduate student experience. Additional studies have 

focused on the interaction between the student and the department or discipline, but did not 

incorporate engineering students 
6, 7

. Previous studies have included a broad range of disciplines, 

examining the statistically significant differences in program completion rates, and identifying 

characteristics that distinguish one discipline from another. Paramount among these cited 

differences was the large proportion of international students attending US graduate engineering 

programs 
4, 8

. 

 

Existing research on enculturation and adaptation of student sojourners focuses heavily on the 

experiences of undergraduate students studying abroad, with very few studies considering the 

experiences of graduate students.  Within the field of graduate education, research centers on the 

pursuit of a doctoral degree with the intention of obtaining a faculty position, with other studies 
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As can be expected there were several articles that had topics or keywords that made it a 

candidate for multiple categories.  During the categorization process there were several common 

themes that emerged between pairs, or were common across multiple categories.  We have 

attempted to account for these along with the main categories, indicated by the connecting lines 

in Figure 1.  Each of these categories contributes to the graduate school experience of both 

international and domestic students.  In the following sections we develop each of these 

categories and explore how each affects an engineering student (both international and domestic) 

during their graduate education. 

 

Exploring the Engineering Graduate Student Experience 

The following sections detail the four main bodies of literature surrounding international and 

graduate education which include: graduate student identity development, enculturation into 

learning communities, socialization experiences and future career plans.  These are not all 

inclusive, but represent a wide range of literature which was used to model that graduate student 

experience. 

Graduate Student Identity Development 
 

Engineering as a profession, like medicine or law, is endowed with a set of professional 

knowledge and associated skills that are accepted as a requirement of each new member.  In 

order to obtain this required knowledge and skill base, students participate in lengthy degree 

programs and/or apprenticeships.  During these experiences, students observe the behaviors, 

norms and attitudes that are prevalent among the profession’s practitioners. During this time, 

students begin to craft their professional identity by “trying on” possible images of themselves to 

see how well they fit 
11

.  One way these images are established is through the individual’s 

professional developmental network, and the relationships students have with members of their 

profession and learning community (e.g their department or research group) 
12

.  Sweitzer
12

 

explored how other members of the student’s developmental network (friends, peers, and family) 

contributed to their professional identity development and how this translated to “fit” within a 

doctoral program in business. She found that students’ relationships to members outside of the 

academic community significantly impacted how their professional identities were shaped during 

their doctoral program.  

 

Individual identities are often associated with social positions or roles.  Role labels convey 

meaning and expectations for behavior that have evolved with the profession.  Consider the 

examples in an engineering department in a university.  Labels such as “freshman”, “teaching 

assistant”, and “first year doctoral student” convey different sets of expectations for how these 

individuals will spend their time compared to “senior”, “research assistant” and “post-doc” 
11

.  

Roles are defined both externally by others’ expectations, and individually by internally 

accepting or rejecting the expectations of a given role 
13

.  Once a graduate student has accepted a 

given role, it becomes part of his or her identity and serves as a framework for evaluating future 

experiences. 

 

Engineering graduate students are not limited to one role (or identity), and oftentimes these 

students have as many identities as groups in which they engage in distinctive roles 
13

.  For 

example, an engineering graduate student may be have an interest in teaching but is serving as a 
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research assistant, or a student from India might have culturally rooted expectations regarding 

what a student should “do” or “be”.  In cases where students have multiple identities, they will 

organize these in a hierarchy where the salience of a given identity is based on the situation
14

.  

The presence of multiple identities can have both positive and negative effects on graduate 

engineering students.  When a given identity strengthens the commitment to another identity, 

then these identities are mutually reinforcing and an increase in commitment to one or both may 

result.  On the other hand, if two or more of the students’ identities are in conflict, the student 

will choose the identity most salient to him or her, leading to a perceived increase in pressure and 

stress 
11

.  Fragmenting student roles into separate jobs, such as teaching, research and community 

or cultural associations, fails to allow students to exploit the connections between the two and 

presents a potential conflict of individual identities.  Doctoral students may also accept the 

multiple roles of student, teacher and researcher, but arrange them in a different hierarchy than 

their graduate institution 
12

.  When individuals are confronted with a persistent conflict of 

individual identities, one possibility is to simply exit the role 
15

.  Establishing an environment in 

engineering graduate education that enables students to balance multiple identities may help 

reduce perceived stress and pressure on graduate students, leading to reduced graduate student 

attrition. 

 

Enculturation into Engineering Learning Communities 

 

In addition to the identity related difficulties experienced by incoming graduate students, 

sojourners, or students who attend an institution of higher learning in another country, face a 

variety of cultural and behavioral differences, as well as a different set of expectations compared 

to their home country.  The vast majority of the literature surrounding student sojourners focuses 

on the problems of adaptation to the host country and discusses issues such as enculturation, 

acculturation, assimilation and culture shock.  An article published in 2008 presents an overview 

of the theoretical development of culture shock in the context of student sojourners and seeks to 

clarify and extend these theories 
16

.  Early research on culture shock began in the 1950’s with the 

examination of mental health issues related to studying abroad
17, 18

 (Refer to Table 1 in Zhou et 

al
16

 for a summary of the traditional theoretical approaches to culture shock).  During the 1980’s 

research on culture shock shifted to view student sojourning as a learning experience and noted 

that steps should be taken prior to travel to prepare the student, 
19

 potentially alleviating some of 

the “shock” upon arrival to the host country.  This perspective treated studying abroad as a 

dynamic learning experience for both the student and the host country, and served to lay the 

foundation for contemporary perspectives on intercultural contact 
16

.  The three contemporary 

theories are more comprehensive and consider the different components of how students respond 

to new environments: affect (stress and coping), behavior (culture learning), and cognition 

(social identification).  These three theories are often combined into what is now called the ABC 

model.  Theoretical details on each of these theories are well summarized
16

 and the authors 

conclude that “culture shock” is really “contact induced stress accompanied by skill deficits that 

can be managed or ameliorated” (pg 65).  This suggests that there are steps programs and 

universities can take to assist students, and has led to the increasing use of terms like 

“adaptation” and “acculturation” in the literature today.   

 

From the closely linked theories relating to the ABC model, researchers have published literature 

focusing specifically on international student sojourners.  One such article examines the three 
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distinctive social networks used by students, each serving a specific function 
20

. The primary 

network is communication with their home country, which provides a link to cultural behaviors 

and values.  This is followed by interactions with host nationals, providing academic support and 

culturally relevant skills for relating to the host country.  Finally, students develop a social 

network of other international students, which provides mutual social support.  These networks 

were classified by Furnham 
21

 as mono-cultural, bi-cultural and multi-cultural friendship 

networks, respectively. 

 

The other side of this story, previously discussed in one facet as identity development, requires 

adapting to the role of a graduate student, regardless of nationality.  Engineering, as a 

professional community, must pass along the values and norms of the discipline to all students 

pursuing graduate degrees.  A 1994 study found the importance of technical mentoring—which 

may include basic information on how work is done in accordance  with the norms of research—

is substantial and appears to be the key to transmitting traditional values between one generation 

of scientists and another, particularly when the next generation comes from a culturally different 

background 
22

.  Anderson et al
22

 examined the views of doctoral students with respect to 

academic research.  The focal variables for their analysis were subscription to the academic 

norms as described by Merton 
23

, and subscription to the counternorms, based on Mitroff’s work 
24

.  A replication of the wording used for norms and counternorms is given in Table 1. Their 

findings are based on a nationwide survey of students in chemistry, sociology, microbiology and 

civil engineering, with main comparisons based on gender, discipline and nationality.     

 

Table 1. Component Items of Norm and Counter Norm Scales. Reproduced from Anderson
22

 

NORMS COUNTERNORMS 

Universalism- Scientists evaluate research 

only on its merit, i.e. according to accepted 

standards of the field.  

Particularism- Scientists assess new 

knowledge and its applications based on die 

reputation and past productivity of the 

individual or research group.  

Communality-Scientists openly share new 

findings with all colleagues.  

Solitariness- Scientists protect their newest 

findings to ensure priority in publishing, 

patenting, or applications.  

Disinterestedness- Scientists’ are motivated by 

the desire for knowledge and discovery, and 

not by the possibility of personal gain.  

Self-Interestedness- Scientists compete with 

Others in the same field for funding and 

recognition of their achievements.  

Organized Skepticism- Scientists consider all 

new evidence, hypotheses, theories, and 

innovations, even those that challenge or 

contradict their own work.  

Organized Dogmatism-: Scientists invest their 

careers in promoting their own most important 

find  

 

The largest gap between any two groups is found in the case of U.S. versus non-U.S. student 

support for the counternorms
22

. The main effects in the analysis of disciplinary differences come 

from the civil engineering students, (who were chosen to be representative of other engineering 

disciplines).  These engineering students show the weakest support for the norms and the 

strongest support for the counter norms, compared to the other degree programs. The authors 

conclude that the data suggest the need to incorporate broader cultural theories into our 

understanding of the value system of science. They further argue that it would be useful to 
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determine whether or not there are sub cultural differences within the group of U.S. citizens, 

which might have implications for efforts to recruit and retain students from diverse backgrounds 

in the sciences and engineering.   

 

Additional works have examined enculturation 
25

 at institutions of higher learning, but virtually 

no literature addresses the specific experiences of international graduate students in engineering. 

In their literature review, Zhou et al conclude that the current theoretical models are not without 

their limitations and that more research needs to be accomplished to synthesize theories into a 

coherent framework.  Assuming that adaptation, acculturation or enculturation is possible, future 

research should address this issue by investigating experiences or programs that assist students in 

managing stress and “skill deficits”, while accounting for disciplinary differences.  While there 

are several studies have investigated acculturation for undergraduate students, there remains a 

need to further explore the experiences of international graduate student sojourners who face the 

dual problem of adapting to both a new host culture along with the cultural differences and 

expectations of graduate school.  There are few graduate programs where these international 

students are more strongly represented than in the engineering disciplines. 

  

Finally, Zhou et al
16

 note that the rapid increase in the number of international students has led to 

a heightened awareness of the pedagogical differences in differing cultures.  Future research is 

needed to “clarify current teacher and student expectations in order to learn how mismatches 

occur, and to begin to explore how these might be resolved” 
16

. Examination of the differing 

expectations associated with international students will yield valuable information for increasing 

the numbers of engineering graduate students, and reducing attrition from graduate programs. 

 

Socialization Experience of Engineering Graduate Students 
 

Socialization is the process through which an individual learns to adopt the values, skills, 

attitudes, norms, and knowledge needed for membership in a professional community; in the 

case of engineering, as a professional researcher or faculty member 
26-32

. In the case of 

international students, socialization may also encompass an understanding of the social 

expectations and cultural norms of the host country.  Socialization plays an important role in the 

graduate school experience, and when unsuccessful, may contribute to the decision to depart the 

degree program.  Where graduate student socialization differs from professional socialization is 

in the requirement that graduate students become socialized not only to the graduate school 

environment, but to the professional role as well 
33

. Issues relating to graduate student 

socialization are discipline-specific, meaning that studies within graduate education must focus 

on a particular departmental and environmental context to gain an understanding of the 

relationships involved 
4, 33

.   

 

Related to international student socialization, a study conducted in Russia focused on the issue of 

the social adaptation of undergraduate student sojourners 
34

.  This article combines some of the 

elements of cultural adaptation and culture shock discussed in the previous section, with a 

socialization lens to understand the experiences of engineering students who come to Russia for 

their undergraduate education.  The authors assert that it is the job of the host country to “provide 

the optimal conditions for [student sojourners’] living and educational needs (pg 23)” and that 

one of the main foci for research should be the extent to which the new arrivals are prepared to 
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adapt to a new environment
34

.  This echoes the argument proposed by Zhou et al
16

, that students 

are able to overcomes the stress of adapting to a new environment if  properly prepared.  They 

proceed to argue that one of the notable differences in the cultural climate may stem from the 

differences between a traditional and modern society.  Traditional societies are characterized by 

a social structure with the hierarchy based on membership in a class or caste, making 

relationships with the family and friends the most important.  Contrast this with modern 

societies, which value social mobility and high individual achievement or professional status.  

Also noted is the importance of the relationship between what is expected and the reality of the 

experience, indicating that how students choose an institution contributes to their expectations 

about studying abroad.  So the question remains of what constitutes social adaptation?  What 

factors indicate that a student sojourner has successfully adjusted to a new culture or 

environment?  This study posits that the students’ attitude toward the host country both in an 

emotional and behavioral sense characterizes their adaptation to Russia.  However the other 

indicators that the authors present, including overall satisfaction with Russian life, appropriate 

functioning in the role of student, and positive perception of the new environment, could serve as 

indicators of adjustment to graduate school as well, a factor not considered by the present study. 

 

Another socialization study focused on graduate education, by examining the experiences of 

doctoral students in high and low completing departments
35

.  This study considered the 

disciplinary differences in doctoral education, noting that electrical and computer engineering 

was often considerably different than the other five departments studied, and represented the 

lowest completing department.  The four themes that emerged from this study included: support, 

self direction, ambiguity and transition.  Interestingly, the author found that engineering students 

(unlike all of the other disciplines) depended more on faculty for support than their peers, and 

attributes this to the high percentage (over 50%) of international students in the engineering 

department.  Engineering students also experienced the theme of self direction differently than 

students from other departments.  Engineering students felt that self direction meant learning 

how to do research independently, something that you had to teach yourself because that 

information could not be obtained from a class.  Students from other non engineering 

departments cited their peers as a key mechanism for learning new material.  Finally, relating to 

transition, students in engineering again offered the majority of the comments, which the author 

attributes to the various transition issues that international students must face in addition to the 

transition from undergraduate to graduate school.  In addition to the above instances, the author 

makes multiple mentions of the high percentage of international students in engineering, arguing 

that considerable research needs to be done to understand how they influence the graduate 

student experience 
35

.   

 

Several other researchers have discussed the socialization of graduate students in the form of a 

multi-stage process, and are representative of the developmental nature of the socialization 

process 
36

.  Examples include the four stages presented by Weidman and coworkers 
37, 38

 and 

Lovitts 
8
 that express socialization in regard to prior anticipatory socialization to the graduate 

school environment, through culmination of the degree and entrance into the profession. While 

these previous models have paved the way for future research, they fall short of explaining the 

complexity of the graduate student experience as they focus more on individual program 

elements, such as coursework and qualifying exams, rather than the transformation of the student 

during his or her educational experience. The inherent complexity of this problem requires a 
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variety of more focused studies at the program and department level, and investigating 

differences across sub-disciplines and institutional types. 

 

Career Plans of Engineering Graduate Students 
 

Another topic featured in a large amount of engineering specific literature on graduate education 

is preparing engineering graduate students for their future careers (faculty versus industry) 
39-43

 

or for positions they may hold during graduate school (teaching versus research assistant) 
44-49

.  

The majority of the research on preparing students for future careers centers on the relatively 

small number of engineering doctoral students pursuing faculty appointments.  Likewise, the 

majority of research on training graduate students is focused on training students for graduate 

teaching assistant positions, with many schools creating training programs that give students 

teaching responsibility in the hopes they pursue faculty positions upon graduation.  Several of 

these studies mention the role of international students and the additional language difficulties 

they experience in a teaching assistant position, however there are few studies that probe deeply 

into the experiences of these students. 

 

Another series of publications by the Carnegie Initiative on the Doctorate focuses on preparing 

the future stewards of the discipline 
33

.  This series discusses the state of doctoral education as a 

whole and argues that disciplinary differences must be accounted for and researched further.  As 

mentioned in several other works, one of the predominant differences between engineering and 

other disciplines is the high population of international students, making it a bright area for 

future research
4, 8, 35

. 

 

Conclusions and Suggestions for Future Research 

 

In this paper we have summarized a variety of research relating to graduate student identity 

development, socialization and future career plans, highlighting the additional cultural 

difficulties faced by international students.  From this review we present the following summary 

points: 

• Socialization, enculturation, and identity development are not mutually exclusive, and 

future research should focus on the experiences of graduate students to adequately 

capture these developmental traits 

• While the literature is relatively conclusive about the importance of disciplinary 

differences in graduate programs 
6
, few studies have focused on the experiences of 

engineering graduate students.   

• One of the predominant differences between engineering and other disciplines is the high 

population of international students 
4, 8, 35

 

 

Each of the previously discussed research areas have themes that are common among them, not 

least of which the discussion of the role international students play.  However, many of these 

research areas focus on only the undergraduate experience and ignore the graduate experience as 

is the case with much of the cultural adaptation and engineering education literature.  Much of 

the graduate education literature highlights the presence of international students as a defining 

feature, but little work has been done to understand these student experiences both from the point 

of view of the visiting student and the impact on the domestic students already in residence.  The 
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inherent complexity of this problem requires a variety of more experience focused studies at the 

program and department level, and investigation of differences across sub-disciplines and 

institutional types.  

 

Suggestions for Future Research 
 

After reviewing the current state of the literature on international graduate engineering education 

we would like to suggest the following questions for future research: 

 

1. How can we incorporate engineering students into more studies of graduate 

education? 

2. How does the current graduate engineering department prepare doctoral students for 

careers in industry? 

3. What are the salient characteristics of graduate engineering community (or culture)? 

How does it differ across institutions and departments? 

4. What untapped opportunities exist for training domestic students to work in more 

global settings by working with international students studying in the US? 

5. How do engineering graduate students interact in a lab setting, and how does this 

affect their social and cultural adaptation? 

 

The continued increase of international students attending US colleges and universities presents a 

unique opportunity for engineering education researchers to contribute to the growing body of 

knowledge on graduate education.  If the US wishes to remain a paramount destination for 

international students, as well as a global power for engineering and technology, a fuller 

understanding of how these students impact the culture of graduate engineering departments is 

needed. 
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