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WIP: Longitudinal study of Identity-based Motivation of Students 
Participating in Chemical Engineering Research Center 

Programs 
 
Introduction 
 
This Work in Progress paper describes the ongoing process of studying the development of 
students' Identity-based Motivation through participation in STEM programs offered by a 
chemical engineering research center. The Center for Innovative and Strategic Transformation of 
Alkane Resources (CISTAR) is a National Science Foundation (NSF) Engineering Research 
Center (ERC), which mission is to attain U.S. shale gas potential responsibly by working in 
partnership with industry to develop technological innovations and build a diverse and 
innovative workforce. The CISTAR Engineering Workforce Development pillar uses the 
framework of Identity-based Motivation to promote skills and ways for all students, from middle 
school to doctoral students, to see themselves as active participants in the hydrocarbon workforce 
to achieve a robust system of engineering education and pathways. Students' identities, or how 
they see themselves as an individual, within particular roles, or as part of a larger group, have 
been linked to engineering career choices [1]–[3], student persistence [4]–[6], academic success 
[7], [8], and other outcomes directly related to CISTAR Engineering Workforce Development 
goals.  
 
We are preparing a longitudinal survey instrument to measure participants' identity-based 
motivation and career intentions/pathways for the duration of the CISTAR grant (until the year 
2027). This survey is the first of its kind to use Identity-based Motivation measures in 
engineering education outside of graduate students and will be appropriate for late high school 
students through graduate students. The survey will be sent yearly to the participants of CISTAR 
programs (Graduate and Undergraduate Fellows [our term for students affiliated with the 
Center], postdoctoral scholars, Research Experiences for Teachers [RET] participants, Research 
Experiences for Undergraduates [REU] or Research Experience and Mentoring [REM] 
participants, Young Scholar Program participants).  
 
This study brings particular challenges in development and implementation that we discuss in the 
rest of this paper. In particular, program evaluation often focuses on immediate or outcomes 
some time after the event (often up to 6 months). In this study, we take advantage of the unusual 
length of the ERC grant duration (10 years) to be able to reflect on the long-term impact of 
STEM programs in the development of identities and motivations along career pathways. In this 
Work in Progress paper, we describe the ongoing process for developing the first round of 
surveys, as well as discussing considerations for conducting longitudinal survey research.  
 
Motivation 
 
Growing up, most children are asked, "What do you want to be when you grow up?" Although 
the answers might seem general or related to their particular interests or the influence of parental 
or other adult figures, many studies of why students choose STEM careers indicate that early 
exposure to STEM fields, representational role models, and activities aligned with personal 
interests can support identity development and subsequent career decisions [9]–[12]. These 



influences continue to play an important role in high school students' [1], [13], [14] and 
undergraduates' pathways [4], [15]–[17] into and through STEM. Additionally, these influences 
also affect how engineering graduate students experience their education and engage in the 
broader STEM research community [18], [19]. Identity work is also particularly challenging for 
marginalized students (women and Black, Indigenous, Latinx, first-generation, LGBTQ+, and 
disabled) who must not only work to author identities as STEM people but also do so within 
fields with hegemonic norms of Whiteness, masculinity, cisheteronormativity [20]–[27]. 
 
Framework 
 
The development of students' identities, or how they see themselves as an individual, within 
particular roles, or as part of a larger group, have been linked to engineering career choices [1]–
[3], student persistence [4]–[6], academic success [7], [8], and other outcomes related to 
CISTAR Engineering Workforce Development goals. Identity-based Motivation consists of three 
constructs: action readiness, dynamic construction, and interpretation of difficulty [28]. When 
students perceive STEM and engineering as congruent with their future goals, they develop 
action readiness to pursue goals aligned with their identities. This framing also acknowledges the 
importance of context in shaping which identities are important to students (i.e., dynamic 
construction). Finally, when a behavior feels consistent with important identities, difficulties will 
be interpreted as meaning that the behavior is important, not impossible and, therefore, effort is 
meaningful, not pointless (i.e., interpretation of difficulty). We use this framework to understand 
how the CISTAR context can help shape STEM role identities, acquisition of relevant 
knowledge, skills, and abilities in the STEM domain, goal setting, and motivation to pursue 
STEM career pathways. We also use this framing to understand how these STEM identities are 
embedded within a large sociocultural contexts of who becomes a STEM professional to develop 
pathways for marginalized students in STEM. 
 
Methods 
 
We hypothesize that exposure to research experiences that develop STEM-relevant knowledge, 
skills, and abilities will also support students' identity-based motivations and long-term career 
pathways into STEM. To measure the impact of students' participation in CISTAR programs on 
their identity-based motivation and career intentions/pathways, we are preparing a longitudinal 
survey instrument of these constructs for the duration of the CISTAR grant. The process will run 
until the end of the CISTAR NSF project, estimated for 2027. The survey will be sent yearly to 
an estimated maximum of 1155 participants of CISTAR programs (which includes students from 
secondary education through graduate education in a variety of ongoing and summer 
programming). Each participant will be contacted via a provided email to update their 
professional progression. The maximum amount of time that a participant might be in the study 
is starting in Summer 2021 through Fall 2027. As new cohorts of participants in CISTAR engage 
with the center each year, they will be added to the study. 
 
Survey development 
 
The first round of surveys comprises four topics: task difficulty questions, identity-based 
motivation questions (engineering, science, and computer science), student sustained interest in 



STEM or career intentions, graduate and undergraduate academic preparation questions, as well 
as demographics. Asking these questions over time will provide information on the dynamic 
construction of these constructs in relation to career pathway development. First, the task 
difficulty questions (Table 1) assess how students evaluate the difficulty of research tasks, 
communication and dissemination tasks, class-related tasks, and collaboration tasks. We have 
adapted these items from a study of engineering graduate students [29], which developed 
engineering-specific items from Oyserman [28]. Second, the identity questions are specified by 
area of work, research, or study. Role identities are contextually specific and as such, we have 
formulated questions for engineering, science, or computer science consistent with previous 
work in mathematics, science, and engineering [1], [13], [14]. Students will choose the field of 
study most relevant to them to answer these questions, as ERC's are interdisciplinary and may 
involve students from across STEM solving engineering programs. Third, items measuring 
student pathways and sustained interest were developed for this study from The ERC Evaluation 
Consortium's Multi Engineering Research Center Instrument Inventory [30] to assess the 
student's willingness to continue their STEM paths, such as the pursuit of additional degrees and 
which career plans they might consider. Finally, we also ask students to self-report their 
academic preparation for undergraduate or graduate school (when applicable). These questions 
refer to standardized test results, GPAs, or if any person might have contributed to the selection 
of a career path. While we acknowledge that these self-report measures may have some reporting 
bias, they can provide some indication of student pathways and decisions. All the survey items 
were based on instruments published with validity evidence [1], [13], [14], [28], [29], [30]. We 
will continue the process of validation with new populations as a part of this study. 
 
Table 1 - Task difficulty items related to research experiences. 

I feel like an [Engineer, Computer Science, Science person] when... 
When I read journal articles  
When I write about research 
When I create a poster about research 
When I conduct research  
When I attend conferences  
When I present my research results  
When I attend my classes 
When I do homework  
When I collaborate with other students 
When I apply my problem-solving skills in my everyday life  
When my team members appreciate my contributions to the project  
When I feel that my engineering skills will contribute to society  
When I volunteer for activities that promote others' interest in STEM  

 
Anticipated Results 
 
With a projected large number of participants (anticipated n = 1155), we will be able to 
investigate both how program experiences influence students' identity-based motivations and 
trajectories as well as for whom these experiences were most effective. The results of this work 
will provide an insight into how students perceive themselves as STEM people throughout and 



beyond their participation in an NSF ERC and support an understanding of how identity-based 
motivation develops over time and shapes career trajectories. These results will help to adapt 
STEM programs not only to the needs of the STEM market but also adjust to the needs of the 
diverse STEM population.  
 
Considerations for longitudinal survey research 
 
The longitudinal nature of this project will allow us to understand how these identity-based 
motivations change over time and the particular pathways students take after an engagement with 
CISTAR. These types of studies can provide unique insights into the pathways of students 
engaged in an NSF-sponsored program as well as provide a nuanced understanding of the 
pathways into and through undergraduate education and beyond as linked to identity and 
motivation. Moreover, other research programs, such as MIDFIELD [31], collect transcript data, 
which provides useful information for student pathways through formal education, but cannot 
link decision points to student's internalized states (i.e., identity and motivation). The direct 
Identity-based Motivation data to be collected by CISTAR Engineering Workforce Development 
provides an opportunity for long-term research because it can look at the impact of linking 
Identity-based Motivation over time with student pathways.  
One of the other challenges with longitudinal data is the likelihood of attrition. We plan to build 
a strong rapport with participants during their time with CISTAR as well as discuss how their 
data will help inform our evaluation of programs and future efforts to support STEM career 
pathways. Regular updates from the center on ongoing efforts will also provide a channel for 
regular communication beyond the ask for survey data. We also plan to provide information back 
to participants about the ongoing research to engage them in the process. 
An additional challenge that we foresee is the process of consenting students engaged in the 
Young Scholars program. These students are rising juniors and seniors in high school, while 
some students are over eighteen years of age, many fall under the vulnerable populations 
considerations in 45 CFR 46. We are currently working with our IRB to develop protocols for 
online engagement and data collection. 
 
Future Work 
 
While this Work in Progress paper presents the ongoing process of the development of 
instruments to assess the impact of linking Identity-based Motivation longitudinally with student 
pathways, we are developing strategies to use the collected data for improving the center's 
programs. Our future work will focus on the successful implementation of data collection efforts 
and provide beginning information about the impact of research experiences on participants' 
identity-based motivation and career interests. We plan to begin this process in Summer 2021 
with the implementation of virtual REU, REM, and RET programs and will continue efforts 
through the life of the Center. After the data collection, we plan to use that data to not only 
improve the center's programs but also to better understand students' career pathways and the 
influence of research experiences on those trajectories.    
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