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Beliefs and Behaviors of First-generation and Low-income Students  
in Early Engineering Courses 

  
Jennifer Blue. Brielle Johnson, Amy Summerville, and Brian P. Kirkmeyer1 

 
We investigated the beliefs and behaviors of both first-generation and low-income 
engineering majors as they were taking an introductory course required for their major. 
Of the 322 students at a mid-sized university who were surveyed, 18.3% indicated that 
they did not have a parent or guardian with a bachelor’s degree, and 9.2% indicated that 
they had a family income of $50,000 or less, marking them as low income. Despite 
previous studies by others suggesting that these students would have different beliefs 
and behaviors than other engineering students, we found few differences. 

 
 

First-generation college students and students from low-income families face a unique 
set of challenges in navigating the college experience.  In addition to external obstacles, these 
students may also approach courses with a different internal landscape of beliefs about their 
ability to succeed in class.  In the current research, we examined the thoughts, feelings, and 
behaviors of first-generation and low-income students in prerequisite and introductory 
engineering courses: calculus, physics, and computer science. There were not many of these 
students; 16.7% of students indicated that they did not have a parent or guardian who had 
completed a bachelor’s degree or higher, and only 13.2% of students surveyed indicated that 
they had an annual family income of $50,000 or less. After a brief literature review, we will 
describe the participants, materials, and procedure before comparing the readiness, beliefs, 
achievement, and behaviors of both the first generation college students and low income 
students to their peers. 

 
I.  Literature Review 

External obstacles alone are insufficient in explaining a disparity in academic 
achievement between upper and lower income students. Not only do low-income and first-
generation students encounter obstacles such as a lack of academic preparation and access to 
information about the college experience [1], but these students may also have internalized 
beliefs that hinder their academic achievements. A culmination of external and internal 
influences has resulted in a lack of representation of socioeconomically disadvantaged and first-
generation students throughout academia [2]. Students’ metacognitions about their abilities and 
feelings of affiliation with their institutions have been associated with academic performance. 
While there is much diversity within the population of low-income college students, there exist 
tendencies in metacognitions and feelings among this group that systematically operate to 
prevent academic success and retention in STEM fields. This lack of diversity can negatively 
impact innovation in STEM majors through a lack of diverse perspectives and untapped 
potential. The lack of low-income students in STEM is also problematic, since STEM careers 
are generally high paying; the continued education of certain groups of people at the exclusion 
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of those from lower-income families intensifies the stratification of wealth in society [3]. This 
population of students from low-income families may also aid in overcoming a deficit growing in 
various STEM fields. The need for scientists is growing beyond the rate of scientists entering 
the career market, and the promotion of these underrepresented students may help fill this void 
[4]. 

The current research intends to predict the academic performance of early engineering 
majors based on student beliefs and feelings about their education in addition to academic 
preparation during high school. Prior research has demonstrated a correlation between low-
income individuals and specific psychological beliefs that are relevant to student success: lower 
self-efficacy [5], fixed mindsets [6], and a lack of sense of belonging in academia [7] are all 
instrumental in understanding the underrepresentation of low-income students in STEM. Since 
first-generation students are also typically from low-income families, they share many of belief 
structures with other low-income students. However, there are certain differences between 
these groups that are important to highlight in understanding their obstacles towards academic 
success [8]. By identifying patterns of beliefs and preparatory behaviors, we will be better 
equipped to provide intervention tools that increase the presence of low-income and first-
generation students in the field of engineering.  

Students may enter college with different sets of beliefs about the university and their 
personal abilities to succeed. These distinct frameworks of thought may alter students’ 
performance regardless of aptitude. Therefore, it is important to understand which beliefs are 
relevant to academic performance and how these frameworks of thought differ between 
advantaged and disadvantaged students. These beliefs that students have relevant to their 
education are related to academic performance. If disadvantaged students enter college with 
maladaptive beliefs, they may act as compounding obstacles in addition to financial strains and 
other external variables.  
A. Self efficacy 

Self-efficacy, or the beliefs about one’s ability to successfully complete a task, is critical 
for student retention and persistence through adversity [9]. Even when an individual possesses 
the abilities necessary for success, their beliefs in personal capability to perform the task 
influence their actual performance [9]. These beliefs about ability are also associated with other 
factors of self-blame, stress, effort levels, and resiliency [10]. Those high in self-efficacy tend to 
have better grades and are more likely to excel academically and in their careers in comparison 
to individuals with low self-efficacy [9, 11] 

Research in a Chinese population has demonstrated a positive correlation between 
social class and self-efficacy, such that individuals from low-income families tend to have lower 
self-efficacy than individuals from other income levels [5]. This tendency of lower self-efficacy 
among socioeconomically disadvantaged individuals may be relevant in understanding a lack of 
their representation in STEM majors. If they are unable to cope with these novel demands 
expected early in college, they may be less likely to persevere in their degree [12]. One 
explanation for lower self-efficacy among these groups is the presence of negative stereotypes 
associated with these groups; stereotypes may reduce self assessments of their compatibility 
with STEM based on their socioeconomic status, which could result in their diminished 
performance and ultimate avoidance of these majors.  
B. Growth mindset 



Another component of students’ approach to education is their beliefs about intelligence; 
an individual with a fixed mindset perceives intelligence as a stable and uncontrollable trait. In 
contrast, someone with a growth mindset views intelligence as a malleable trait that has the 
potential to be improved [13]. While research has demonstrated that the ratio of students 
holding fixed versus growth mindsets is almost evenly split, growth mindsets are positively 
associated with academic achievement [14]. Individuals with a fixed mindset may have difficulty 
overcoming academic failures and utilizing in-depth learning strategies. Consequently, students 
with growth mindsets have been demonstrated to achieve higher grades in STEM related 
courses in comparison to those with fixed mindsets [15].  

While the amount of mindsets among students generally is almost equal, low-income 
students are disproportionately more likely to have fixed mindsets [6]. These mindsets are 
related to how social classes distinctly perceive personal control; while lower class individuals 
tend to see external forces as determinants of success, upper class individuals often view their 
situations as the result of internal motivations and qualities. This type of perceived control leads 
low-income students to regard qualities such as intelligence to be externally regulated and 
unchangeable [16]. The issue of mindset is critical for understanding the disparity in academic 
achievement across social classes because of how mindset differentially impacts low-income 
students. While a fixed mindset was more debilitating for students from low-income families in 
comparison to students from other backgrounds, a growth mindset has the potential to 
drastically diminish the impact of other influences caused by socioeconomic disadvantages [6]. 
C. Sense of belonging 

In addition to beliefs, students’ feelings of belonging and acceptance in their college 
community are important in predicting their academic success. The need to belong and affiliate 
with others is a fundamental motivation, and this motivation influences various interpersonal 
behaviors [17]. Research conducted with elementary students has suggested that sense of 
school belonging is the most impactful contextual variable on classroom achievement, and 
belonging is positively correlated with academic self-efficacy [18]. In another study looking at 
women’s persistence in engineering, rates of retention were associated with feelings of 
belonging to the major and the department [19]. A sense of belongingness often influences 
academic success indirectly through behaviors such as seeking external assistance or active 
engagement in the classroom [7]. Students’ sense of affiliation with their university is important 
to their social and academic integration; these feelings are related to supportive interactions 
with peers and faculty. The likelihood of student retention increases when students are 
integrated in their social and academic communities, and when they feel that students with 
similar backgrounds to themselves belong in academia [20, 21] 

While there are discrepancies in associative feelings between lower and upper income 
students and their universities [7,22], a lack of belongingness may be more prevalent in first-
generation students. In comparison to continuing-generation students, first-generation students 
tend to be less integrated into the campus community [23]. They participate less in campus 
organizations and are more likely than their peers to be living off campus and working [24]. In 
general, both low-income and first-generation students are underrepresented in college 
populations, which often makes their backgrounds more salient to them. These thoughts about 
being different from other students may lead disadvantaged students to feel they do not belong 
in academia or STEM fields [25]. Disadvantaged students may develop internalized stereotypes 



based on their backgrounds that are inconsistent with an academic identity [2, 26]. This conflict 
between academia and self-assessments may hinder performance through feeling like they do 
not belong in their college environment.  
D. Communal goals 

Research, particularly in STEM fields, is dependent on collaborative efforts. However, 
STEM fields are often perceived as unsupportive of communal goals and prosocial objectives 
[27]. Career goals may be classified as either communal or agentic; communal goals are 
focused on others, while agentic goals are focused on the self. If a career is perceived as 
incongruent with an individual's orientation towards communal or agentic goals, they are less 
likely to pursue work in that area [28]. The issue of goal incongruity is problematic for the field of 
STEM and people who are highly communally oriented. When there are discrepancies between 
perceptions of a career and personal goal orientations, students are less interested in these 
careers and are less likely to pursue graduate education [4]. 

Individuals from low-income backgrounds typically have an interdependent self-construal 
that orients them to act in consideration of others and within contextual conditions. In contrast, 
individuals from middle-class backgrounds have a tendency towards an independent self-
construal. This independent model of the self emphasizes ideals such as autonomy and self 
expression, and values of cooperation and reliance on others are promoted less [29]. These 
tendencies are largely a product of environmental factors that either provide or inhibit 
opportunities to act independently. When individuals have more economic and social resources, 
they are likely to have a more independent orientation [29].  

The current research investigates these differences in beliefs, thoughts, and behaviors 
based on students’ social class and whether they are first- or second-generation students. The 
intentions of the current study are to identify patterns between these groups and assess their 
impact on academic performance. Identifying patterns of students’ behaviors and beliefs will 
enable more effective intervention efforts that focus on disadvantaged students. Through 
defining the differences in beliefs between students of different socioeconomic backgrounds, it 
is possible to better understand the discrepancies in representation. 

 
II. Methods 

A. Participants  
Students at a mid-sized state university in the midwest who were enrolled in calculus-

based physics, calculus, and introductory computer science courses were contacted in the first 
month of the semester and invited to participate in a series of paid surveys.  In the present 
research, we include only the 234 students (Age M (s.d.) = 18.63 (1.39); 154 male, 80 female; 
191 white, 12 African American, 3 Native American, 31 Asian or Asian American; 13 Hispanic) 
who indicated that they were currently engineering majors or were undeclared but intended to 
major in engineering. 13.2% of students indicated that they had an annual family income of 
$50,000 or less. 16.7% of students indicated that they did not have a parent or guardian who 
had completed a bachelor’s degree or higher.   
B. Materials 
 1) Efficacy. Participants’ beliefs about their ability to succeed in the course were 
measured with 7 items: “I am doing well in the course”; “I am doing poorly in the course” 



(reverse-scored); “I feel like I can successfully complete the course with a C or higher”2; “I’m not 
sure that I can pass the course” (reverse-scored); “I’m thinking of dropping the course” (reverse-
scored); “It is possible for me to succeed in this course”; “I’m confident that I can get the grade I 
want in this course”. Participants were asked to indicate how much they agreed with each 
statement as they thought about the course “right now, in the present moment” and responded 
to each item with 7 point scales with Likert response options “Strongly disagree”, “Disagree”; 
“Somewhat disagree”; “Neither agree nor disagree”; “Somewhat agree”; “Agree”; “Strongly 
agree”.  Alpha = .89 (intake); .93 (exam).  
 2) Mindset. Participants completed the three-item measure of fixed mindsets (e.g. “You 
have a certain amount of intelligence and you can’t really do much to change it”; [30]) using 7 
point scales with Likert response options “Strongly disagree”, “Disagree”; “Somewhat disagree”; 
“Neither agree nor disagree”; “Somewhat agree”; “Agree”; “Strongly agree”. ; alpha  = .91 
(intake); .95 (exam).  
 3) Belongingness.  A subset of participants completed two measures of belongingness: 
5 items measuring fit (adapted from [31]) and the 18-item Perceived Sense of School 
Membership ([32] adapted to refer to the department of the course, rather than the school as a 
whole).  The 23 items were presented in random order. Participants were asked to indicate how 
well the statements described how they felt about the students, faculty, and staff in the 
Department of Physics or the Department of Computer Science and Software Engineering “right 
now” and responded to each item with 7 point scales with Likert response options “Strongly 
disagree”, “Disagree”; “Somewhat disagree”; “Neither agree nor disagree”; “Somewhat agree”; 
“Agree”; “Strongly agree”. Because the items were highly consistent, the two measures were 
averaged into a single measure of belonging, alpha = .93 (intake ) .94 & exam).  

4) Goal affordances.  Participants indicated their intended future career and then rated 
the relevance of the course to their future career using a 7 point scale with endpoints “not at all” 
and “a great deal” and midpoint “somewhat”.  They then rated whether their intended career 
would serve communal goals (e.g. “How much will your future career include helping other 
people directly?” “...include working closely with others?”; 4 items, alpha = .62 and whether it 
would serve agentic goals (e.g. “How much will your future career include achieving status or 
recognition?”; 3 items, alpha = .60; see [33]). 
C. Procedure 
 1) Intake survey. Participants clicked on a link in the invitation email to access the 
survey.  Participants first provided informed consent for the surveys and a FERPA release 
allowing access to their course grade and other educational information. Next, they provided 
demographic information including their age, racial and ethnic identity, and gender.  They were 
asked to indicate the highest level of educational attainment for two parents or legal guardians; 
they were instructed to skip the questions for the second parent if they had only one parent, and 
to answer for the two parents with the highest educational attainment if they had more than two 
parents.  The options provided were: “Some high school”; “High School”; “Some college”; 
“Associate’s or other 2-year degree”; Bachelor’s degree”; “Master’s degree”; “Doctoral degree 
(JD, MD, PhD, etc.)”; and “Unknown/Not Applicable/ Do not wish to disclose”.  Participants were 
asked to indicate their family’s annual income using the response options “Less than $25,000”; 
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“$25,000-$50,000”; “$50,000-$100,000”; “$100,000-$150,000”;”$150,000-$200,000”; “Over 
$200,000”; and “Unknown/Do not wish to disclose”. 
 Participants then indicated their current year in school, whether they were currently a 
major in the College of Engineering and Computing, intended to declare a major in 
engineering/computing, or were/intended to major in another university division. They indicated 
their SAT/ACT score and high school GPA, and their high school coursework relevant to the 
course.  For computer science, students indicated whether they had no computer science, 
introductory computer science, or advanced/PA computer science and if they had taken the AP 
Computer Science A or Computer Science Principles and/or IB Computer Science exams and 
their score(s).  For Physics, ….  Students in both courses indicated their highest level of high 
school mathematics (algebra; geometry; trigonometry/pre-calculus; calculus; advanced calculus 
or higher) and whether they had taken an AP examination in Calculus and/or an IB exam in 
Mathematics and their score(s). 
 Participants then completed the measures of efficacy, mindset, belongingness, and goal 
affordances described above. 
 2) Post-exam survey. Participants who had completed the intake survey received an 
email invitation to take the follow-up survey using a link provided in the email.  Participants 
indicated whether their exam had been returned; students who indicated that the exam had not 
been returned were instructed to wait to take the survey until after it had been returned.  
Participants provided their exam grade as a numerical percentage (0-100). Next, they 
completed the ratings of efficacy, mindset, and belonging described in the materials. 

3) Follow up surveys. Approximately 1 month after the post-exam survey, and again 
during the final two weeks of the semester, all participants who completed the post-exam survey 
were emailed an invitation email with a link to a follow up survey. Participants were shown a list 
of 19 different behaviors (e.g., “Read the textbook”; “Done practice problems”; “Posted a 
question to the course website discussion forum”) and asked to indicate how often they had 
engaged in each behavior in the past 2 weeks.  

4) Instructor data. After the grade submission system had closed for the semester, 
instructors were contacted with a list of participants and asked to provide the final letter grade in 
the course for each student. In order to allow quantitative analyses, letter grades were 
converted into their corresponding GPA value on a 4 point scale.  
 

III. Results 
 Student survey responses were used to compare first-generation students, defined as 
students who had no parents or guardians who had completed a bachelor’s degree or higher, 
and low income students, here defined as those who indicated the had an annual family income 
of $50,000 or less, here called low income students, to other students. Their readiness for their 
engineering major, their beliefs, and their behaviors in the course are compared here. 
A. Readiness 

1) ACT score and Grade Point Average. Students were asked about their ACT scores 
and their high school grade point average (GPA) on their intake survey (see Appendix A). 
Independent samples t-tests for equality of means were used to analyze their responses. 

First generation students reported a mean ACT score of 29.17 (s.d. = 3.25), which did 
not differ from the mean score of their peers (M = 29.83, s.d. = 3.13), t(189) = 1.04, p = .30. Low 



income students reported significantly lower mean ACT score of 28.44 (standard deviation 3.33) 
than their peers mean ACT score of 29.90 (standard deviation 3.17), t(166) = 2.09, p = .04. 

The high school GPA of first generation college students (M = 3.76 on a 4.0 scale, 
standard deviation 0.34), did not significantly differ from other students (M = 3.77 (standard 
deviation 0.36), t(189) = 0.16, p = .87. Likewise, the high school GPA of low income students (M 
= 3.76 (standard deviation 0.34), did not significantly differ from their peers (M = 3.75 (standard 
deviation 0.37), t(196) = 0.19, p = 0.85]. 

2) High school mathematics and physics. Students indicated their highest level of 
mathematics and physics studied in high school, as well as whether they had taken Advanced 
Placement (AP) or International Baccalaureate (IB) exams in those subjects, on their intake 
survey (see Appendix A).  

Chi-square tests showed no significant difference in the high school math taken by first 
generation (χ2(4) = 6.61,  p = .16) or low income (χ2(4) = 2.10,  p = .72) students compared to 
their peers.  Likewise, there were no differences in whether first generation (χ2(1) = .04,  p = .85) 
or low income (χ2(1) = 0.92,  p = .33) students had taken the AP or IB examination in 
mathematics. 

There was no difference in the highest level of physics studied in high school between 
first generation college students and their peers (χ2(2) = 1.73,  p = .42). Low income students 
were significantly more likely to have taken advanced or AP physics in high school than their 
peers (64% vs. 38%, χ2(2) = 6.66,  p = .04). There was no difference in whether first generation 
(χ2(1) = 0.82  p = .37) or low income (χ2(1) = 1.40,  p = .24) students had taken an AP or IB 
examination in physics relative to their peers. 
B. Beliefs 

1) Efficacy. Students were asked about efficacy on the intake survey and the post-exam 
survey (see Appendix B). Independent samples t-tests revealed no difference in beliefs about 
efficacy between first generation college students and their peers on the intake survey [t(230) = 
0.64, p = .52] or on the post-exam survey [t(174) = -0.26, p = .80]. Similarly, there was no 
difference in beliefs about efficacy between low income students and their peers on the intake 
survey [t(201) = 0.22, p = .83] or on the post-exam survey [t(155) = 0.59, p = .56.] 

2) Mindset. Students were asked about mindset on the intake survey and the post-exam 
survey (see Appendix C). Independent samples t-tests for equality of means indicated that first 
generation college students did not have different beliefs about intelligence than their peers did 
on the intake survey [t(24) = 0.75, p = .46] or the post-exam survey [t(174) = 1.05, p = .30]. 
Similarly, low income students did not have a different mindset than their peers on the intake 
survey [t(196) = 0.31, p = .76] or the post-exam survey [t(155) = 0.31, p = .76]. 

3) Belonging. Students were asked about belonging on the intake survey and the post-
exam survey (see Appendix D). Independent samples t-tests for equality of means were used to 
analyze their responses. First generation college students were not different from their peers on 
this measure on the intake survey [t(132) = -1.56, p = .12] or the post-exam survey [t(86) = 0.54, 
p = .59]. Similarly, low income students were the same as their peers on this measure on the 
intake survey [t(104) = 0.36, p = .72] or the post-exam survey [t(68) = 0.34, p = .74]. 

4) Goal Affordances. Students were asked about the relevance of the course to their 
planned career, as well as their communal and agentic goals (see Appendix E). Independent 
samples t-tests for equality of means revealed no differences in the relevance of the course for 



either first generation college students [t(229) = 0.78, p = .44] or low income students [t(200) = 
0.19, p = .85] compared to their peers. They also were similar  to their peers in their communal 
goals for their careers [first generation: t(229) = 0.58, p = .56; low income: t(200) = 0.46, p = 
.64]. Finally, there was no difference among students in their agentic goals for their careers [first 
generation: t(229) = 0.48, p = .63; low income: t(200) = 0.43, p = .67.] 
D. Achievement 

1) Score on the First Exam. On their post-exam surveys, students were asked to report 
their score on their first exam in their course, as a percentage score on a scale of 0 to 100. 
Neither first-generation [t(176) = 0.53, p = .60] nor low-income [t(157) = 1.4, p = .18] differed 
significantly from their peers’ performance on the exam. 

2) Course Grade. After the end of the semester, course instructors reported the letter 
grade participants had earned in the course (represented as a value on a 4-point scale, such 
that an A = 4 and F = 0.) Neither first-generation [t(214) = 1.03, p = .30] nor low-income [t(187) 
= 0.02, p = .98] students differed from their peers’ final course grades. 
E. Behaviors 

On their follow up survey, students were given a list of different strategies for success 
that students adopt to be successful in their courses and asked how often they had engaged in 
these behaviors over the last two weeks (see Appendix F), where 1 indicated they had not 
engaged in the behavior at all in the past 2 weeks and 7 that they had done it on more than 5 
different days in the previous 2 weeks. Independent samples t-tests for equality of means found 
first generation students were less likely than their peers to report having posted a question to 
an online discussion site or forum at the first follow-up, approximately one month after the exam, 
(Ms (s.d.) =  1.09 (0.43) vs.1.46 (1.21), t(94.23) = 2.57, p = .01). Low income students were also 
significantly less likely to have posted a question to an online discussion site or forum [Ms (s.d.) 
= 1.05 (0.22) vs. 1.50 (1.28), t(120.57) = 3.28, p = .001].  Additionally, relative to their peers, low 
income students reported that they had taken notes significantly less often during class [Ms( 
s.d.) = 3.50 (2.37) vs. 5.09 (2.36), t(121) = 2.75, p = .007] and had a study group with their 
peers marginally less frequently [Ms (s.d.) = 2.15 (1.60) vs. 2.93 (2.14), t(33.84) = 1.88, p = .07]. 
No other behaviors differed for either group, all t < 1.60, p > .11. 

At the second follow up in the last two weeks of class, first generation students reported 
having read something other than the textbook or handouts significantly more often than their 
peers [Ms (s.d.) = 4.14 (2.29) vs. 2.86 (1.95), t(126) = 3.05, p = .003] and to have asked a 
question during class marginally more often [Ms = 3.24 (2.23) vs. 2.40 (1.79), t(126) = 1.88, p = 
.06]. No other behaviors differed for first generation students relative to their peers, all t < 1.60, 
p > .12. Low income students did not differ from their peers for any behavior at the second time 
point, t < 1.50, p > .15. 
 

III. Conclusion 
 

There were very few differences between either first generation college students or low 
income students and their peers in this study. Despite other research showing lack of academic 
preparation in these populations [1], the first generation and low income students were nearly as 
ready for an engineering major as their peers were, judging by their high school background and 
performance. In fact, the first generation students had taken higher mathematics courses than 



their peers, though interestingly they were actually less likely to have taken the AP or IB exams 
in calculus. The low income students did have a lower ACT score than their peers did.  

The beliefs of the first generation college students and low income college students in 
our study were not different from those of their peers. This contrasts sharply with past studies, 
which suggested that these students would have lower efficacy efficacy [5], more fixed mindsets 
[6], and a lower feeling of belonging[7] than other students. Additionally, low income students 
can be expected to have more communal goal affordances than others [29]; the low income and 
first generation students in our study had no difference from their peers in any of their goal 
affordances. 

It is not surprising, then, that the first generation and low income students in this study 
achieved equivalent scores on their first exam in their course. Their behaviors in the course 
were also very similar, with differences on two of nineteen measures for first generation 
students and one of nineteen for low income students. We should note that these behaviors, as 
well as student beliefs about efficacy, mindset, belonging, and goal affordances, were self-
reported, as were student grades on their first exam. The final grades in the course were 
reported by their instructors. 

It is also worth noting the institutional context. The university at which the participants 
study makes an effort to support its first-year students. There is a three-day pre-college program 
that students of color and low-income students are especially encouraged to attend (though it is 
open to all) that introduces students to mentors and campus resources, there is a residential 
campus with a living-learning community program, there is a “University 101” class that all 
students take that acclimates them to university life and study, and there is a robust tutoring 
center which is free of charge. One possible explanation for the lack of differences between 
groups in the current research may be the efficacy of these programs in alleviating gaps found 
in previous research. However, since this research was not designed to test the efficacy of any 
or all of these programs, such an explanation is clearly speculative. In any case, the effects of 
these programs might be short term. Once students get further into their college career and their 
engineering major, they will be farther away from any pre-college workshop and from their 
“University 101” class, and they will be much less likely to be in a living-learning community and 
more likely to be living off campus. A longitudinal study could address this issue, following 
students through their programs and tracking any changes in student beliefs, behaviors, and 
achievement. 
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Appendixes 

 
Appendix A: Demographic Survey 

  
We would like to get more information about you in order to ensure that different groups of 
people are fairly represented in our research.  You may skip any question you do not wish to 
answer. 
  
Please enter your age. 
  
I am: (choose all that apply) 

● White 
● Black or African American 
● American Indian or Alaska Native 
● Asian 
● Native Hawaiian or other Pacific Islander 
● Other (please specify) 
● Do not wish to disclose 

  
I am: 

● Hispanic 
● Non-Hispanic 
● Do not wish to disclose 

  
I am: 

● Male 
● Female 
● Other/ Do not wish to disclose 

  
The next two questions refer to your parents' or legal guardians' educational background.  If you 
have only one parent or legal guardian, please skip the second question or indicate "not 
applicable".  If you have more than two parents or legal guardians, please choose the 
parents/legal guardians with the highest level of educational attainment. 
  
What is the highest level of education attained by your parent or legal guardian with the highest 
level of educational attainment? 

● Some high school 
● High school 
● Some college 
● Associate's or other 2-year degree 
● Bachelor's Degree 



● Master's Degree 
● Doctoral Degree (JD, MD, PhD, etc.) 
● Unknown/ Not Applicable/ Do not wish to disclose 

  
What is the highest level of education attained by your parent or legal guardian with the second-
highest level of educational attainment? 

● Some high school 
● High school 
● Some college 
● Associate's or other 2-year degree 
● Bachelor's Degree 
● Master's Degree 
● Doctoral Degree (JD, MD, PhD, etc.) 
● Unknown/ Not Applicable/ Do not wish to disclose 

  
What is your family's annual income? 

● Less than $25,000 
● $25,000-50,000 
● $50,000-100,000 
● $100,000-$150,000 
● $150,000-$200,000 
● Over $200,000 
● Unknown/Do not wish to disclose 

  
We'd like to learn more about you as a student. You may skip any question you do not wish to 
answer. 
  
Are you a major in the College of Engineering and Computing? (If you are a University Studies 
student, indicate the division in which you most likely intend to eventually major) 

● Yes, I am an engineering/computing major 
● No, I have another major 

  
What was your ACT (or SAT) score? 
  
GPA What was your high school GPA on a 4-point scale? 
  
AP What was the highest level of physics you studied in High School? 

● Did not take a physics course 
● Introductory physics 
● Advanced or AP Physics 

  
AP Which of the following AP examinations did you take, if any? 

● AP Physics 1 
● AP Physics 2 



● AP Physics C: Mechanics 
● AP Physics C: Electricity and Magnetism 

 
Did you take the International Baccalaureate (IB) examination in Physics? 

● Yes 
● No 

  
What was the highest level of mathematics you studied in High School? 

● Algebra 
● Geometry 
● Trigonometry/ pre-calculus 
● Calculus 
● Advanced calculus or higher 

  
Did you take the AP examination in Calculus? 

● No 
● Yes, Calculus AB 
● Yes, Calculus BC 

  
Did you take the International Baccalaureate (IB) examination in Mathematics? 

● Yes 
● No 

  
  

Appendix B: Efficacy Survey 
  
We'd now like you to tell us about how you feel you are doing in your physics course.  Please 
indicate how much you agree with each statement as you think about the course right now, in 
the present moment. (Each item had 7 point scales with Likert response options “Strongly 
disagree”, “Disagree”; “Somewhat disagree”; “Neither agree nor disagree”; “Somewhat agree”; 
“Agree”; “Strongly agree”.) 
  

● I am doing well in the course. 
● I am doing poorly in the course. 
● I feel like I can successfully complete the course with a C or higher. 
● I’m not sure that I can pass the course. 
● I’m thinking of dropping the course. 
● It is possible for me to succeed in this course. 
●  I’m confident that I can get the grade I want in the course. 

  
  

Appendix C: Mindset Survey 
  



We’d now like you to answer some questions about how you think and feel in general.  Please 
indicate how much you agree with each statement. (Each item had 7 point scales with Likert 
response options “Strongly disagree”, “Disagree”; “Somewhat disagree”; “Neither agree nor 
disagree”; “Somewhat agree”; “Agree”; “Strongly agree”.) 
  

● You have a certain amount of intelligence and you can’t really do much to change it. 
● Your intelligence is something about you that you can’t change very much. 
● You can learn new things, but you can’t really change your intelligence. 

  
  

Appendix D: Belongingness 
  

We are interested in your perception of the people in the Department of [Computer Science and 
Software Engineering/ Physics].  Please indicate how well the following questions describe how 
you feel about the students, faculty, and staff in the Department of [Computer Science and 
Software Engineering/ Physics] right now.  
 

● People in the Department of [Computer Science and Software Engineering/ Physics] like 
me. 

● I feel like I belong in the Department of [Computer Science and Software Engineering/ 
Physics]. 

● I fit in well in the Department of [Computer Science and Software Engineering/ Physics]. 
● I feel comfortable in the Department of [Computer Science and Software Engineering/ 

Physics]. 
● People in the Department of [Computer Science and Software Engineering/ Physics] are 

a lot like me. 
● I feel like a real part of the Department of [Computer Science and Software Engineering/ 

Physics]. 
● People in the Department of [Computer Science and Software Engineering/ Physics] 

notice when I'm good at something. 
● It is hard for people like me to be accepted in the Department of [Computer Science and 

Software Engineering/ Physics]. 
● Other students in the Department of [Computer Science and Software Engineering/ 

Physics] take my opinions seriously. 
● Sometimes I feel as if I don't belong in the Department of [Computer Science and 

Software Engineering/ Physics]. 
● People in the Department of [Computer Science and Software Engineering/ Physics] are 

friendly to me. 
● I am included in a lot of activities in the Department of [Computer Science and Software 

Engineering/ Physics]. 
● I am treated with as much respect as other students in the Department of [Computer 

Science and Software Engineering/ Physics]. 
● I feel very different from most other students in the Department of [Computer Science 

and Software Engineering/ Physics]. 



● I can really be myself in the Department of [Computer Science and Software 
Engineering/ Physics]. 

● People in the Department of [Computer Science and Software Engineering/ Physics] 
know I can do good work. 

● I feel proud of belonging to the Department of [Computer Science and Software 
Engineering/ Physics]. 

● Other students in the Department of [Computer Science and Software Engineering/ 
Physics] like me the way I am. 

 
Appendix E: Goal Affordances 

  
For the following questions, please consider your most likely future career. We know that you 
might be uncertain about your future career or what it will be like; for now, please just give your 
best guess about that career. (Each item had a 7 point scale with endpoints “not at all” and “a 
great deal” and midpoint “somewhat”.) 
  
Relevance (note that these labels did not appear in the survey) 

● How relevant is this course to your future career? 
  
Communal Goals (note that these labels did not appear in the survey) 

● How much will your future career include helping other people directly? 
● How much will your future career include working closely with others? 
● How much will your future career include working within a national or global community? 
● How much will your future career include benefitting society? 

  
Agentic Goals (note that these labels did not appear in the survey) 

● How much will your future career include achieving status or recognition? 
● How much will your future career include financial rewards? 
● How much will your future career include holding power? 

  
 

Appendix F: Student Behaviors 
  
Different students adopt different strategies in their courses. Below is a list of things some 
students might or might not do in different courses. We are interested in the things you are and 
are not doing in your physics course. Please ONLY indicate the things you've done in your 
physics course, not any other courses you are taking.  
 
Think back over the past 2 weeks. Have you done any of the following things in PHY 191 during 
the past 2 weeks? Please give your best estimate of how many times you've done each of these 
things. (Each item had a 7-point scale, with the points “Haven’t done”, “1 day”, to “More than 5 
days”.) 
  

● Read the textbook 



● Reviewed slides or handouts from class 
● Reviewed your own notes from class 
● Attended class 
●  Met with the professor outside class (e.g. office hours) 
● Met with the TA outside class (e.g. office hours) 
● Gone to a tutoring session for this course 
● Asked a question during class 
● Gone to a general study skills workshop 
● Had a study group with classmates 
● Done the homework for class 
● Done additional practice problems 
● Taken notes during class 
● Taken notes while reading the textbook 
● Gone to the writing center for help with an assignment in this course 
● Read something other than the textbook or handouts from class (e.g., a study guide, a 

different textbook, etc.) 
● Posted a question to an online discussion board 
● Answered a question in class 
● Re-read sections of the textbook to review material 


