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Preliminary Findings Using Growth Mindset and Belonging 

Interventions in a Freshman Engineering Class 

 

ABSTRACT 

Engineering is typically plagued with lower graduation rates and larger achievement gaps 

compared to other majors; the projected demand for its future graduates lends to the urgency in 

reversing these trends.  Holding a growth mindset, or a belief that intelligence is mutable, and a 

feeling of belongingness are keys to persisting in and graduating from college.  In prior research, 

improvements in retention and graduation rates have been found following minor interventions, 

particularly among some underrepresented populations of students.  The current study explored 

whether similar interventions could be effective in increasing retention and graduation rates 

among underrepresented populations of engineering and technology majors.  It was conducted in 

an engineering college in a large, comprehensive, Hispanic-Serving, public university with a 

sizeable Asian population (40%), and 10-20% gap in the graduation rates of underrepresented 

and non-underrepresented minorities.  The engineering college has a low percentage of women 

undergraduates (15%) and graduations rates for women are 5-10% higher than those of men.  

The results of this study may be applicable to other engineering schools with similar 

characteristics.  

Following IRB approval, a control assignment or interventions designed to elicit a growth 

mindset and/or a belongingness mindset were administered in 25 sections of a required 

Introduction to Engineering course (441 students total), typically taken in the freshman year of 

all engineering-named and technology programs.  Block randomization was used to distribute, as 

evenly as possible, the gender, ethnic background, and section instructor composition across 

conditions.  Pre- and post-course surveys measured happiness, health, belonging, self-efficacy, 

and growth mindset, and student grades were collected at the end of the academic term.  One 

year into a 6-year study in which students will be tracked through graduation, preliminary results 

suggest that the interventions can aid performance.  Overall, students who received the 

belongingness intervention had higher average class grades than those in the control and growth 

mindset condition, controlling for instructor, HS GPA, and SAT math scores.  Further analyses 

revealed that the interventions had different effects on different demographic groups. First, 

among women, the growth mindset intervention resulted in lower course performance compared 

to the control and belongingness groups.  Second, among men, the belongingness intervention 

resulted in higher course performance than in the growth and control.  Third, the interventions 

did not differentially affect course performance among under-represented minorities (URMs).  

Finally, among non-URMs, the belongingness intervention led to improved course performance 

compared to the growth mindset and control conditions.   

Interestingly, prior to the interventions, underrepresented minority students exhibited higher 

growth mindset scores (effect size = 0.32) than non-underrepresented minority students and 

women exhibited higher feelings of belonging (effect size = 0.21) than men.   

1 INTRODUCTION 



The present work evaluates whether minimally-invasive, low-cost interventions fostering a 

growth mindset and/or feelings of belonging can be effective in impacting retention and 

graduation rates of engineering and technology majors at a large comprehensive public 

university with a significant minority population.  The projected demand for engineering and 

technology graduates and the need to diversify the engineering workforce are societal impacts of 

this work.  The context and objectives for this study are described below. 

1.1  Prior Work 

A variety of approaches to improving student success in engineering have been explored.  Some 

approaches focus on improving skills and preparation, while others focus on motivation and 

other psychological factors.  One widely accepted model is Tinto’s Interactionist Model, which 

argues that students who integrate socially become more committed to the university and are thus 

more likely to be retained and to graduate1.  Veenstra et al. present a freshman retention model 

specifically for engineering majors that suggests that pre-college characteristics and academic 

integration are equally important for first-year retention and ultimately, graduation, in addition to 

social integration into the campus and into the engineering profession2.  Psychological 

interventions that help underrepresented and to some extent, all, students cope with threats to 

their identity show promise in overcoming these threats and consequently raising achievement3.  

The present research is built upon these models, and tests two psychological interventions that 

can be used to complement traditional educational reforms by changing students’ subjective 

experience in school, delivering treatment messages without stigmatizing recipients, and 

reinforcing the effects of early intervention4.  One intervention promotes the growth mindset, and 

the other promotes a sense of belonging.   

Prior work has demonstrated both the means and the positive consequences of developing a 

sense of belonging in engineering populations at a variety of institutions. At the University of 

South Alabama, a freshman seminar course for computing majors was used to successfully 

promote the sense of belonging, measured by increased positive interactions with faculty and 

students5.  At the University of Queensland and Virginia Tech, a video-based virtual mentoring 

intervention was developed for low-achieving second-year engineering students to support 

students electing not to attend campus-sponsored advising interventions6.  At the Colorado 

School of Mines, an ethnographic study found that low-income, first-generation students face 

specific barriers to feeling like they belong, including financial pressure, curriculum overload, 

lower family support, and lower confidence in technical skill, but that they could establish a 

sense of belonging in engineering when their prior knowledge and experiences were validated7.  

A case study at the University of Maryland at College Park revealed that mismatches between 

students’ epistemological identities and the intellectual climate influence the decision to leave or 

stay in engineering8.  Engineering departments at the University of Washington found that the 

sense of belonging in women students is consistently higher in departments where they are 

represented in higher numbers9.  At Arizona State University, the long-term effects to a suite of 

strategies designed to increase sense of belonging were found to be an increase in retention from 

0.9% per year to 1.6% per year in their undergraduate engineering cohorts from 1998 to 201310.  

Four areas were identified at the University of Washington as being important to the 



development of community and belonging of ethnic minority students: co-curricular activities, 

peer support, faculty/department support, and residence programs.  They found that support 

mechanisms changed with time and responsive strategies should reflect that11.  Sophomore and 

junior level engineering students at the University of Washington Seattle exhibited increase 

sense of belonging as they become more invested in their community of practice12.   

In addition to feeling a sense of belonging with a field and institution, research suggests that 

believing intelligence and performance is malleable has positive consequences for performance. 

These beliefs about intelligence constitute a growth mindset, as first described by Carol Dweck 

from Stanford University13 in her work on implicit theories of intelligence.  Her work shows that 

people who believe that intelligence is an innate and immutable characteristic are less likely to 

succeed than people who believe that intelligence can be developed through effective strategies 

and hard work.  In addition, her work shows that a growth mindset can be engendered in 

individuals. 

Strategies to encourage a growth mindset in computer science (CS) have had mixed results.  On 

the one hand, strategies useful in general education populations have not been successful in CS 

contexts.  One multiple-institution study asked students to advise other computer science 

students who learning to program in a way to promote a growth mindset, and produced 

guidelines for student advice based on student beliefs14.  The study found that the act of giving 

advice may be even more valuable than receiving it.  In a similar study, a “saying is believing” 

intervention that successfully promoted the growth mindset in non-CS contexts did not result in 

increases in growth mindset in a computer science population15.  In yet another context, the 

mindsets of students in an introductory programming class became more fixed throughout 

instruction, and that a mindset for programming aptitude had greater utility in predicting 

software practice16.  

Innovative teaching methods, such as design experiences, can also encourage a growth mindset.  

Research at Ohio Northern University indicates that the introduction of open-ended design 

projects in an engineering program can lessen or eliminate the predictable shift towards a fixed 

mindset that typically occurs in the first year of college17.    

There is evidence that subtle psychological interventions can be self-reinforcing under certain 

conditions.  A self-affirmation intervention designed to lessen stereotype threat to minority 

students resulted in a 40% reduction in the racial achievement gap18.  Two years later, the 

improvements to performance and to self-perceptions had continued despite no reinforcement19.  

The effects of psychological interventions often decay or even reverse; however, the authors of 

the cited studies hypothesize in environments with chronic evaluation (such as school), 

performance gains can magnify and reinforce the intervention.  Furthermore, by interrupting 

early failure, the typical loss of self-confidence and the resulting magnification of poor 

performance can be averted.   

1.2  Demographics and Graduation Rates 

San Jose State University (SJSU) is part of the 23-campus California State University, the largest 

public university system in the US.  The College of Engineering is one of seven colleges at 



SJSU, and currently has 4757 undergraduate majors.  Fig. 1 illustrates the ethnic composition of 

the undergraduate students in the college in Fall 2015; the three largest groups are Asian (39%), 

Hispanic (21%), and White (20%).  Fig. 2 shows that women comprise about 17% of the 

undergraduate population in the college in Fall 2015. 

 

Fig. 1.  Ethnicity in undergraduate programs in the College of Engineering at SJSU, Fall 2015 

 

Fig. 2.  Gender in undergraduate programs in the College of Engineering at SJSU, Fall 2015 

The six-year graduation rates for freshmen in the College of Engineering vary significantly by 

ethnicity and gender.  As shown in Fig. 3, the college average for all freshmen varies between 

39% and 46%.  Women students generally graduate at higher rates than men, by as high as 10%-

20% in some years.  This reverse achievement gap can sometimes be found in male-dominated 

fields when the percentage of women is particularly low such as in our college, and may indicate 

that the women students who do manage to prepare, apply, and be accepted to a non-traditional 

choice of major are exceptionally motivated and have overcome barriers to do so already.  The 

underrepresented minority (URM) students are comprised of the African American, 

Hispanic/Latino, and Pacific Islander students.  The URM freshmen typically graduate at rates 

between 17% to 24% lower compared to our non-URM students.  Because of these gaps, the top 

priorities for our college include increasing graduation rates for all students and eliminating the 

achievement gap between URM and non-URM students. 
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Fig. 3.  Six-year graduation rates for entering freshman cohorts by gender and underrepresented 

minority status in the College of Engineering at LWPU. 

1.3.  Objectives of Current Study 

The prior work on growth mindset and belonging interventions has predominantly been 

conducted at universities that differ from San Jose State University in demographic 

characteristics and mission; furthermore, the effectiveness of growth mindset and belonging 

interventions in STEM or engineering programs in particular and its minority populations is not 

well-known.  The research questions we aim to answer for our student population are the 

following: 

Research Questions 

1. Is the growth mindset intervention effective at increasing belief in the growth mindset in 

our freshman population? 

2. Is the belonging intervention effective at increasing feelings of belonging in our freshman 

population? 

3. Do either or both interventions enhance academic performance (e.g., course grades) of 

the students? 

4. Do either or both interventions enhance academic performance (e.g., course grades) 

differentially across demographic groups in the study, (e.g., URM v. non-URM; women 

v. men)? 

5. Do either or both interventions impact retention or even possibly graduation rates? 

The current publication describes some preliminary results of the study regarding questions 1 – 4 

after the first semester of the study.  In subsequent years we will be able to address question 5. 

2  METHODOLOGY 
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The interventions were administered during spring 2016 in the Introduction to Engineering 

course at San Jose State, which is a freshman-level required course for all engineering-named 

and technology majors.  Students are required to attend one of two lecture sections with up to 

250 students and a lab section with up to 25 students.  The results described in this paper are 

from students entering in Fall 2015, therefore most of the students were in their second semester 

at LWPU. 

The students received one of three interventions: 1) a control activity, 2) a growth mindset 

intervention, or 3) a belonging intervention.  The lab section normally assigns a series of 13 

assignments in which students are given a prompt and write a reflection essay.  In the 

intervention groups, one of the reflection assignments was replaced with the intervention 

assignment.  The students were separated into groups using block randomization by section, in 

which gender, URM/nonURM, and Pell-eligibility were distributed across conditions as equally 

as possible.  The ethnic breakdown of the URM students is predominantly Hispanic, with very 

small percentages of Black and Pacific Islander students.  Efforts were also made to balance 

condition assignment across lab section day of week, time of day, and instructor.  The number of 

students in the corresponding conditions is indicated in Tables 1 - 3. 

Table 1.  Demographic distribution of students in groups  

  
Condition 

Total Control Belonging Mindset 

Gender 

Women 27 33 34 94 

Men 118 127 104 349 

Total 145 160 138 443 

URM_status 

URM 32 51 42 125 

Non-URM 113 109 96 318 

Total 145 160 138 443 

Pell_status 

Pell-eligible 59 63 63 185 

Non-Pell 86 97 75 258 

Total 145 160 138 443 

 

Table 2.  Ethnic breakdown of URM students 

  Control % Belonging % Growth % 

Black 4 12.5% 0 0.0% 5 11.9% 

Pac Isl 0 0.0% 0 0.0% 1 2.4% 

Hispanic 28 87.5% 51 100.0% 36 85.7% 

Total 32   51   42   

 

Table 3.  Lab section characteristics distribution in the groups 

  Condition 



Control Belonging Mindset 

Day Monday 0 0 0 

Tuesday 50 24 46 

Wednesday 23 40 21 

Thursday 48 48 47 

Friday 24 48 24 

Time Morning 26 63 45 

Afternoon 95 97 69 

Evening 24 0 24 

Instructor B 24 40 0 

D 26 24 44 

F  23 0 23 

KD 24 24 0 

S 24 24 0 

V 0 24 24 

WA 24 0 23 

WE  0 24 0 

Y 0 0 24 

 

In the present study we adapted a belonging intervention developed by Walton and Cohen20 

which has been used successfully with STEM majors.  The belonging intervention consists of a 

reading assignnment of excerpts from fictional seniors of various ethnicities and genders 

describing their integration into the university, followed by a reflection writing assignment.  The 

minimal modifications made tailored the narrative to San Jose State and to engineering 

experiences.  The group receiving the belonging intervention received it on Week 13 (out of a 

16-week semester).  The reason this week was chosen was merely that the normal reflection 

assignment assigned to the control group was most similar in topic, and that swapping it out for 

the intervention group posed the least disruption to the labs and instructors.  The intervention can 

still influence students at this point in the semester – the projects and final exam have yet to be 

collected at this point in the semester.     

The growth mindset intervention used in the present study was adapted from an intervention 

successfully implemented at San Jose State by the Statway and the Carnegie Foundation math 

remediation program21.  The intervention required the students to read an article explaining that 

the brain is a muscle that gets stronger with regular practice, followed by a reflection writing 

assignment.  The group receiving the growth mindset intervention received it on Week 8 (out of 

a 16-week semester).  Similarly, the normal assignment during this week is most closely related 

to the topic of the intervention, and as such the intervention was administered this week in the 

growth mindset group.    

Pre- and post-intervention surveys were administered in the lecture at the beginning (Week 1) 

and end of the semester (Weeks 15-16) to measure changes in growth mindset or feelings of 

belonging using established scales from the literature.   



The belongingness scale was obtained from Walton and Cohen19.  It is comprised of seven 

questions which probe how connected respondents feel to the campus community and the 

engineering community.  Respondents indicate their degree of agreement with each item using a 

5-point Likert scale (1 = strongly disagree to 5 = strongly agree).  Responses to the items were 

found to be internally reliable (Cronbach’s α = .88).  Responses across the seven items were 

averaged to form a single belongingness score.   

The growth mindset scales were obtained from the Stanford University Project on Education 

Research that Scales (PERTS) website22.   It is comprised of three questions which probe 

respondents’ level of agreement to the fixed mindset.  We implemented a 5-point Likert scale (1 

= strongly agree to 5 = strongly disagree).  Responses to the items were found to be internally 

reliable (Cronbach’s α = 0.83), and the responses across the three items were averaged to form a 

single growth mindset score. 

Scales measuring happiness, self-perceived health, and self-efficacy were also included from this 

paper.  While not the immediate focus of this study, they obscured the objective of the study to 

participants.   

Academic performance measures were collected in the form of course grades at the conclusion of 

the semester.   

Future work will include the longitudinal tracking of this student cohort to fully evaluate any 

impacts from our subtle interventions, as previously observed in the prior literature. 

Informed consent and confidentiality of the participants were implemented for this study, in 

compliance with the Institutional Review Board (IRB) at our institution. 

3  RESULTS 

Preliminary Analyses 

Previous academic performance.  Before conducting our main analyses we performed a series 

of tests to determine whether there were significant pre-existing differences amongst our 

conditions that would affect the interpretation of our main results.  No significant, systematic 

differences were detected. 

We first conducted a series of one-way ANOVAs to determine whether there were significant 

pre-existing differences in HS GPA, SAT math scores, and ACT math scores (dependent 

variables) amongst our conditions (independent variable).  The main effects for condition were 

not significant for the standardized test scores, (F’s < 2.80, ns), indicating that SAT and ACT 

math scores were equivalent across the conditions.  The main effect for condition was significant 

for HS GPA (F = 3.08, p < .05), however post hoc Scheffe tests for each pairwise comparison of 

conditions showed just one marginal difference between the belonging (M = 3.55) and growth 

mindset (M = 3.43) conditions (p = .07).  In general, the conditions were equivalent on math and 

general academic skills, as measured by standardized test scores and HS GPA. 

Disregarding condition, the average HS GPA score was 3.48 (SD = 0.37), average SAT math 

score was 588 (SD = 84), and average ACT math score was 25.63 (SD = 4.75). 



Belongingness and growth mindset.  We also wanted to determine if there were significant 

differences in growth mindset, feelings of belongingness, or self-efficacy prior to the 

administration of the experimental manipulations, and found that there were none.  We 

conducted a series of one-way ANOVAs with growth mindset, belongingness, and self-efficacy 

pretest scores as the dependent variables and none of the main effects for condition were 

significant, (F’s < 0.50, ns). 

Disregarding condition, the average belongingness score was 3.40, which corresponded to 

slightly above the mid-point on the 5-point Likert scale.  The average growth mindset score was 

3.50, which also corresponded to slightly above the mid-point on the 5-point Likert scale.   

Some interesting differences between the subpopulations in our study were uncovered in the pre-

course survey.  The women reported higher feelings of belonging (mean = 3.53) than the male 

students (mean = 3.37, p = 0.05, effect size = 0.21).  The URM students were more likely to have 

a growth mindset (mean = 3.72) than the non-URM students (mean = 3.42, p = 0.003, effect size 

= 0.32).  This finding is inconsistent with some prior literature that posits that female students 

are less likely to feel like they belong in a male-dominated environment, and that URM students 

are less likely to have a growth mindset.   

Main Analyses 

Research Questions 1 and 2 

To determine whether the growth mindset intervention was effective at increasing belief in the 

growth mindset (Research Question 1) and whether the belonging intervention was effective at 

increasing feelings of belonging (Research Question 2), we performed a series of one-way 

ANOVAs with posttest growth mindset and belongingness scores as the dependent variables and 

condition as the independent variable.  The main effect of condition was not significant for either 

dependent variable (F’s < 0.60, ns).   

Although this result suggests that neither intervention was effective, other possible explanations 

include the following: 1) the lag time between the intervention and posttest measurement may 

have been too long for the posttest to capture it; 2) the scores for the growth mindset and 

belongingness scales were already high prior to the interventions, and there may be a ceiling 

effect; and 3) the interventions are subtle – it is not uncommon in prior studies for there to be no 

apparent intervention effects when measuring growth mindset.  

Research Questions 3 

Most fundamental to this investigation was whether either or both interventions enhanced 

academic performance (e.g., course grades) of the students (Research Question 3).  To answer 

this question, we performed an ANCOVA with condition as the independent variable and grade 

earned in the engineering class as the dependent variable.  Although we had established that prior 

academic performance did not differ across conditions, we opted to take a conservative approach 

and controlled for HS GPA and SAT math scores in the analysis by including them as covariates.   



The belongingness intervention was associated with the highest course grade point average.  The 

main effect of condition was significant (F = 4.83, p < .01).  Post hoc Scheffe tests for each 

pairwise comparison of conditions showed that average grade in the belongingness condition (M 

= 3.13) was significantly higher than in the growth mindset condition (M = 2.72; p < .01), and 

marginally higher than in the control condition (M = 2.86; p = .07).  The difference between 

control and growth mindset conditions was not significant. 

Research Question 4 

We further explored the possible intervention effects by considering whether the interventions 

were associated with course grades differentially across demographic groups in the study.  We 

first examined possible gender differences using the same ANCOVA model described earlier.  

The analysis was performed separately for women and men.  We then used the same procedure 

and separately considered under-represented minorities (URMs) and their counterparts (non-

URMs) 

Gender.  Counter to expectations, for women the growth mindset intervention was associated 

with a detrimental effect on course performance compared to the belongingness and control 

conditions.   The main effect of condition was significant (F = 4.78, p < .05).  Post hoc Scheffe 

tests for each pairwise comparison of conditions showed that average grade in the growth 

mindset condition (M = 2.61) was significantly lower than both the belongingness condition (M 

= 3.30; p < .01), and control condition (M = 3.17; p = .05).  The difference between control and 

belongingness conditions was not significant. 

In contrast, fostering a sense of belongingness in men was associated with enhanced course 

performance.   The main effect of condition was marginal (F = 2.80, p = .06), but post hoc tests 

suggested some effects for the belongingness intervention.  Post hoc Scheffe tests for each 

pairwise comparison of conditions showed that average grade in the belongingness condition (M 

= 3.03) was significantly higher than in the growth mindset condition (M = 2.73; p < .05), and 

marginally higher than in the control condition (M = 2.80; p = .08).  The difference between 

control and growth mindset conditions was not significant. 

Under-represented minorities.  For URMs, neither intervention was associated with course 

performance relative to the control condition; the main effect of condition was not significant (F 

< 1.00, ns).   

However, for non-URMs the belongingness intervention was associated with enhanced course 

performance.   The main effect of condition was significant (F = 5.28, p < .01).  Post hoc Scheffe 

tests for each pairwise comparison of conditions showed that average grade in the belongingness 

condition (M = 3.26) was significantly higher than in both the growth mindset condition (M = 

2.87; p < .01), and control condition (M = 2.91; p < .01).  The difference between control and 

growth mindset conditions was not significant. 

4 CONCLUSIONS AND FUTURE WORK 

In summary, there were no increases in the growth mindset or belongingness scales as a result of 

the psychological interventions; however, we believe that they may still be having an effect 



based on the evidence that academic performance, measured by course grade, was improved in 

the group receiving the belonging intervention.  We speculate that the growth mindset concepts 

are more prevalent today in K-12 (and college orientations); students may be gaining exposure to 

it prior to college, limiting the impact of further exposure.  Belongingness, however, is a 

challenge faced at each transition in a student’s life, and remains relevant in each new 

environment.      

Among the subgroups in our study, the belonging intervention was associated with positive 

academic performance for men and non-URM students.  The growth mindset intervention was 

associated with decreased academic performance for women, for unknown reasons.  Neither 

intervention appeared to influence the URM students positively or negatively.  This result is 

disappointing for us, and the use of these interventions for the purpose of closing the 

achievement gap remains elusive for us.  If nothing else, this study contributes evidence towards 

the complexity of factors influencing performance and achievement gaps.  For the time being, 

the growth mindset intervention has been discontinued in the class, while the belongingness 

intervention has been instituted for all sections.   

We plan to track cumulative GPAs, units completed, retention, and possibly graduation rates of 

this cohort through the entire six year period of the study (or until differences dissipate).  Some 

studies have registered long-term effects of subtle interventions, if administered at the right time 

and in the right environment.  It is the hope that we will continue to register differences between 

the groups as the longitudinal study continues.  Other future work may possibly include focus 

groups with some of the participants, or booster interventions if warranted by developing results.  
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