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Stereotypes are “in the air.”
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Presenter Notes
Presentation Notes
Stereotypes about who is and can become an engineer simply exist in society and are perpetuated by systems that support white supremacy, misogyny, and other forms of bias. 

They are “in the air” as a part of our social fabric and can have significant and negative effects, even if they are not primed or spoken about.

If I asked a person to describe an engineer, they might include descriptions of white, men often introverted but highly intelligent. And despite efforts to change these perceptions, they persist. For example, you might remember the social media campaign #ILookLikeanEngineer in 2015, where hundreds of women posted pictures of themselves with the hashtag to combat sexist statements posted on an ad featuring Isis Anchalee. And, stereotypes shape perceptions of children. In the Draw an Engineer Assessment, children often draw engineers as men in lab coats on assembly lines. Or as train drivers. These stereotypes shape student's perceptions of engineering before they walk in the door of their first engineering course. 
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Appel, M., Kronberger, N., & Aronson, J. (2011). Stereotype threat impairs ability building: Effects on test preparation among women in science and
technology. European Journal of Social Psychology, 41(7), 904-913.

Nguyen, H.-H. D., & Ryan, A. M. (2008). Does stereotype threat affect test performance of minorities and women? A meta-analysis of experimental
evidence. Journal of Applied Psychology, 93(6), 1314—-1334.

Aronson, J., Steele, C. M., Salinas, M. F., & Lustina, M. J. (1998). The effects of stereotype threat on the standardized test performance of college
students. Readings about the social animal, 9th ed., ed. Aronson, E., 400-412. Worth. p.404.


Presenter Notes
Presentation Notes
In particular, BLI students in engineering often experience threats to belonging. Because of this threat, BLI students experience lower grades and more attrition as compared to their peers with similar backgrounds. 
�The culture of engineering is characterized as a chilly and even hostile climate for these students. In this work, we focus on two salient mechanisms of these experiences within engineering: stereotype threat and a lack of social belonging. Stereotype threat is an involuntary psychological reaction that is triggered when a student is aware that a negative stereotype exists regarding a group with which they identify. Research emphasizes that BLI engineering students constantly feel that they have to overperform to avoid appearing that they are less capable or less prepared than their peers. This stereotype is cued by the environment, frequently by relatively innocuous objects or behaviors. Simply existing as “the only one” or “one of a few” may be enough to trigger stereotype threat. And notably, nobody needs to actually believe in the negative stereotype for it to exist or cause harm. As a result of stereotype threat, a student will involuntarily devote a substantial amount of their cognitive effort to behaving in ways that do not confirm that stereotype. This action occupies their working memory leaving them with less cognitive resources to learn and perform academically, resulting in artificial underperformance of roughly one quarter of a standard deviation from the research. 
�The chart is from a mathematics test from Aronson et al.’s study. You can see that stereotype threat can be turned on and off psychologically like a light switch as shown in the graph.
�Lack of social belonging (or belonging uncertainty), happens when a student believes that they won’t be welcomed into an environment such as a classroom. For BLI students, this uncertainty may be expressed as an unconscious belief that “people like me do not belong here”. This psychologically primes them to pay more attention to evidence that confirms this hypothesis, and to pay less attention to disconfirming evidence, creating a lack of belonging. Feeling belonging uncertainty causes tremendous physiological and psychological stresses with negative immediate and long-term outcomes including effects like depression and increased morbidity and mortality. Collectively, these effects can severely undermine student performance and are particularly salient for BLI students in engineering contexts.
�Cacioppo, J. T., Ernst, J. M., Burleson, M. H., Mcclintock, M. K., Malarkey, W. B., Hawkley, L. C., Kowalewski, R. B., Paulsen, A., Hobson, J. A., Hugdahl, K., Spiegel, D., & Berntson, G. G. (2000). Lonely traits and concomitant physiological processes: The MacArthur social neuroscience studies. International Journal of Psychophysiology, 35, 143–154.
Dutcher, J. M., Lederman, J., Jain, M., Price, S., Kumar, A., Villalba, D. K., Tumminia, M. J., Doryab, A., Creswell, K. G., Riskin, E., Sefdigar, Y., Seo, W., Mankoff, J., Cohen, S., Dey, A., & Creswell, J. D. (2022). Lack of Belonging Predicts Depressive Symptomatology in College Students. Psychological Science, 33(7), 1048–1067. https://doi.org/10.1177/09567976211073135
National Academies of Sciences Engineering and Medicine. (2018). Indicators for monitoring undergraduate STEM education. In Indicators for Monitoring Undergraduate STEM Education (pp. 1–227). https://doi.org/10.17226/24943
National Center for Education Statistics. (2021). Table 318.45: Number and percentage distribution of science, technology, engineering, and mathematics (STEM) degrees/certificates conferred by postsecondary institutions by race/ethnicity, level of degree/certificate, and sex of student: 2009-10 through 2. Digest of Education Statistics. https://nces.ed.gov/programs/digest/d20/tables/dt20_318.45.asp
Schmader, T., Johns, M., & Forbes, C. (2008). An integrated process model of stereotype threat effects on performance. Psychological Review, 115(2), 336–356. https://doi.org/10.1037/0033-295X.115.2.336
Steele, C. M. (2010). The mind on stereotype threat: Racing and overloaded. In Whistling Vivaldi: How stereotypes affect us and what we can do (pp. 114–133). W.W. Norton & Company, Inc.
Walton, G. M., & Cohen, G. L. (2011). A brief social-belonging intervention improves academic and health outcomes of minority students. Science, 331(6023), 1447–1451. https://doi.org/10.1126/science.1198364


-
The mere existence of a stereotype is enough to cause

negative outcomes.

“I think there's less than a 1,000 Black students on campus and I think in my class, like my year in
chemical engineering, there's maybe five or six other Black students that at least ['ve seen or talked to in
any way...I have never felt any malicious intent towards me at this institution purely because I am
Black, but I have had experiences where I’ve had to deal with ignorance from my white peers. And |
know that it happened just because they have never met a Black person before. So, there's always this
feeling that just knowing that the way I've maybe talked to someone in my family, I can't talk to a peer
about like a complex engineering process. I can't necessarily just talk how I would to anyone about that,
like in the same way that I’d talk to a family member because that could either take credibility away
from me in their eyes or almost intimidate or confuse someone who's not used to, I don't know, hearing
someone who talks like me or seeing someone who looks like me.”

Malik, Black man, chemical engineering student

Dorve-Lewis, G., Lewis, D. V., Bafuelos, M., Buswell, N. T., & DeAngelo, L. (2023). A Narrative Analysis of Black, Latino/a/x, and
Indigenous Students’ Sense of Belonging in Engineering at a Predominantly White Institution Paper presented at 2023 ASEE Annual
Conference & Exposition, Baltimore, MD. https://peer.asee.org/42435 4


Presenter Notes
Presentation Notes
Interviews with Black, Latinx, and Indigenous students in this predominately white context emphasizes the hypervisibility of students in engineering and the constant dynamic of additional work to manage others’ impressions and avoid stereotypes.


-
Belonging uncertainty and stereotype threat can prompt
students to ask, “Do | belong?”

“In some classes my 1dentity really makes me feel weird or
different to others.”

Angelica, Peruvian Woman, Mechanical Engineering
Student


Presenter Notes
Presentation Notes
Below, I provide another quote from our prior work about one woman, Angelica’s, question of belonging in engineering spaces.


-
Gateway courses shape students’ experiences

In engineering.
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Matz, R. L., Koester, B. P., Fiorini, S., Grom, G., Shepard, L., Stangor, C. G., Weiner, B., & McKay, T. A. (2017). Patterns of gendered
performance differences in large introductory courses at five research universities. AERA Open, 3(4), 2332858417743754.


Presenter Notes
Presentation Notes
A study of course outcomes across five institutions including 172 courses demonstrate consistent grade anomalies for women in introductory STEM courses, and in particular lectures and lab/lecture courses. This grade anomaly is not related to class size, but lab only courses do not demonstrate this same grade anomaly. These results emphasize consistent systemic issues that penalize women and BLI students in STEM courses. 


One of the first courses that may negatively
shape experiences is in programming.
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Presenter Notes
Presentation Notes
Computer programming concepts have become essential to the engineering profession and are part of requisite courses for most degree fields (Chilana et al., 2015; National Research Council, 2011). However, the process of learning programming concepts is often challenging for students as it requires identifying the problem and key features, formulating a solution strategy, translating the plan into the appropriate syntax, applying logic correctly, and debugging errors within the code in order for a script to run successfully (Rahman et al., 2018). Additionally, these skills are unique to programming (Baist & Pamungkas, 2017), and students are often expected to learn these metacognitive skills alongside syntax and content (Gomes et al., 2012). Because of these challenges, the first programming course engineering students take can be a key signal about their abilities to succeed in engineering and their feelings of belonging within their degree program (Secules et al., 2018), which in turn have been shown to predict motivation, engagement, and academic performance in STEM majors (Lewis et al., 2017; Walton et al., 2012).

Baist, A., & Pamungkas, A. S. (2017). Analysis of student difficulties in computer programming. VOLT: Jurnal Ilmiah Pendidikan Teknik Elektro, 2(2), 81-92. doi: 10.30870/volt.v2i2.2211.
Chilana, P. K., Alcock, C., Dembla, S., Ho, A., Hurst, A., Armstrong, B., & Guo, P. J. (2015, October). Perceptions of non-CS majors in intro programming: The rise of the conversational programmer. In 2015 IEEE Symposium on Visual Languages and Human-Centric Computing (VL/HCC) (pp. 251-259). IEEE.
Gomes, A. J., Santos, A. N., & Mendes, A. J. (2012, July). A study on students' behaviours and attitudes towards learning to program. In Proceedings of the 17th ACM annual conference on Innovation and technology in computer science education (pp. 132-137). doi: 10.1145/2325296.2325331.
Lewis, K. L., Stout, J. G., Finkelstein, N. D., Pollock, S. J., Miyake, A., Cohen, G. L., & Ito, T. A. (2017). Fitting in to move forward: Belonging, gender, and persistence in the physical sciences, technology, engineering, and mathematics (pSTEM). Psychology of Women Quarterly, 41(4), 420-436.
National Research Council. (2011). Report of a Workshop on the Pedagogical Aspects of Computational Thinking. Washington, D.C.: National Academies Press. doi: 10.17226/13170.
Rahman, T. F. B. A., Anuar, N., & Said, R. F. M. (2018, January). How the nature of programming and learning materials affects novice learner's motivation and programming ability. In Proceedings of the 6th International Conference on Information and Education Technology (pp. 124-128). doi: 10.1145/3178158.3178184.
Secules, S., Gupta, A., Elby, A., & Turpen, C. (2018). Zooming out from the struggling individual student: An account of the cultural construction of engineering ability in an undergraduate programming class. Journal of Engineering Education, 107(1), 56-86. doi: 10.1002/jee.20191.
Walton, G. M., Cohen, G. L., Cwir, D., & Spencer, S. J. (2012). Mere belonging: the power of social connections. Journal of personality and social psychology, 102(3), 513. doi: 10.1037/a0025731.
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Presenter Notes
Presentation Notes
We examined all first and second year required engineering courses at a large Midwestern institution for academic equity gaps. We define the difference in academic outcomes as an equity gap because something in the environment rather than the student or their preparation is the root cause.


We identified a first-year programming course with an
equity gap in BLI students’ academic performance.
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Figure 1. Normalized GPA differences on a 4.0 scale for BLI students (left) and women
(right) controlling for gender, race/ethnicity, first-generation college student status, HS

GPA, and instructor.
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Presenter Notes
Presentation Notes
When controlling for gender, race/ethnicity, first-generation college student status, and instructor, we found a persistent equity gap for BLI students of 0.44 GPA points on a 4.0 scale. The figure above shows that normalized difference compared to the average GPA in that course (0). We did not find the same equity gap for women in the course. 
The equity gap for BLI students persisted for the past four years and was the main reason for choosing this course for our research. 



Prior work on belonging interventions
demonstrate significant impact.
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Walton, G. M., Murphy, M. C., Logel, C., Yeager, D. S., Goyer, J. P., Brady, S. T., ... & Krol, N. (2023). Where and with whom does a brief
social-belonging intervention promote progress in college? Science, 380(6644), 499-505. 10


Presenter Notes
Presentation Notes
Prior work demonstrates that belonging interventions can have significant long-term impacts. A recent study by Walton and colleagues published in Science was conducted across 22 institutions before students started college with 26,911 students. This timepoint of transition is a salient time in which students may be under high belonging uncertainty. The intervention involved individual reading and writing exercises focused on the idea that the college transition is challenging for everyone and that over time students will find their place at the university. The conditional average treatment effects (CATEs) on the probability of completing the first year for enrolled full-time students were examined as an outcome. The results demonstrated that the intervention was most effective for students with underrepresented identities in spaces that had belonging affordances. The authors provide the quote, “These results are consistent with the emerging theory that positive change requires planting ‘high-quality seeds’ (hopeful answers to threatening questions) in ‘fertile soil’ (contexts in which these answers are true).” This work demonstrates that context is just as important as messaging in these types of interventions.


Our work focused on an ecological belonging
intervention in the FYE programming course.

RQ1: What are the experiences of students in an introductory engineering course?
RQ2: How does the ecological belonging intervention change students’ feelings
of belonging in the course?

RQ3: What effect does the intervention have on short- and long-term academic
success as measured by achievement (course-specific, overall GPA) and choice
(retention, engineering career pathways)?

RQ4: What are the effects of implementing the intervention on instructors’
attitudes and mindsets about supporting students in their courses?

Binning, K. R., Kaufmann, N., McGreevy, E. M., Fotuhi, O., Chen, S., Marshman, E., ... & Singh, C. (2020). Changing social contexts

to foster equity in college science courses: An ecological-belonging intervention. Psychological Science, 31(9), 1059-1070. 1


Presenter Notes
Presentation Notes
Rather than being delivered in a lab setting as in prior work, the ecological approach targeted carefully selected populations … classrooms with specific, known academic equity gaps in performance by race/ethnicity, gender, or first-generation college student status. We investigated the effects of a one-time ~40 minute intervention at the beginning of the course to  address long-standing equity gaps in the course, which we hypothesize can have downstream effects on retention, engagement, and who ultimately becomes an engineer.

In this work, we are addressing 4 research questions:

RQ1: What are the experiences of students in an introductory engineering course?

RQ2: How does the ecological belonging intervention change students’ feelings of belonging in the course?

RQ3: What effect does the intervention have on short- and long-term academic success as measured by achievement (course-specific, overall GPA) and choice (retention, engineering career pathways)?

RQ4: What are the effects of implementing the intervention on instructors’ attitudes and mindsets about supporting students in their courses?
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Presenter Notes
Presentation Notes
When students face adversity, implicit messages (frequently from beyond the classroom) can shape how those experiences are interpreted. This can create a negative feedback loop in student performance, how students interpret challenge and low feelings of belonging

In this work, we use a theory-of-action to guide how we conceptualize the relationships between classroom environments, engagement, and attitudes are shaped by the students and the intervention. This theory-of-action is informed by connections in the literature and how we believe the intervention is working. We are studying these connections as a part of this research.




The intervention conveys the message that
typical adversity is normal and surmountable.

(10 min)

“It can be easy to feel overwhelmed or to sometimes (10 min) l
wonder to yourself ‘do I really belong here?’...
(5 min)

“Everyone goes through struggle. It could be a bad —
grade, learning to manage free time, making new
friends — regardless of the challenge, everyone goes

through them. And, over time, you’ll discover that
you get better at dealing with these challenges.” 13



Presenter Notes
Presentation Notes
The intervention is approximately 40 minutes long. In the first part, the instructor introduces the idea that struggle is normal and surmountable. The instructor also shares their own experience of struggle. Then, students are asked to reflect and write about a time in which they were able to overcome a struggle. Next, students are introduced to stories of students who previously took the course that include common experiences of struggle. These stories are developed from focus groups with students and are as close to their own words as possible. In these stories, past students describe their struggles and feelings of inadequacy, as well as how they overcame these challenges and were still able to be successful in the course. Overcoming challenges are framed as a psychological resolution (e.g., I wondered if I could succeed but now, I know I can do the work to be successful and become an engineer) rather than a foreclosed outcome (e.g., “and then I got an A”)  I’ll discuss this customization process next. Finally, students discuss the student stories and their own experiences in small groups.


-
We used focus groups to customize the

Intervention to the context.

By gender and race/ethnicity of 4-6 students who previously completed the course

1) Students talk about their challenges

2) Index card activity where students write good and bad things they have
experienced in their context

3) Shift from challenges to how students resolved some of the challenges
they faced

4) Complete a journey map and present to the group

5) Students engage in a reflective writing exercise where they write a
postcard to a past self about a time they didn’t belonging in the context
and how they overcame that.

DeAngelo, L., Godwin, A., Binning, K., Buswell, N., Cribbs, J., McGreevy, E., Schunn, C., Elie, A., Kaufman-Ortiz, K., Conrique, B.,
Cooper, C., Lewis, D., & Rohde, J. (2022). Course-based adaptations of an ecological belonging intervention to transform engineering 14
representation at scale. In ASEE Annual Conference & Exposition, Minneapolis, MN. https://peer.asee.org/41987


Presenter Notes
Presentation Notes
To develop the stories used in this intervention we convened three focus groups with students who previously took the course. In these focus groups, we: 1) opened the focus group by having students talk about their challenges; 2) transitioned to an index card activity where students write good and bad things they have experienced in their context; 3) shifted the conversation from challenges to how students resolved some of the challenges they faced; 4) had students complete a journey map of their experiences in their context and subsequently have them present to the group; 5) and finished by having the students engage in a reflective writing exercise where they write a postcard to a past self about a time they didn’t belong in the context and how they overcame that.


—.
We used focus groups to customize the

Intervention to the context.

e Identified common themes and
experiences of struggle

* Developed small stories around these
themes

* Used in vivo methods for authenticity
from one main student (over composites)

* Reviewed with team members or faculty
who have experience teaching the course

Godwin, A., DeAngelo, L., McGreevy, E., Schunn, C., Binning, K., Diaz, C., Dorvé-Lewis, G., Elie, K. A., Kaufman-Ortiz, K., & Rohde, J.
(2023). Communicating for belonging in first-year engineering. In IEEE ProComm Conference (In review). 15


Presenter Notes
Presentation Notes
During this process, we witnessed how these focus groups can serve as a microcosm of what students experienced in the classroom context. Not only is this reflected in how students discuss the challenges, but we also see this in their body language and how they respond to each other. We have also seen that some students hold themselves from admitting that they faced challenges within the classroom context and/or discussing how they struggled. However, when others began to share experiences of struggle more often than not, other students began to more openly discuss their struggles.

We analyzed the resulting transcripts for common experiences and build stories trying to prioritize a single student’s narrative arc. When necessary, we augmented the story to follow a common arc with additional quotes from other students. 

The resulting stories were reviewed by the whole team for consensus and with faculty members who had experiences teaching the course to verify their applicability.


Stories address common struggles following
an arc from struggle, action, to resolution.

“If you don’t know anything about coding—Ilike me—you’re

probably feeling like you did something wrong. You didn’t. The class 1s just
tough sometimes. And that’s okay! You’re more than capable to get through
this. Stack exchange is your friend. Don’t be afraid to ask other groups for
help, and never think you’re not good enough. Have faith in yourself and
your teammates. Learn to rely on yourself sometimes, but you gotta have

a support system, both academically but more importantly emotionally.

You got this! Signed, a fellow engineering idiot.”

Michael, Junior, Civil Engineer
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Presentation Notes
Here’s an example of one story. The story follows an arc of describing a common struggle for students. Then, discusses the action taken by the student focusing on individual agency. Finally, the story ends with the psychological resolution that supports the message that struggle is both normal and surmountable.

It is important to note that these discussions of struggle work against common issues of struggle within engineering (e.g., the adjustment to college, being away from home for the first time, adjusting to new expectations for courses, making new friends, etc.) rather than normalizing issues of racism, sexism, or homophobia that can and do occur within engineering spaces.


e
We use mixed methods to understand the

intervention effects and integrity of

Implementation
* Pre/post-survey (Spring ‘22, ‘23)
* Course-level grades data (Spring ‘22, 23)
* Institutional records (Spring ‘22, ‘23)
* Instructor survey and interviews (Spring ‘23)

* Longitudinal interviews with stratified sample by intervention,
gender, and race/ethnicity (Spring ‘22, ‘23)
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Presentation Notes
To understand the effects of the intervention, we use a mixed methods approach. We have run the intervention as a pilot in Spring 2022 and with a larger implementation in Spring 2023.

Pre/post-survey
Course-level grades data
Institutional records
Instructor survey and interviews
Longitudinal interviews with stratified sample by intervention, gender, and race/ethnicity

The pre/post survey measures attitudes and mindsets students had before the intervention and at the end of the semester for treatment sections and “business-as-usual” or control sections. We gathered course data and institutional records to understand nuanced performance in the course across assignments as well as the larger effects across courses and on retention over time. 

We have also been interviewing instructors and conduct a pre/post survey with them about their attitudes about student-centered teaching, mindset, and meritocracy. Our hypothesis is that the intervention not only shapes the students’ and their perceptions but also the faculty through engagement in preparing for and implementing this intervention.

We have been interviewing students who were in the intervention sections and in the “business-as-usual” stratified by race/ethnicity and gender to understand the short- and long-term impacts of the intervention message on students’ experiences. 

One of the areas we hypothesize affects the impact of the intervention is the authenticity and fidelity of the implementation. The language used to frame the intervention and how aligned the idea of struggle being normal and surmountable with all of the other cues in the classroom environment shapes how students perceived the intervention. We are planning to include observations of the intervention as well as a regular class offering to understand how the intervention is actually implemented in the classroom.




We conducted the intervention with 691 students
in Spring 2022.

e Pre-survey made available on the .
first day of class and closed before
intervention (n = 334; 53%)

e Intervention administered on second

.
f=
(=]

Number of Student Responses
=
(=]

day of class
e Post-survey completed during last v 15
two weeks of class 10 § -
, 9 12
Indigenous African Latino/a/x Aslan White

American/Black

Godwin, A., Perkins, H. L., DeAngelo, L., McChesney, E., Kaufman-Ortiz,
K., Dorvé-Lewis, G., & Conrique, B. (2023). Belonging in engineering for
Black, Latinx, and Indigenous students: Promising results from an
educational intervention in an introductory programming course. IEEE

Transactions on Education. (In press). 13


Presenter Notes
Presentation Notes
A pre-intervention-post longitudinal design was used to address the research questions. The racial demographics of longitudinal respondents are displayed on the right here. These proportions are expected for STEM courses at a PWI, but it is important to note that Black, Latinx, and Indigenous students are the carriers of the effect of the intervention, and their absolute numbers are lower than we would have preferred in this study, potentially obfuscating results with real practical effects. 641 students responded to at least one timepoint across all conditions, for a 92.7% response rate. Our matched longitudinal response rate was 53% with a total of 334 respondents.  



-
We examined belonging score changes and

course grades.

Measures Analysis
e Belonging (a=.82) e Belonging
o Sense of belonging, ability to be o 2x2x2 RM ANOVA
themselves, and feelings of (time x BLI x condition)

acceptance within their class

e MATLAB Grade
o Weekly assignment in MATLAB;
dichotomized as pass (n=561) or
fail (n = 43)

e MATLAB Grade

o Logistic regression
(grade on class project entered as a
control)

19


Presenter Notes
Presentation Notes
Our analysis focused on two key outcomes: sense of belonging and MATLAB grade. Sense of belonging was previously developed and published with validity evidence for use by Kirn et al. in 210 and exhibited strong unidimensionality. MATLAB grade was provided by the instructors. We proceeded analyzing the former via a split plot repeated measures ANOVA and the latter via logistic regression with a cutoff point of C-. This was chosen because at this institution those earning a C- or less could not progress in their major. We will now examine these results in turn.

Kirn, A., Godwin, A., Benson, L., Potvin, G., Doyle, J., Boone, H., & Verdin, D. (2016). Intersectionality of non-normative identities in the cultures of engineering. In ASEE Annual Conference & Exposition. New Orleans, LA. 


The intervention addressed declines in BLI
students’ belonging.

Effects of Intervention on Students’ Belonging

-

BLI White & Asian Table 1: Three-Factor Split-Plot ANOVA Results

4+ F p %
T Main Effects
Treatment 0.22 0.643 <.001
k) o BLI x Majority 0.45 0.504 0.002
0 ® - Treatment x Control 0.97 0.326 0.004
[=]
b Treatment Time 1.04 0.31 0.004
2 L — Control .
) Interactions
g ----- Intervention
g Treatment x Time 0.54 0.465 0.002
a Race x Time 0.63 0.427 0.002

Treatment x Race x Time 2.99 0.085 0.011

0OPre 1Post 0OPre 1Post
Timepoint 20


Presenter Notes
Presentation Notes
Though the number of BLI students was low, underpowering the study, the 2 by 2 by 2 split plot ANOVA examining student sense of belonging nonetheless detected the hypothesized significant relationship between treatment, BLI status, and time, highlighted here. 

This effect can be seen in the figure on the left. In the right panel of that figure you will note that there were no significant effects of either treatment or control conditions on the belonging of White and Asian students. However, the leftmost panel tells a different story. Here, we see that BLI students who did not receive the intervention (represented by the solid black line) experienced a decline in their belonging over the course of the semester. Contrarily, those who received the intervention experienced no significant changes, suggesting the treatment’s role as a potentially protective factor in their sense of belonging. The three-way interaction effect of time, treatment condition, and race/ethnicity indicates a statistically significant relationship with belonging at the alpha less than .05 level. Notably, the partial eta squared effect size indicates a medium to large effect -an unusually strong outcome in social science research. 




The intervention partially addressed the
academic equity gap for BLI students.

Effects of Intervention on Students’ Individual
MATLAB Grades

1.00
+ iy
0751 e Table 2: Logistic Regression Analysis of Treatment and Race/Ethnicity on MATLAB Grades
= a Predictor B SEB z-value P OR Waldsy? df p
s Constant -1.88 121 -1.55 0.121 -1.88 28.25 4 <001
o
2 Project Grade 488 132 3.69 <.001 13248
6 0901 Treatment 003 034 008 0937 103
é BLI Status -1.95 061 -3.21 0.001 0.14
z Treatment x BLI Status 1.61 0385 1.90 0.057 5.01
Nagelkerke R = 106
0.251
= White & Asian
-4 Black Latinx, & Indigenous
0.001

Control Intervention
Condition 2 1


Presenter Notes
Presentation Notes
Regarding student MATLAB grades, we likewise found a relationship between BLI status and exposure to the treatment, seen here.  

Though this result is above the traditional significance cutoff of 0.05, an examination of the raw results suggests that this outcome may be due to a lack of statistical power rather than a lack of effect. Specifically, and to interpret these results, White and Asian students’ MATLAB grades appeared unaffected by the intervention. The figure to the left illustrates the probability of each student group achieving a passing grade in the MATLAB portions of the class with 1 being certainty of passing and 0 being certainty of failure. As you can see, the grades of White and Asian students are represented by the flat line at the top of the figure, indicating they are highly likely to pass whether in the control or treatment condition. As seen on the left side, BLI students who were not exposed to the intervention exhibited a considerable equity gap in achievement compared to their peers. However, as seen on the right side of the figure, those exposed to the intervention performed similarly to their peers, very nearly closing the equity gap in achievement. In practical, individual terms, BLI students who experienced the intervention increased their odds of getting a passing grade by 80%.



-
Results show promising trends for addressing

equity in the engineering course.
. Intervention acting as a buffering effect against
belonging declines

. Need to consider larger classroom context and instructor
in closing the academic equity gap completely

. Limitation of not being able to model BLI student
groups separately
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In this pilot data, we found that BLI students in the intervention did not have the same belonging declines as those in the “business as usual” section. We believe that this short-intervention provides a buffering effect against interpreting struggle as an indicator of ability or potential success. Even more exciting is the outcomes related to individual programming assignments in the course. We found that the historic equity gap in student outcomes was completely closed for individuals in the intervention group. There are still differences in team project grades for BLI students, so there are other dynamics at play in the classroom environment that merit future research. 

In this work, I also want to acknowledge the limitation of our survey research. Our sample sizes at this predominately white institution for Black, Latino/a/x, and Indigenous students prevent our ability to model the effects of the intervention separately for each group. This limitation inhibits our ability to untangle how different groups may differentially experience belonging in this context and how that may shape institutional data outcomes. However, we are also collecting longitudinal interviews with students that can provide rich and nuanced descriptions of experiences in engineering and how the intervention may shape students’ perceptions and experiences.


-
We have expanded the intervention and added

faculty training.

* Ran the intervention with 1482 students in Spring 2023

* Three faculty trainings
— Why the ecological belonging intervention works (26 min)
— How to run the ecological belonging intervention in your classroom (11
min)
— Navigating the Pressure Points of the Ecological Intervention (2 hours
synchronous)
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Presentation Notes
Based on what we learned through our pilot efforts in Spring 2022, we ran the intervention again in Spring 2023 with approximately double the number of students. In this round of the intervention, we included a faculty training component and gathered pre/post surveys and interview data from faculty.


-
Faculty engaged in the intervention grappled with

tensions in doing this work.

sttetc
888855

888866

888566

100% of faculty agreed that they ...

* were willing to take time to understand students’ challenges

* were willing to provide additional resources to students

* were willing to adjust teaching methods to better meet student needs

» disagreed or strongly disagreed that students had a certain amount of
intelligence, and they could not do much to change it

97% of faculty agreed that they...
* believed that students should work harder in the course

83% of faculty agreed that they...
* would be willing to give additional feedback on student’s work
» felt a personal responsibility for helping struggling students succeed

* were willing to incorporate something new in their class, given the
constraints of their curriculum

* were willing to give up time for course content in exchange for an
activity that enhances learning

67% of faculty agreed that they...

* were Vegawilling to give up time for course content in exchange for an
activity that closes equity gaps

50% faculty agreed that...
« that sometimes there was nothing more they could do for their students

I'm very definitely encouraged, by the
results. I wonder about the long-term
impact. When the structure of the course
itself 1s not changing. So, I think it's
more of like it's an incremental step and
incremental steps are like very
important. I recognize that you know
what can be done within the academic
structure can be limited. And that an
incremental step is better than no step.
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Our work with faculty has indicated tensions in dedicating time to this work versus other demands. There have also been tensions in how faculty perceive the use of time in class for the intervention despite the promising results. One third of instructors were not interested in giving up time in class for an activity that addressed equity gaps in their course. There was also a tension in expectations for students to do more work and a willingness to understand students’ personal challenges. Overall, most of the faculty did value the work of the intervention and were willing to engage in the process. 

This quote from one of our faculty interviews best sums up our current progress and the promise and limitations of the intervention. [Read quote]. The intervention can reshape how students, particularly those under stereotype threat and belonging uncertainty due to the exclusionary norms of engineering, interpret messages and experiences of struggle. We also have emerging evidence that participation in the intervention may also change faculty’s perceptions of sharing struggle with students and reshape conversations that happen in the classroom environment. However, this intervention does not address systemic inequity nor struggle due to experiences of racism, sexism, and homophobia that are common in engineering for marginalized students. 
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Thank You

Allison Godwin, Ph.D.

afg64@cornell.edu
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