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INTRODUCTION

can be challenging for new chemical engineering stu-

dents. Although the first year primarily focuses on
fundamental courses like mathematics, physics, and chem-
istry, the sophomore year is the point at which most students
begin taking core chemical engineering courses. The mate-
rial and energy balances (MEB) course at many universities
is first offered to students in the fall of their sophomore year.
The MEB course involves a significant increase in rigor rela-
tive to typical first-year courses, but the course is taken when
social support for the students is weakest because they are
just being introduced to their chemical engineering class-
mates and faculty.

The transition from the first year to the sophomore year

Significant attrition from chemical engineering programs
is a well-documented phenomenon,'? and much of it oc-
curs when students encounter the MEB course. Performance
in such barrier courses often determines whether a student
persists in engineering.*# Performance in the MEB course
at our institution has been tracked for several years, and it
has been observed that a large percentage of students earn a
grade of D, F, or W (withdrawal) in the course (54.3% over
the past 10 fall offerings).

Research has shown a correlation between student self-ef-
ficacy and academic performance and achievement.”*! Addi-
tionally, studies suggest that development of social networks
with peers can lead to greater engagement in learning %12
and that the quality of interactions between teachers and stu-
dents both inside and outside the classroom has a significant
impact on student experience and student success.!"*'* How-
ever, many of these studies in STEM curricula have focused
on first-year students,'>'8 and it is less well-known to what
extent the factors that affect performance and achievement
in first-year courses remain salient into the sophomore year.

For these reasons, this study explored the impacts of
self-efficacy and social support on sophomore chemical

engineering students. Additionally, it investigated whether
participation in a voluntary two-day workshop (the “ChemE
Camp”) had lasting effects on students’ self-efficacy and
social support. Although focused on chemical engineering
students, the design of the study and workshop make the
methods and findings broadly applicable.

RESEARCH QUESTIONS

RQ,. What is the relationship between chemical engineer-
ing self-efficacy, coping self-efficacy, and student
integration on academic achievement and intent to
persist in chemical engineering?

RQ,. How are chemical engineering self-efficacy, coping
self-efficacy, and student integration influenced by
participation in a two-day intervention (the ChemE

Camp)?

This research has been going on for several years, and pre-
liminary results were published in the conference proceed-
ings of the ASEE Annual Conference from 2020 to 2023.11%-22
This manuscript is significantly expanded and enhanced, as
it is the first paper to address both of our major research
questions and includes hierarchical multiple linear regres-
sion results absent from our prior publications. There is an
expanded discussion of our theoretical framework presented
in this manuscript that did not appear in any of the confer-
ence papers. Even analyses presented in the previous con-
ference papers that appear in this paper are improved by
the inclusion of more data (no other paper has cumulative
results from four academic years), more descriptive graphic
presentation of the results (p-values and d-values shown
directly on charts where appropriate), and a discussion of
effect-size that was not addressed in the previous papers.
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More complete conclusions are drawn and discussed in this
paper. This paper both describes the ChemE Camp interven-
tion and analyzes its impact on students.

Theoretical Framework

We apply the Social Cognitive Career Theory (SCCT)
framework — which was developed to explain how voca-
tional/academic interests are developed, choices made, and
performance attained — to model the effects of self-efficacy
(specifically, chemical engineering self-efficacy and coping
self-efficacy) and social support on persistence and achieve-
ment in chemical engineering (see Figure 1). The SCCT
framework has been extensively applied in academic set-
tings with much of the research focusing on the relationship
between self-efficacy and the outcomes of academic per-
formance and persistence.! In this study we focus on self-
efficacy and student integration. Each of these constructs is
described in more detail below.

Self-efficacy

Self-efficacy is a person’s judgment of his or her ability
to perform a task within a specific domain.” It is a useful
lens for understanding students’ experiences as it has been
associated with the types of activities in which they choose
to participate, the level of effort that they expend, their de-
gree of persistence, and their level of performance.*>?! Dif-
ferences in self-efficacy beliefs have been used to explain
markedly different academic performances between stu-
dents of similar ability.?” One study estimated that 35% of
GPA variance among first-year engineering students could
be explained by engineering self-efficacy.'® Other studies
have looked at gender differences in students’ academic self-
efficacy and have observed that male students often report
themselves more efficacious than do female students, de-
spite comparable (and sometimes poorer) achievement.*!-!
There is a strong association between engineering self-effi-
cacy and persistence in engineering for both men and wom-
en.’ In addition to discipline-specific self-efficacy, coping

self-efficacy (a person’s judgement of his/her ability to man-
age stressful circumstances) has been found to be a signifi-
cant predictor of persistence in engineering majors.[333¢

Beliefs about self-efficacy are derived through process-
ing information from four sources: mastery experiences,
vicarious experiences, verbal persuasion, and physiological
states.”! Of these, mastery experiences are the most influ-
ential. When an individual attempts a task, an outcome in-
terpreted as successful raises self-efficacy, but an outcome
interpreted as a failure lowers it. The second source, vicari-
ous experiences, comes from observing others perform ac-
tivities successfully. Self-efficacy beliefs can also develop
as a result of social persuasion, whereby an individual is
led into believing that he or she can successfully complete
a task by verbal statements made by others. Lastly, people
often gauge their confidence by the emotional state they
experience as they contemplate an action. These emotional
reactions to a task (excitement, anxiety, stress, etc.) can lead
to either a positive or negative judgment of one’s ability to
complete the task.”

One study found that interventions involving exposure to
two of the sources of efficacy information (personal perfor-
mance accomplishments and vicarious learning) produced
significant increases in math/science interests between pre-
and post-treatment.”¥ Based upon findings like this, we hy-
pothesized that chemical engineering self-efficacy and cop-
ing self-efficacy could be enhanced by interventions — such
as our proposed ChemE Camp — that target the four sources
of self-efficacy beliefs.”! Specifically, the ChemE Camp
gives exposure to all the sources of efficacy:

1. mastery experiences — a hands-on project that students
complete

2. vicarious experience —observing near-peer role models
like upper-level students

3. verbal persuasion — encouragement from the faculty
and upper-level students

4. emotional arousal — physiological sensations experi-
enced while participating in activities

Contextual Influences
Proximal to Choice Behavior

l

Ability/
Past Performance

Self—Efficﬂ'\ \ i
Performance Performance

Goals/Subgoals
Outcome Expectations

Attainment Level

Figure 1. Model of person, contextual, and experiential factors affecting career-related choice behavior.
Adapted from Lent et al [**
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Student Integration

Another important factor in student retention is integra-
tion, which occurs when a student has a positive percep-
tion of institutional fit, as it relates to interactions within the
academic and social systems of an institution.*! Tinto sug-
gested that individuals are not full participants in a group
until they go through three stages: separation, transition, and
incorporation. In the context of higher education, the sepa-
ration stage requires students to dissociate themselves from
membership in past communities, such as their high school
and their home.?% The transition stage is a period of passage
between these past communities and new communities, and
in the incorporation stage students need to establish mem-
bership in the social and intellectual communities of college
life.’ Tinto suggests that if students are unable to establish
full membership in a community, they will voluntarily with-
draw . Tinto’s model of institutional departure posits that
in order to persist, students need integration into formal and
informal social systems and formal and informal academic
systems.

We believe that the ChemE Camp intervention (described
in more detail below) provides opportunity for such social
and academic integration. Camp activities include team-
building exercises among the sophomore students and a
hands-on project completed in teams comprised of both
sophomore and upper-level students. Upper-level students
also lead presentations and discussions with the workshop
attendees. Faculty and recent alumni also give presentations
and interact with the students informally (lunch, recreational
games/sports, etc.).

Conceptual Model

In the context of our study, we simplify SCCT to the con-
ceptual model detailed in Figure 2 in order to focus on our
key constructs. The SCCT framework hypothesizes that past
performance both directly affects student performance and

persistence as well as indirectly via affecting self-efficacy
beliefs. To address Research Question 1, we model the direct
effects of self-efficacy on the two outcomes of performance
and persistence, taking into account past performance. The
effects of student integration are also assessed. Although
there may be feedback from the performance outcome back
to self-efficacy during the sophomore year, this relationship
in the SCCT framework is not included in our conceptual
model of the study. Research Question 2 addresses the influ-
ence of the ChemE Camp on students’ chemical engineering
self-efficacy, coping self-efficacy, and student integration.

Intervention: ChemE Camp

Offered at our institution since 2016, the “ChemE Camp”
workshop is held just prior to the start of classes in the fall.
It is based on similar workshops and retreats held at other in-
stitutions.[**2 The camp is advertised to students who regis-
ter for the fall offering of the MEB course at a minimal cost
to the student (~$25). This cost covers lunches and snacks
for both days, one year’s membership dues to the AIChE stu-
dent chapter, and an AIChE T-shirt. If the cost of the camp
presents a financial hardship to a student, he or she may ap-
ply for a scholarship to pay this fee. The camp is designed
to occur after campus move-in, but before the start of the
university’s fall quarter. Since the inception of the ChemE
Camp at our institution, 111 students have attended, which
represents 35.3% of eligible first-time chemical engineering
sophomore students.

A list of typical camp activities is shown in Table 1, with
more detailed descriptions of each published previously.*”
All activities take place on campus. The workshop includes
team-building exercises; a hands-on project; career fair
information; a lab tour; presentations from faculty, upper-
level students, and alumni about upcoming classes, the cur-
riculum, and internship opportunities; and some recreational
games. Some of these activities are depicted in Figure 3.

............................ RQ
2-Day Intervention &..........cocoeuvmmrivunrnnnn: R »| Student Integration
(ChemE Camp)
et e ;
iRQ iRQ I
Rl - 2 *RQ1
: RQ
Ability/ Coping Self-Efficacy [~------ oo Performance or Persistence
> (each modeled separately)

Past Performance \ V
Chemical Engineering Self-Efficacy |~ 'FiQ

Figure 2. Conceptual model: simplified model explaining factors affecting student performance and persistence. Dashed lines
indicate relationships previously studied in other contexts that were specifically studied in chemical engineering sophomores.
Dotted lines indicate new hypothesized relationships to be analyzed.
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TABLE 1
List of Activities for the ChemE Camp

Day 1

Day 2

welcome/overview

icebreaker activities

interview preparation tips

hands-on heat transfer project
* ChemE curriculum overview
e alumni industry presentation
* lunch

e ChemE faculty introduction

* team-building exercises

e student/faculty recreation and games

* more icebreakers

e time management & study skills

* Q&A session with ChemE student panel

e ChemE lab tour

e AIChE overview

e alumni industry presentation

e lunch

e student presentations on co-op/internship/REU experiences
e mock interviews

e student/faculty recreation and games

Figure 3. Images from student activities during the ChemE Camp. Clockwise from upper left: students performing team-building
exercises at the challenge course, students working on a hands-on project, attendees asking questions to a panel of upper-level
students, and students on a tour of the unit operations laboratory.
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The workshop allows students to learn more about chemical
engineering generally and upcoming courses in the curricu-
Ium and also serves as an opportunity for them to meet peers
and interact with upper-level students and faculty, in both
formal and informal settings. These types of interactions are
intended to increase the comfort level of the students with
the faculty, which has been shown to be an important factor
in student success. 13 44-46]

Feedback about the Intervention

Feedback about the workshop from the students who at-
tended has been overwhelmingly positive. In free-response
sections of the surveys, camp-attendees have cited many
aspects of the camp to be beneficial: meeting and getting
to know other students and faculty, hearing from upper-
level students about their internship experiences, learning
more about the curriculum, receiving advice regarding the
Career Fair, and getting tips on building better study hab-
its. Testimonials from students who participated in the camp
have been recorded (as shown in Figure 4) and are used in a
short advertisement video describing the camp activities and
the observed benefits of the camp.

iend this camp to every rising o

Figure 4. A screenshot from a dissemination video that
includes testimonials from past camp attendees.

DIVERSITY, EQUITY, AND INCLUSION

Attempts were made to make the workshop as inclusive
as possible. In addition to the standard advertisement of the
camp to all rising sophomore chemical engineering students
(via email messages and academic advising discussions),
efforts were made to reach out to student groups on campus
like the Society of Women Engineers and the National
Society of Black Engineers to encourage participation.
Participation in the workshop from several underrepresented
groups was greater than expected from general student body
demographics. Female students made up 56.3% of the camp
attendees during the studied period, Black students made
up 8.3%, and Hispanic/Latino students made up 8.3%,
compared to 37.8%, 5.6%, and 4.4% for these groups,
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respectively, in the chemical engineering sophomore student
body at our institution during this time, based on academic
records. Due to the small number of students from each
underrepresented group, we lacked the statistical power to
perform any additional analyses to differentiate the effects
of the camp among the different groups.

The selection of upper-level students asked to help with
the camp and participate in the activities was made with rep-
resentation in mind. Female, Black, and whenever possible,
Hispanic/Latino, Alaskan Native/American Indian, and
Native Hawaiian/Pacific Islander students were invited to
give presentations, assist with hands-on projects, join team-
building exercises, participate in the Q&A session with the
student panel, etc., to provide a diverse group of near-peer
role models. 51.5% of the upper-level students helping with
the camp were female, 12.1% were Black, and 6.1% were
Hispanic/Latino. Also, as mentioned earlier, a scholarship
covering the cost of the camp was available for any student
for whom the registration fee presented a financial hardship.

RESEARCH DESIGN

Data Collection

Surveys were administered to all consenting' chemical
engineering sophomores ? in the fall at the start of the first
MEB class meeting (“Pre-Soph”) and in the spring just be-
fore the withdrawal deadline (7 weeks into 10-week quarter)
in the sophomore Fluids course (“Post-Soph™). These sur-
veys included subscales from several published instruments,
described below. The same surveys were also administered
to students attending the ChemE Camp at the beginning of
the camp (“Pre-Camp”)*. The grades of students consenting
to the study were collected via academic records. Longer-
term measures of academic achievement and persistence
will focus on the final GPA of graduating students in chemi-
cal engineering courses and the percentage of students who
earn the BS degree in chemical engineering within four
years of the first attempt of the MEB course. Given the lim-
ited timeline of our sponsored study, we will not be report-
ing on these outcomes here. Instead, this study focuses on

1. Students were informed of the study requirements and signed a consent
form. This research was approved by the institution’s Institutional Review
Board (approval #HUC 18-014).

2. Here, sophomore is defined as a student attempting the MEB course for
the first time in the fall. In the studied institution’s curriculum, the fall of the
sophomore year is the standard timing of the course.

3. A “Post-Camp” survey had previously additionally been administered
to camp attendees at the end of the camp. The “Pre-Soph” survey was
administered two days later, over a period in which the students received no
additional treatment/intervention. Unsurprisingly, the “Post-Camp” survey
results were statistically indistinguishable from the “Pre-Soph” survey
responses of the camp attendees. Therefore the “Post-Camp” survey was
eliminated to reduce survey fatigue.

95



academic performance in sophomore-level courses and the
“intent to persist” (described below) as measures of achieve-
ment and persistence, respectively.

Measures (Summarized in Table 2)

Ability/Past Performance — Ability/past performance is
operationalized using academic record data for students’
college GPA at the end of the first year.

Chemical Engineering Self-Efficacy — Chemical engineer-
ing self-efficacy was assessed using the General Engineering
Self-Efficacy subscale developed by Mamaril et al.*”! with
items modified by replacing “engineering” with “chemical
engineering.” Students were asked to indicate their level of
certainty in statements such as “I can master the content in
the chemical engineering-related courses I am taking this
quarter.”

Coping Self-Efficacy — Coping self-efficacy was assessed
using the Longitudinal Assessment of Engineering Self-Ef-
ficacy (LAESE)"® coping self-efficacy subscale modified by
Concannon and Barrow.*! Students were asked to indicate
their level of agreement with statements such as “I can cope
with not doing well on a test.”

Student Integration — To assess student integration, we
used the Social Integration and Academic Integration sub-
scales of the Engineering Student Integration Instrument
(ESII) developed by Lee et al.,” modified by replacing “en-
gineering” with “chemical engineering.” Students were in-
structed to indicate their level of agreement with statements
such as “I can effectively work in study groups with other
chemical engineering students.”

Performance — Short-term performance measures used
for this study are the grades earned in representative sopho-
more-level chemical engineering courses (material and en-
ergy balances, thermodynamics, calculus, differential equa-
tions, fluids, and organic chemistry). To account for a very
lenient course withdrawal policy at the studied institution,
an adjusted GPA is calculated by dividing the total grade

points earned by the total number of attempted credit hours
(including withdrawals).

Persistence — A short-term proxy for persistence, intent to
persist, is modeled after work by Lent and colleagues with
survey items asking students to indicate their level of agree-
ment with statements about their academic intentions such
as “I intend to remain enrolled in my engineering major over
the next quarter” and “I am considering changing majors.”!

In addition to the quantitative instruments described
above, the surveys also include free-response questions
seeking feedback about the camp which are used for for-
mative assessment and improvement of the workshop. The
entire survey can be found in a previous publication.!”!

Analysis

To address Research Question 1, we tested each of the rela-
tionships shown in our conceptual model for each of the out-
comes using hierarchical multiple linear regression (using R
software). In accordance with our conceptual model, prior
achievement will affect performance and intent to persist
both directly as well as mediated through self-efficacy. We
hypothesized that the coefficient from each factor (chemical
engineering self-efficacy, coping self-efficacy, and student
integration) to each outcome (academic performance and
persistence) will be statistically significant.

To address Research Question 2, the survey responses of
students attending the ChemE Camp at two time points were
directly compared using paired Student’s #-tests. Effect sizes
were interpreted using Cohen’s d-value: small (d = 0.2), me-
dium (d = 0.5), and large (d = 0.8).5"

The immediate effects of the ChemE Camp were assessed
by comparing survey results from just before the camp (Pre-
Camp) and just before the MEB course (Pre-Soph), a period
of 3 days. Any changes in self-efficacy or student integration
ratings deemed statistically significant would suggest that
the intervention had an impact on these outcomes. To test
whether any immediate ChemE Camp intervention effects

TABLE 2
Variables and Outcomes to Be Measured

Factor

Outcome

General ability (prior achievement)
¢ First-year GPA

Self-efficacy
¢ Chemical engineering self-efficacy

e Coping self-efficacy

Student Integration

e Social & Academic Integration

Performance
e Adjusted Second Year ChemE GPA
¢ Final ChemE GPATY

Persistence
¢ Intent to Persist

¢ Graduation rate within 4 years of 1st MEB attempt’

1 Longer term outcomes being measured but not reported here.
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were lasting, the Pre-Soph survey results were compared to
the Post-Soph results. Any changes were compared to the
changes observed from the non-camp attending cohort from
Pre-Soph to Post-Soph to account for activities common to
both cohorts during the sophomore year.

Due to the use of multiple comparisons in the study, we
have divided our critical p-value (0.05) by the number of
test comparisons run, 6 (4 ¢-tests + 2 regression analyses),
to arrive at a study-wise critical p-value of 0.0083. Thus, p-
values < 0.0083 are considered statistically significant.

RESULTS

Sample Size

We collected survey and grade data over the past four aca-
demic years (Fall 2019-Spring 2023). The global pandemic
hurt survey response rates in 2020, and our focus on students
attempting the MEB course for the first time in the fall (leav-
ing out students repeating the course or off-track in the cur-
riculum) further limited the usable data. Additionally, only
cohorts for which we have complete survey data (i.e., Pre-
Camp, Pre-Soph, and Post-Soph for campers and Pre-Soph
and Post-Soph for non-campers) were included in our analy-
sis. This left us with 34 campers (average Pre-Soph GPA of
3.67, standard deviation of 0.27) and 41 non-campers (av-
erage Pre-Soph GPA of 3.55, standard deviation of 0.38).
These 75 responses are analyzed and presented below.

Effect of Self-Efficacy and Student Integration on
Academic Performance and Persistence

Prior to conducting the planned hierarchical multiple-
regression analyses, we checked the assumptions of multiple
regression for each of the two relevant outcome variables’
models — academic performance and persistence. To test
for independence of residuals, we ran the Durbin-Watson
test and obtained nonsignificant values (all p greater than

0.15), supporting the tenability of the assumption. To test
for linearity, homoscedasticity, and normality of residuals,
we inspected scatterplots and Q-Q plots and observed
no departures from linear relationships, no funnel shape
in residual plots, and no departure from main diagonal,
supporting the tenability of each of the three assumptions,
respectively. To test for the absence of multicollinearity, we
assessed each variable’s variance-inflation factor; all values
fell within the recommended -2/+2 range, supporting the
tenability of the assumption.

Having passed all assumption checks, we then conducted
separate sets of hierarchical multiple-regression analyses,
one set for each of the two outcome variables. In the first step
of each model, we entered college GPA at the end of the first
year to control for ability/past performance. In the second
step of each model, we added each of the three hypothesized
predictor variables to the model: chemical engineering self-
efficacy, coping self-efficacy, and student integration. The
results of these analyses are presented in Tables 3 and 4 for
academic performance and persistence, respectively.

For the academic performance outcome variable,
when controlling for ability/past performance, none of
the three hypothesized predictors were shown to explain
additional variance individually, nor did the overall model’s
explanatory power increase in the second step. For the
persistence outcome variable, among the three hypothesized
predictors, coping self-efficacy was shown to explain a
statistically significant amount of additional variance, with a
standardized regression weight of 0.40 (p < 0.0083), which
is a medium-sized effect; taken together, the predictors
contributed an additional 17% of explained variance in
persistence, which was a statistically significant difference
(p < 0.0083). This offers partial support for the second
hypothesis associated with Research Question 1, specifically
in terms of the contribution of coping self-efficacy to the
prediction of persistence. All other hypotheses, including
the link between coping self-efficacy and academic
performance, were not supported.

TABLE 3
Results of Hierarchical Multiple Regression for the Academic Performance Outcome Variable,
Using Standardized (Beta) Values

Predictor Variables Step 1 Step 2
College GPA at end of first year 0.62%* 0.61%*
Chemical Engineering Self-Efficacy 0.02
Coping Self-Efficacy -0.14
Student Integration 0.22
R? 042
R? change (0.397%* 0.03

*p < 0.0083; **p < 0.001.
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TABLE 4
Results of Hierarchical Multiple Regression for the Academic Persistence Outcome Variable,
Using Standardized (Beta) Values

Predictor Variables Step 1 Step 2
College GPA at end of first year -0.07
Chemical Engineering Self-Efficacy 0.06
Coping Self-Efficacy 0.40%*
Student Integration -0.01
R? 0.18
R? change 0.17*

*p < 0.0083; **p < 0.001.

Effects of the Camp

The self-efficacy results from the past four academic years
are shown in Figure 5. The data reflect an improvement of
the campers’ self-efficacy from Pre-Camp to Pre-Soph. The
effect is statistically significant for both chemical engineer-
ing self-efficacy and coping self-efficacy, with a medium ef-
fect size for both (p-values and d-values are shown in the
plots). Campers show slight decreases in these ratings from
Pre-Soph to Post-Soph, while the non-camper cohort shows
almost no change in ratings over this span. None of the
changes seen over the course of the sophomore year were
statistically significant.

Figure 6(a) shows the average student ratings of social
integration and academic integration over the same four
academic years. Campers showed a statistically significant
increase in this rating from Pre-Camp to Pre-Soph, with a
medium effect size. The camper cohort’s average rating de-
creases throughout the sophomore year from Pre-Soph to
Post-Soph while the non-camper cohort’s average rating in-
creased. Neither change is statistically significant, but both
register as a small effect using Cohen’s metrics (p-values
and d-values shown in the figure). Figure 6(b) shows the av-
erage student ratings of intent to persist. Campers exhibited
almost no change in the average rating from Pre-Camp to
Pre-Soph, and both camper and non-camper cohorts showed
a slight increase in the rating from Pre-Soph to Post-Soph,
though these increases were not statistically significant or of
even small effect. It seems reasonable that the non-camper
cohort would make up some ground on the camper cohort
in terms of social and academic integration over the course
of the academic year, as shown in Figure 6(a), given that
these students will have met and interacted with classmates
and faculty in the major during their courses. It also seems
sensible that students who have remained in the major into
the spring quarter will rate their intent to persist in the major
higher than at the beginning of the fall quarter, as shown in
Figure 6(b).
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Some interesting observations can be made from the data
shown in Figures 5 and 6. The cohort of students who at-
tended the camp showed statistically significant increases in
chemical engineering self-efficacy, coping self-efficacy, and
social and academic integration. Further, these camp partici-
pants showed no statistically significant changes from their
boosted ratings through the academic year. Despite making
small gains in social and academic integration, non-partic-
ipants also showed no statistically significant changes over
the academic year and had the lower average rating at both
timepoints on every construct. These findings highlight the
transition to the sophomore year as a critical point for inter-
ventions aimed at improving student outcomes.

In the free response section of the written surveys admin-
istered to the students, camp attendees were asked “What
aspect(s) of the camp did you find particularly beneficial?”’
Of the 34 responses, two were positive but vague (“Honest-
ly, all of it” and “Pleasant and helpful experience”). Among
the remaining responses, 15 cited interactions with upper-
level students, 13 cited learning more about the curriculum
and upcoming classes, six cited interactions with faculty,
six cited meeting and interacting with peers/classmates, five
cited learning about internships, five cited study tips they
received, and various other aspects of the camp received one
or two citations. The large number of responses citing in-
teractions with upper-level students, faculty, and peers sug-
gests that students participating in the camp appreciated the
opportunity for greater social and academic integration.

One of the camp activities was a question-and-answer
panel with upper-level students, where camp attendees
could ask these students anything they wanted. The topics of
the questions asked ranged widely, from advice on finding
an internship to which elective courses were most popular,
but many focused on the difficulty of upcoming courses in
the curriculum. Camp participants would ask “which class is
the hardest?” and “how did you get through it?” and various
variations of these questions. The upper-level students then
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Figure 5. Average student survey ratings of (a) chemical engineering self-efficacy and (b) coping self-efficacy from Fall 2019
to Spring 2023. Error bars indicate the 95% confidence interval.
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Figure 6. Average student survey ratings of (a) social integration and academic integration and (b) intent to persist from
Fall 2019 to Spring 2023. Error bars indicate the 95% confidence interval.

shared their experiences and described how much they had
to study and how efficiently they had to manage their time,
and some shared their experiences of not doing well on an
exam or even having to re-take a course. Hearing that these
near-peer role models were able to be successful, in some
cases even after initially struggling, likely had an influence
on the self-efficacy (both discipline-specific and coping) of
the students attending.

CONCLUSIONS

The survey data indicate that a well-designed two-
day intervention targeting multiple sources of efficacy

Vol. 59, No. 2, Spring 2025

information (mastery experiences, vicarious experiences,
verbal persuasion, and emotional arousal) can provide
a robust and lasting boost to sophomores’ chemical
engineering self-efficacy, coping self-efficacy, and academic
and social integration. These results can inform efforts to
develop and modify interventions like this workshop to
improve student success. Since the workshop activities
are based on broad themes (team building, integration with
upper-level students, informal interaction with faculty, etc.),
they could easily be adapted to create similar workshops
for other STEM disciplines. This is particularly helpful for
programs with significant attrition in barrier courses found
early in the curriculum. One of the workshop’s aims is to
improve student comfort in engineering, addressing calls “to
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make engineering programs more engaging and relevant and
expand efforts to make them more welcoming.”*

While our results do not offer quantitative support for a
link between the factors of chemical engineering self-effi-
cacy and student integration and the outcomes of academic
performance and persistence, or between coping self-effi-
cacy and academic performance, as were all hypothesized
in response to Research Question 1, there is a substantial
body of literature in similar contexts which shows a posi-
tive correlation between student self-efficacy and academic
achievement ! and between social and academic integra-
tion and student engagement and success.'"!33 Most of
these studies have much larger sample sizes than our own.
Despite the limited statistical power of our study, we were
still able to demonstrate the impact of our two-day inter-
vention on students’ self-efficacy and integration and show
a link between coping self-efficacy and students’ intent to
persist in the major.
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