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ABSTRACT
Oral proficiency exams implemented in introductory programming
courses at a public, research, minority-serving university provide a
way to connect with students one-on-one, keep students account-
able on the course material to improve their learning, and help
improve feelings of belongingness in the learning environment.
This study analyzes data disaggregated based on majority and un-
derrepresented demographic groups by gender, race/ethnicity, and
parental education level, to investigate the following three research
themes across all groups: (1) to determine the impact of the oral ex-
ams on student motivation for independent learning; (2) to compare
student stress levels related to the oral exams; and (3) to compare
belongingness and final course performance. Student survey data
was collected and analyzed following the oral exam intervention.
For research theme (1), students across nearly all demographic
groups reported that oral exams improved their understanding of
the material and encouraged them to do more independent work.
For research theme (2), students in some underrepresented groups
reported higher stress levels than their majority group peers, and
all groups reported a reduction in stress level after completing the
oral exam. For research theme (3), students in some underrepre-
sented groups reported lower sense of belonging and had lower
final course performance than their majority group peers.
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1 INTRODUCTION
This study of oral proficiency exams is motivated by three factors:
(1) large CS enrollments; (2) broadening participation in CS; and (3)
developing low stakes assessments.

Large CS Enrollments: Computer science has seen a rapid in-
crease in enrollment over the past 5-10 years, which has resulted in
large classes on the order of hundreds of students. With the contin-
ued increase in enrollment, the CS course experience is at a greater
risk of impersonality with students lacking a sense of belonging,
likely more severely for students in underrepresented groups. In
some cases, students can go throughout an entire course with lit-
tle interaction with other students or the instructor. This lack of
personal connection to the course can also lead to an increase in
academic misconduct.

It has been shown that higher perceived teacher support and
school belonging is correlated with less school misconduct [6]. The
same study also showed that higher peer attachment is also asso-
ciated with higher rates of school misconduct. The most common
reason students cite for choosing to commit academic misconduct
is grade pressure [1]. With large and increasing enrollments, the
vast majority of introductory programming courses use traditional
written assessment.

Broadening Participation in CS:. As enrollments increase, we
have an even bigger challenge of diversifying the students studying
CS [11]. It is important that we are measuring the effects of our
existing curriculum on underrepresented groups. However, it is
especially important that we measure effects of our new curriculum
on underrepresented groups. Since we are still nowhere near gender
parity and far from having adequate representation from all racial,
ethnic, and socio-economic groups, we must prioritize analyzing
new curriculum in disaggregated form [12]. When we only look
at it in aggregated form, we are only learning from the majority
student population in the current state of the CS population.

The Need for Alternative Assessment Methods: With the goal
of providing a more inclusive classroom combined with increase
in remote learning, many educators have been rethinking assess-
ment. Most recently with the increase in remote learning due to
the COVID-19 pandemic, there has been an increased interest in
alternative ways of administering assessment largely motivated
by the lack of proctoring in the online environment (while main-
taining student privacy concerns). One type of assessment that
has been used in CS classrooms for a variety of reasons is low-
stakes, frequent assessment. For example, some use lab exams [3]
or regular quizzes [7] to help mitigate academic misconduct on
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assignments. Some faculty have turned to low-stakes mastery as-
sessments [2, 8, 14] and have experienced some success in various
ways. However, a six-year study on designing a course which was
self-paced with mastery-based assessment (without a high-stakes
final exam) found that it led to increased procrastination, which
was more pronounced for lower achieving students [18]. Others
have developed techniques for uniquely-generated exams for each
student [21]. Many instructors have transitioned to asynchronous
exams to allow time-flexibility for students. One strategy to mit-
igate academic misconduct during asynchronous exams is to use
randomized questions, which helps to limit the score advantage
compared to synchronous exams [23].

The results of a previous study [9] stress the importance of fac-
ulty engagement, rather than serving as gatekeepers, with students
in introductory STEM courses. The study describes the importance
of an engaged faculty through the addition of active learning, fre-
quent feedback, and student-faculty contact, all of which can be
achieved using oral exams.

1.1 Research Goals
In this study, oral proficiency exams are implemented in introduc-
tory programming courses to address belongingness and academic
integrity issues stemming from large class enrollments. The goal of
this study is to understand what differences exists in how students
experience oral proficiency exams; in particular, what differences
exist by gender, race/ethnicity, and parental education level. The
three research questions of this study are:

(1) What is the impact of the oral exams on student motivation
and learning independence across all groups?

(2) How do student stress levels related to the oral exams com-
pare across all groups?

(3) How does belongingness and final course performance com-
pare across all groups? How do these potential belongingness
and/or course performance deficits relate to (1) and (2)? How
might these relationships be helpful in understanding how
to implement the oral proficiency exams going forward?

2 BACKGROUND
This paper discusses the analysis and results of an oral proficiency
exam intervention in introductory programming courses. Previous
studies have designed and implemented oral exam assessments in
introductory computer science courses. In one study, students rated
the difficulty of oral exams equivalent to their traditional written
exams [17]. In another study, the oral assessment was designed to
mitigate academic misconduct, advance student communication
skills, and alleviate negative emotions associated with traditional
exams [22]. Another study concentrated on theoretical computer
science courses and found oral exams more effective than written
exams as an evaluation method [10].

To our knowledge, the comparison of how students from under-
represented groups experience oral exams as compared to majority
groups has not been studied previously.

3 STUDY DESIGN
The oral proficiency exams implemented in this study follows the
intervention design presented in [20]. In summary, oral proficiency

exams were implemented in two different introductory CS courses
taken primarily by non-CS-major engineering students, taught
by two different instructors at a public research minority-serving
university during the Spring 2019 and Fall 2019 semesters. The
oral proficiency exams provided an opportunity for each student
to meet individually with a Teaching Assistant (TA) or Instructor
to discuss the core programming concepts of the course in the
context of code that the student wrote for a previous assignment.
To reduce tension, the TAs were trained to keep the oral exams as an
informal discussion focused on the coding constructs implemented
in the student’s code. The oral exams required students to analyze,
explain, or adapt code based on the examiner’s questions focused
on core proficiencies of the introductory programming course. The
evaluation of student performance on the oral proficiency exams
was designed to have limited impact on their overall course grade
to reduce anxiety for this intervention and to keep the focus on
making it a learning experience. However, students were required
to pass each oral exam, in order to pass the course. They were given
an opportunity to retake the exam if they did not pass. After the
final oral proficiency examination, students completed a survey that
collected demographic information, responses to general questions
about belongingness, and feedback on whether the oral proficiency
exams improved or hindered their learning. Full details about the
oral proficiency exam logistics and exam questions are provided in
[20].

A total of 310 students participated in the oral proficiency exam
intervention and completed the follow-up survey. The student par-
ticipants included 222 males and 84 females. Full details on the
student demographics, including gender, race/ethnicity, and high-
est parental educational level (PEL), are given in Table 1 (sample
sizes shown in column labeled n). The two courses had total en-
rollments of 101 and 287 in Spring 2019, and 122 and 238 in Fall
2019.

Prior analysis of aggregated student survey data upon comple-
tion of the intervention shows that the oral proficiency exams moti-
vate students to improve their understanding of the course material
and encourage them to do more independent work [20]. Addition-
ally, students reported a significant intervention-related stress level
reduction after completing the first oral proficiency exam. Students
who reported lower and more variable feelings of belongingness
in CS had significantly higher stress levels (both before and after
the first oral exam intervention) but experienced a greater stress
reduction upon completion of the initial oral proficiency exam.

The goal of this study is to analyze disaggregated data based
on demographics (by gender, race/ethnicity, and PEL) to study
belongingness deficits and variability in underrepresented groups
and the associated effects of the oral proficiency exams.

4 METHODS
The post-intervention student survey used in this study is identi-
cal to the full survey appended in [20]. Data collection was IRB-
approved for all semesters, and students gave consent for their
survey responses and course grades to be included in this study.
The survey has three parts. Part I: Demographics collects informa-
tion on the student’s gender, race/ethnicity, and PEL. The options
for gender were male, female, non-binary, and other. We recognize
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that there are more inclusive ways to structure the gender demo-
graphic survey prompt. The non-binary (n = 2) and other (n = 2)
groupswere excluded in the analysis due to the low sample sizes and
associated lack of anonymity risk. Similarly, race/ethnicity groups
included as survey options but with low sample sizes (i.e. n < 5)
are not included in the analysis. Part II: Belongingness includes
nine questions pertaining to the student’s feelings of belonging
in the course and computer science generally. The belongingness
questions come from a validated survey instrument [26] that was
originally developed to study a one-time belongingness interven-
tion aimed at retaining students in college [4, 25, 27, 28]. Part III:
Oral Exam Feedback asks the student to rate the effectiveness of
the oral exams at motivating them to improve their understanding
of the material and work independently, in addition to associated
levels of stress. In order to address the research questions, analysis
of the survey results, disaggregated by gender, race/ethnicity, and
PEL, is broken into three primary components: (1) student reported
motivation for deeper concept knowledge and independence in
their work; (2) student reported stress levels before and after com-
pleting the oral exams; and (3) student performance in the course
and reported belongingness.

The student responses for each survey prompt are quantified,
and the sample means for each demographic group are calculated.
Most of the survey questions use a six-point Likert scale for the
possible answer options, which are quantified as 0 = “Strongly dis-
agree” to 5 = “Strongly agree.” Similarly, difficulty in learning to
program is quantified as 0 = “Extremely Easy” to 5 = “Extremely
difficult,” and interest in majoring or minoring in CS is quantified as
0 = “Extremely not interested” to 5 = “Extremely interested.” Two
belongingness questions use a five-point scale: course enjoyment is
quantified as 0 = “Not at all” to 4 = “A lot,” and plans to take future
CS courses is quantified as 0 = “Definitely will not” to 4 = “Definitely
will.” There are also two belongingness image prompts. In the first,
students select among five curvy lines with varying frequencies to
represent their variability in feelings of belonging in the CS course,
with 0 = straight line with no curve (no variability in belongingness)
to 4 = curvy line with the highest frequency (extreme variability
in belongingness). The second image survey prompt has students
select among images with a stick figure representing themselves
at different proximities to the rest of the group to represent their
overall feelings of belonging in the CS course, with 0 = closest prox-
imity (high overall belongingness) to 3 = furthest proximity (low
overall belongingness).

The mean quantified survey responses for each demographic
group are summarized in the tables in the next section. Statisti-
cally significant differences among the demographic groups are
determined using two-sample two-tailed t-tests assuming equal
variances. In all cases, a reference group for comparison is chosen
as the majority group, i.e. the group with the greatest sample size, n.
In all cases, the hypothesized difference from the reference group is
zero. The reference groups for gender, race/ethnicity, and PEL are
the male group, the White (non-Hispanic) group, and the bachelor’s
degree group, respectively. Mean differences from the reference
group are deemed statistically significant for p < 0.05, which is
denoted in the tables using asterisks (see table captions for details).
Disaggregating the total group into six different PEL groups results
in moderate sample sizes for each PEL group. Thus, for statistical

Table 1: Mean reported levels of motivation to improve un-
derstanding of course content and independence in work
due to the oral proficiency exams. The shaded gray rows sig-
nify the t-test reference groups, where significant results are
marked *** (p < 0.001), ** (p < 0.01), * (p < 0.05), or ∼ (p < 0.1).

Deeper
Content
Knowledge

Independent
Work n

All Students 3.07 2.86 310

Gender
Male 3.09 2.92 222
Female 3.08 2.81 84

Race/Ethnicity
White (non-Hispanic) 2.87 2.55 103
Asian/Asian American 3.25 ∼ 3.03 * 95
Black/African Amer. 2.86 2.64 14
Hispanic or Latino 3.09 2.97 * 88

Parental Education Level
Graduate Degree 2.88 2.58 57
Bachelor’s Degree 3.16 2.86 86
Tech./Assoc. Degree 2.73 2.42 26
Some College 2.89 2.93 55
High School 3.26 3.11 57
Grade School 3.45 3.21 29

analysis of the belongingness data, an additional regrouping is used
with two PEL categories: bachleor’s+ (composed of bachelor’s and
graduate degree groups) and <bachelor’s (composed of all other PEL
groups).

4.1 Potential Threats to Validity
Participant consent and data collection occurred in the last week of
the class. Therefore, any students who dropped the course are not
included in the study. Students were given no incentive to consent
to the research or fill out the survey. Both of these conditions of the
study pose a threat to the randomness of the participant sample.
Secondly, the oral exams were implemented in two different courses
and over multiple semesters, taught by two different instructors and
supported by different teams of TAs who ran the oral exams. The
work presented here does not take into consideration the effects of
course, instructor, semester, or teaching staff.

5 RESULTS
5.1 Motivation for Deeper Content Knowledge

and Independent Work
The disaggregated survey results for reported motivation for deeper
content knowledge and independent work due to the oral profi-
ciency exams are summarized in Table 1. All but one of the mean
values are above 2.5 (where 2 = Somewhat disagree and 3 = Some-
what agree), representing an increase in student reported motiva-
tion for deeper understanding of course concepts and independence
in their work in preparation for the oral proficiency exams across
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Table 2: Mean reported stress level comparison before vs. af-
ter the oral exam intervention, along with mean stress level
difference. The shaded gray rows signify the t-test reference
groups, where significant results are marked *** (p < 0.001),
** (p < 0.01), * (p < 0.05), or ∼ (p < 0.1). The positive mean
difference is significant at *** (p < 0.001) for all groups.

Stress
Level
Prior

Stress
Level
After

Difference
*** n

All Students 2.97 1.88 1.09 310

Gender
Male 2.90 1.83 1.06 222
Female 3.15 2.02 1.13 84

Race/Ethnicity
White (non-Hispanic) 2.69 1.55 1.14 103
Asian/Asian American 2.91 2.06 * 0.84 95
Black/African Amer. 3.21 2.36 ∼ 0.86 14
Hispanic or Latino 3.26 ** 2.07 * 1.20 88

Parental Education Level
Graduate Degree 2.42 ** 1.42 * 1.00 57
Bachelor’s Degree 3.13 2.08 1.05 86
Tech./Assoc. Degree 2.72 1.76 0.96 26
Some College 3.15 2.22 0.93 55
High School 3.07 1.79 1.29 57
Grade School 3.24 1.90 1.34 29

all demographic groups. There is very little difference in the mean
reported motivation levels for the gender groups, while the mean
motivation levels are more widely spread across race/ethnicity and
PEL groups. Compared to theWhite (non-Hispanic) group, the Asian
or Asian American group and the Hispanic or Latino group reported
significantly higher levels of motivation for independent work.

5.2 Stress Levels
The disaggregated survey results for reported stress levels before
and after the oral proficiency exams are summarized in Table 2.
The reduction in reported stress level (i.e. Difference = Stress Level
Prior - Stress Level After) is statistically significant with p < 0.001
using a paired-sample two-tailed t-test for all demographic groups.
The groups with high (i.e. > 3.15) mean reported stress level prior
to the first oral proficiency exam are female (3.15), Black or African
American (3.21), Hispanic or Latino (3.26), and first-generation col-
lege students with PEL of some college (3.15) and grade school (3.24),
which are all underrepresented groups in STEM. The groups with
high (i.e. > 1.10) mean reduction in reported stress levels are female
(1.13), White (non-Hispanic) (1.14), Hispanic or Latino (1.20), and
PEL of high school (1.29) and grade school (1.34), whereas the groups
with low (i.e. < 0.90) mean reported reductions in stress levels are
Asian or Asian American (0.84) and Black or African American (0.86).
Compared to theWhite (non-Hispanic) group, the Hispanic or Latino
group reported significantly higher levels of stress both before and
after the oral exams, while the Asian or Asian American group
reported significantly higher levels of stress after the oral exam.

Table 3: Mean overall course scores. Shaded gray rows sig-
nify t-test reference groups, where significant results are
marked *** (p < 0.001), ** (p < 0.01), * (p < 0.05), or ∼ (p < 0.1).

Final Course
Cumulative
Score n

All Students 86.42 240

Gender
Male 86.11 172
Female 87.48 64

Race/Ethnicity
White (non-Hispanic) 88.81 83
Asian/Asian American 88.67 67
Black/African Amer. 78.34 ** 9
Hispanic or Latino 82.34 *** 71

Parental Education Level
Graduate Degree 91.20 48
Bachelor’s Degree 88.79 59
Tech./Assoc. Degree 85.01 22
Some College 83.47 * 42
High School 83.56 * 44
Grade School 82.90 * 25

Compared to the bachelor’s degree PEL group, the graduate degree
group reported significantly lower levels of stress both before and
after the oral exams.

5.3 Overall Course Performance
As a measure of overall course performance, the mean final course
cumulative score for each group is summarized in Table 3. Perfor-
mance on the oral exam was evaluated as Meets Expectations vs.
Below Expectations for core proficiency programming concepts. All
students in the study who received a passing grade in the course
were evaluated at the Meets Expectations level (or higher) on the
oral proficiency exams, which required some students to retake an
oral exam to achieve the passing mark. Additionally, there were
no instances of students failing the course solely due to poor per-
formance on the oral exams. Since the oral exam was designed
with a binary performance evaluation, the overall course cumu-
lative score is the best metric for evaluating student proficiency
of the course material. Whereas the effects of the oral proficiency
exams on overall course performance (in addition to belongingness,
course enjoyment, future interest in CS, etc.) cannot be determined
from these results, no student’s overall course performance was
negatively impacted by poor performance on the oral exams in
this study. The average overall course score is similar between the
two courses in this study (i.e. 86.17 and 87.11). The sample sizes
for each group are smaller in Table 3 than the other tables due to
a separate consent for grade release. There is no significant differ-
ence in course performance between the gender groups, with the
femalemean score slightly higher than themale group. The Black or
African American and Hispanic or Latino groups performed signifi-
cantly lower than the majority race/ethnicity reference group. The
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Table 4: Mean quantified responses for belongingness-related survey prompts. The shaded gray rows signify the t-test refer-
ence groups, where significant results are marked *** (p < 0.001), ** (p < 0.01), * (p < 0.05), or ∼ (p < 0.1).

Enjoyed
Course

Difficulty
Learning
to Program

Don’t
Belong
when
Things
Go
Wrong

Many
Different
People
Can
Program

Easy to
Foretell
Program-
ming
Potential

Future
CS
Interest

CS Major
or Minor
Interest

Belonging
Variabil-
ity

Overall
Belong-
ing n

All Students 2.47 2.81 2.08 4.10 2.14 2.23 2.37 1.35 1.22 310

Gender
Male 2.45 2.81 1.90 4.04 2.20 2.22 2.35 1.24 1.22 222
Female 2.51 2.80 2.49 ** 4.23 1.98 2.26 2.43 1.60 * 1.18 84

Race/Ethnicity
White (non-Hispanic) 2.47 2.73 1.75 4.12 1.92 2.21 2.30 1.07 1.12 103
Asian/Asian American 2.49 2.80 2.25 * 4.01 2.44 ** 2.39 2.67 ∼ 1.48 ** 1.16 95
Black/African Amer. 2.00 3.43* 2.43 4.36 1.50 2.20 1.57 ∼ 1.64 ∼ 1.43 14
Hispanic or Latino 2.43 2.92 2.69 ** 4.22 2.08 2.08 2.23 1.38 ** 1.41 * 88

Parental Education Level
Graduate Degree 2.75 * 2.47 1.77 4.09 2.23 2.51 ∼ 2.72 ∼ 1.25 1.00 57
Bachelor’s Degree 2.30 2.71 2.09 4.17 2.25 2.13 2.26 1.23 1.17 86
Tech./Assoc. Degree 2.46 2.96 2.08 4.40 1.84 2.36 2.56 1.15 1.16 26
Some College 2.24 2.96 2.18 3.95 2.11 2.07 2.38 1.67 * 1.20 55
High School 2.56 2.93 2.05 3.88 2.04 2.16 2.09 1.33 1.42 57
Grade School 2.69 3.07 2.48 4.41 2.14 2.31 2.41 1.55 1.48 ∼ 29
Bachelor’s+ 2.48 2.62 1.97 4.14 2.24 2.28 2.44 1.24 1.10 143
<Bachelor’s 2.46 2.97 ** 2.17 4.07 2.05 2.19 2.31 1.46 ∼ 1.31 * 167

some college, high school, and grade school PEL groups performed
significantly lower than the majority PEL reference group. Further-
more, the mean performance scores consistently trend lower as
PEL decreases.

5.4 Belongingness
In addition to the survey questions analyzed above that directly
address the student feelings toward the oral proficiency exams,
data was also collected on student feelings of belongingness in the
course and more generally in CS. The disaggregated survey results
for the nine questions related to belongingness are summarized in
Table 4. Compared to the majority reference groups, the significant
differences in reported belongingness by the non-majority groups
are as follows:

• Female, Asian or Asian American, and Hispanic or Latino
groups reported higher levels of non-belonging when things
go wrong.

• Female,Asian or Asian American,Hispanic or Latino, and some
college PEL groups reported higher levels of belongingness
variability.

• Hispanic or Latino and <bachelor’s groups reported higher
levels of overall belongingness.

• Black or African American and <bachelor’s groups reported
higher levels of difficulty in learning to program.

• Asian or Asian American group reported higher levels of ease
in foretelling programming potential.

• Graduate degree PEL group reported higher levels of enjoy-
ment of the course.

The mean reported values for the Black or African American group
are the greatest amongst the race/ethnicity groups for belonging-
ness variability and overall belonging, in addition to the least enjoy-
ment of the course and the least interest in majoring or minoring
in CS. However, these results lack statistical significance due to the
relatively low sample size (n = 14).

6 DISCUSSION
In this section, the results are summarized for each group, split
by demographic categorization, followed by a suggestion for CS
educators with ideas on effectively implementing oral proficiency
exams with sensitivity to belongingness deficits and stress level
disparities.

6.1 Gender
The female group self-reported belongingness deficits (specifically
when things go wrong) and more variable feelings of belonging
when compared to their male peers. Similar differences have been
reported in previous studies [13, 15], while other research that
found no significant difference in belonging between male and fe-
male students did find significant belongingness deficits for female
students who are also part of second underrepresented group [16].
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Despite the female group belongingness disparities, there is no sig-
nificant difference from their male student counterparts in how
useful they find the oral exams (i.e. effectiveness for motivating
deep content understanding and independence in their work), the
stress levels associated with the oral exams, and their overall per-
formance in the course (in fact, the female group performed slightly
better). Suggestion for CS educators: in order to best serve students
with variable belongingness, consider interventions prior to the
oral exams that promote a growth mindset and emphasize that the
oral exams are mastery-based (i.e. can be retaken) and that student
performance tends to improve with time [5, 19, 24].

6.2 Race/Ethnicity
The underrepresented groups, which include the Hispanic or Latino
and Black or African American groups, self-reported various signifi-
cant belongingness deficits: lower belonging overall and specifically
when things go wrong, more variability in belongingness, and diffi-
culty in learning to program. Additionally, these groups experience
higher levels of stress before and after the oral proficiency exams,
perform at a lower level in the course overall, and are less interested
in pursuing CS further when compared with their majority group
peers. Despite these disparities in belongingness, performance, and
intervention-related stress, the underrepresented groups found the
oral exams to be as useful, if not more useful, than the majority
group, and experienced a reduction in intervention-related stress
after completing the oral exams. The stress level reduction was
greatest for the Hispanic or Latino group, while the stress level
reduction for the Black or African American group was among the
lowest across all groups. Suggestion for CS educators: prior to stu-
dents’ first oral exams, consider interventions that emphasize past
student performance on the oral exams, highlighting that the oral
exams are not the reason students do not pass the course, that stu-
dents typically find the oral exams to be beneficial to their learning,
and that stress levels drop significantly after completing the first
oral exam.

The Asian or Asian American group self-reported belongingness
deficits (specifically when things go wrong), more variable feelings
of belonging, higher intervention-related stress levels, and lower
stress reduction upon completing the oral exams when compared
to theWhite (non-Hispanic) group. However, this group had simi-
lar overall performance to the reference group and found the oral
exams to be more useful in motivating deeper content knowledge
and independent learning. This group is highly interested in fur-
ther pursuing CS (including majoring or minoring in CS) with a
heightened view that programming potential is easy to foretell.
More than other groups, the Asian or Asian American group have a
fixed mindset about who belongs and has potential to succeed in CS.
Suggestion for CS educators: further emphasize a growth mindset
approach to the oral exams.

6.3 Parental Education Level
The underrepresented PEL groups aggregated into the <bachelor’s
group represent first-generation college students who self-report
belongingness deficits and perform lower than students with a par-
ent who graduated college. These groups find the oral exams to be

very useful in motivating independent work and a deep understand-
ing of the course material. Suggestion for CS educators: consider
interventions focused on the usefulness of the oral exams in the
learning process.

Students with a parent who earned a graduate degree find the
oral exams useful, experience lower stress levels regarding the oral
exams, significantly enjoy the course, perform the highest, and are
more interested in pursuing CS in the future. Suggestion for CS
educators: these students likely do not require interventions prior
to the oral exam; instead, students in this group may benefit from
flexibility in the oral exam design that allows for more challenging
questions if time allows once the examiner has evaluated the student
at Meets Expectations for the core proficiencies. It is important that
both the students and teaching staff are made aware of the goals of
the oral exams, including to challenge all students, independent of
their current proficiency level.

7 CONCLUSIONS
For research question (1), students across all gender, race/ethnicity,
and parental education level groups reported that the oral profi-
ciency exams motivated them to improve their understanding of
the material and encouraged them to do more independent work
throughout the semester. The increased motivation for students to
take independence in their learning should lead to a reduction in
academic misconduct cases.

For research question (2), students reported that oral proficiency
exams were very stressful prior to taking the first one but did not
find subsequent oral proficiency exams as stressful. Intervention-
related stress levels were greater for students in underrepresented
groups, including female, Black or African American, Hispanic or
Latino, and some first-generation college student groups.

For research theme (3), students in underrepresented groups
performed lower on average than the majority group in their intro-
ductory programming course, and they reported lower and more
variable feelings of belongingness in computer science. Despite
the obstacles related to belongingness deficits, higher stress levels,
and lower overall performance, students in some underrepresented
groups reported greater improvements in content knowledge and in-
dependent work due to the oral proficiency exams and even greater
stress reduction after the initial intervention than their majority
group peers. There is a consistency across groups in gains from the
oral exams in motivating learning, work independence, and course
enjoyment.

When implementing oral proficiency exams in introductory pro-
gramming courses, prior interventions that focus on a growth mind-
set (i.e. verbal communication of technical concepts is challenging,
so the oral exams are an avenue to build that skill; retakes are al-
lowed, and student performance tends to get better with time) and
previous student experiences with the oral exams (i.e. oral exam
poor performance does not extend to overall course performance,
stress levels tend to decrease after completing the first oral exam,
students tend to find academic value in the oral proficiency exam
process, etc.) may help to alleviate anxiety and reduce gaps in be-
longingness leading to a more productive and inclusive learning
environment, especially for students in underrepresented groups.
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