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The Computer Science Attitude and Identity Survey (CSAIS): A Novel Tool
for Measuring the Impact of Ethnic Identity in Underrepresented Computer
Science Students

Abstract

As computer science continues to permeate every aspect of society, the number of students of
color adequately prepared for, choosing to pursue, and successfully completing computer science
(CS) undergraduate programs is still dismal. CS education research has focused heavily on
understanding why students of color don’t pursue computer science and identifying better ways
to instruct, retain, and engage them. While there are several tools that measure student interest in,
knowledge of, and attitude towards CS, there are none that assess the direct impact of ethnic
identity on their perceptions of the field and decisions to pursue it.

To this extent, the Computer Science Cultural Attitude and Identity Survey (CSAIS) was
developed to measure five important constructs that influence the attitudes and identity of
undergraduate students of color in computer science: confidence, interest, gender, professional,
and identity. The tool currently targets freshmen and sophomores either entering the university as
first-time college students or enrolling in their first CS course. It was validated using current and
former computer science students of color. The results indicated that the tool, specifically the
identity construct, is a valid and reliable measure of ethnic identity in relation to CS.

Introduction

While computer science (CS) continues to permeate every aspect of society, the number of high-
school students of color that are adequately prepared to enroll in university computer science
programs is still low. According to the College Board’s 2015 results for the AP Computer
Science test, only 3.8% of all test takers were African-American, 3.7% Hispanic, 0.4% Native
American, and 3.6% Other Underrepresented Minorities?*. The most recent results of the
Taulbee Survey also indicate the number of students of color completing CS baccalaureate
degrees is still dismal, comprising a total of 12% of all CS graduates, with 3.2% African-
American, 6.8% Hispanic, 0.4% Native American, and 1.7% Interracial®®.

By the year 2020, over 50% of all jobs will require some level of computing?®. However, it is the
only field that will not have enough students in the pipeline to fill these positions. In addition, by
the year 2020, African-Americans and Hispanics alone will comprise approximately 40% of the
U.S. workforce!®. In order to increase the number of CS graduates, special emphasis must be
placed on students of color, whose representation in the country is significantly growing, yet is
still dismal in the discipline.

A number of national efforts and research are currently focused on not only exposing more
students of color to CS, but also preparing them for higher-level CS courses and ultimately, CS



undergraduate programs and careers'4. Much of this research focuses on identifying hindrances
to student participation (e.g. lack of diversity and exposure, “boring” content, and perceptions as
a White and Asian male field) and solutions (e.g. culturally-relevant curriculum, ethnically-
relevant role models, etc.) that help CS become as relevant to students’ daily lives as

possible®62%25,

Currently, there is no tool that measures how students view themselves, specifically their ethnic
identity, in the context of CS. While there are several tools that measure student attitudes toward
and interest in CS, none measure the important construct of identity. The Computer Science
Attitude and Identity Survey (CSAIS) is the first tool that is designed to measure attitudes
towards CS and ethnic identity in the context of CS. The tool specifically targets students of
color in their first year of studies.

Using this tool, researchers can quantify, track, and assess how successful K-12 efforts targeting
students of color are, over time, in meeting the intended goal of increasing CS participation.
This research was focused on the development and validation and reliability testing of the
CSAIS. It leverages questions from prior CS-related and ethnic identity surveys to develop
successful measures for identifying ethnic identity in CS. Initial validation and reliability testing
results indicate that the tool is both valid and reliable.

Related Work

The review of the literature identified several computing and engineering-related surveys over
the last 15 years that measure students’ attitudes toward and interest in CS and engineering.
Table 1 presents the most related surveys, participant grade levels, constructs measured, and

measurement scale.

Table 1. Computing and Engineering-Related Surveys

Name Grade Constructs Measurement
Level(s) Scale
Computing Undergraduate | Transfer, Interest, Problem-Solving, 5-point Likert
Attitude Survey? Real-World Connections, & Fixed
Mindset

CS Attitude Undergraduate | Confidence, Attitude, Gender, 5-point Likert
Survey?’ Usefulness, & Motivation
Engineering Undergraduate | Confidence, Interest, Attitude, & 5-point Likert
Attitude Survey*® Understanding
Engineering Undergraduate | Attainment, Interest, Cost, Utility Value, | 7-point Likert
Motivation Survey! & Expectation of Success
Engineering Undergraduate | Confidence, Interest, Gender, 4-point Likert
Students’ Attitudes Usefulness, & Professional
toward Computer
Science!?
Freshman Undergraduate | Communication Skills, Knowledge 5-point Likert
Engineering Integration, Life-Long Learning, Team

Attitude Survey’

Expectations, & Technical Skills




High School High School Confidence, Career, Self-Efficacy, 6-point Likert
Students’ Attitude Academic History, Knowledge, &
to Engineering Demographic
Scale!!
Information High School, | Confidence, Interest, Gender, 4-point Likert
Technology Undergraduate | Usefulness, & Professional
Attitude Survey*
Middle School Middle School | Attitude, Knowledge, Academic 6-point Likert
Students’ Attitude Performance, & Engineering
to Mathematics, Discussions
Science, and
Engineering®®
Pittsburgh Undergraduate | General Impressions, Financial 5-point Likert
Engineering Influences
Attitude Scale- Societal Contributions, Social Prestige,
Revised® Enjoyment, Career, & Parental Pressure
STARS Qutreach Middle N/A 5-point Likert
Computing School, High
Attitude Survey?® | School
Student Attitude Undergraduate | Problem-Solving, Technical Roles, 5-point Likert
Survey®® Financial Issues, Ethics, Environmental
Impact, Sustainability, & Diversity
Student Attitudes’ | Middle Attitude-Science, Attitude-Math, 5-point Likert
toward STEM School, High | Attitude-Engineering, & 21% century
Survey? School skills

Many of the surveys extend from others that are listed. While several measure constructs that are
important to understanding student attitudes toward computer science, none of them target
underrepresented minority students. Furthermore, none of the surveys account for the important
construct of identity, specifically ethnic identity.

Ethnic identity is defined as “that part of an individual’s self-concept, which derives from
knowledge of membership of a social group (or groups) together with the emotional significance
attached to that membership.'®%22” Most often, the sense of belonging and attachment to the
group commonly defines the term ethnic identity. Research suggests that ethnic identity,
including the presence of role models of the same ethnicity, directly influences the self-efficacy

of minorities in career choices and development, health behaviors, and more

8,28

Of the 15 surveys reviewed in Table 1, none of these attempt to measure ethnic identity as a
construct. The closest surveys that measure any external influence are the Middle School and
High School Students’ Attitude to Engineering Scales, which ask who has discussed engineering
as a career option with students'! and the Pittsburgh Engineering Attitude Scale-Revised, which
measure the parental pressure placed on students to pursue engineering?®.

With recent national focus on increasing diversity in computer science?, development of
culturally-relevant pedagogy, and the identification of ethnically-relevant role models,>®42° an




assessment is necessary that can be used to measure the need for or impact of such efforts on
student participation in the discipline. None of the aforementioned studies provide any
measurement of this, and how one’s ethnic identity influences minority student pursuit of
computer science degrees.

While the CSAIS extends from two different surveys, it is the first of its kind to measure ethnic
identity as it pertains to minority student attitudes in computer science or any engineering-related
field.

Instrument Development

Based on the review of the literature, the following five constructs were identified:
1. Confidence-Student confidence in his/her ability to learn CS.
2. Interest-Student interest in CS.
3. Gender-Student perceptions of CS as a male-dominated field.
4. Professional-Student perceptions of CS professionals.
5. ldentity-Student beliefs about CS in relation to his/her ethnicity.

Of particular interest to this work was the identification of the identity construct. The CSAIS
extends from the Engineering Students’ Attitudes toward CS Survey, which was designed for
first year CS majors and non-majors in a university School of Engineering?. The survey
measures five constructs (confidence, interest, gender, usefulness, and professionalism) using a
four-point Likert scale!?. Since the tool was proven both reliable and valid, the CSAIS uses the
previously validated questions for its corresponding constructs. Table 2 lists the questions from
this tool that were used in the CSAIS.

Table 2. Construct Survey Questions??

Confidence Construct

| am comfortable with learning computing concepts.

I have little self-confidence when it comes to computing courses.

I do not think that I can learn to understand computing concepts.

| can learn to understand computing concepts.

I can achieve good grades (C or better) in computing courses.

| am confident that | can solve problems by using computer applications.
| doubt that I can solve problems by using computer applications.

NogokrwnpE

Interest Construct

| would not take additional computer science courses if | were given the opportunity.

| think computer science is boring.

| hope that my future career will require the use of computer science concepts.

The challenge of solving problems using computer science does not appeal to me.

| like to use computer science to solve problems.

I do not like using computer science to solve problems.

The challenge of solving problems using computer science appeals to me.

I hope that I can find a career that does not require the use of computer science concepts.
I think computer science is interesting.

CoNoOR~wWNE




10. 1 would voluntarily take additional computer science courses if | were given the

opportunity.

Gender Construct

CoNoR~LNE

| doubt that a woman could excel in computing courses.

Men are more capable than women at solving computing problems.

Computing is an appropriate subject for both men and women to study.

It is not appropriate for women to study computing.

Men produce higher quality work in computing than women.

Men are more likely to excel in careers that involve computing than women are.
Women produce the same quality work in computing as men.

Men and women are equally capable of solving computing problems.

Men and women can both excel in computing courses.

Professional Construct

1.

2.

3.
4.

A student who performs well in computer science will probably not have a life outside of

computers.

A student who performs well in computer science is likely to have a life outside of
computers.

Students who are skilled at computer science are less popular than other students.
Students who are skilled at computer science are just as popular as other students.

A four-point Likert scale was used for the CSAIS survey, to ensure participants chose a positive

or negative response to each question. In addition to constructs 1-4, ten questions were

developed for the identity construct (five positively-phrased and five negatively-phrased). Table
3 lists the survey questions pertaining to the identity construct. Questions were derived from the
Multigroup Ethnic Identity Measure (MEIM), a well-known survey for measuring ethnic identity
according to the following factors: ethnic identity search and affirmation, commitment, and sense

of belonging.81%:20

Table 3. Identity Construct Questions

Question 1 | am active in organizations or social groups that include mostly members of
my own ethnic group.

Question2—— am-not-activein-organiza
of-my-ewn-ethinic-group-

Question 3 | feel a strong attachment towards my own ethnic group.

Question 4 do-hotfeel-a-strong-attachment-towardsmy-own-ethricg

Question 5 | have role models in computer science who look like me.

Question 7 | was encouraged to pursue a computer science degree.

Question 10—




Questions 1-4 are directly based on MEIM questions. Questions 5-10 are non-MEIM questions
that are directly related to CS in the context of the two aforementioned MEIM factors (ethnic
identity search and affirmation, commitment, and sense of belonging). These question pairs
focused on the identification of ethnically relevant computer scientists (role models), active
participation in ethnically-relevant organizations and social groups, encouragement to pursue CS,
and perceptions about performance with respect to one’s race/ethnicity.

A total of 40 randomly-ordered questions were included in the CSAIS. Demographic information
(race/ethnicity and gender) was also collected. The survey was administered in two parts. In Part
I, participants completed the survey. In Part 11, participants were asked to select which questions
they identified as confusing, misleading, or unnecessary. They were also provided the
opportunity to comment on each question. The research team used this information to better
understand the quantitative results of the research.

Participants

The CSAIS survey was administered to 65 participants in the Fall 2015 semester. Participants
included current first-year CS undergraduates and CS professionals of color. For non-students,
participants were instructed to complete the survey from their original perspective as a first-year
student. CS professionals of color were included in the research, because the purpose of this
work was to verify and validate the tool, not the actual results of the survey. The instruction to
complete using their initial perspectives as first-year undergraduates, not current graduates, was
acceptable for the nature of this research. Each participant received the appropriate IRB-
approved letter identifying the purpose and optional nature of the research, expectations, and
contact information.

Analysis and Results

The survey results within the ethnic identity construct were first analyzed for consistency of
responses. Each question and its opposite mate were analyzed to determine if aggregate results
matched. Those question pairs that did not result in a +/- of 9 for total in responses were flagged
for further investigation. Questions 9 and 10 were the only pair flagged for further investigation:

I have role models (39 strongly agree, somewhat agree, agree)
I do not know any minority computer scientists (49 strongly disagree, somewhat)

Next, construct validity was measured using principal component analysis (PCA). PCA is a data
reduction technique used to identify a smaller number of uncorrelated variables (principal
components) that are easier to identify and analyze than the larger data set. Completion of the
PCA resulted in the identification of three principal components, as shown in Table 4.
Correlation values above 0.5 are deemed significant. According to the results of the PCA,
Question 6 was removed from the final model, as it did not fit well within it.



Table 4. Principal Component Analysis Results

Question Principal Component
1 2 3
Q5 78
Q3 75
Q7 73
Q1 53
Q2 .82
Q8 76
Q4 .67
Q9 .88
Q10 -.69

Principal Component 1 is strongly correlated with four of the original questions: Q1, Q3, Q5, and
Q7. This implies that the results of these questions vary together. For example, if one has more
ethnically-relevant role models in CS then he/she will be more active in ethnically-relevant
organizations and social groups, feel a stronger attachment to his/her own ethnic group, and be
more encouraged to pursue CS. Because questions 3, 5, and 7 have higher correlations, Principal
Component 1 can be viewed as measuring the impact of role models, attachment, and
commitment (as defined by ethnic identity) on student participation in CS*8. From these results,
it is clear that the questions loading on Principal Component 1 have the maximum variance and
are the most appropriate to measure the ethnic identity construct. All questions removed from the
survey are indicate in Table 3 with a strike-through.

To test the reliability of the remaining questions within the ethnic identity construct, Cronbach’s
alpha was calculated as 0.66. While this is slightly less than the traditionally-accepted value of
0.7, research by Nunnally states that newly-developed measures are considered acceptable when
the threshold is 0.6%". Since the CSAIS, specifically the ethnic identity construct, is a newly-
developed measure within CS, the value of the Cronbach’s alpha indicates the questions within
the construct are reliable.

The Part Il responses were reviewed, in order to better understand the results of the quantitative
analysis. Of particular interest was the removal of both questions 9 and 10. Many participants
noted the wording of this was confusing. However, many participants also expressed that they
did not believe their performance was a reflection of their race, but rather themselves only.
Based on research regarding stereotype threat'*, and the demographic of majority of the
participants, it was questionable if question 9 should be removed completely from the survey.
Specifically, the concern was if more current first-year students of color would answer this
question differently. This question is flagged for possible inclusion in the future revision of the
test and subsequent validation and reliability testing.

Conclusion

As the national focus on CS continues to grow, so does the need for more students of color in the
field. Research in CS education includes various strategies for increasing the participation of




underrepresented students in CS. However, there are no tools that currently measure the ethnic
identity of students as it relates to CS, or any engineering-related field for that matter. The
Computer Science Attitude and Identity Survey (CSAIS) is the first tool designed for students of
color to measure their ethnic identity in relation to CS. It can be used in a variety of settings to
quantitatively measure how various interventions and strategies can help improve the attitudes
towards and identities of students of color in CS.

Current efforts include revisions of test questions, based on participant feedback and researcher
suggestions, to make them as clear as possible. The survey questions from the confidence,
gender, professionalism, and interest constructs are also being revised, based on these responses,
for clarity. The test will be administered again, with measurements collected across all
constructs, to ensure it still maintains reliability and validity. In addition, the demographic
portion is being revised to include questions that identify participants’ past experiences in CS.
Finally, the research team is researching the administration of the survey at the first-year level
for undergraduates versus the end of 12" grade.
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