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Redesigning Computer Science: An Early Intervention to Combat Undergraduate Student

Misconceptions

Research regarding student perceptions of Computer
Science as a field of study, and their motivation to pursue
such studies as a career opportunity, reveal misconceptions
and lack of motivation. These misconceptions are thought
to impact students’ understanding of the discipline and lead
to the decline in enrollment in Computer Science degrees.
This study explores the impact of redesign in introductory
computer science courses on student understanding of
computer science. An introductory Computer Science
course was redesigned by adopting course modules
containing paradigms shifts that gave students a holistic
view of the field of computer science. Student responses
from a pre and post survey after the intervention were
analyzed to assess if there were any changes in students’
understanding of computer science after the
implementation of the new modules in the computer
science foundation class. Findings show a positive impact

on students’ understanding of computer science.



Executive Summary

Some students report regarding the study of computer science as narrowly equivalent to
“programming” while others indicate the lack of connection to other domains or real problems
(Allan & Kolesar, 1997). The goal of this study is to explore the impact of redesign in
introductory computer science courses on student understanding of

computer science.

A total of 47 students participated in
the CSPS pre-survey and 26 students
in the post-survey. Pre-survey
responses show few significant
differences in students’
understanding of computer science
among Computer Science majors and
other majors. These results appear to
indicate that students that took the
foundational computer science
course regardless of their major
shared similar perceptions on the
relevance of computer science to
daily life at the beginning and end of
the course.

According to the pre-survey, 62% of
47 respondents either “strongly
agreed” or “agreed” when asked the
question if they had a clear
understanding of what computers
science is. However, when asked to
define computer science, their
responses did not support their
perception of having a clear
understanding.

In comparison with the pre-survey
data, the post-survey data shows the
emergence of more accurate
definitions of computer science that
included themes such as real-world
applications. This result appears to
indicate a positive change in
students’ understanding of what
computer science is.

Overall, data appears to indicate that
the modules had a positive effect in
students having a better
understanding of computer science.
A lower percentage of students
reported in the post-survey that there
were no differences between
computer science and programming.



Introduction

The President’s Council of Advisors on
Science and Technology’s (PCAST) report
predicts that the U.S. workforce’s supply
will be one million short of the demand for
graduates in science, technology,
engineering and mathematics (STEM), but
less than half of those who

enter U.S. colleges to pursue majors in
STEM persist to graduation (Executive
Office of the President, 2012). However, to
remain or become globally competitive,
countries recognize that they need a well-
prepared and diverse STEM professional
pipeline. To this end, many countries have
developed strategic national science,
technology, engineering, and mathematics
(STEM) policy frameworks. In 2017,
President Obama announced the Computer
Science for All initiative to give students
across the country the chance to learn
computer science. This program addressed
the concern about high attrition among
computer science college students and the
need for a workforce with strong
computational thinking skills in today’s
digital economy (Ferrini-Mundy, Kurose, &
Garg, 2016). The world’s economy is
rapidly shifting, and governments, educators

and business leaders are increasingly

recognizing that computer science is a “new
basic” skill necessary for economic
opportunity and social mobility (Ortiz &
Guirguis, 2016).

Research regarding student perceptions of
Computer Science as a field of study and
their motivation to pursue such studies as a
career opportunity reveal misconceptions
and lack of motivation (Beaubouef &
McDowell, 2008; Owens & Matthews,
2008; Rafieymehr, 2008; Sloan & Troy,
2008; Van Sickle, 2008; Ortiz & Guirguis,
2016). These misconceptions are thought to
impact students’ understanding of the
discipline and lead to the decline in
enrollment in Computer Science degrees.
Some students report regarding the study of
computer science as narrowly equivalent to
“programming” while others indicate the
lack of connection to other domains or real
problems (Allan & Kolesar, 1997).
Moreover, many are not consistently
provided the opportunity to realize the true
impact of the field within their entry-level
courses. Traditionally, students do not get a
more holistic and broader understanding of
computer science until their upper level
courses. This again is thought to lead to
student attrition. It is hypothesized that this
lack of clarity of the field at an early point in



students’ academic career, coupled by
perceiving the curriculum as lacking
relevance, has impacted the retention rates
for computer science majors in their first
two years of their programs (Ortiz &
Guirguis, 2016).

The goal of this study is to explore the
impact of redesign in introductory computer
science courses on student understanding of
computer science. An introductory
Computer Science course was redesigned by
adopting course modules containing
paradigms focused on providing the students
with the computer science big picture,
familiarizing students with computational
thinking, data-driven analysis, and
multidisciplinary approaches. The research
questions guiding this study is:

1). Do students that take a
fundamental course in
computer science have a clear
understanding of:

a. what computer science is?
b. the difference between
computer science and programming?

2). Do the Fundamentals of
Computer Science redesign
course impact students’
understanding of computer

science?

Background

Research in academia and industry
continues to identify a decline in enrollment
in the field of computer science (Maddrey,
2011). One major component of this decline
in enrollment is a shortage of female
students (Kisselburgh, Berkelaar, &
Buzzanell, 2009; Norris, Barry, Fenwick,
Reid & Rountree, 2008; Powell, 2008;
Moorman & Johnson, 2003; Rosser, 2005).
Some of the reasons for the decline in
enrollment presented in the research include
misconceptions about the field (Beaubouef
& McDowell, 2008; Owens & Matthews,
2008; Rafieymehr, 2008, Sands et al., 2008;
Sloan & Troy, 2008; Van Sickle, 2008),
negative cultural stereotypes (Adya, 2008;
Barker 2009; Edmondson, 2008; Sands et al.
2008; Van Sickle, 2008) and lack of
computer experience prior to the first year in
college (Barker et al., 2009; Powell, 2008;
Van Sickle, 2008).

Another common misconception of
computing is that it is unrelated to
interesting problems in other domains.
Current educational practices tend to support
this misconception by focusing solely on
programming languages and software

development in introductory classes (Hart,



Ridley, Taher, Sas, Dix, 2008; Hazzan, Gal-
Ezer & Blum, 2008). Allan and Kolesar
(1997) note that students in introductory
computer science courses indicate a singular
focus on successful completion of the
current assignment with no thought toward
the larger picture of how skills learned will
apply in various domains or even to other
problems within computer science. A variety
of research, discussed next, calls for
curriculum changes to combat this aspect of
the discipline’s image. Tang, Pan, and
Newmeyer (2008) note that high school girls
show considerably more interest and self-
efficacy in careers and subjects involving
working with and helping people. Rao
(2006) noted an increase in performance
among female computing students when
assigned tasks in a domain of interest.
Wilson (2006) also noted that female
students were more likely to be interested in
computer use when the problems addressed
helped serve society as opposed to computer
use simply for the sake of using a computer

or to discover how it functions.

Klawe and Shneiderman (2005) discuss the
importance of a shift in the overall
curriculum of computer science to address
the use of computers to solve societal

problems. Baker, Krause, Yasar, Roberts,

and Robinson-Kurpius (2007) state that a
perceived lack of societal relevance keeps
many students from entering science and
engineering majors. In addition, Rao (2006)
emphasized a need for computer science
educators to shift techniques to focus on
application in areas of interest rather than
theory. Current standards of education
involve creation of operating systems and
analysis of algorithms in a purely computer
science oriented context, devoid of real
world application. In addition to helping
computer science remain relevant, a shift
toward teaching computer science as a
mechanism for real world problem-solving
may help draw and maintain interest in the

subject.

Methodology

The study took place at a four-year
institution. The Computer Science
Perception Survey (CSPS) was adapted from
the Computer Science Attitude Survey
(Weibe, Williams, Yang, & Miller, 2003)
and administered in the Fundamentals of
Computer Science participating classes.
Administration of the pre-CSPS happened at
the beginning of the semester before the
intervention. The intervention consisted of

redesigning the Fundamentals of Computer



Science course by integrating newly
developed modules. Previous work report
that students who leave computer science
often lack a good understanding of what
computer science is (Biggers, Brauer, &
Yilmaz, 2008). Students’ exposure to the
field early in their academic careers through
the introductory courses focuses on
programming and syntax. By mainly
focusing on programming and projects that
do not inform students of the big picture of
computer science and how this content is
relevant to their lives the misunderstanding
that computer science is only programming

is perpetuated.

The redesign courses incorporated new
modules developed to address the
misconception that computer science is just
programming. One of the modules
developed introduces computer science as a
field by showing how computer science can
be studied without even using a computer.
Other modules focus on how computer
science content is relevant to the real world;
how modern social infrastructure is now
more connected than ever with the use of
information technology; and how computer
science is relevant to other fields such as
biology, social networking and big data

analytics. Certain activities, following the

presentation of the modules, are conducted
in class in supporting the idea of computer
science as a problem-solving field including
a class discussion. Class discussions are
geared towards the role of computer as a
discipline for real world problem-solving.
After the presentation of the modules
students in these participating classes were

invited to complete a post-survey.

Sample Population

In this study, the population of interest is
undergraduate students taking the
Fundamentals of Computer Science class.
The classrooms selected were those classes
whose faculty volunteered to incorporate the
new modules. Students were invited to
participate by completing a pre and post
online survey after the modules were
introduced. Of the students that participated
in the pre-CSPS 36% were Computer
Science majors and 66% percent were in
their first two years of their academic
program. Unexpectedly, the gender
distribution of student participants shows a
bigger than expected women participation at
a 36%. Refer to Table 1 and 2 for more
detailed information. As expected, post

survey demographics show similar results.



Table 1: Demographics: Major and Classification

Major Classification
Other CS Total = Freshman | Sophomore | Junior Senior Other Total = Missing
Major
Frequency 30 17 47 9 20 9 5 1 44.0 3
Percent | 63.8 36.2 100 19.1 42.6 19.1 10.6 2.1 93.6 6.4
Valid | 63.8 36.2 100 20.5 45.5 20.5 11.4 2.3 100.0
Percent
Cumulative | 63.8 100 20.5 65.9 86.4 97.7 100.0
Percent
Table 2: Demographics: Gender
Gender
Male Female Gender Non- Total Non-answer Total
conforming
Frequency 27 16 1 44 3 47
Percent 57.4 34.0 2.1 93.6 6.4 100.0
Valid 61.4 36.4 2.3 100.0
Percent
Cumulative 61.4 97.7 100.0
Percent
Pilot Study from 1-Strongly Agree to 5-Completely

The pilot phase of this study served to assess
the effectiveness of the CSPS to measure
key perception constructs of believes and
attitudes of students towards computer
science.

The Computer Science Perception Survey
(CSPS), a 35-item instrument was adapted
from the Computer Science Attitude Survey
(Weibe et al., 2003) and piloted among four
instructors teaching the Fundamentals of
Computer Science course during two
academic semester sessions. The 35

questions were on a 5 point Likert scale

Disagree and administered as a pre and post
survey. A total of 50 students participated in
the pilot CSPS survey.

Data Analysis

To analyze the pilot phase data of the CSPS
a Confirmatory Factor Analysis (CFA) was
run to confirm the constructs being studied.
In CFA, the factors influence the observed
variables to account for their variation and
covariation. Covariation between two
observed variables occurs when both

variables are influenced by the same factor.



Conducting CFA on the Statistical Package
for the Social Science (SPSS) most
commonly uses Pearson-product-moment
correlations as a method for fitting models
to the bivariate associations among a set of
variables. Using the product-moment
correlations or covariances follows from the
fact that the common factor model specifies
a linear relationship between the factor and
the observed variables. When a researcher
conducts CFA, attempts are made to
understand why the variables are correlated,
and the degree or level of accuracy the
variables and factors provide relative to
theory. Factor analytic theory posits that
variables correlate because they are
determined in part from common but

unobserved influences (Price, 2016).

First, data from the pilot study was analyzed

to determine its suitability for factor

Table 3: Total Variance Explained

analysis. The .830 value obtained for the

KMO test showed that the data was suitable
for this analysis. A minimum value of 0.6 is
recommended for factor analysis
(Tabachnick & Fidell, 2012). The Kaiser’s
measure of sampling adequacy is a ratio of
the sum of squared correlations to the sum
of squared correlations plus the sum of
squared partial correlations (Tabachnick &
Fidell, 2012). Second, a factor analysis in
SPSS was constrained to five factors, which
is considered appropriate for only 35 items
with an average of 3-5 items per factor
(Price, 2016). Below in Table 3 is the Total
Variance Explained when the data was
constrained to five factors. This model
accounted for 47% of the variance in the 35

survey items.

Total Variance Explained

Extraction Sums of Squared

Rotation Sums of

Factor Initial Eigenvalues

Total % of Cumulative = Total

Variance %

1 9.309 26.596 26.596 8.940
2 3.042 8.690 35.286 2.508
3 2914 8.326 43.613 2.365
4 2.106 6.017 49.629 1.575
5 1.617 4.620 54.250 1.015

Loadings Squared Loadings®
% of Cumulative Total
Variance %

25.542 25.542 8.749

7.166 32.708 2.591

6.756 39.465 2.627
4.499 43.964 3.293

2.900 46.864 2.167



The third step taken with the pilot data was
to explore the five factors through a CFA.
Since SPSS does not offer this option,
MPlus was used to run the CFA. Figure 1

shows the CFA model.

The findings of the pilot study informed the
focus of this exploratory study. This study

focuses on Factor 1 construct of “Computer

Science and Programming”.

Figure 1. Five-factor model with corresponding survey items and their respective

correlations.
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Exploratory Study

After data from the pilot study was
analyzed, the second phase of the study was
to redesign the survey based on the findings.
First, some questions needed better structure
and language clarification. Absolutes such
as (never, always,) are usually not
recommended for Likert scale items, since
both words on the item and answer choice
may contain the exact same wording type
(i.e. strongly disagree, never, strongly agree,
always). This absolute wording was
removed. Questions 9, 11 and 12 did not
analytically load on any of the factors. They
were problematic and removed. Refer to
Appendix A and B for a copy of the pilot
and final CSPS instruments used for this
study. Two open-ended questions were
added to inform the quantitative results. It
was also deemed important to add 11
demographic questions to the final

instrument.
Data Collection and Analysis

The final CSPS resulted in a 33-item
instrument. Administration of the pre and
post survey took place in one academic
semester in two course sessions of the
Fundamentals of Computer Science class.
All instructors teaching the introductory

course received an invitation to teach the

new modules. Only students in the course
sessions teaching the re-design courses were
invited to participate in the online pre and

post CSPS surveys.

This exploratory study followed a mix-
methods approach. The sampling method
was the same as in the pilot study. Given the
low number of pre and post surveys that
could be paired for reliable quantitative
analysis, data analysis focused on deeper
analysis of the qualitative data.
Administration of surveys followed the
same protocols than in the pilot study. The
pre-CSPS administration occurred at the
beginning of the semester prior to the
introduction of the new modules. Students
took the post-CSPS after the presentation of
the new modules. Student responses from
the pre and the post surveys were analyzed
to assess if there were any changes in
students’ understanding of computer science
after the implementation of the new modules
in the computer science foundation class.
The analysis of participant qualitative
responses employed an inductive approach
(Patton, 2015) and utilized Saldafia’s (2016)
first and second coding method. The first
phase of data analysis consisted of coding
the data to highlight key responses by the
participants. This approach to coding was

employed to enhance the voices of the

11



students and offer a deeper understanding
about changes in students’ perceptions of
computer science (Saldafia, 2016). Specific
words/phrases used by survey respondents
were coded and tallied manually. The
second level coding stage utilized a thematic
coding process that combined codes to
identify patterns and create emerging
categories and themes. Basic descriptive
analysis of the quantitative data allowed for
a means to identify any gaps in congruence
among students’ quantitative and qualitative

responses.

FINDINGS

This study was conducted throughout a
period of two years. The Computer Science
and Perceptions Survey tool seeks to
measure the impact of classroom
interventions that address misconceptions of
computer science. The new modules in the
redesign course exposed students to the
multiple applications of computer science to
their daily lives. The aim of these models is
to highlight the difference between
Computer Science and programming, to
show the relevance of Computer Science in
recent advances in various fields, and to

inspire students to appreciate Computer

Science and the role of algorithms in our
daily lives. The modules cover various
topics about the role of Computer Science in
cyber warfare, understanding biology,
electronic voting, etc. Guiding this
exploratory study are the research questions:
1). Do students that take a
fundamental course in
computer science have a clear

understanding of:
a. what computer science is?

b. the difference between

computer science and programming?

2). Do the Fundamentals of
Computer Science redesign
course impact students’
understanding of computer

science?

The CSPS pre and post survey data for the
construct of Computer Science and
Programming was analyzed to explore if
there were any changes in students’
understanding of computer science after the
implementation of the new modules in the
Fundamentals of Computer Science course.
This section will explore the results of the
selected survey questions for this study that
attempts to answer the research questions.
The selected survey items are Q1, Q2, and
Qs:

12



Table 5: Study Selected Survey Items

Q1. To what extent do you agree or disagree with the following statements about Computer

Science: [Five point Likert scale from Strongly agree to Strongly disagree]

1. Computer 2. The field of = 3. Computer 4. Computer 5. T have a clear understanding
Science can Computer Science can Science of what computer science is.
help us Science plays save lives empowers our
understand an important citizens
Biology role in the
safety of our
nation

Q2. Define Computer Science

Q5. According to your understanding, are there any differences between Computer Science and

Programming?

Student Understanding of Computer

Science

A total of 47 students participated in the
CSPS pre-survey and 26 students in the
post-survey. Pre-survey responses show few
significant differences in students’
understanding of computer science among
Computer Science majors and other majors.
Table 5 show the set of Likert scale
questions used to assess students’
understanding of computer science. When

comparing Q1 1 through Q1 5 pre-survey

responses of computer science majors to
other majors, most results yield percentage
differences of less than 10% with the
exception of one question. Question 1_3
asked students to rate on a 5 point Likert
scale of “strongly agree” through “strongly
disagree” the statement Computer science
can save lives. In this question, 83% of 30
non-computer science majors stated either
“strongly agree” or “agree” compared with
100% of 17 computer science majors. Refer

to Table 6 for more detailed information.
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Table 6: Q1 Pre-CSPS Frequency Analysis

Pre-CSPS
Biology Safety of Nation = Safe Lives Empowers Clear Understanding
Citizens
14.9% 61.7% 38.3% 29.8% 29.8%
Strongly
Agree
21.3% 34.0% 51.1% 57.4% 31.9%
Agree
Neutral 42.6% 4.3% 6.4% 10.6% 29.8%
0.0% 0% 0% 6.4%
Disagree 14.9%
6.4% 0.0% 4.3% 2.1% 2.1%
Strongly
Disagree
100% 100% 100% 100% 100%
Total
Table 7: Q1 Post-CSPD Frequency Analysis
Post-CSPS
Safety of Nation @ Safe Lives = Empowers Clear
Biology Citizens | Understanding
26.9% 84.6% 80.8% 53.8% 42.3%
Strongly
Agree
42.3% 15.4% 19.2% 38.5% 46.2%
Agree
15.4% 0.0% 0.0% 7.7% 11.5%
Neutral
Disagree
15.4% 0.0% 0.0% 0.0% 0.0%
Strongly 0.0% 0.0% 0.0% 0.0% 0.0%
Disagree
Total 100% 100% 100% 100% 100%
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When looking at the post-survey results the
only question that yield results with a
percentage difference of 10% points or more
was question Q1 1 computers science can
help us understand biology. Of the 18 non-
computer science majors, 72% “strongly
agree” or “agree” with the statement in
comparison to 62% of the computer science
majors. In addition, this question was the
only one in the post-survey that yield results
in the “strongly disagree” or “disagree”
point scales. All other questions yield
responses in the “strongly agree”, “agree” or
“neutral” point scales. These results might
indicate a higher awareness level of students
in other majors (not computer science) of
the relevance of computer science to other

disciplines as their own.

The above results appear to indicate that
students that took the foundational computer
science course regardless of their major
shared similar perceptions on the relevance
of computer science to daily life at the
beginning and end of the course. Students’
self-responses in the pre-survey reflect a
good understanding of computer science
relevance to their daily life (Q1_2 through
Q1 _4), with at least 87% of students
agreeing to the statements that computer
science is important to national security, the

empowerment of citizens and saving lives.

When looking at the post-survey responses
on these same questions, there were still
considerable gains on students’ awareness
on how computer science connects with
their lives as shown in Table 6. Making
connections of computer science with other
disciplines such biology, however,
challenged students with only 36% of
students participating in the pre-survey
being able to make this connection (Q1 _1).
After the modules, however, the post-survey
data shows twice as many students making

this connection (refer to Table 6).
Defining Computer Science

According to the pre-survey, 62% of 47
respondents either “strongly agreed” or
“agreed” when asked the question if they
had a clear understanding of what
computers science is (Q1_5 in Table 6).
However when asked to define computer
science, their responses did not support their
perception of having a clear understanding.
Students equated programming with
computer science stating that computer
science is “programming computers”, “the
study of computers and how they work with
algorithms”, and “computer [science] is the
understanding of how computers work”. Out
of the 29 students reporting a strong

understanding of what computer science is,

15



only 21% made reference to either a tool to

solve problems or relevant to daily life.

Data analysis from the pre-survey
qualitative question Define Computer
Science yield three recurring themes: 1)
Programming; 2) Computer Systems; 3) and
Human Life Applications. Some of the
definitions presented for computer science
included code wording for more than one
theme, and therefore, included in multiple
themes. Below is the description and data
analysis results for each of the themes

1dentified.

Programming

Out of 47 students 34% used the terms,
“coding, programming”, “creating codes”,
“knowledge of networking and

29 <¢ 29 <¢

programming”, “program functions”, “code
and computing”, “knowledge of how to
program”, and “computer instructions,” to
define computer science. Here are some
examples of students’ responses in their own

words:

o Coding and programming

e Programming computer.

o The profession of understanding
software design and program
functions. (The brains behind the

machine)

Computer Systems

Another common definition found in 57% of
responses included references to the inner
working of computers. Some of the terms
used throughout these responses included
“understanding how computers work”,
“study of computers”, “how computers can
be used”, “science behind computers”,
“science of computer hardware”, and “uses
and reasoning behind a computer”. Here are
some examples of students’ responses in

their own words:

o The science and mechanics behind
computers

o The science of computer hardware,
software and its applications.

o The study of the inner workings of

computers and their programs.

Human Life Applications

Coding for this theme yielded 32% of the
responses out of the 47. In this theme,
references to one’s life or human needs were
prevalent. Here are some examples of

students’ responses in their own voice:

o The science behind computer based
methods and ideals that impact

human life.

16



o Computer science is the use of code
and computing to better understand
logic and to improve and ease life
for humanity.

o Computer science is manipulating
software to inspire, create and

develop one's life.

Post-Survey Qualitative Response Coding

As stated in the methods section, after the
introduction of the new designed modules,
students in the selected Fundamentals of
Computer Science classes took a post-
survey. According to the post-survey, 88%
of respondents, 23 out of 26 students, either
“strongly agreed” or “agree” when asked the
question if they had a clear understanding of
what computers science is. Compared to
62% of respondents in the pre-survey.
Participants were then asked to define

computer science in an open-ended question.

In comparison with the pre-survey data, the
post-survey data shows the emergence of
two new themes when asked to define
computer science: real world applications
and algorithms. Responses were coded in
the Real-World Applications theme when
respondent associated computer science with
tangible applications to their lives or the

lives of others. The Algorithms theme was

more straightforward with the inclusion of
responses that contained the word algorithm.
Although, algorithm appeared in 11% of the
pre-survey responses, in the post-survey it
appeared in 27% of the responses so it was
deemed important to include it as a new
theme. Responses coded as how computers
work and problem solving were also present
in the post-survey but not include in this
discussion since student comments were
very similar to the pre-survey responses.
The post-survey themes selected for further
discussion are those that represent a new
theme in the post-survey responses or reflect
a significant change (more than 10%

difference) from the pre-survey results.

Programming

The data shows that only one student
responded to the question of Define
Computer Science with “ability to program”
or any other response equating computer
science with programming. This appears to
indicate that after integrating the new
module in the class curriculum students
increased their understanding on the
distinction between computer science and
programming. As part of this early
intervention model, students engaged in a
discussion on what computer science is and

it is not. Emphasizing the differences

17



between computer science and

programming.

Real-World Applications

Coded in this theme are 23% of 26 students’
responses associated with real world
applications, relevance, solving today’s
world issues/problems, and the applicability
to everyday life. Here are some examples of

students’ responses in their own words:

o [tis not only useful in STEM fields
but in every job and will continue to
be incorporated farther into this
technological society.

o The study of software and hardware
solutions to process, transmit and
store data in addition to controlling
technology in all aspects of everyday
work and home life.

o The theoretical and practical uses of
computers and the application of
these to our world.

Algorithm

The pre-survey and the post-survey student
responses in this theme are very similar. The
responses that include the word algorithm
associate the word with “the study of..” as in
“the study of computers and algorithms”.
The main difference between the pre and

post surveys in this theme is the frequency

of the word algorithm included in student
definitions of computer science. Algorithm
appeared in 11% of the pre-survey responses
compared to 27% of the post-survey

responses. Below are some examples.

o A field of study that analyzes and
creates systems of logic and
algorithms, in the physical and
digital world.

o Study of algorithms and the
fundamental workings of how a
computer operates.

o The study of computers and their

uses, as well as algorithms.

Reflected in the data is a shift on student
understanding of what computer science is
represented in the significant decrease of
students equating computer science to
programming and the new theme associating
computer science with real-world
applications. Maybe the most significant
change is that only one student equated
computer science to programming in the
post-survey. In addition, students’
definitions moved from abstract responses
on the application of computer science to
human life to an increase awareness of its
role in other disciplines and aspects of life.
These findings inform and support the

quantitative results in Question 1_1 through
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Q1-5. In these results there was an overall
increase in students’ understanding on the
relevance of computer science to people’s

daily lives.

Student Understanding of the Differences
Between Computer Science and

Programming

It has been reported in previous studies that
students who leave computer science often
lack a clear idea of what computer science is
(Biggers et al.,2008; Ortiz & Guirguis,
2016). Furthermore, students report that they
regard the discipline of computer science as
narrowly equivalent to “programming”
(Ortiz & Guirguis, 2016). This study
contributes to this research agenda by
further exploring how students see the
difference between computer science and
programming, if any, before and after the
intervention. It is important to have a clear
understanding of the misconceptions
students hold about computer science to

effectively address them.

When comparing students’ pre-survey and
post-survey responses to Question 5:
According to your understanding, are there
any differences between Computer Science
and Programming? the results show
promising outcomes. Students responses

were coded in four different themes: 1)Yes;

2) Component; 3) Not Sure; and 4) No. The
Yes and No themes are straight forward.
Answers that included programming as a
“key” or “component” or any word that
denoted part of were coded Component.
Responses that included ambivalent
language such as “not sure” and “don’t
know” were coded in the Not Sure theme.
Out of 45 students that responded to
Question 5 in the pre-survey, 40% reported
no difference or unsure of any difference
between computer science and
programming. Refer to Figure 2. Below are
some of the responses on students’ own

voice:

e As of right now, I am not sure.

e Programming is major key to
computer science as far as telling
things what to do and how to do
them . I don't really see any
differences yet.

o [don’t know.

After students covered the new modules
designed to address students’
misconceptions of computer science, data
shows a positive change in student
understanding on the differences between
computer science and programming. Out of

the 24 students that answer Question 5, 30%
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compared to 40% in the pre-survey stated were differences between computer science
“no” or were unsure of the differences. and programming when up 14%.

Furthermore, students that stated that there

Figure 2. Student Responses on Q5: According to your understanding, are there any differences

between Computer Science and Programming?
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such as “Programming is an element o . .
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larger population of interest, unless the
quantitative data meets the conditions for

such interpretation.

Our study sample population consisted of
undergraduate students taking the
Fundamentals of Computer Science course
at a four-year institution. Given the low
number of pre and post surveys that could be
paired, the quantitative data analysis deemed
appropriate for the data consisted of
descriptive statistics. Notwithstanding these
limitations, the results presented provide an
important insight into the effectiveness of
early interventions in addressing
undergraduate students’ misconceptions of
computer science contributing to this

important research agenda.

CONCLUSION

Reports on students regarding computer
science as equivalent to programming and
lack of connection to other domains date
longer than 20 years (Allan & Kolesar,
1997) and have been predominant in the last
10 years (Beaubouef & McDowell, 2008;
Owens & Matthews, 2008; Rafieymehr,
2008, Sands et al., 2008; Sloan & Troy,
2008; Van Sickle, 2008; Ortiz & Guirguis,
2016). Many Computer Science departments

in institutions of higher education are trying

new ways of combating misconceptions
about the discipline that hinders the
recruitment and retention of a diverse
student population. Through the redesign of
a foundation computer science course, an
attempt was made to address students’
misconceptions about the discipline. By
challenging the traditional expository
instructional methodology currently
prevalent in these courses, students are
provided with hands-on learning experiences

that provide computer science “big picture”.

The results of the study are promising.
Overall, data appears to indicate that the
modules had a positive effect in students
having a better understanding of computer
science. A lower percentage of students
reported in the post-survey that there were
no differences between computer science
and programming. In addition, in the post-
survey students’ definitions of computer
science are more specific and descriptive.
Through these responses a new theme
emerged indicating students’ understanding
of the relevance of computer science to

other domains and the world around them.

Notwithstanding these promising results,
challenges remain on identifying the most
effective ways for students to learn early in

their academic career what Computer
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Science is. Especially when many
foundational courses curriculum tend to
focus on programming and writing
applications. Future plans are to expand the
sample size of the study to conduct more
rigorous statistical analyzes. In addition,
including a control group will assist in better

assessing the effect of the modules.

One particular aspect worth pursuing is
studying the impact of guest lecturers in
introductory courses. Anecdotal evidence
show that students would typically pay more
attention to guest speakers (e.g., faculty
pursuing research) who can give students an
in-depth insight on a special topic — in
particular topics that are usually outside the

regular curriculum of the class. Identifying

early opportunities to provide this type of
learning experiences for undergraduate
students in a systematic way might be

worthwhile exploring.
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