
Investigating students’ preferences and
perceptions of online resources in an

emergency-remote introductory
programming course

by

David Wong-Aitken

B.Sc., National University of Trujillo, 2008

Thesis Submitted in Partial Fulfillment of the
Requirements for the Degree of

Master of Science

in the
School of Computing Science
Faculty of Applied Sciences

© David Wong-Aitken 2021
SIMON FRASER UNIVERSITY

Summer 2021

Copyright in this work is held by the author. Please ensure that any reproduction
or re-use is done in accordance with the relevant national copyright legislation.



Declaration of Committee

Name: David Wong-Aitken

Degree: Master of Science

Thesis title: Investigating students’ preferences and perceptions
of online resources in an emergency-remote
introductory programming course

Committee: Chair: Victor Cheung
Limited Term Lecturer, Computing Science

Parmit Chilana
Co-Supervisor
Associate Professor, Computing Science

Diana Cukierman
Co-Supervisor
University Lecturer, Computing Science

Tenzin Doleck
Committee Member
Assistant Professor, Education

Angelica Lim
Examiner
Assistant Professor of Professional Practice, Computing
Science

ii



Ethics Statement 

 

iii



Abstract

Although online programming courses offer flexible learning formats, research shows that
students report increased feelings of isolation and often end up dropping out of such courses.
In this thesis, we investigated a study case of university students enrolled in an introduc-
tory programming course offered in an emergency-remote context. Through surveys and
interviews, we sought to understand what difficulties students faced, what learning strate-
gies they used, and what types of resources they preferred. We found that most students
felt compelled to consult web-based resources (e.g., Q&A forums, videos) on their own and
chose to ignore their own notes and curated resources offered by the instructor. Although
many of the students realized that they wasted time searching the web unsuccessfully, they
continued to search incessantly, neither asking for help nor self-monitoring the value of their
learning strategy. We discuss several possible theories and provide recommendations for im-
proving students’ interactions with learning resources.

Keywords: novice programmers; learning strategies; introductory programming; emergency-
remote learning; learning resources; self-monitoring
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Chapter 1

Introduction

Since programming is becoming a fundamental literacy skill worldwide, a plethora of formal
and informal ways to learn programming has emerged over the past few years. In addition
to traditional classroom instruction, many initiatives and institutions now offer new ways
to learn programming online through dedicated workshops and tutorials [112] and massive
online courses or MOOCs [71]. Learning programming online offers lots of flexibility and
benefits as students can see course content in different interactive and multimedia formats
[21]. However, studies have shown that online learners report increased feelings of isolation
and face difficulty seeking help [90] [104], which often results in higher dropout rates in
online courses.

With the global Covid-19 pandemic, most teaching has moved online and issues with
online learning have come to the forefront. This online learning modality has been referred
to as emergency-remote teaching [24]. This modality is somewhat different from regular
online teaching. Unlike regular online courses, emergency-remote courses were created to
provide temporary access to instruction and instructional support in a manner that is quick
to set up and reliably available during an emergency or crisis [48]. This implied, among other
things, that there was insufficient time for proper course planning, and lack of choices for
students because of the emergency nature of the modality. In this new paradigm, instructors
have had to adapt their in-person courses ad-hoc to a remote setting when many of these
instructors had neither prior experience with online teaching nor enough time for planning.
Unlike MOOCs or other online courses which some people may explore informally, college
and university students did not have any choice but to stay enrolled in their institution’s
emergency-remote courses for full credit [53]. Initial studies have indicated that students
have been experiencing increased issues of anxiety and lack of self-discipline in such courses
[91].

Given the circumstances of emergency-remote teaching and the challenges associated
with learning programming for the first time [13] [101], we wondered what it was like for
novices to learn programming in an emergency-remote context, what types of difficulties
they faced, and how they coped with these difficulties. We carried out a study to understand
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the perspectives of students enrolled in an emergency-remote introductory programming
course at a large North American university. We built our key research question on previ-
ous research which showed that when students learn online, they prefer using a variety of
different resources and formats [99], such as videos [59] [73], Q&A forum resources [27] [63],
among others.Our key research question was: How do students make use of different online
resources when learning programming for the first time in an emergency-remote course?

In this thesis, we present insights from a case study of two consecutive emergency-remote
classes in an introductory programming course, open to all students pursuing degrees in
different disciplines. In the first term, we surveyed 84 students to understand how novice
learners coped with emergency-remote courses while learning how to code. Based on a
subset of these survey respondents, we conducted 13 follow-up interviews in order to obtain
more insights about how students use and get help from learning resources, and learn
more about what motivated students to seek out more resources. To further corroborate
our findings, we refined our survey questionnaire and conducted a second survey with 92
students in the following term’s offering of the intro programming course. Our specific goal
was to understand which external resources were considered helpful and why. We were also
interested in knowing what strategies students followed to obtain these resources and how
they self-monitored their learning while using these resources.

1.1 Key findings

Among our key findings, we observed that:

1. We found that students’ learning strategies were greatly intertwined with external
web-based resources that they looked for on their own. In fact, survey1 indicated that
98% of students used at least one external resource. This was somewhat surprising
as most of our survey1 respondents and interviewees found resources provided by the
instructor useful and appropriate (11 out of 13 from the interview).

2. Students looked for new resources relying on a quick trial-and-error approach, trying
to sift through as many resources as possible, expecting to locate specific answers
with little effort. But, since these students were novice learners of programming, they
had difficulties identifying what to look for and figure out what is relevant. Survey2
respondents indicated that they always used Q&A forums resources over online videos
(8.9% vs 4.3%), and found Q&A forum resources extremely useful compared to online
videos (14.0% vs 2.0%). This is mainly because they could match the answer from a
Q&A post with their questions in a simple word-per-word approach (37.5% students
in survey2 indicated that). Students used these Q&A forum resources even though
they realized that these resources are more oriented to professional programmers and
not to novice learners.
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3. Even though many students indicated that using this approach meant wasting large
amounts of time searching the web, they could not help to keep looking, being in a
constant scanning mode. When a difficulty understanding the newly found resource
arose, they blamed the resource for being too complex and jumped to the next re-
source, not realizing that this approach made them unable to learn properly. This
behavior was fueled by students’ incessant belief that it is easy to get resources from
the internet on any topic. Because of this compulsive habit, many students kept mov-
ing from resource to resource, rarely stopping to reflect on what they were actually
learning or applying strategies to minimize the time they wasted.

4. From the students’ perspective, “instant answers” that they could find on their own
were more efficient and made them feel that their learning process was under control.
On the other hand, asking for help was considered to be the opposite: slow, inacces-
sible, and potentially high in terms of social cost. Not asking anyone when solving
programming exercises was the most valued attribute (28.9% of total, survey2). 8 out
of 13 in the interview indicated that asking for help would be the last resort, only
reserved for extreme cases.

To better understand these findings, we draw upon some theories from Human-Computer
Interaction (abbreviated HCI), information-seeking, and learning sciences that may help to
explain why novice learners of programming relied extensively on external resources the
way they did. We also discuss the larger implications of our findings from the perspective
of HCI and CS Education for improving pedagogy and designing new tools and approaches
to improve the experience of students learning programming online.

1.2 Organization of this thesis

This thesis is divided into seven chapters. The first chapter is the introduction which present
an overview of our work, our motivations, our research question, and a summary of the
findings of our study.

The second chapter presents other works related to our research. In this chapter, we
report on prior studies about teaching introductory programming courses online, differ-
ent resource formats for learning programming, challenges with self-monitoring in learning
programming, how programmers use external web resources, and works related to novice
learners’ reluctance to seek help.

The third chapter is focused on explaining our study methods. We detail here our re-
search site, the study procedure and instruments, and the analysis and presentation of
results. We detailed students’ differences between group 1 (first term in emergency-remote
learning) and group 2 (second term in emergency-remote learning).
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The fourth chapter is oriented to presenting our key results. We divided that chapter
into five sections. These sections describe students’ reliance on resources they look at on
their own, the process they use to obtain new resources and assess their quality, the students
perception about time and required effort to obtain new resources, and their reluctance to
ask for help from their peers, teaching assistants, or instructors.

The fifth chapter is dedicated to discussing and reflecting on our key insights by drawing
upon ideas and theories from prior literature. We selected key theories that may help us to
understand how and why students rely extensively on external resources.

The sixth chapter provides some ideas for HCI tools and CS education approaches. We
discuss three different ideas for HCI tools and two CS education approaches that may help
students to focus more on solving the programming assignment and less in wasting time
looking for external resources. We also provide some insights for future research that may
be interesting to explore.

The seventh chapter is the conclusion. This chapter summarizes our key results, proce-
dures, discussions, and proposals, wrapping up our work.
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Chapter 2

Related work

In this chapter, we review prior studies from HCI and Computing Education that are most
relevant to our research. In particular, we draw upon insights about teaching introductory
programming courses online, use of different resource formats for learning programming,
challenges with self-monitoring in learning programming, how programmers use external
web resources, and works related to novice learners’ reluctance to seek help.

2.1 Studies on teaching introductory programming courses
online

As the demand for programming skills has been increasing, many innovations have been
explored to offer introductory programming courses online. Unfortunately, studies have
shown that such online courses have a high rate of dropouts and low engagement [90]
[104] , especially in the case of MOOCs [23]. Issues of isolation, disconnectedness, and
technological problems are common factors that lead students to abandon online courses
[104] and particularly programming courses [30]. Many of the issues that students experience
online are similar to in-person classes, such as learning problem-solving skills and converting
ideas into programming expressions [19] [89].

Recent works show that individual levels of performance, emotion, skills and participa-
tion affect engagement in online courses[9]. Hence, many students have different perceptions
about online courses which affects their level of commitment and participation [31] [35] [54]
. However, with the ongoing pandemic, many university and college students around the
world were forced into emergency-remote courses. They could not choose to switch to in-
person instruction if the online medium did not suit them well.

We are only starting to learn about the characteristics and impact of emergency-remote
teaching. Although remote teaching offered some level of flexibility and the ability to reach
a large number of students [39], prior work has shown that creating engaging online courses
can be time-consuming and costly [10]. Most instructors did not have the time or prior
training to set up emergency-remote courses and faced an uphill battle [2] [48]. Students have
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also been experiencing increased levels of anxiety [91] and low engagement [53] in emergency-
remote courses, and this problem is emerging in intro CS courses as well [24]. Our case study
adds new insights to illustrate some of the challenges that novice programmers faced in an
emergency-remote context, particularly, how they made of use of different resources in their
learning journey.

2.2 Studies on different resource formats for learning pro-
gramming

The web offers millions of resources in different formats for learning about theoretical as-
pects of programming and locating real-world coding examples. For example, instructional
videos are becoming a popular way for students to visually understand programming-related
concepts [59][73] and are used as the main method for content delivery in nearly all mas-
sive open online courses (MOOCs) [11]. More recently, various video-based live-streaming
platforms related to coding concepts are also emerging [14] [44]. However, despite the pop-
ularity of videos, recent studies have shown that 50% of MOOC certificate-holders students
watched less than half of the MOOC course videos[18]. It was also found that students of-
ten disregard large segments of educational videos[41], or videos contribute little to student
performance [64]. Videos are also expensive and time-consuming to produce [43].

Another resource that is becoming popular is the use of programming question and an-
swer (Q&A) sites, such as Stack Overflow which potentially could allow learners to leverage
the knowledge and expertise of more expert programmers in seeking answers. However, these
Q&A sites were designed for software developers and their on-the-job needs, not necessarily
for novice learners of programming [8] [25]. Although forums offer the ease of looking up spe-
cific technical answers, it can be difficult for end users to formulate their problems as queries
[77] and another issue is that users rely too much on the exact answer and do not analyze
or reflect on the content [1] [98]. Some studies indicate that using StackOverflow for under-
graduates was at least as effective as traditional resources [28]. For example, reformulating
a course with “learning by doing” and using StackOverflow as main source of reference,
was reported to improve students’ understanding, problem solving and positive perceptions
[63]. However, these previous works mostly consider traditional face-to-face courses where
the communication and help flows more easily compared to online or emergency-remote
courses.

2.3 Studies on challenges with self-regulation in learning pro-
gramming

Self-regulation of learning is the process in which students actively monitor and control
their learning using a variety of cognitive and behavioral strategies [111]. Research in self-
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regulation and self-direction when learning programming have offered insights into how stu-
dents turn problems into code [38] [47], build self-motivation [103], resilience [80], and overall
self-regulation [32] [42] [61]. For example, prior work has shown that novice programmers’
self-regulation tends to be inconsistent and shallow [62], but that it is trainable through
direct instruction[34]. Although we know that use of online resources are popular among
students learning programming, we have few insights into how the use of such resources
affects self-regulation. For example, some studies have indicated that online resources may
in fact be able to help build self-regulation [107], and improve learning outcomes [49]. How-
ever, for novice programmers, some structure when using web resources was found helpful
compared to not using any structure [51]. Successful learning with technologies is based on
the premise that learners adaptively regulate their cognitive and metacognitive behaviors
during learning [3]. When they fail to do so, we call it dysregulated learning [5]. This term
is used to describe a group of behaviors that learners use that lead to minimal learning,
such as failing to deploy effective learning strategies. For example, students dysregulate
their learning when they fail to select the right resources for learning, according to their
requirements, needs or study level. Our study adds new insights into how novice program-
mers self-regulate their progress when their learning is closely intertwined with a variety of
web resources and the types of challenges they face. This study also shed some light on how
students’ learning may be dysregulated when relying excessively on web resources.

2.4 Studies on how programmers use external web resources

Although we are not aware of studies that shed light on how students make use of external
web resources when learning programming online, we review complementary research on how
programmers use external web resources. One of the well-established ideas comes from Pirolli
and Card’s Information Foraging Theory [75] [76]. For example, the theory of information
foraging has been used to explain programmers’ diet when using resources [50] [74], this
theory was also used to explain how end-user programmers forage in online repositories [56]
and to create tools to support information foraging for novice programmers [88]. Brandt’s
Opportunistic Programming [16] [17] aims to explain how programmers use opportunistic
approach to use external resources to produce cheap and quick code to solve programming
problems. Opportunistic programming approach has been used to understand difficulties in
information seeking among end-user programmers [29]. One of the most important aspects
of this approach is that it may help us understand why some programmers copy/paste code
from internet; they may be behaving as opportunistic programmers whose code will be used
few times. Our findings about students’ behavior are complementary to the findings about
opportunistic programmers.
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2.5 Studies on novice learners’ reluctance to seek help

Researchers have identified some key factors that influence students’ decision to seek or
avoid help in the classroom. For example, Price and Liu [79] observed that students may
avoid help for practical reasons: help may be inaccessible or inconvenient, and the use of
help may be prohibited or go against social norms of the classroom [85]. Students may avoid
help because of concerns about the help-giver’s competence (e.g. if it is a peer), a desire for
independence [96], or because of a perceived threat to competence [20]. Lower-performing
students and students with lower self-esteem are more likely to feel a threat to competence
by seeking help, and this threat can manifest in help avoidance or seeking expedient help
(with the goal of finishing the problem), rather than instrumental help to foster learning [52].
Students with a performance achievement-goal orientation, focused on others’ perception of
their relative competence, are less likely to seek help than those with a mastery orientation,
focused on learning and self-improvement. Help-seeking in the classroom is also a social
experience, and students with a social status-goal orientation, focused on social visibility
and prestige, may feel increased social costs of help-seeking and therefore avoid help [84]
[85]. There is also some prior work related to programmers’ reluctance to seek help. For
example, Begel and Simon’s work [12] on boarding process to new college graduates at
Microsoft observed that new software developers had the following misconception:“I must
do everything myself so that I look good to my manager”, therefore they resort heavily to
external resources in order to not reveal their perceived deficiencies. Our findings shed some
light about the reported choices made by novice programming learners in emergency-remote
environments when deciding whether or not to seek help from others.
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Chapter 3

Study methods

In this chapter, we describe our study methods. We carried out our research in two different
terms in an introductory emergency-remote course, explaining the differences between our
two groups of students and why we studied two group instead of just one. Our study
procedure consisted of two surveys and one set of interviews conducted in the first group
of students, and a survey conducted in the second group of students. Our data analysis
consisted of descriptive statistics for the closed-ended questions and bottom-up inductive
analysis approach for open-ended questions and the interview transcripts. Next, we describe
in detail our study methods.

To understand how students in emergency-remote introductory programming courses
were making use of external resources, we used a combination of descriptive methods. We
conducted surveys in two different teaching terms and carried out interviews with a subset
of the survey respondents from the first group. All of the study procedures and instruments
received clearance from our university ethics board.

3.1 Research site

We recruited participants exclusively from an emergency-remote introductory programming
course offered in the CS department of a large university in North America. This course
had never been offered in a fully online format prior to the pandemic in 2020. This course
was open to undergraduates from any discipline and can be considered equivalent to CS1.
The core programming language taught was Python and the course lasted for 13 weeks.

Our study lasted two consecutive terms: Summer 2020 and Fall 2020. The course and
the emergency-remote approach for both terms were unchanged. The course was delivered
using a combination of the Canvas Learning Management System, Blackboard Collaborate,
and Zoom video conferencing tool three times a week on a regular basis. The instructors
published their slides before every class and posted the recordings after class. The book How
to Think Like a Computer Scientist: Interactive Edition Python, from Runestone Interactive
[67] was used.
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In both the summer and fall offerings, a significant group project was assigned at the end
of the semester. Almost every week, students were provided with assignments and quizzes;
some were intended as practice, some for course points.

Next, we describe the particularities of each group of students.

3.1.1 Students group 1: summer 2020 term

Our first research group was made up of students enrolled in this course for the summer
2020 term. This was the first term when this course was taught using the emergency-
remote format. There were 200 students enrolled in this group. They were all taught by the
same course instructor, who provided programming quizzes based on materials seen in class
and the official interactive textbook. Points were awarded for reading and doing practice
exercises within the textbook.

Due to the summer term nature, there were some differences in the student population
in comparison with a regular term. For example, enrolment is regularly lower, and typically
students in this term are non-cs majors.

3.1.2 Students group 2: fall 2020 term

Our second research group was made up of students enrolled in this course for the fall 2020
term. This was the second term when this course was taught using a emergency-remote for-
mat. There were 669 students enrolled in four sections, each taught by a different instructor.
The four sections were closely coordinated, to the weekly learning objectives level, and had
the same assignments and tests. All four sections had a single course website and used the
same Runestone textbook [67] used in the summer term. Points were awarded for reading
and doing practice exercises within the textbook. Questions and exercises were created by
the instructors, based on materials seen in class and in the official interactive textbook.
Practice review questions embedded in the book were given points. These questions could
be answered until they are correct, without penalty.

3.2 Study procedure and instruments

In this section we describe our study procedure and instruments. We used two surveys (we
will call them Survey1 and Survey2, respectively) and one set of interviews. Survey1 and all
the interviews were conducted in research group 1 (summer 2020 term), while survey2 was
conducted in research group 2 (fall 2020 term). Before describing our study instruments,
we first clarify our definitions of internal vs. external resources that we use in this thesis.

Internal vs. External Resources: We classified the resources that students described
using in two groups. Any resource that was provided or suggested by the course instructor
or TA was classified as an internal resource. Any resource that the students looked up on
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Table 3.1: Type of resources and their classification. We defined an internal resource as any
resource that is provided or suggested by the course instructor, and an external resource as
any resource that students locate on their own.

Category Resource description

Internal

Check notes or course slides
Seek help from teaching assistant
Use the provided interactive textbook (Runestone)
Post question into classmates forum (Piazza or Canvas)
Consult with the course instructor

External

Use other printed books or e-books
Watch YouTube videos
Read relevant web pages in general
Use external forums (eg. StackOverflow)

their own was classified as an external resource. See table 3.1 for examples of both types of
resources.

SURVEY1: The survey1 questionnaire consisted of 27 questions with 24 closed-ended
questions and 3 open-ended. The questions were divided into four groups: basic demograph-
ics and prior programming experience, resource preference for learning, learning difficulties
and strategies to cope with them, and self-monitoring strategies when learning through
emergency-remote online courses. The goal was to find out how novice learners cope with
new emergency-remote courses and the strategies they deploy to overcome difficulties.

We conducted survey1 in research group 1 (summer 2020 term), from weeks 8 to 12.
The survey responses were anonymous, but the instructor offered minimal points for partic-
ipating (0.5%). We also offered a $50 amazon gift card raffle for participation. We obtained
84 completed surveys out of 200 students (42.0% response rate of the summer 2020 class).
Demographics are summarized in Table 3.2. Optionally, survey1 respondents could also
indicate if they wanted to participate in a follow-up interview.

INTERVIEWS: We carried out semi-structured interviews to probe further into stu-
dents’ experiences with learning programming in an emergency-remote course. We asked
them about their preferences for learning resources and strategies, perceived usefulness and
pros/cons of internal and external resources, reflections on how they monitored their time
and progress, and how they sought help. The goal was to understand how and when students
used resources to get help and learn.

We conducted 13 interviews (8F/5M) in group 1. We offered a $15 Amazon gift card
to each participant. This survey took 45 min on average via the Zoom video conferencing
tool. With permission of participants, the interview was audio recorded. Because the data
from the interviews was not linked to the responses from survey1, we collected interviewees
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Figure 3.1: Summary of the process we followed to further investigate the prevalence of
insights that we saw emerging along the instruments we used.

demographic data via a questionnaire. Demographics from this interview are summarized
in Table 3.3.

SURVEY2: After analyzing data from survey1 and the interviews, we wanted to fur-
ther investigate the prevalence of insights that we saw emerging, especially related to how
students were relying on external resources and managing their time (fig. 3.1). Building on
our questionnaire from survey1, we asked additional questions about strategies for locating
external resources, usefulness of different resource types, and challenges in accessing and
learning from external resources. There were 26 questions (23 closed-ended and 3 open-
ended). The goal was to understand which external resources were more helpful, useful, and
why.

We conducted survey2 in research group 2, from weeks 8 to 12. The survey responses
were anonymous. We only offered a chance for $50 Amazon gift card raffle for participation
this time. We obtained 92 completed surveys out of 669 (13.8% response rate of the fall
2020 class). Demographics are summarized in table 3.2.

3.3 Analysis and presentation of results

For the closed-ended questions in survey1 and survey2, we looked for general trends using
descriptive statistics. We provide charts to clarify our most important findings. We analyzed
the transcripts from the interviews and the open-ended survey questions using the NVIVO
qualitative analysis software.

For the closed-ended questions in survey1 and survey2, we used descriptive statistics.
We started by importing all data to a Microsoft Excel spreadsheet. Then, we eliminated
the incomplete rows of data. We considered a row of data as incomplete if the participant
did not go through all the questions. We had a total of 5 incomplete rows in survey1 and
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Table 3.2: Demographics data from our participants, summarized

Survey1 Interviews Survey2

Term Summer
2020

Summer
2020

Fall
2020

N 84 13 92
Male 50.0% 5 57.1%
Female 47.6% 8 40.7
Other/Non
disclosed

2.4% 0 1.1%

CS Major 9.5% 0 44.9%
Non-CS
Major

90.5% 13 55.1%

Response rate
of the class

42.0% 6.5% 13.8%

1 incomplete row in survey2. To create our statistical charts, we processed every question
individually, considering only the participants that answered that specific question.

Next, we processed the open-ended questions in survey1, survey2, and the interview. To
identify recurring themes, we used the grounded theory method [92] by Corbin and Strauss.
The grounded theory method is a bottom-up inductive analysis approach for analyzing
qualitative data. With this method, we can derive new theories and concepts based on
qualitative data, in contrast to other methods in which we can start using an existing theory
and see whether or not our data agrees with that theory. The first step of the grounded
theory is open coding. In this step, we analyzed carefully the open-answers from interviews
transcripts and open-ended questions from surveys, and then broke them up into discrete
parts. Later, we proceeded with axial coding, which is the part when we drew connections
between the codes we observed in the previous step. Finally, selective coding is the process
when we selected one central category that connected all the codes from our analysis and
captured the essence of our findings. This coding process was conducted by the thesis author
with regular discussions with the other members of the research team. All of the findings
we obtained emerged from our inductive analysis and were not defined a priori.

Since our surveys and interviews produced a large amount of data, we combined the
key insights into major themes, which are a) to what extent the students’ learning process
was intertwined with external resources, b) how students looked up for resources in a very
quick and shallow way, c) the process students used to assess the quality of the external
resources, d) students’ perceptions of wasted time and effort looking up external resources
and e) if students didn’t find what they looked for, whether or not they asked for help. We
are presenting our findings in the results chapter.
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Table 3.3: Demographics data from our interviewees, detailed

Interviewee Age
Years

enrolled in
university

Gender
Programming

experience
(in hours)

Major

P1 22-25 More than 5 Female None Life sciences
P2 22-25 4 years Male None Business
P3 30+ 5 years Male None Business
P4 18-19 Just enrolled Female None Earth sciences
P5 18-19 2 years Female None Life sciences
P6 18-19 1 year Female None Life sciences
P7 30+ More than 5 Male 100+ (Undisclosed)
P8 22-25 4 years Female None Communications
P9 26-30 More than 5 Female None Life sciences
P10 22-25 4 years Female Between 5 and 30 Business
P11 18-19 3 years Female None Life sciences
P12 20-21 2 years Male Less than 5 Business
P13 18-19 1 year Male Between 5 and 30 Business
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Chapter 4

Results

In this chapter, we report the main findings from survey1, our follow-up interviews, and
survey2. Our key themes indicate that although students appreciated the curated resources
offered to them as part of their course and they had several opportunities to get one-on-one
help, many of them stubbornly believed that it would be more efficient to consult external
resources on their own. In fact, their learning was so intertwined with external resources
that many would spend several hours struggling with trial-and-error strategies on the web,
only to later realize that they were actually wasting their time and effort. Students reported
that they tried to obtain external resources by sifting through them in a quick shallow way.
This process made students less prone to reading, learning, and reflecting properly. Students
also reported they preferred minimizing the time invested trying to solve the exercises on
their own, preferring to use someone else’s code. They reported preferring not to ask ask
for help, keeping this process in a loop over and over again.

We grouped the main findings into five sections that shed light on: 1) how students’
learning processes are intertwined with external resources, 2) how students look up resources
through quick trial-and-error, 3) students’ perceptions of wasted time and effort looking up
for external resources, 4) the process students use to assess the quality of external resources
and 5) students’ reluctance in seeking help from others.

4.1 Students’ learning is intertwined with external resources

Table 3.1 shows the list of internal and external resources that commonly came up in our
study. In survey1, the respondents reported that they regularly consult the slides provided by
their instructor or their own course notes (57.1%). The course textbook was a less preferable
choice (23.8%). Most of the respondents also indicated that they accessed other resources
curated by the instructor for supplementing course activities and assignments. Almost all of
our interviewees (10 out of 13) confirmed that the provided internal resources (course notes,
slides, official interactive textbook, course-based forums) were considered useful for them
and that “teaching and the materials provided were pretty good” (P13). However, we also
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observed in survey1 that almost all respondents reported that they ended-up using external
resources.

In survey1, we offered a set of five internal and four external resources (Table 3.1)
and asked students to select the top three resources they used. We observed that 98.0% of
survey1 respondents selected a combination that includes at least one external resource (Fig.
4.1). From the interviews, we learned that the majority of students reported using external
resources (12 out of 13) as well. P1, a female student who had finished her major in life
sciences and was thinking about going for a second degree in CS, explained the apparent
contradiction between having good resources provided by the instructor, but at the same
time, relying on external resources:

Generally, all of the material that we’ve done so far, it could be found in the
lecture notes or the interactive textbook, Runestone. Generally, those two are
enough. It’s only when it’s something, like a creative assignment or content in
the mid-term, that those two I require to use something like YouTube or Google...
(P1).

We found that many of the survey1 respondents (16.7%) even preferred to use external
resources as their first choice for studying or working on assignments. Some of our inter-
viewees confirmed this preference for external resources to their own notes or instructor-
provided resources. For example, P13, a first-year male student working towards a business
major, explained:

I think my notes are too way more unorganized than what I could find online.
Online is just tabs of exactly what you need... (P13)

In survey2, we further probed into this finding and learned that the majority of respon-
dents (70.6%) again reported that they relied on external resources. The most common
reported reason for consulting these resources was to find something “exact” which was
difficult to find within the course textbook or other internal resources. P10, a fourth-year
female student studying a major in business, explained to us:

It is just convenience. I don’t want to look through the textbook if I don’t know
if my answer’s there, so I just Google the exact question, and then chances are
it comes up... I rarely look at the textbook. Actually, now I think about it, it’s a
really good textbook... (P10).

P12, a second-year male student majoring in business, described the “burden of reading
long texts” compared to the quick hands-on solutions he could get from reading and using
someone’s code in a Q&A forum, such as StackOverflow:
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Figure 4.1: Survey1: This graph represents students’ preferences for resources. We asked
survey1 participants to rank their first, second and third preferred resources when studying
for this introductory programming course (from a list of potential internal and external
resources). Blue color represents internal resources, green color represents external resources.
It’s interesting to note how students’ learning efforts were so intertwined with external
resources. In fact, 98.0% of respondents indicated they would prefer at least one external
resource as one of their 3 options (only 2 people said they would stick with internal resources
as their first 3 options). Although the majority of participants preferred to start with internal
resources (83.3%), an important number of students (16.7%) indicated that they would
choose an external resource as their first preferred resource, skipping the provided ones
(first column: Web Q&A sites 13.1% plus Videos 3.6%, total 16.7%).

I find it easy to look at someone else’s code and then take that method and use it
for myself. So I don’t read the interactive textbook because it’s too many words...
I’m not a huge fan of reading. If StackOverflow makes it in three lines so you
can make it in three lines too... (P12).

We found that our interviewees reported using external resources mainly to finish their
assignments, and that they indicated they were not shy about consulting extra resources.
That was the case of P9, a female student who was a recent graduate from Kinesiology and
took this course out of curiosity. She explained to us:

When I do look out [online], yes, it takes a lot of time, because a lot of the
questions that are even being asked on Q&A websites, they are not the exact
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Figure 4.2: Survey2: Respondents indicated that the two things they value the most were:
working independently without asking anyone (28.9%) and solving the exercises in the
shortest possible time (22.9%). It is interesting to note that most respondents were very
open to repurposing examples they find online (only 6.0% mentioned that they would use
the lowest number of code examples from the web).

solution you are looking for anymore. And if it’s something very specific, it
doesn’t really cover it either. But it does give you a good general idea though,
which at least launches you, starts you off somewhere, guides you somewhat in
a general direction, I think... (P9)

In survey2, we asked our participants what they valued the most when solving program-
ming assignments. Their answers are summarized in Fig. 4.2. Only 14.5% of participants
considered it was important for them to look at the lowest amount of external resources
to solve the assignments; and only 6.0% considered important minimizing the amount of
programming examples they repurposed to solve the assignments.

Interestingly, some students even preferred to completely ignore all of the internal re-
sources offered to them by the course instructor. As noted in survey1, we learned that a
number of respondents (16.7%) reported starting to look for external resources even before
opening their own notes, course slides or course textbook (Fig. 4.1). Our second survey
confirmed this as we found that 15.5% of respondents also reported preferring to skip in-
ternal resources altogether. In the interviews, 2 out of 13 respondents indicated they didn’t
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use any internal resources at all, further clarifying that they were not enthusiastic about
internal resources. P9 explained why she did not rely on internal resources:

The textbook doesn’t really provide that many examples. They do provide some
examples, which could start us off. But I find that there are some problems it
just doesn’t cover. There are certain questions our instructor gives, and then I’m
like, How do you solve them? And then, I go back to the textbook, and it doesn’t
really have enough, I guess, substance to provide every scenario in the world,
which is understandable. You can only have so much in a textbook... (P9).

We probed into this behavior in survey2 through an open-ended question about students’
motivations for using external resources. One of the key reasons that consistently emerged
for using external resources was that respondents wanted to get hints and tips, explore
different methods or find ideas for inspiration (44.1%, Table 4.1). As explained by one of
our interviewees: “sometimes when I code, I don’t know how to start, and that’s usually my
biggest problem (P11)”. Another key reason was that students indicated they perceived that
their prior knowledge was perhaps insufficient (38.7%) and they told us they wanted to use
external resources to close this gap. Surprisingly, a large number of respondents (17.2%)
indicated they believed in the power of Google and were confident that they would just
be able to get their desired answers when needed: “the other day I wanted to learn how to
convert decimal to binary so then I’ll Google just ’converting decimal to binary’ (P8)”.

Even in cases when interviewees knew that they could resolve a Python programming
error output based on the information in the course slides or their textbook, they indicated
they preferred to do a Google search as it “is just very convenient” for locating information.
P5, a second-year female student studying a life sciences major, explained how she used
Google:

If I don’t know where to start, I’ll usually search for that specific function [that
was taught]. If I got an error for some sort of syntax error or something, I would
try to search whatever that I’m not sure about that might’ve caused the problem.
Or I try to search the different kinds of people who have similar programs that
want to do something and maybe not the same word for word, but if their program
wants to add numbers and I want to subtract numbers... (P5)

From the previous quote, we can observe the different reasons why P5 may search on
Google: i) to debug code when a syntax code error arises (“if I got an error...”); ii) to
get unstuck (“if I don’t know where to start...”); iii) to check different methods or ideas
to achieve a solution (“different kinds of people who have similar programs that want to do
something...”).

But, what if P5 didn’t get a specific answer from external resources?
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Table 4.1: Survey2: Codes and categories from students’ answers to the open-ended question:
in which cases do you rely on external resources available on the web? (beyond your own
course notes or resources that the course instructor recommends).

Codes % Category % Total
Check extra topics not covered in
class (modules, concepts, etc)

17.2% When I want to get
hints, explore different
methods or find
ideas for inspiration.

44.1%Check different methods or ideas
for achiving a solution.

14.0%

When I am stuck (get hints, course
of action or ideas).

10.8%

When no one can help me with my
question.

2.2%

Incomplete explanation (theory) or basic
previous material that they don’t know.

25.8% When the perceived
prior knowledge or
course resources are
deemed insuficient.

38.7%
Few examples provided by the course
material or lack of variation on them.

11.8%

When students want to get extra practice. 1.1%
Seek explanation for code errors,
functions or programming syntax.

11.8% When Google is perceived
as a convenient book
index.

17.2%
It is more convenient look into Google
than sift over tons of materials.

5.4%

If there’s no website that has my specific answer, then I’ll look for something
similar that I can kind of compare my code to and see where I’ve gone wrong or
what I need to look at in my code... (P5)

From the previous quote, we can observe that although she didn’t find an specific answer,
then she still prefered to keep looking for more resources in order to find “something similar”
to “compare my code and see where I’ve gone wrong”. Thus, it is not surprising that resources
in which different people offer programming solutions with example code, such as Q&A
forum resources, were popular among our interviewees.

In fact, from our interviews, we noticed that students preferred Q&A forums, such as
StackOverflow (9 out of 13) and about half (6 out of 13) reported using them as their
first choice. Videos, mainly from YouTube, were reported as the next preferred resource (7
out of 13), used by three students as first choice. Survey2 also confirmed this observation
(Fig. 4.3) that more respondents (44.0%) stated they found Q&A sites to be very helpful
or extremely helpful compared to videos (29.0%). From P3, who was a mature student
majoring in business, explained further how he used Q&A websites:
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So when you look for something online, it’s not per level. It doesn’t fit exactly
what you’re looking for. But it gets a chunk. So I have to get maybe a chunk
from this website, and then go to this website, combine it. This course is still
entry level, so I would say I’m very beginner in coding. So when I go on the
website, sometimes it’s intermediate, sometimes it’s expert. And I’m pooling a
lot of bits of code here and there together, to get to my goal of what I need to
research... (P3)

When we asked about videos, this student confessed the reasons why he didn’t like using
them:

Every time I do my searches, it’s always programming forms, or programming
websites [that appear]. When I do my search, not a lot of videos come up (...) I
didn’t think about going to YouTube to search, because let’s say I search a topic,
it’s always broad... (P3)

As P3 mentioned, not a lot of videos appeared in his results page, and the answers he
obtained from videos were very broad. However, these were not the only reasons why he
didn’t like using videos:

Another thing I don’t use YouTube for learning this course, because my opinion
is that people post that stuff on YouTube to make money. And sometimes they
have a title in the video that’s not related to what they teach in the video. So
unless they have a very specific title, and I can see that it’s a very specific channel
aimed at teaching Python, I wouldn’t go... I would say that I watch maybe less
than 5% of my time on videos... (P3)

All of the interviewees mentioned that they used some general webpages (such as Python
documentation), but only (3 out of 13) were able to recall a specific web page, and none of
them used webpages as a first resource.

In summary, from our interviewees’ answers we noticed the following main reasons for
their extensive use of external resources. a) interviewees found it more convenient to search
on Google than reading long texts; b) they aimed to avoid the frustration of looking for an
answer on their own within the textbook, since they reported that they did not necessarily
find the exact answer in it; c) interviewees reported that the internet has more hands-on code
examples and explanations in different formats which sometimes may be close to what they
exactly need to solve their problem; d) the source code or answers from external resources
were reported to be good, optimal and easy to build on; interviewees indicated that they
did not want to “reinvent the wheel” ; and e) interviewees reported being convinced that
they are skilled in getting what they need from the web. This was observed especially in
interviewees who avoided using any course provided resources.
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Figure 4.3: Survey2: External resources frequency of use and usefulness. Q&A forums were
the most used resource and perceived as the most useful. More respondents indicated they
always use Q&A forums over videos (8.9% vs 4.3%). More respondents found Q&A videos
extremely helpful compared to videos (14.0% vs 2.0%).

4.2 Looking up resources through quick trial-and-error

Since so many participants in our study were dependent on external resources as part of their
learning, we wondered how they may be locating such resources. Our interviewees reported
that they mostly rely on different combinations of search queries and trial-and-error.

From the answers in survey2, we observed that the most common reported way to look
for resources was by doing simple searches on Google: “how to do (something) in Python”
(44.5%). We asked our interviewees about their strategies for obtaining new resources and
about half of the interviewees (6 out of 13) said that they copy/paste the exact question
into Google. Notice that the term exact question appeared in their answers. A common
sentiment among our interviewees was that:

Chances are I can just Google it, and I’ll find a very similar syntax for it, that
someone else has already done it before... because it is a basic course, the odds
that the answer is out there seem high... (P10).

Other interviewees were fairly confident about their ability to find any desired resource
online:

Internet has all the knowledge. It is hard to fail looking for resources... (P12).
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All of our study participants were part of this introductory programming course, and
the majority were learning programming for the first time. They indicated they did not
have the appropriate vocabulary and struggled to identify what they were looking for:

The problem in terms of coding is, I don’t know what the algorithm is. I don’t
know what I’m supposed to tell the computer to do... (P3).

P11, a third-year female student majoring in life sciences with "zero programming ex-
perience", commented what she did for obtain new resources:

What I do is sometimes I copy/paste the assignment into Google. But then,
other times, that obviously doesn’t work because you can’t find every assignment
on Google... (P11).

For such interviewees, if the exact question did not appear in the search results, they
would have problems recognizing the answer.

Since students are usually under time pressure to finish an assignment or study for an
exam, some of the interviewees described the feeling of being in a trap as sifting through
search results and resources quickly, they were only getting a shallow insight into the key
concepts, not learning properly, which kept reinforcing this trial-and-error loop. Most of the
time, our interviewees reported being in a continual scanning mode and rarely tried to read
and understand the content properly.

In addition to being pressed for time, the students in our study also did not have
the appropriate vocabulary to understand complex explanations. Most of our participants
indicated that they used Q&A forums more frequently (since they had fewer complex ex-
planations) and found them to be most useful (from survey2, Fig. 4.3). Study participants
reported that the key reason to use Q&A forums was that it was easier for them to get an
exact match for their queries.

From survey2, we probed into attributes of Q&A forums that participants preferred.
We asked our participants what they valued the most when looking for answers in a Q&A
forum. We learned that the most rated attribute for Q&A forums was that the question
text in the Q&A post should be similar to the “question I have right now” (37.5%, Fig.
4.4). One of our interviewees, P12, who was a frequent user of external resources (and even
skipped any internal resources), explained this common behavior among students preferring
Q&A forums:

If it [a forum post] answers my question, then I use what the code has taught
me (in Q&A post) and then I apply it, that’s the number one. Generally, I just
use the resource, then like I’ll skim through it at first to get an idea of whether
or not to answer the question, and if it really does, then I’ll actually properly
read it to understand what it’s trying to tell me and if I can understand it, I’ll
be good... (P12)
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Figure 4.4: Survey2: What respondents valued the most when looking for answers in a Q&A
forum resource. The most important thing that this survey respondents (37.5%) valued was
that the question in that post is very similar to the question that I have right now. Interesting
to note that the reliability of the source/author and whether or not the post was upvoted
by the community were marked as the lowest attributes (2.3%).

In the interviews, we also learned that some of the reasons students reported Q&A
forums as being popular were that they offered different solutions or courses of actions for a
problem, often including source code (5 out of 13). These different solutions helped students
to get inspiration or ideas to start, especially when they were stuck and did not know what
to look for: “if I had a problem and I’m unable to find a code which at least solves part of
the problem, if not the entire part, then I would look at other codes (P4)”. However, the
major drawback that students noted for Q&A forums was that it was hard to understand
“other people’s code”, especially since it was often “beyond the level” of the student’s current
knowledge or that there were “too many different solutions” from which to choose.

Another interesting dilemma that students reported facing when using someone else’s
code from Q&A resources was how to adapt these external codes to mimic their own coding
style or limit the code complexity in order to make credible answers. P12 explained what
he valued the most from Q&A resource was the clarity of the provided code:

Stack Overflow has answers that are, God knows how long, and then it has so
much code and such complex code that you can’t apply it to this course. If you
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do, then obviously the professor’s going to know that you used those really high
level coding, you shouldn’t be to here then... (P12)

Thus, it is not surprising that sometimes, some students reported that they could solve
assignments without realizing how they solved them. P12 further pointed out:

For Turtle, I don’t know how I did it. See, half of the time, I don’t even know
how I learn these things. It’s because I generally look at the problem and then
I’ll look at many resources and now I’ll just create a puzzle in my head of how
each code works and for some reason it works... (P12)

Still, the reported strong preference for Q&A forums is surprising because in survey2
participants also indicated that videos provided clear explanations (42.0%, Fig. 4.5). In the
interviews, we learned that videos were reported to be more beginner-friendly and accessible,
similar to a recorded tutorial (3 out of 13). But, many of the interviewees (7 out of 13)
reported several drawback of videos as well as many programming videos were perceived as
being “long”, “tedious”, and “slow to use”, and difficult to use to “obtain specific answers”.

When a search did not yield desired results, almost all interviewees reported that they
would reformulate their queries by making slight tweaks (e.g., by adding or removing words
like “Python” or “examples”). None of them indicated using any advanced search techniques
such as using logic operators, quotes in the search bar, or search filters. In fact, 3 of the
interviewees revealed that they relied on Google “suggested words”, which means that even
their search query was partially suggested.

Surprisingly, our interviewees reported neither a single comment about self-monitoring
their trial-and-error process nor a comment about some explicit effort to take notes or adjust
their overall strategies. When we asked about the difficulties of obtaining new resources,
most of them expressed a lot of frustration:

(getting the exact answer) is not perfect every time. I know sometimes, the prof
designs questions that are just extremely unique, and they’re really not usable in
real life... (P10).

Interestingly, even after feeling frustrated or tired, the interviewee admitted that they
would just go back to trying the same thing again the next day.

Another common sentiment expressed by interviewees was that obtaining resources was
not the issue. Instead, the core issue was deciding which one to use from the “sea of re-
sources” :

It may take more time sorting through the resources and finding which one I
want to use... finding one that’s easy to understand is probably what takes the
bulk amount of time... (P5).
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Figure 4.5: Survey2: What respondents valued the most when looking for online video. The
most valued aspect of selecting videos (42.0%) was whether the video has a clear explanation
of the topic. Similar to the Q&A forums, it is interesting to note that the reliability of the
source/author was not highly valued (3.4%).

Like P5, many students hinted that they were ready to jump into the next resource
at the first problem or confusion. Their comments rarely reflected on their own ability to
understand the concepts and blamed the resource for “not being clear” or “not easy enough”,
made a new search and kept looking, making the wheel of this trial and error approach spin.

4.3 The process students use to assess the quality of external
resources

An interesting observation from this study is that even though the novice learners did not
yet have the skills or vocabulary to assess external programming-related resources, they
still believed that they could determine the quality of such resources on their own. This
seems to be a paradox because they might profit more from using external resources of
proven good quality. This sentiment was general along our research tools: Only 2.5% of
survey1 participants indicated that it is important that an external resource comes from a
well-known or high-quality source (speaker, publisher, top web site, etc). In the interview,
we found that just one interviewee indicated that he followed some good-quality YouTube
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channels, but then this student realized that he didn’t use videos from that channel very
often because that channel was unlikely to answer all of his questions, so he needed to look
at other channels suggested by YouTube.

All of the interviewees explained that to assess the quality of a resource, they looked
for certain details. These included, for example, the video description, the web page layout,
user interface and navigation, quality of the visual elements, number of likes or comments,
and the presence of Python code. One interviewee explained:

I like to look at what the website is like, first of all. I guess there isn’t really
a way to make sure that it’s completely reliable, but if it looks like it is a little
spotty, I might take a sample of the code and put it into my code and just write
it and make sure it actually works. And then I can kind of go, oh, okay, well it
works, so I’ll look more into it... (P5).

P13, a first-year male student from business major, used a different approach to evaluate
the quality of the resources he found on the web: He told us he compared external resources
with one another to see if they agreed. He explained:

So then, I search it [the topic] up not just on one website but on multiple links
that it comes up and if I see that the same thing pops up, if the same answer
comes up from those different websites then I think to myself, oh, that must be
how I’ll do it because that’s how multiple people are solving the problem... (P13)

The problem with that approach is that it takes much longer compared to just relying
on external resources from a proven good-quality source.

We found the same sentiment about disregarding the author and quality of the external
resource among survey2 respondents. We asked questions about what students value the
most in the case of webpages, videos, and Q&A external resources. The percentage of
students that selected the reliability of the source/author of the resource as a main reason
was: 4.3% for web pages (the least desired attribute for web pages), 3.4% for online videos
(the second-least desired attribute for videos), and 2.3% for Q&A forum resources (the least
desired attribute for Q&A resources). The grounds for this behavior may be that students
have difficulty in recognizing reliable resources and struggle in even knowing what a reliable
resource looks like. Students might prefer looking for new external resources from whatever
place is offered by the results page, instead of just relying on a small set of specific places of
good quality. They also seem not to worry too much about the reliability of the source, but
about the development of a way to assess the resource quality on their own. For that, they
looked for visual cues, analyzing the information layout, copying and pasting the provided
code to see if that code runs, or comparing the resources they found with one another. All
of those options are time consuming for such novice learners of programming.
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Figure 4.6: Survey2: Based on our interviewees’ responses, in survey2 we went deeper into
students’ perceptions of wasted time when looking for resources. We expected that most
students would not consider their online searches to be a waste of time. But, surprisingly,
we found that only 48.9% of respondents in survey2 disagreed that they were wasting time.
In fact, about a quarter of respondents (22.7%) strongly agreed or agreed that they were
indeed wasting their time. Yet, as we note in our results, these students reported making
little effort to change their strategies and be more efficient with their time.

4.4 Students’ perceptions of wasted time and effort looking
up external resources

We observed that many participants consistently expressed the sentiment that the “internet
has all the knowledge” and that is why they kept pursuing external resources. But, survey2
showed that a key desired goal for the study participants (22.9%, Fig. 4.2) was to be able
to solve their assignments in the shortest possible time. So, it was ironic to hear them
spending so much time and effort going back-and-forth to locate relevant resources and
being unwilling to change their strategies even when they were unsuccessful.

To further our understanding of the findings from survey1, we explicitly asked partic-
ipants in survey2 to what extent they agreed with the idea that they were wasting time
looking for resources rather than studying or solving their assignments. We expected that
most students would not consider their online searches to be a waste of time. But, sur-
prisingly, we found that only 48.9% of respondents disagreed that they were wasting time.
In fact, about a quarter of respondents (22.7%) strongly agreed or agreed that they were
indeed wasting their time (Fig. 4.6). Moreover, 11 out of 13 interviewees agreed that looking
for external resources was a “time-consuming process”. As one interviewee explained:

I apply what I learned from the video or website to my work...it does take some-
times even a full day. So I do admit that. I do waste a lot of time doing that...
(P11).

28



Further quotes support the idea that it was hard for interviewees to control the time
they spend looking for resources. For example, only three of the interviewees mentioned that
they had some awareness of time when they were searching the web; others commented that
they relied on internal cues to stop their search (e.g., feelings of frustration, boredom, or
fatigue). P8, a fourth-year female student studying a major in communications, explained:

It’s pretty easy to realize how much time I am spending on external resources,
because the longer that I take the more frustrated that I get so, the more frustrated
that I am, that indicates to me that I’m taking a long time where I’m taking too
much time looking for resources... (P8)

P12, one out of two interviewees who skipped using any internal resources, told us that
the idea of measuring time was “nonsensical” for him:

It shouldn’t matter if you spend two days on looking at external resources or one
minute, if it’s towards answering a specific problem and you need to find the
answer, it can never be a waste of time... (P12).

Another common behavior that appeared in our study was that some students reported
trying consistently to minimize the time they spend on each resource, so that they could
maximize the number of “unique hits” and increase the chances of getting the “right re-
source”. As expressed in the previous excerpt from P12, “find the answer” and “specific
problem” were all common phrases used by our interviewees, especially in relation to how
they used Q&A forums. All of them mentioned they wanted specific answers, especially
when they were up against deadlines and sifting large amounts of resources was a difficult
task. In that situation, they could not afford to spend time learning the content properly,
as a result.

In addition, some students reported that when they felt that a deadline was approaching,
they would resort to using even more external resources, which would ironically add more
time. Some students admitted how they tackled this “fight against time” by taking ideas
as-is from the resources, without thinking too much:

If I’m running out of time for the assignment it’s best to just, oh, this is how
this person did it, that must be right. I’ll do the same thing. And then it kind of
takes away a lot of stuff in between. It cuts down the steps... (P8).

Given the time crunch that some study participants indicated they faced, it was not
surprising that these participants reported they were focused on locating resources where
the code output matched their own desired output or something similar to get ideas or
inspiration. They even commented that they felt that all the time and effort was “worth it”
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when they found the desired information. However, the main issue they hinted they faced
was not having the confidence to know when to stop, even when they realized that their
time was not being well-spent:

Sometimes I feel I’m wasting time (looking for resources), at the end of the day,
I have to find the materials to look at... if I don’t get the materials, how would
I approach my assignment? (P13).

4.5 Reluctance to seek help from others

Since interviewees reported relying so much on external resources and perceiving that their
time and effort may not yield useful results, we wondered if they sought help from others to
get unstuck and break away from the harmful trial and error cycle. However, we observed
that interviewees reported remarkable reluctance to seek help from others, especially from
the course instructor and TAs. This was also ironic because students admitted that in the
case of online courses, it was much easier to book online appointments compared to face-
to-face courses. From the students’ perspective, “instant answers” that they could find on
their own were reported as more efficient and made them feel that their learning process
was under control. On the other hand, asking for help was consistently reported to be the
opposite: slow, inaccessible, and potentially high in terms of social costs.

In survey2, participants indicated that solving a programming assignment without asking
anyone was the most valued attribute (28.9% of total, Fig. 4.2). This corroborates the
sentiments expressed by most of our interviewees (8 out of 13) who said that asking someone
for help would be the “last resort” or the “least desirable option” reserved for situations when
everything else had failed. We also noticed that none of the interviewees mentioned posting
questions in external Q&A forums or in the YouTube comments section: they indicated
they preferred reading someone else’s questions and answers.

Since all of our interviewees were from non-CS majors, they hinted that they were less
interested in programming and felt that they were not confident about asking questions.
Only two 2 out of 13 interviewees indicated that they would post a question on the Piazza
forum (an internal forum with course peers set up by the instructor), and only 4 out of 13
conceded they would ask something from the TAs or the course instructor. These students
reported that they perceived the instructor’s or TAs’ help would be limited to conceptual
explanations, just hints, and would be only for a short period of time given the large size
of the class. Students indicated that they would prefer to get a complete explanation or
some discussion with code examples (similar to posts from forums such as StackOverflow),
but asking the instructor for this level of guidance would be inappropriate. P6, a first-year
female student from life sciences major, explained to us:
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It would be really difficult for me to go to the instructor and ask them, because
this is a problem, this is the homework. Why am I asking the instructor?... (P6)

Some interviewees explained that they would also be aware of and ashamed by the
number of doubts or (“little problems”) they had, and even by how to frame their questions.
Therefore, they would only seek help for “bigger” issues:

Yes, I do waste a lot of time looking for resources, and I think I justify that
because I don’t really want to go to the TA (teacher assistant) or the prof with
every little problem that I have. So I really like to save going to them for big
problems that I absolutely cannot solve or no help at all... (P11).

This perceived social cost of asking the instructor or TAs for help also appeared when
interviewees commented about making some questions to their friends:

(I don’t like to bother my friends) because it’s not their job to teach me. So then
I try to take what’s given to me first and then if I’ve exhausted all the prior
resources, then I go to them... (P8).

Some interviewees expressed their challenges in even knowing whether or not their prob-
lem was “big enough” so that it would be worth obtaining help. Their instinct was to be
“absolutely sure” that they had exhausted all the alternatives to get answers from external
resources first. Hence, the cycle of trial-and-error continued incessantly.

4.6 Summary of results

In summary, our findings indicate that the students’ learning process was largely intertwined
with external resources that they found on their own, mainly forums and videos. We also
observed that students reported scanning different resources in a quick and shallow way
with the goal of trying to obtain an exact answer. That exact answer meant matching their
questions word-by-word, mainly from Q&A website forum resources, although online videos
were reported as more beginner-friendly. Because of this shallow process, students reported
that they rarely fully read nor reflected on each resource, and kept getting stuck in a loop
over and over again. They also did not consider the quality of the external resource on their
own and realized later that they were often wasting their time. Finally, when students were
unable to obtain the desired resource, they indicated that they didn’t stop to ask for help;
instead, they preferred to keep searching on their own to obtain a desired answer.
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Chapter 5

Discussion

In this chapter, we briefly reflect back on our results and discuss some possible reasons why
students may have followed the strategies that they did in the emergency-remote learning
scenario.

In the previous chapter, we presented a detailed case study of students in a emergency-
remote introductory programming course and how they perceive and use different learning
resources. Through two surveys and a series of interviews, conducted with two different
groups of students in consecutive terms, we observed that the majority of students were fairly
stubborn in their pursuit of external resources. Most of the time, they were not looking for
beginner-friendly or alternative explanations in these resources. Instead, they used specific
queries to look up exact matches relying on trial-and-error approaches, relying mostly on
Q&A forums (unfortunately, these are mostly created for professional programmers, not
students). Although students were aware that that they wasted large amounts of time on
trial and error in looking up content, ironically, they were still in a constant scanning mode
exploring external resources. Most of our participants rarely stopped to reflect nor did they
ask for help.

From our study, we observed that students’ learning process is deeply intertwined with
and heavily reliant on external web resources. In fact, 16.7% students in survey1 and 15.5%
students in survey2, reported that they jumped right into external resources, ignoring any
provided course resource. We believe that this is a major problem for students because
looking for external resources sets a burden on them to obtain good learning resources (or
at least, perceived as good for them) when they’re still grasping the basic concepts, thus
wasting a lot of time in the process. They hinted trying to obtain these resources following
a shallow and quick process, focusing on resources that are specific to solving programming
assignments rather than focusing on resources to help them foster comprehension. This
behavior was reported to be more acute when they were running short on time.

This emergency-remote learning scenario created a difficult situation for novice learners
in programming. In this scenario, students had difficulties to access regular in-person help
from peers and instructors. We may think that this situation created some impact on the
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demand on online resources in order to obtain help that worth investigate. This thesis shed
some light on understanding how students used these online resources to obtain that help.
We found that novice programming learners in emergency remote learning relied extensively
on online resources to obtain this desired help. It was interesting to see that they resorted
to online resources on their own, in line with the previous studies about online learning that
found online courses in general tend to reuse online resources [60]. This resource-seeking
behavior has recently also been studied in the context of in-person programming courses
[57] and our study complements these findings from an emergency-remote context.

One of our main findings was that our study participants reported using Q&A forum re-
sources more widely than online videos. This was surprising given that these Q&A resources
were mainly oriented for professional programmers [72] and not for novice learners like the
ones we studied. Our study participants acknowledged that videos were more beginner-
friendly and better suited for novice students, but they still preferred using resources such
as Q&A forum resources because that they were easy to be scanned. This need for resources
that are easy to be scanned has been found in other online learning settings such as MOOCs
[33]. We know from previous studies that when people face difficulties to understand some-
thing, they prefer to issue shorter queries to Google [102]. Q&A resources could be seen
as short questions with answers, and surely some of our participants faced difficulties in
understanding concepts in this introductory programming course.

From prior literature, it was also found that Q&A forum such as StackOverflow may not
support the learning needs of new online learners [82]. From this same study, we also know
that a main problem when using specific answers from Q&A forums is that specificity on
obtaining exact answers discourages users from frequently interacting on these forums [82].
It also means students refrain from discussing with other users, making extra questions or
asking for clarifications, thus failing to self-reflect on their approach and learning. In our
study, we found that our study participants neither reported they posted any new question
on external Q&A forums nor engaged in any existing Q&A forum discussion. That finding
from our study is in line with [82]. Our study also contributes to report to what extent
novice learners in programming in a university setting fail to self-regulate their approach
using these online resources, wasting time and effort but at the same time, being unable
to break that loop and ask for help. We know that self-regulation is crucial for succeed
in solving programming problems [62]. Thus, this lack of self-regulation when using online
resources may have repercussions on their overall learning.

There are several theories that may explain why users don’t use the provided course
resources and prefer to look for new resources on their own. One of the well-established
ideas comes from Pirolli and Card’s Information Foraging Theory [75] [76]. This theory
compares users’ information foraging with animal foraging. Carroll and Rosson’s paradox of
the active user [22] [95], explains why users don’t like to read manuals (learning activity)
and jump into the production activity. Blackwell’s Attention Investment theory [15] explains
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how users consider investing attention and time in order to program a task that otherwise
would have to be solved manually, wasting more attention time. Williams’s [105] definition
of gambling provides us with some background to compare students’ behavior in terms of
gambling. Next, we will discuss these theories in detail.

5.1 Analyzing students’ preference for external resources un-
der Pirolli and Card’s Information Foraging Theory

Information Foraging is a theory proposed by Pirolli and Card [75] [76] that explains how
users forage for information in the same way that animals forage for food. The authors
found several similarities, such as a) GOAL: the goal of any animal is finding food. In
the same way, the goal of any user is obtaining information; b) PATCH: a patch is a site
containing one or more potential sources of food. Likewise, a website is a potential source
of information; c) FORAGE: animals forage for food in the same way users forage for
information; d) SCENT: animals use scent to assess how likely is that a given patch will
contain food, in the same way a user uses some cues to assess how promising a potential
source of information is; e) DIET: animals have a diet, that is the totality of food types
that an animal may consider to satisfy its hunger. Similarly, a user considers specific sources
from the totality of sources of information in order to satisfy his need for information.

Through this theory, we can explain some of students’ preferences for external resources.
For example, we can establish similarities in the following way: a) the goal of any student is
obtaining promising information to help them overcome difficulties when solving program-
ming assignments; b) the patch of information is a web resource, such as a YouTube video,
a StackOverflow post, and so on, mostly found using Google; c) students forage for answers
to their questions in the same way an animal forages for food; d) students try to assess a
web resource, scanning quickly several sites to see how promising these potential sources
of information are in order to invest time in them; e) students’ information diet consists
mainly of web resources that are easy to find and scan, short in extension, specific to answer
one main question and written including source code that can be copied and pasted.

However, we were unable to explain completely the students’ preference for external
resources using this theory. For example, this theory considers that user behavior when
looking for resources is purposeful, but we observed that novice learners’ search is not. As
we reported in the results chapter, several students from our study group seemed not to
know what they were looking for, and they didn’t have the experience to identify what they
were looking for looked like. Some prior work [74] used information foraging with profes-
sional programmers’ information diet and found that the main use of external resources for
professional programmers was to chase programming bugs, which in was not our case, the
main reason for students to look for external resources that we have observed is that they
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Figure 5.1: Information Foraging theory [75] [76] explains how users forage for information in
the same way this adult cat forages for food through a diet, recognizing its scent (left image).
However, first-year introductory programming students lack the experience to adequately
forage for information, not being able to recognize their diet. This may make students waste
time and resources in the same way this kitten lacks the experience to advert a trap (right
image).

wanted to get hints and tips, explore different methods or find ideas for inspiration (44.1%
from survey2).

Furthermore, using this theory, we were unable to explain why some students’ ’diet’
consisted of advanced resources, such as programmer’s Q&A answers, instead of videos
recognized as better suited for them. Finally, we were unable to apply the information
scent idea, proposed by the information foraging theory, upon reported students’ behavior.
This possibly happened due to internet advertisers interest for students’ attention time.
This differs from what the information theory suggests, making this scent more similar
to a bait, taking advantage of students’ lack of experience when looking for programming
resources (Fig. 5.1).

5.2 Analyzing students’ preference for external resources un-
der Carroll’s Paradox of Active User

The Paradox of the Active User [22] is a concept introduced by Carroll and Rosson in 1987.
It tries to explain a very common situation observed several times when users deal with new
software: users don’t like to read manuals. They just start using the software right away.
Their motivation is just to get started and to get their immediate task done: they don’t care
about the system, and thus don’t want to spend time up front getting established, setting
up, or going through learning packages. This behavior is called “production bias” because
users want to start producing instead of learning how to use the system properly. This is
a paradox because users would save time in the long term by taking some initial time to
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learn how to use the system properly, however, they prefer to jump into production mode,
wasting more time in the long term.

Carroll and Rosson’s work is relevant because it may help us explain why students
in an introductory programming course tend to use external resources. This trend seems
more similar to a production activity. Reading the course materials would seem more like
a learning activity. Using the concept of Paradox of Active User, we may reflect about, for
example, why students don’t like reading the provided textbook and prefer jumping right
into the hands-on process of using code examples from external resources. They just copy
and paste the codes, modify them and learn on the go, just like users tend to skip manuals
and prefer to jump into using the software right away. Our belief is that students and users
would make their own work more fruitful if they read the provided resources and manuals,
respectively. Following the concept of the Paradox of Active User, we can also understand
why students prefer reading Q&A posts with source code, instead of watching explanatory
videos.

Although this Paradox of Active User may explain why students tend to use external
resources, it was hard for us to explain students’ behavior completely using this theory.
For example, the Paradox of Active User itself can not completely explain the reported
students behavior of looking at external resources in a non-purposeful way, not looking for
something in particular. The Paradox of Active User does not explain why students keep
trying to find some external resources that may not exist. In addition, it could be argued that
the production bias for this case is in fact that students program the assignment, instead
of jumping into external resources, which might be seen as a learning activity as well. We
also noticed that some students seemed that they were trapped in the loop of looking for
external resources, neither producing nor learning. This doesn’t seem to be explained by
the Paradox of Active Users either.

5.3 Analyzing students’ preference for external resources un-
der Blackwell’s Attention Investment Theory

Alan Blackwell’s Attention Investment [15] is a theory that explains how users engaged
in a programming behavior ponder the costs and benefits of coding a task vs. solving the
task manually. This theory is influenced by the “attention economy” concept, which argues
that the scarcest economic resource on the Internet is human attention [40] [78]. Creating a
program requires some amount of an investment. The payoff, if the program works correctly,
is that it will automate some tasks in the future, thereby saving attentional cost (the user
does not need to concentrate on a task that has been successfully automated). There is,
however, a risk that the investment will not pay off: there might be bugs in the program, or
the task of coding might be way more expensive in terms of attention than solving the task

36



manually. The Attention Investment Theory describes that users engage in this investment
analysis trying to minimize attention cost in order to obtain maximum profit.

This theory may be useful for explaining our students’ behavior when using external
resources for saving attention time. From the point of view of this theory, students may
be aware of the fact that the cost of solving the programming assignment thoroughly on
their own, in a polished way, with no copying/pasting, isn’t worth the benefit because stu-
dents may not perceive these programming tasks as something that will save them attention
time in the future. Therefore, solving the assignments by taking shortcuts, such as copy-
ing/pasting code from external resources, is a good investment for students because it saves
them attention time. This also explains why students prefer textual resources that may be
easily scanned and offer code that may be copied, such as Q&A forums instead of videos
that don’t offer these options.

Nevertheless, this theory may not completely explain our students’ behavior. For ex-
ample, this theory was conceived to explain the behavior of both professional and end-user
programmers when deciding if it is worth investing time coding a task or solving it manu-
ally, which is not the case of novice programming learners, who mostly can’t decide whether
or not to invest in coding the assignment because these are requirements for their course.
Another difficulty is that this theory considers that users should have some experience in
programming to properly assess the investment in attention time, experience that novice
programming learners lack. Finally, this theory does not explain why students are not able to
stop looking for resources when they do not find anything useful, which is a bad investment
in terms of attention time.

5.4 Analyzing students’ preference for external resources un-
der William’s gambling definition

From our study, we observed some similarities between students’ behavior when looking
for resources and gambling. We believe that students’ behavior, when looking for external
resources, might be analyzed in terms of gambling. Williams et al [105] define gambling as
“staking money or something of material value on an event having an uncertain outcome
in the hope of winning additional money and/or material goods”. This definition includes
five core characteristics, including putting something at stake, seeking a prize, and dealing
with an uncertain outcome. We summarize the parallels from our findings in relation to this
definition of gambling in (table 5.1) and note some key observations below.

Our data analysis supports the idea that students had a strong desire to obtain a short,
exact and relevant answer for their doubts from google searches. This can be seen as a
pursuit of the “main prize”. In terms of gambling, finding the exact solution is the student’s
“jackpot”. The presence of Google’s famous “I’m feeling lucky” suggests that there is an
element of luck when looking for information [58]. We saw that students’ had a similar
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Table 5.1: Observed similarities with gambling behavior

Williams’s gambling [105]
core characteristics

Observed similarities
from our study group

1) The person is staking
something valued that
people are willing to
pay money for.

The more time students spend
searching the web, their screen
time [109] and personal data [65]
can be potentially exploited by
advertisers and internet companies.

2) The purpose of making
the stake is to win additional
money and/or material goods.

Students stake time and
personal data to get a specific
answer from the web.

3) The prize consists of
something valuable.

The prize is a specific answer
for students’ assignments,
that students deem valuable.

4) The stake is lost or the
prize is won depending
on the outcome of an specific
event that will occur.

The assignments have deadlines
at specific times, which could
be considered as the “end of
the game of findings resources”;
at that point, the game is lost
or won.

5) The outcome of the event
is uncertain.

The terms “being lucky” or “have
the chances” suggest that the
process of looking for
resources is indeed uncertain
for students.

perception of web-based resources and believed that they would get “lucky” and obtain
their target jackpot as long as they were willing to keep trying. Instead of reading the
textbook or reviewing their own notes, students optimized getting more answers in less
time. It also explains the students’ preference for obtaining short answers from Q&A forum
resources over watching explanatory videos, even though students admitted that videos were
probably more adequate for learners. Ironically, by searching the web using trial and error,
students realized that they were sifting through countless, random pages and wasting time,
but like gamblers, wasting time is perhaps the price to play.

Overall, we found that students’ lack of self-monitoring strategies makes them resort to
a basic look-up and match. This suggests that they are relying on recognition and recall,
which is the lowest form of learning in Bloom’s taxonomy [55] [94]. Even as they lose track
of time, they are driven by a strong belief that the jackpot will solve their problem quickly
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and effortlessly which keeps them engaged in their pursuit. They prefer searching instead
of stopping and reflecting on their gaps and asking for help. If they were to ask for help,
they would be slowing down their pursuit of solving the assignment. Thus, the decision of
using a simple look-up and match on Google was much easier and required no social cost.

We recall from interviewees who skipped all internal resources mentioning that they
think that looking for external resources is a “challenge”, and they believe that they are
very good at defeating it. One of them even explained that on the day we interviewed him,
he had one assignment due in the next two hours, and he was confident that he would figure
it out. This was the same interviewee who told us that sometimes he solved an assignment
puzzling from other source codes and “for some reason it works” (P12).

From our studies, we also observed that students are aware of their chances to obtain
the main prize, displaying some strategies to minimize their loss and maximize their profit.
We observed that they started with a bold maneuver, which is copying/pasting the exact
question to Google, no matter how long the question is or how unlikely it seems to obtain an
answer. With this move, they are trying to maximize their chances to win: Copying/pasting
to Google and obtaining an answer from it is almost effortless and takes a few seconds. From
that, if they don’t obtain something valuable, they would create a strategy breaking-down
this big bet on small bets with less profit, but safer in terms of time. For example, students
may try to break down a large problem into a few problems whose answer is easy to obtain,
trying later to mix and match all the answers from different sources. Given these suggested
parallels, we consider that the novice programmer students in emergency-remote courses
reported behavior might be characterized as gambling-like behavior.
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Chapter 6

Implications for future work

Our study raises important concerns about the high reliance on external resources that
we noticed among novice programmers, discussed in the previous chapter. We wonder to
what extent it is possible to create some tools to help students avoid the high reliance on
external resources, and with it, avoid wasting time. Instead, this time could be used to
solve assignments creatively, reflecting, and recovering from coding errors, thus expanding
their programming knowledge. In the end, the goal is not just to solve the programming
assignment but to build students’ strengths, confidence and skills to express a solution using
algorithms. With this approach, they would be able to solve a myriad of problems using
different programming languages.

Reflecting back on our results, we consider some directions for future work from and
HCI and Computing Ed perspective. In particular, we suggest tools and design ideas to
overcome students’ high reliance on external resources that we observed in our study.

6.1 Future work: Helping learners from an HCI Perspective
building new tools

HCI is the area of computer science that deals with human aspects of using computers,
helping to improve the understanding between users and computers. The Association of
Computing Machinery (ACM) defines HCI as “a discipline that is concerned with the de-
sign, evaluation, and implementation of interactive computing systems for human use and
with the study of major phenomena surrounding them” [46]. An important focus of HCI is
how to boost human performance when using computational tools or software. Therefore,
supporting learning is a significant part of it. An important area of HCI research is investi-
gating how to help novice programming learners, especially when difficulties or limitations
arise [108]. To achieve that, User-Centered Design [70] [69] plays an important role. User-
Centered Design is the principle in which users’ needs are set at the core of the designing
process, involving the human perspective in all steps of the problem-solving process.
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Thus, from this HCI’s User-Centered Design perspective, we discuss some implications
of our findings. We can consider students’ reliance on external resources as a behaviour that
can perhaps be shaped by user-centered interventions. Perhaps some tools or design ideas
may be used to help minimize or delay such behavior. We will propose three categories of
different tools that may help students tackle this behavior, saving time and helping them
to succeed in learning to program.

6.1.1 An IDE built to minimize student’s time on external resources

To tackle our finding that students spend a large amount of time looking for external
resources, future work could explore tools that allow learners to minimize wasted time;
helping students spend that time better, focusing more on the process of writing code and
reflecting rather than looking for more resources. For example, creating a special integrated
development environment (IDE), it is possible to track the time that students spend coding.
This IDE could track the time this app is on the foreground, log the keyboard strokes cadence
(strokes per minute), and log the number of running attempts students make. Students may
request some time off from the IDE by pressing a pause button. Students can also read the
official Runestone textbook through an integrated browser window within the IDE. By
keeping track of the time, we aim to make students spend more time coding, reflecting and
learning. By keeping track of the keyboard strokes, we aim to make students actually write
a code on their own without copying and pasting code from the web. By keeping track of
the number of attempts to run their code, we aim to make students more aware of their
effort and achievements. All of these variables are calculated and reported in a score within
the IDE. When a specific milestone is reached, this IDE gives students some free time to
look into external resources, but when time is up, the program reminds the user to return
to the IDE and keep working on the assignment. If the student does not return, they would
start losing points. If the IDE is running in the foreground, no points would be taken.

The student’s goal is not only to solve the assignment using programming code, but
also to obtain a higher score within the IDE. This score is computed by this IDE, and
saved along with the student’s solution to the assignment in a file that will be handed in
to the teacher. The proposed IDE aims to promote students’ exploration of different ideas
and reward students that push hard, trying to solve the assignment on their own making
mistakes, reflecting and correcting them; thus reducing weight on the correct solution and
focusing more on the process of solving an activity that requires perseverance, trial and
error, and reflection on their own errors.

6.1.2 An IDE that support students to get unstuck offering ideas

From our study, we observed that the majority of students used external resources to get
ideas, get inspiration or get unstuck (44.1% in survey2, Table 4.1). Thus, future work might
explore tools that allow learners to obtain these ideas or inspiration directly from the tool.
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Having such available information could minimize students’ time spent looking for external
resources. This proposal consists of designing an integrated development environment (IDE)
especially created to support programming assignments. In this IDE, the student loads a file,
previously handed out by the instructor, with all the details of the students’ programming
exercise, including the problem to solve, requirements to meet (eg. code structures the
student needs to use), the example output (a correct output for testing purposes), some
hints (suggestions for students when they get stuck), and stages (different levels to measure
students’ effort and progress).

The idea of having this IDE is to provide better support for programming assignments
than any generic-purpose IDE. For example, when students run their code, the IDE may
automatically compare the code output with the instructor’s correct output, informing
students if the output does not coincide and in which part it did not. If students are stuck
with no idea about what to do, they can request some hints just by pressing a “get hint”
button. These hints would have been included by the instructor in the assignment file.
These hints would be designed to apply scaffolded learning, providing general tips at first
and more detailed hints later. These hints could also provide links to specific resources, such
as the official textbook or curated videos when required. All the activity and the number of
accessed hints would be logged. When the student moves forward, the IDE shows the current
stage, starting with zero (initial), then moving on to one, two or three (assignment almost
finalized). The stages would serve to indicate a perceived student’s progress and effort. For
example, writing 20 code lines and pressing code run button five times can lead students
to move from stage one to stage two, thus accessing a new level of hints. Obtaining correct
output for positive numbers, but not for negative ones, could lead to move to the next
stage as well. The meta information logged by this IDE could also help teachers to know
how difficult the programming assignment was for their students. With this information,
teachers might craft better hints, tips and other useful details that could help students
better, and with this help, make students require fewer external resources.

6.1.3 A browser plugin to minimize the use of external resources

Another proposed direction for future work is directly trying to minimize the time students
spend on external resources. Using ideas from persuasive system design [106], we propose
a browser plugin that limits the attention time students spend on external resources, high-
lighting that that time is a limited resource that should not be wasted. The idea is that
this browser plugin would measure the number of queries someone does on google or the
number of new links this person clicks on the Google result page. With this, it might detect
that a student is getting into a high reliance on google mode by comparing how similar each
google query is to one another.

Other helpful variables worth considering are: number of tabs opened at the same time,
the speed at which new tabs are opened, the number of tabs opened without being visited,
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or how quick a user scrolls down web pages, not reading them carefully. Through logging
this data, this plugin may create a personalized dashboard that will display information to
a specific student, comparing this information to that of previous weeks. This tool may help
students reflect about the perils of heavily relying on external resources, suggesting that
such behavior is a waste of time and not an optimal way to learn.

6.2 Future work: Helping learners from a CS Education ped-
agogical approach

The area of Computing Science includes investigating a wide variety of topics. Investigations
in CS education research include how students learn about programming and problem solv-
ing, how novice programmers develop programming skills, how teachers address different
teaching methods when teaching CS, how computer based tools can support learning, and
about studying social issues connected to the usage of technology and computers, among
many others [45] [36]. As we can see from this description, there is some overlap with the
HCI field since both fields concur on helping novice users and learners to succeed. From
the CSEd approach, we consider some pedagogical interventions that may help students
overcome their high reliance on external resources.

6.2.1 Programming assignment design proposal through planned reflec-
tions when coding

One idea to minimize students’ reliance on external resources is using planned reflection
when coding. This would build up on the idea that the best way to get a good solution
is to explore several possible solutions. Doing that requires time to reflect and test these
possible solutions in order to see which one is better. Our proposal is that instructors
design programming assignments that would be deployed into three parts: part one would
ask students about general ideas regarding how to solve the assignment. Part two would
ask students about the actual code for solving the assignment, and part three would ask
students about lessons learned about the approach used to solve the task.

In part one, instructors would ask students about general ideas that they may use to
solve the given assignment. These ideas would be brief and written in plain English, using
high-level explanations or procedures, not programming code. The main questions in this
part could be: how do you plan to solve the assignment? What ideas do you think may
work?. Through this part, the instructors would promote students’ reflection on high-level
computational thinking and algorithmic strategy to solve a given problem. The high-level
plain way to explain the ideas in English would make students comfortable enough to go as
detailed or generic as they wish. Furthermore, there would not be any right or wrong ideas.
The goal here is to make students start thinking about a problem before writing any code,
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which is very important in order to build an strategy to solve any programming task. This
part one would be required to be submitted at least three days before part two.

Part two would be about trying to solve the task using programming. The idea of
this part is to request the programming code that solves the assignment, just like a regular
assignment. The main difference with the regular assignment is that instructors would focus
less on the right code and more on the exploration of ideas, trying to solve the exercises
using different ways. So, there could be code that does not solve the problem completely
from the computer perspective. Nonetheless, if instructors can see that students had an idea
or approach that may be valid, instructors could give them some partial points.

Part three is about self-reflection, which is part of the Self-Regulation of Learning [86].
In this part, instructors would ask students to write about which ideas were OK, which
ideas were wrong and what they learned from this assignment. Using this planned reflection
approach, students may be less worried about the “right code/solution” (which they may
be temped to get from the web), and more willing to explore their own solutions; making
students think more about the problem before writing any code. By requesting to submit
part one at least three days before the actual coding part, instructors would make students
think about the task, giving them plenty of time to reflect and start coding earlier than
with the regular assignment approach. An advantage of using this approach is that we can
make students more interested in learning how their own code actually works, instead of
just using someone else’s code that students can grab from the web but may be hard to
understand, although it may solve the assignment as required.

6.2.2 Accepting that students’ reliance on external resources could be
hard to minimize

Future research may have to accept the premise that we may not entirely change students’
reliance on external resources given that Google and other types of search engines are
intertwined with our daily lives [100] [102]. Thus, in our last proposal, we want to explore
the idea that we might need to embrace the approach of using non-traditional web resources,
such as StackOverflow, as official course resources, although they were designed for on-
the-job troubleshooting and not for formal learning. We want to imagine an introductory
programming course in which StackOverflow can be integrated as a core tool with guidance
on how to use it properly. Indeed, there is an interesting prior work, conducted by Lopez-
Nores et al [63] in Spain, in which the authors used StackOverflow as a core tool in an
intermediate-level programming course. The authors sought to promote Q&A websites for
programmers as the main source of reference for students, and turn the teacher into a
permanent observer who delivers pertinent advice. The study authors found interesting
results, such as advantages in terms of understanding of programming, problem-solving
capabilities, and even greater clarity in communication and documentation, along with
positive perceptions by students.
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Our course design proposal is to build a course based on the learning by doing con-
structivism [37] and Case-Based Learning [7] [93] approach, trying to address the problems
identified by Mitchel Resnick and Natalie Rusk [83] about the way students learn how to
code nowadays. The focus shall be set on the guidance of their learning process rather than
on transmission of contents. We propose building an introductory programming course using
the following ideas:

1. Teaching introductory programming using Case-Based Learning approach. Case-based
learning (CBL) is an established approach across disciplines where students apply
their knowledge to real-world scenarios, promoting higher levels of cognition under
Bloom’s Taxonomy [55] [94]. CBL approach has been popular in business schools due
to its hands-on nature. In CBL approach students typically work on case studies in
groups, developing stories involving one or more characters or scenarios. Our proposal
is letting students play and explore with real-world code they may find on web sites
such as GitHub or StackOverflow, and learning to program through solving simple but
meaningful tasks (for example, visualizing interesting data [6] or composing music [87])
under guidance of the course instructor.

2. Promote the exploration of ideas. Computers are not just simple tools, but mind am-
plifiers which develop and maximize people’s potential for solving problems. Therefore,
the exploration of ideas should be encouraged. For example, one activity could consist
of tweaking code and predicting its output related to an idea. Another activity could
be prototyping by mixing different codes (code mash-ups).

3. We suggest exploring the idea of changing the instructor’s role, from that of an
information-provider to something more similar to that of a sport coach, who en-
courages students to solve problems using computational creativity. Although this
coach proposal has been explored before to teach how to code [66] [81], we believe
that coaching suits better with the CBL approach while using real-world resources,
such as Q&A resources. This approach of coaching, CBL and Q&A resources such
as StackOverflow, is very similar to the way professional programmers work in the
industry nowadays [26] [68] [97].

6.3 Limitations

Like any empirical study, ours has limitations. Although our data was gathered within a
large institution, we should be cautious not to generalize our results too broadly to other
scenarios.

We noted that the number of CS majors enrolled in the summer term was lower (9.5%)
compared to the fall term (44.9%). It is to be noted that despite this variation, we did
not observe different results reported by CS students, compared to non-CS ones. Another
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limitation is that we used data from the first and second emergency-remote terms, when
everything was uncertain and the reliance on external resources may have been unusually
high. As the university teaching continued in emergency-remote settings for a while, students
may have become more knowledgeable in that kind of teaching and learning modality.
Although the vaccination campaigns worldwide have been ramp-up, and this emergency-
remote settings may finish soon, we think that emergency-remote teaching may have some
impact that may last on students and teachers in the near future. Another possible limitation
is that we did not interview any teaching assistants or instructors. That may have helped
us understand better some attitudes we observed among our study participants.

6.4 Future ideas for research

Here we want to present some ideas that may be worth further investigating. First, it
would be interesting to see if our findings may be observed in other settings, such as in
non-emergency fully online or hybrid programming courses. We also think that it would be
interesting to make a comparison between students’ behaviour when looking for external
resources in emergency-remote programming courses and their behavior within in-person
courses, in order to see if the high reliance on external resources that we found in this
study also occurs in traditional on-campus university settings, in which asking peers, TA’s
or professors for help has lower social costs. Our research has an important qualitative
component that helped us understand better some insights we observed along our surveys.
Future work may be built upon the quantitative and experimental approach. Finally, we
believe that it may be worth studying if there is any correlation between the level of reliance
on external resources and the likelihood of late submissions [4], especially in online and
emergency-remote courses that rely on students’ self-monitoring of their own time and
progress [110].
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Chapter 7

Conclusions

We studied students’ learning strategies when taking an emergency-remote introductory
programming course. Our study supports that students’ learning process is closely inter-
twined with external resources, regardless the quality and accessibility of the course provided
resources. In particular, our study participants used Q&A forum resources more widely than
online videos, as they were usually willing to find an exact answer to their problem instead
of being willing to invest time enhancing their understanding. However, we noticed that
our study participants reported they often wasted their time as they struggled to formu-
late relevant queries to locate relevant content, mainly due to their lack of expertise in the
course subject. We analyzed some theories that may explain the high reliance on exter-
nal resources and the behavior of wasting time to obtain an exact solution, as our study
participants didn’t seem to mind spending their time and energy sifting through as many
resources as possible. A key concern raised from our findings is that students seem to neither
reflect on their comprehension nor stop to ask for help, which may have repercussions on
their overall learning. We suggested three tools from the HCI perspective, and discussed
two educational approaches, along with some research venues that may be explored by
the HCI and CS Education research communities to help students succeed in introductory
programming courses, particularly in emergency-remote contexts.
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Appendix A

Survey1 questionnaire

In this chapter, we present the survey1 questionnaire used in this thesis. All questions were
optional.

The symbol ( ) means that just one option can be selected at most. The symbol [ ] means
one or several options can be selected.

1. How old are you?
( ) 18 - 19 years.
( ) 20 - 21 years old.
( ) 22 - 25 years old.
( ) old 26- 30 years old.
( ) 30 years old to up.
( ) (I prefer not to declare).

2. What is your gender?
( ) Female.
( ) Male.
( ) Non-binary/other.
( ) Prefer not to specify.

3. What is your major?
(blank space is provided)

4. What is your grade point average?
(blank space is provided)

5. How much programming experience did you have prior to this course (if
any)?
( ) None.
( ) Less than 5 hours.
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( ) More than 5, less than 30 hours.
( ) More tha 30 hours, less than 100 hours.
( ) More than 100 hours.

6. What was the last time that you did any programming, before taking this
programming course?
( ) I never did any programming.
( ) Within the last two months.
( ) Within the last two semesters.
( ) Within the last 2 years.
( ) More than 2 years ago.

7. What do you feel about your background in Computing Science and Pro-
gramming?
( ) I have a very strong background.
( ) I have medium or basic background.
( ) I had quite a good background but I have forgotten a lot.
( ) I feel comfortable using my computer (laptop / smartphone / iPad, etc.) but I
have very weak (or almost none) background in programming.
( ) I am not too comfortable using a computer (laptop / smartphone, etc.) and I have
very weak (or almost none) background in programming.

8. How many ONLINE college/university-level courses have you taken prior
to this course (not considering Spring 2020)?
( ) 0.
( ) 1.
( ) 2.
( ) 3.
( ) More than 3.

9. How many hours of study per week (outside of class time) do you spend
on this programming course on average? (provide an estimate)
( ) 1 hour or less per week.
( ) 2 or 3 hours per week.
( ) 4 to 5 hours per week.
( ) 6 to 7 hours per week.
( ) 8 hours or more per week.

10. When I don’t understand something in this course, I prefer to: (drag or
select 1 for your first choice, 2 for the second and 3 for the third choice):
( ) Review my notes or check the given slides.
( ) Use books (printed or e-books).
( ) Seek help from teaching assistant.
( ) Use the interactive textbook provided in this course.
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( ) Watch youtube videos.
( ) Read relevant web pages in general.
( ) Post question into a forum with my classmates.
( ) Post question into a forum with people outside the course.
( ) Talk to the course instructor.

11. On average, how many hours per week do you use interactive textbook
provided in this course?
( ) Less than one hour.
( ) 1-2 hours.
( ) 3-4 hours.
( ) >5 hours.
( ) (I am not sure).

12. (Conditional question: if the user marked less than one hour in the previous question)
Please tell us the main reasons for not using the interactive textbook more

often (blank space to be filled)

13. If there is something that you value the most from the interactive textbook,
what would it be?
[ ] The provided quiz that help me realize if I am learning or not.
[ ] The information provided is very useful and complete.
[ ] The fact that I can access this book anytime and anywhere.
[ ] The fact that I can play with python code and program inside the textbook.
[ ] Other (please specify) (blank space is provided).

14. When are you most likely to use instructor suggested resources when
studying for this programming course (if at all)?
[ ] Prior to the lecture.
[ ] Right after when I do not understand the lecture.
[ ] When I try to solve the course assignment and I can not.
[ ] When I plan to study for a quizz or exam.
[ ] (I don’t use any web-based resources at all).
[ ] Other (please specify)(blank space is provided).

15. When are you more likely to search for external resources, if at all? (re-
sources not suggested by the course instructor)
[ ] When the suggested resources are to broad/generic (not specific to my needs).
[ ] When I want to see a different explanation or more details.
[ ] When I want to see more examples or exercises.
[ ] When I want to see more step-by-step instructions.
[ ] When I just want to refresh my knowledge before an exam/quiz.
[ ] (I prefer not to use external resources).
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[ ] Other (please specify) (blank space is provided).

16. Do you have any of these difficulties? / For what types of topics have you
consulted external resources in this class so far?
[ ] Difficulty in learning the python code syntax (commands, arguments, etc).
[ ] Difficulty in understanding programming terms and concepts.
[ ] Difficulty in learning the programming environment (repl.it, IDLE, etc).
[ ] Difficulty in finding errors in my code and fix them.
[ ] (I don’t have any of these difficulties).
[ ] Other (please specify) (blank space is provided).

17. So far, these are the most frequent difficulties I have experienced when
solving a coding problem:
[ ] I don’t know where or how to start.
[ ] I get python errors when executing and I don’t know why.
[ ] I don’t know how to interpret the given problem to solve or what is expected to
me to do.
[ ] I don’t know how to test my code, I can’t see if I did it wrong or right.
[ ] I don’t understand the technical jargon associated with programming.
[ ] I don’t know how to detail my problem to google, in order to get relevant answers.
[ ] (I don’t experience any of these problems).
[ ] Other (please specify) (blank space is provided).

18. What resources external to the course do you find most useful?
[ ] Videos.
[ ] Forums, Q&A websites.
[ ] Blogs.
[ ] Interactive tutorials.
[ ] Ebooks.
[ ] Printed books.
[ ] Web sites.
[ ] Chats.
[ ] Other (please specify) (blank space is provided).

19. I feel that I understand programming concepts better:
( ) When I am able to solve the exercises/quizzes in a timely manner.
( ) When I think I am capable to explain to a friend.
( ) When I feel I can use the new information as a tool to solve new problems.
( ) When I am able to clarify conflicting information that created doubts in my head.
( ) Other (please specify) (blank space is provided).

20. What are the most important aspects that a resource (a web page, YouTube
video, etc) has to have in order to be considered useful for your learning
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process? (drag or select 1 for your first choice, 2 for the second and 3 for the third
choice)
( ) It should clearly state the topic, the goal and the scope of the lesson.
( ) It should have solved exercises, step by step.
( ) It should have clear explanations, assuming that I am not familiar with the mate-
rial or the previous information.
( ) It should cover the entire aspect of the topic, for example, every case or course of
action.
( ) It should be specific and time restricted. That means it should cut to the chase of
what I require to learn.
( ) It should have come from a well-known or high-quality source (speaker, publisher,
top web site, etc).

21. It is easy to me to find help for this course by using resources outside of
the course materials shared in this programming course:
( ) Always.
( ) Usually.
( ) Sometimes.
( ) Rarely.
( ) Never.

22. How often do you use external sites that provide specific course resources?
(Coursehero, Chegg, Slader, etc)
( ) Always.
( ) Usually.
( ) Sometimes.
( ) Rarely.
( ) Never.

23. What do you do after you find something useful for your course, if any-
thing? (e.g., use it in my assignment, take notes, save a link, etc.)
(blank space is provided).

24. What are some challenges/difficulties you face in your study for this course?
(blank space is provided).

25. How does your experience in this course so far compare to in-person
courses? What is easier or more difficult?
(blank space is provided).
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Appendix B

Interview demographics survey

In this chapter, we present the demographics survey questionnaire used to gather data from
our interviewees. This survey was taken before conducting the interview.

The symbol ( ) means that just one option can be selected at most.

1. How old are you?
( ) 18-19 years old.
( ) 20-21 years old.
( ) 22-25 years old.
( ) 26-30 years old.
( ) 30 years old and up.
( ) (I prefer not to declare).

2. When did you join this university?
( ) Just enrolled.
( ) One year ago.
( ) 2 years ago.
( ) 3 years ago.
( ) 4 years ago.
( ) 5 years ago.
( ) More than 5 years ago.

3. What is your gender?
( ) Female.
( ) Male.
( ) Non-binary/Other.
( ) (I prefer not to disclose).

4. How much programming experience did you have prior to this course (if
any)?
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( ) None.
( ) Less than 5 hours.
( ) More than 5, less than 30 hours.
( ) More than 30, less than 100 hours.
( ) More than 100 hours.

5. What is your current (or projected) major?
(blank space is provided)
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Appendix C

Interview questionnaire

In this chapter, we present the semi-structured interview questionnaire used in this thesis.
All questions were optional.

Background/ Warm-up Questions:

1. Tell me a little about yourself - what’s your major, what year are you in?

2. What motivated you to take this programming course?

3. Tell me a little about your experience with the course so far.

4. When learning this programming course, you have several resource options: your own
course notes; resources created by the teacher (slides, for example), resources sug-
gested by the teacher (interactive textbook) and external resources, not suggested by
the teacher. Can you tell us how you start studying for solving a new programming
exercise? What resource do you use to start? What do you do next?

5. Our survey showed that students use a lot of external resources (mostly Q&A, general
websites, and video), in addition to those suggested by the course instructor. I am
going to ask you a little bit about your own experience in using these resources. What
strategies work for you to search new resources and why?

6. How do you judge that the resource is relevant or not?

7. Which one is the most important feature you value the most and why?

8. What are some of the disadvantages of each resource type?

9. Several students take and review their notes for learning programming. Do you take
notes? How do you use your notes when studying online and using different resources?

10. How often do you use the provided interactive textbook (if at all)? Please tell us your
opinions about the class textbook.
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11. Ok, now I want you to think about the way you realize when you are learning, and the
process of reflection that helps you to make some adjustments when you don’t. Think
about when you are studying for your midterm, when your study session unfolds, How
self-aware are you? For example, how do you know that you have studied enough for
that day?

12. Think about when you are working on a programming assignment, how do you decide
that you have solved the problem accurately?

13. Some students mention that they waste a lot of time searching for relevant videos and
looking up Q&A sites for answers. When using internet resources for studying, how
easy or hard is for you to realize how much time you are spending on those resources?

14. Can you think of a recent situation where you shared a resource with somebody or
asked somebody to share resources they found with you? What triggered you to do
that?

15. Let’s suppose that you need to pay $10 to access any resource online, except resources
provided by the instructor. How would it change your learning approach for this
course?

16. One of the most frequent difficulties that students told us they face when learning to
program is that often they don’t know how to interpret the given problem to solve or
they don’t know what is expected for them to do. Have you experienced any of those
problems?

17. Can you tell us how you control the speed of the information you are obtaining from
external resources?

18. What is the most rewarding part of learning computer programming and why (if any)?

19. Is there anything else you would like to share with us about your experience in learning
programming and using online resources?
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Appendix D

Survey2 questionnaire

In this chapter, we present the survey2 questionnaire used in this thesis. All questions were
optional.

The symbol ( ) means that just one option can be selected at most.

1. How old are you?
( ) 18 - 19 years old.
( ) 20 - 21 years old.
( ) 22 - 25 years old.
( ) 26- 30 years old.
( ) 30 years old to up.
( ) (I prefer not to declare).

2. What is your gender?
( ) Female.
( ) Male.
( ) Non-binary/other.
( ) Prefer not to specify.

3. What is your major?
(blank space is provided)

4. How long have you been a student at this university?
( ) 1 year or less.
( ) 2 years.
( ) 3 years.
( ) 4 years.
( ) 5 years.
( ) more than 5 years.
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5. Which of the following best describes the reason you enrolled in this
course?
( ) It is a requirement for my major/minor.
( ) I think it will be valuable for my professional development.
( ) Someone suggested that I should take it / I am curious about programming.
( ) I am evaluating doing a major/minor in Computer Science.
( ) Other (please specify) (blank space is provided).

6. To what extent do you see yourself writing code as part of your future job?
( ) Extremely unlikely.
( ) Unlikely.
( ) Neutral.
( ) Likely.
( ) Extremely likely.

7. How much programming experience did you have prior to this course (if
any)?
( ) None.
( ) Less than 5 hours.
( ) More than 5, less than 30 hours.
( ) More than 30, less than 100 hours.
( ) More than 100 hours.

8. Beyond the course textbook and recommended resources provided in this
course, to what extent do you feel the need to look up more programming
resources (on your own)?
( ) Never,
( ) Rarely,
( ) Sometimes,
( ) Often.
( ) Always.

9. How frequently do you look up webpages (eg. pythonbasics.org) ON YOUR
OWN to help yourself with this course?
( ) Never.
( ) Rarely.
( ) Sometimes.
( ) Often.
( ) Always.

10. To what extent would you say webpages that you look up ON YOUR OWN
are actually helpful for your learning in this course?
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( ) Extremely helpful.
( ) Very helpful.
( ) Somewhat helpful.
( ) Not so helpful.
( ) Not at all helpful.

11. When looking up webpages related to programming concepts, what do you
value the most? (pick your most relevant reason)
( ) The web page look and feel is well done.
( ) The web page comes up in first places on the google results.
( ) The web page has solved exercises, step by step.
( ) The web page content is easily to be search in order to get an answer to my ques-
tion.
( ) The web page content is specific and time-constrained. I don’t want to spend too
much time reading.
( ) The web page content is comprehensive, including everything required to under-
stand the lesson topic.
( ) The reliability of the source/author of the webpage is high.

12. How frequently do you look up online videos ON YOUR OWN to help
yourself with this course (eg. YouTube)?
( ) Never.
( ) Rarely.
( ) Sometimes.
( ) Often.
( ) Always.

13. To what extent would you say online videos that you look up ON YOUR
OWN are actually helpful for your learning process in this course?
( ) Extremely helpful.
( ) Very helpful.
( ) Somewhat helpful.
( ) Not so helpful.
( ) Not at all helpful.

14. When looking for a new online video related to programming concepts,
what do you value the most? (pick your most relevant reason)
( ) The video has a clear explanation of the topic.
( ) The video is popular (e.g. high number of views or likes).
( ) The number of comments of the video is high.
( ) The number of solved or proposed exercises the video presents is high.
( ) The video length: shorter is better.
( ) The video has a clear description of the topic and goals.
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( ) Good video production (video edition, resolution, audio and overall quality).
( ) The reliability of the source/author of the video is high.

15. How frequently do you look up answers on forums or Q&A sites ON YOUR
OWN to help yourself with this course (eg. StackOverflow)?
( ) Never.
( ) Rarely.
( ) Sometimes.
( ) Often.
( ) Always.

16. To what extent would you say forums and Q&A posts that you look up
ON YOUR OWN are actually helpful for your learning in this course?
( ) Extremely helpful.
( ) Very helpful.
( ) Somewhat helpful.
( ) Not so helpful.
( ) Not at all helpful.

17. When looking for a answers on forums or Q&A sites related to program-
ming concepts, what do you value the most? (pick your most relevant
reason)
( ) The question in that post is very similar to the question I have right now.
( ) The provided solution or included code in that post is easy to understand.
( ) The provided solution or code example in that post uses only elements that are
part of my course topics (eg. it uses only while loops instead of other advanced pro-
gramming methods).
( ) The provided solution is specific and time-constrained. I don’t want to spend too
much time reading.
( ) The provided solution to that post is upvoted high by a large number of users,
helping to weed out bad answers or flawed code.
( ) The answer to that post includes code examples that I can try, reuse or adapt.
( ) The provided answer to that post gives me new ways to understand my problem
or improve my quest for new resources.
( ) The reliability of the source/author of that Q&A answer is high.

18. When I don’t understand something in the course, I prefer to (pick your
three most relevant choices)
( ) Review my own course notes.
( ) Check the given slides or recorded lecture.
( ) Use the interactive textbook provided in this course.
( ) Use ebooks (eg. PDFs).
( ) Use printed books.
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( ) Seek help from my instructor/TA,.
( ) Join to a peer tutor session.
( ) Watch videos (eg. YouTube).
( ) Use webpages in general (eg. pythonbasics.org).
( ) Post question into my course forum (eg. Canvas discussion forum).
( ) Use Q&A websites (eg. StackOverflow).

19. When solving a programming assignment, what do you value the most?
(pick your most relevant reason)
( ) Solving the exercises in the shortest possible time .
( ) Solving the exercises using the lowest number of lines of code.
( ) Solving the exercises looking at the lowest number of web resources.
( ) Solving the exercises trying to make them run with the lowest number of attempts.
( ) Solving the exercises repurposing the lowest number of coding examples from the
web.
( ) Solving the exercises without asking anyone.

20. When studying for this course, how do you know if you have actually
understood the relevant programming concepts? (pick your most relevant
reason)
( ) I feel comfortable with the new course material, it does not create confusion into
my head.
( ) I am able to solve several exercises from others.
( ) I don’t have to spend too much time studying.
( ) I can “play” with my code, tweaking, adding features and predicting their output.
( ) I don’t require to access a large number of external resources to solve the exercise.
( ) I can explain it to my class mates.
( ) I am able to solve the problem in few lines or in few executing attempts.
( ) I am able to create my own programming exercises and solve them.

21. To what extent would you agree with this statement: I feel like I waste a
lot of time looking up resources rather than studying or working on my
assignments
( ) Strongly agree.
( ) Agree.
( ) Neither agree nor disagree.
( ) Disagree.
( ) Strongly disagree.

22. How easy or hard is it for you to find the right external resources for your
learning process in this course?
( ) Very easy.
( ) Easy.
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( ) Somewhat easy.
( ) Neither easy nor difficult.
( ) Somewhat difficult.
( ) Difficult.
( ) Very difficult.

23. When are you most likely to abandon or give up a particular external
resource? (pick your most relevant reason)
( ) When there is a lack of code examples.
( ) When I run out of time.
( ) When I can’t find the exact answer to my question.
( ) When the content is not engaging.
( ) When the provided code examples don’t run properly.
( ) When it is too long to read/watch.
( ) When there is a lack of theory or explanation of the provided code or terminologies.

24. In what cases do you rely on external resources available on the web?
(beyond your own course notes or resources that the course instructor
recommends). Please explain.
(blank space is provided)

25. What strategies do you follow to look up new external resources (eg. web-
pages, videos, Q&A answers, etc) when you are studying or doing assign-
ments for this course?
(blank space is provided)

26. What are some challenges of using external resources that you look on
your own (if any)?
(blank space is provided)
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Appendix E

Coding scheme for open-ended
questions

In this chapter, we present the open-coding scheme we used to process the open-ended
questions presented in our findings.
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Table E.1: Survey2: Codes and categories from students’ answers to the open-ended ques-
tion: in which cases do you rely on external resources available on the web? (beyond your
own course notes or resources that the course instructor recommends)

C Meaning N Category N %

g When I am stuck (get hints, course
of action or ideas). 10 When I want to get

hints, explore different
methods or find
ideas for inspiration.

41 44.1%f Check different methods or ideas
for achiving a solution. 13

e Check extra topics not covered in
class (modules, concepts, etc) 16

i When no one can help me with my
question. 2

a Incomplete explanation (theory) or basic
previous material that they don’t know. 24 When the perceived

prior knowledge or
course resources are
deemed insuficient.

36 38.7%j When I want to get extra practice. 1

b Few examples provided by the course
material or lack of variation on them 11

c Seek explanation for code errors,
functions or programming syntax. 11 When Google is

perceived as a handy
book index.

16 17.2%

h t is more convenient look into Google
than sift over tons of materials. 5
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Table E.2: Survey2: Codes and categories from students’ answers to the open-ended ques-
tion: what strategies do you follow to look up new external resources (eg. webpages, videos,
Q&A answers, etc) when you are studying or doing assignments for this course?

C Meaning N Category N %

c Search the exact coding error
they got in the python IDE. 2 Using a search engine for

clarification, solutions,
examples or ideas.

52 62.7%

f

Having an idea of a “finished
program” or program look like
then start looking examples
similar to it.

6

g

Basic searching strategies
using google. Eg. ‘ Python
how to (something)”,
or “how to do (something)
in python”.

41

j
Read the lectures and try
code first, then go to google
when specific requirements.

3

a

They have a specific set of
good or trusty external sites
that they check preferently
(stackoverflow, geek4feeks,
etc).

21 Reduce the uncertaintly
by relying only on specific
internet sites (youtube
excluded).

29 34.9%

m
Ask directly to my peers
about good external
resources.

1

b
Check general videos basic
concepts of the topic to
better understand the code.

7 Use video (youtube)
resources that
are perceived
to be easier to follow.

9 10.8%

i
Follow some specific people
that explain well programming
concepts on youtube

2
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Table E.3: Survey2: Codes and categories from students’ answers to the open-ended ques-
tion: what are some challenges of using external resources that you look on your own (if
any)?

C Meaning N Category N %

c

Hard to understand the
resource or written code
logic, not too much
explanation or examples.

8 Challenges with resource
comprehension (lack of
clarity, beyond student’s
level, etc)

40 60.6%

d

More advanced functions
that I was taught in the
course, beyond my
understanding.

22

e

Difficult to determine
whether the resource is
relevant to me: Sometimes
they are too in-depth.

10

f
Lot of garbage you need
to sift in order to get
somethiing useful.

5
Challenges with the
required effort/time
to get good resources

26 39.4%
g

It requires too much time
to get a resource that
is useful for me.

3

a

Hard to get good answers
for the exercise I’m trying
to solve or answers to my
question.

9

h

Lack of trust: The answer
may not run when I am
running it (outdated code,
lack of libraries, different
version, etc).

8

m
It is hard to avoid plagiarism
when using someone’s
else code.

1

j
It is hard to convert my
question into word to put
into google search engine.

5 Challenges with terminology
or formulating questions 7 10.6%

k hard to make questions over
the resource I am looking to. 2

b Understand terminology or
jargon 7
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