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ABSTRACT
University-level introductory programming courses (e.g., CS1) offer a structured and formal approach for learning programming
where instructors design their own curriculum and materials to
help students learn difficult concepts. But, there are a myriad of free
resources increasingly available online for learning programming
that university students can easily access at their fingertips. In this
paper, we investigate to what extent students in CS1 make use
of resources curated by their instructor vs. online resources that
they locate on their own. We conducted surveys and interviews in
two consecutive CS1-equivalent classes at a large North-American
university and explored how students made selections and assessed
the relevance and utility of web-based resources. We observed that
students had a strong desire for quick answers and looked for ‘exact’
matches for their queries in forums rather than consulting videos
or other resources that provide higher level explanations more suitable for novices. However, given that these students had a limited
vocabulary related to CS1 topics, they struggled in locating the
desired information and relied on shallow trial-and-error processes
without a clear strategy or self-reflection. Interestingly, despite the
lack of perceived success, students still considered their pursuit of
online resources as more convenient and less costly than asking
for help. Our main contribution is in presenting insights about CS1
students’ motivations and behaviours in using web-based resources
on their own. We reflect on these findings by drawing upon theories
from learning sciences and information sciences.

CCS CONCEPTS
• Social and professional topics → Computing education.

KEYWORDS
learning strategies, online resources, introductory programming
ACM Reference Format:
David Wong-Aitken, Diana Cukierman, and Parmit K. Chilana. 2022. “It
Depends on Whether or Not I’m Lucky”: How Students in an Introductory
Programming Course Discover, Select, and Assess the Utility of Web-Based
Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
ITiCSE 2022, July 8–13, 2022, Dublin, Ireland
© 2022 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-9201-3/22/07. . . $15.00
https://doi.org/10.1145/3502718.3524751

Parmit K. Chilana

Simon Fraser University
Burnaby, Canada
pchilana@cs.sfu.ca

Resources. In Proceedings of the 27th ACM Conference on Innovation and
Technology in Computer Science Education Vol 1 (ITiCSE 2022), July 8–13,
2022, Dublin, Ireland. ACM, New York, NY, USA, 7 pages. https://doi.org/10.
1145/3502718.3524751

1

INTRODUCTION

Learning programming for the first time is a challenging task for
most students. Instructors of university-level introductory programming courses (e.g., CS1) are continually improving their lesson plans
and selecting high-quality resources to help students achieve the
intended learning goals [31]. In addition to innovating on their
instructional materials (e.g., course notes and slides), many instructors are also integrating a variety of web-based resources [18, 35],
such as online videos [13] and even interactive tutorials and textbooks [15, 28]. These instructors expect that their students will take
advantage of these curated resources to better understand complex
concepts and will follow the instructors’ designed learning path for
ultimate success [21].
For students learning programming, there is the potential to also
access countless free online resources (e.g., online books, articles,
tutorials, videos) related to a myriad of programming-related topics
[9, 40]. Moreover, there are several online communities of programmers actively asking questions and providing answers and sharing
code examples in Q&A collaborative forums, such as StackOverflow [11]. Many instructors have the intuition that CS students
are frequently accessing such online resources [19] and university
students, in general, are increasingly relying on the web for their
information needs [9, 39]. But, we lack a systematic understanding
of how students who are new to programming discover and decide
to seek online resources on their own.
In this paper, we use a case study approach to investigate how students enrolled in CS1-equivalent classes at a large North-American
university make use of resources curated by their instructor vs
online resources that students locate on their own. We conducted
two large surveys (N=176) and in-depth interviews (N=13) with
first-year programming students to capture their different perspectives and perceptions. We focused on what motivates students to
look for new resources, how they make their selections, and how
they assess the relevance and utility of different resources.
Our key findings indicate that although the majority of students
were regularly using the materials provided by the instructor, almost all of our participants frequently tried to search for external
resources on their own. In particular, they desired to find resources
that contained an ‘exact’ match for their queries. Since these students were still grasping the basics of programming and had a

Table 1: Type of resource and its classification. Internal is
any resource that is provided or suggested by the course
instructor, external is any resource that students look on
their own.
Resource
Internal

External

Description
Instructor’s notes or course slides
Help from teaching assistant (TA) or instructor
Course textbook (e.g., interactive Runestone book)
Course-specific Q&A forum (e.g., Piazza)
Other printed books or e-books
Online video channels (e.g. YouTube)
Python or programming-related web pages
Q&A forums (eg. StackOverflow)

limited vocabulary, they found it less helpful to consult resources
with conceptual explanations. Most participants admitted that they
resorted to shallow trial-and-error strategies [38] and tried different
queries in search engines in hopes of looking through as many resources as possible, but were not always successful. Still, they rarely
reflected on their strategies or changed their path, even though
many realized that they were wasting time with little to no gain. Interestingly, this behaviour was self-enforced: even with the lack of
perceived success, most participants considered looking for online
resources on their own as more convenient and fruitful and less
costly than asking for help or learning the underlying concepts.
Our main contribution is in presenting insights about CS1 students’ motivations and behaviours in using web-based resources on
their own, as a supplement to the instructor-curated resources. We
reflect on these findings using learning and information science theories, analyzing similarities with information-seeking behaviours
and preferences exhibited by professional programmers. We also
discuss implications for future research to help students, instructors,
and the CS Education community in general.

2

STUDY METHOD

To tackle our key research question about understanding how students in CS1 make use of different resources as part of their learning,
we used a descriptive case study approach, combining insights from
in-class surveys and follow-up interviews.

2.1

Research Site

We recruited participants exclusively from an introductory programming course offered in the CS department of a large university
in North America. This course was offered fully remotely for the
first time because of the COVID-19 pandemic. This course was
open to undergraduates from any major and can be considered
equivalent to CS1. The core programming language taught was
Python and the course lasted 13 weeks. As explained below in our
procedure, we first conducted a survey (S1) in summer 2020 which
had a single section of CS1 (with 200 students) and later we conducted the second survey (S2) in the fall 2020 offering of CS1 which
had 4 sections taught by 4 different instructors (with 669 students).
In both cases, the course was delivered using a combination of
the Canvas LMS, Blackboard Collaborate, and synchronous Zoom

sessions three times a week. Depending on the instructor, slides
were published before every class or immediately after. Students
had suggested readings for every class, mainly from the online
interactive textbook on Python from Runestone [15, 28]. In the
fall, the four sections were coordinated closely: they all used the
same textbook, assignments and tests, and had one unique course
website. In both the summer and fall offerings, the students worked
on a significant group project 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. Questions
and exercises were created by the instructors, based on materials
seen in class and in the required interactive textbook.
Internal vs. External Resources: We categorized the resources
that students described using for their learning 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 their own was classified as an external
resource. See Table 1 for examples of both types of resources.

2.2

Study Procedure and Instruments

SURVEY 1 (“S1”): The S1 questionnaire consisted of 27 questions
with 24 closed-ended questions and 3 open-ended ones. This survey
was conducted in summer 2020 (weeks 8 to 12). This was the first
term that this course was offered in a fully remote format due to
the COVID-19 pandemic. The questions were divided into four
groups: basic demographics and prior programming experience, resource preferences for learning, learning difficulties and strategies
to cope with them, and any self-monitoring strategies when learning through online courses. The instructor offered minimal points
for participating (0.5%) and a $50 amazon gift card raffle was offered
as opt-in survey incentive. The survey was anonymous and the
instructor did not participate in the research nor have knowledge
of who participated until the end of the course. We obtained 84
completed surveys out of 200 (42.0% response rate). Demographics
are summarized in Table 2. Survey respondents optionally could
also indicate if they wanted to participate in a follow-up interview.
INTERVIEWS: To probe further into students’ experiences with
programming resources, we carried out semi-structured interviews
with a subset of the S1 respondents. We asked interviewees 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. We invited all respondents from S1 who agreed to do a
follow-up interview and were able to interview the first 13 (8F/5M)
students. The interviews were conducted in summer 2020 (Table
2). We offered a $15 Amazon gift card to each participant. Each
interview lasted 45 minutes on average and was carried out using
the Zoom video conferencing tool. With permission of participants,
we audio-recorded and transcribed interviews. Because the data
from the interviews was not linked to the responses from S1, we
again collected interviewees’ demographic data via a questionnaire.
SURVEY 2 (“S2”): After analyzing data from survey 1 and the
interviews, we wanted to further investigate about the prevalence
of insights that we saw emerging, especially related to how students
were relying on external resources and managing their time. This
was also important given some of the variations in CS1 offerings at

Table 2: Demographics data from our participants

Term
N
Male
Female
Non-disclosed
gender
CS Major
Non-CS
Major

Survey 1
Summer
2020
84
50.0%
47.6%

Interviews
Summer
2020
13
5
8

Survey 2
Fall
2020
92
57.1%
40.7 %

2.4%

0

1.1%

9.5%

0

44.9%

90.5%

13

55.1%

the university across different terms and instructors. We decided
to conduct S2 with a different cohort of CS1 students in fall 2020
(weeks 8 to 12). Building on S1, we asked additional questions in
S2 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 survey responses were anonymous and not
linked to any bonus points this time due to logistical issues across
different sections. We did still offer a $50 Amazon gift card raffle for
participants. We obtained 92 completed surveys out of 669 (13.8%
response rate). Demographics are summarized in Table 2.

2.3

Analysis and presentation of results

For the closed-ended questions in S1 and S2, we looked for general trends using descriptive statistics. We analyzed the transcripts
from the interviews and the open-ended survey questions using the
NVIVO qualitative analysis. To identify recurring themes, we used a
bottom-up inductive analysis approach [37] and iterated on our coding scheme several times. The first author led the discussions and
made revisions based on the research team’s feedback. For example,
to analyze our open-ended survey questions, we first inspected
about 10% of the answers and tried to capture the emerging trends
in general categories, and then refined the codes as new insights
would emerge. Once the coding scheme was finalized, we applied
it to the remaining answers. Since our surveys and interviews produced a large amount of data, we combined the key insights into
major themes and are presenting them together in our results.

3

RESULTS

Our analysis revealed recurring themes related to students’ preferences for external resources, use of trial-and-error strategies, and
overall reluctance to seek help.

3.1

Students’ reliance on external resources

Both of the survey results and interviews indicated that students
were actively using the internal resources (Table 1) offered by the
instructor. In fact, 82.4% of S1 respondents, 84.5% of S2 respondents, and 10/13 interviewees indicated using internal resources
first. Many of the students even agreed with the sentiment that “the

[instructor]’s teaching and the [course] materials provided were pretty
good” (P13). However, we observed that students’ learning was
strongly intertwined with external web-based resources, consistent
with other studies of university students [9, 43]. When we asked
students about their top three preferred resources (from Table 1),
98.0% of S1 respondents and 70.6% of S2 respondents selected at
least one external resource, with external forums being the most
popular choice. Interestingly, 16.7% of S1 respondents and 15.5% of
S2 respondents preferred to skip internal resources altogether and
started searching for resources on their own first.
Our participants shared different reasons for consulting external
resources even when the provided internal resources were perceived
to be helpful. The students’ primary desire was to save time and
effort and be as efficient as possible: “it’s easier to just search (on
Google)” (P9). Students preferred to obtain code examples right
away instead of looking for an explanation in the provided materials.
For example, one of our participants admitted that “I don’t want
to look through the textbook if I don’t know that my answer is there,
so I just Google the exact question, and then chances are it comes
up” (P10). Another participant further explained how he looked for
code examples that could be repurposed: “I find it easy to look at
someone else’s code and then take that method and use it for myself...
I don’t read the interactive textbook because it has too many words”
(P12). Our participants’ preferences for external resources were
grounded in their optimistic beliefs, such as “the Internet has all the
knowledge, it is hard to fail looking for resources” (P12).
About half of the interviewees (6/13) admitted that they started
by copying and pasting the exact question from an assignment into
Google. A recurring theme that emerged in the responses was the
desire to obtain ‘exact matches’ in code examples over explanations
to fully understand the underlying concepts. Sometimes students’
expectations were somewhat unrealistic and they even realized that:
“...this (copying/pasting) obviously doesn’t work because you can’t
find every assignment on Google” (P11). In one of our open-ended
questions in S2, 44.1% of participants indicated that the main reason
to use external resources was “when I want to get hints, I explore
different methods or find ideas for inspiration”. This was slightly
more than participants who used external resources because they
“perceived a gap in their resources or knowledge” (38.7%, S2). In terms
of when they were the most likely to abandon or give up a particular
external resource, the highest proportion of S2 respondents (31.8%)
said that the most relevant reason was “when I can’t find the exact
answer to my question”. This was higher than those who said that
they would give up on a particular resource “when it fails to explain
[the] provided code or terminology” (26.1%, S2).
Overall, participants valued external resources for quickly locating examples or ideas to try, but a consistent problem for participants was locating the ‘right’ answer, buried in a ‘sea of resources’:
“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).

3.2

Trial-and-error strategies dominate the
quest for finding resources

As discussed above, most of our participants were interested in exact
matches when they consulted external resources. We learned that

manner” was the most preferred way to measure their learning
progress (41.7%, S1). From our interviews, we learned that students
optimized their time by relying mostly on Q&A resources, such as
StackOverflow, which contained code examples. These Q&A forums
were the most preferred resource (9/13) and about half of the interviewees (6/13) used it as their first choice. In contrast, online videos
that provided more novice-friendly explanations of programming
concepts were the next preferred resource (7/13), but used only by
a few interviewees (3/13). Similarity, only a handful of interviewees
(3/13) mentioned using other web pages (such as Python documentation). None of the interviewees used web pages as a first resource
as they were not as ‘efficient’ as forum posts.

3.3

Figure 1: In S2, 26.7% of respondents said that they always/often used Q&A, compared to 8.9% for videos. Moreover,
most respondents (42.3%) found Q&A to be extremely/very
helpful, compared to videos (27.9%). Other resources are not
reported due to lower usage and inconsistency.
they mostly followed a trial-and-error approach and sifted through
as many resources as possible without a clear path. For example, the
most popular query on Google (44.5%, S2) was a simple and generic
“how to do (something) in Python”, but locating a relevant answer
required multiple attempts. For example, one of our interviewees
indicated: “sometimes when you search some things, it’s not relevant
and you know it right away, so then you have to go and search for
another thing to see if you can find something more relevant” (P3).
However, they lacked sufficient knowledge to assess the relevance
of search results and resorted to “just guessing and reading ahead”
(P2). This back-and-forth process was frustrating for participants:
“sometimes it works, sometimes it doesn’t. A lot of trial and error and
a lot of I think I know, let’s do it, oh, it didn’t work!” (P9). Others
believed that obtaining the right resource, “would depend on whether
or not I’m lucky, I guess” (P1).
One of the reasons why our participants were stuck in the trialand-error process was their lack of understanding of programming
concepts and relevant terminology. Since they were first year programming students, we learned that the most frequent difficulty
our respondents faced was not knowing “ how to interpret the given
problem or what I am expected to do” (34.5%, S1). As some of our interviewees admitted: “the problem is I don’t know where to start” (P9)
and “don’t know what I’m supposed to tell the computer to do” (P3). As
one of our interviewees explained, they believed that “trial and error
is a good thing” (P12). By using trial-and-error, they tried to avoid
reading “a whole paragraph about [a topic] when there’s only one
thing to say” (P6). Through trial-and-error, our study participants
were looking for “just quick, succinct answers” (P8).
Another reason why students resorted to trial-and-error was to
be efficient and spend the least possible time and effort in working
on their programming assignments. For example, in S1, respondents indicated that “solving the programming exercises in a timely

Incessant Use of Q&A forums

In S2 we asked specific questions about the frequency and usefulness of the top external resources mentioned by our interviewees,
namely forums and videos (we excluded web pages from our analysis due to their lower usage, lack of internal consistency, and
possible confusion with the use of the Google web page). As shown
in Fig. 1, S2 respondents said they used Q&A sites always or often
(26.7%) compared to online videos (8.9%). These respondents also
found Q&A sites to be very helpful or extremely helpful (42.3%)
compared to online videos (27.9%). Overall, participants considered
videos to be more instructive and oriented towards beginners like
them: “[when] I need someone to explain the information to me so
then I go watch videos” (P1). Another interviewee explained that “a
video is helpful in making sure you understand the basics” (P4). Most
of the respondents agreed that videos “provide clear explanations,
they are very instructive” (42.0%, S2).
Despite the utility of videos, more participants were still attracted
to Q&A sites. A consistent feeling expressed by almost all of the
interviewees was that: “they [Q&A sites] include similar questions
to the ones I have right now” (37.5%, S2). This incessant preference
for Q&A seems paradoxical because students also considered Q&A
resources to be complex and hard to understand: “Stack Overflow
has answers that are, God knows how long, and then it has so much
code and such a complex way that you can’t apply it to this course”
(P12). Still, P12 explained how the code found on StackOverflow
was used even when it was not fully understood: “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). P3 concurred: “I’m pooling a lot of bits
of code here and there together, to get to my goal of what I need”
(P3). Overall, participants exhibited an opportunistic behaviour in
locating external resources and Q&A posts in particular.

3.4

Students’ perceptions of wasted time and
reluctance to seek help

As discussed above, our participants consulted external resources
to try to get exact matches for their programming-related questions.
In S1, we learned that most students (41.7%) preferred “solving the
programming exercises in a timely manner”. In S2, we observed that
another key desired goal was “solving the exercises without asking
anyone” (28.9%). But, surprisingly, in hopes of being efficient, the
participants admitted to wasting hours on Google and struggled
to obtain relevant resources. Furthermore, what we observed was

somewhat of a paradox: even after wasting time and struggling
with external resources, participants were reluctant to change their
strategy or ask for help.
In S2, we probed into students’ perceptions of time and surprisingly found that 22.7% agreed or strongly agreed that they were
actually wasting time with external resources, and a large number
of them (28.4%) were neutral. Most interviewees (11/13) confirmed
that looking for external resources was a time-consuming process
with no guarantee for success. As one interviewee explained: “I
apply what I learned from the video or website to my work... it does
sometimes take even a full day, so I do admit that I waste a lot of time”
(P11). In contrast, other students disagreed: “It shouldn’t matter if
you spend two days or one minute looking for external resources, if
it’s towards answering a specific problem and you need to find the
answer, it can never be a waste of time” (P12).
We observed that participants held a strong conviction that external resources could be time-saving shortcuts and they just needed
to keep looking: “as a student, there’s a battle against time, you know?
There are deadlines to meet, and homework... it’s due at a certain time
so if I’m running out of time for the assignment it’s best to just [try],
Oh, this is how this person did it, that must be right. I’ll do the same
thing...it cuts down the steps.” (P8). Another participant explained:
“yes, it takes a lot of time, because a lot of the questions that are asked
on Q&A websites are not the exact solution to what you are looking
for” (P9). For such students, finding the ‘exact solution’ was not
enough: they also wanted the solution to be ‘easy to understand’.
Although most of our participants felt that it was costly in terms
of time and effort to keep looking for external resources, surprisingly, they did not want to stop and seek help. The pursuit of
external resources was perceived as being more efficient as long as
“the right resource comes up” during the search. In S1, not a single
participant indicated that they would post questions in external
forums, and only a few (1.2%) had ever posted in the internal forums
for the course. In the interviews, none of the participants indicated
that they would consider posting a new question to a forum such
as StackOverflow and only 2/13 mentioned they would consider
posting to the internal forum. Furthermore, only 4/13 indicated that
they would consider consulting the TAs or the course instructor.
For some interviewees, asking for help involved a high social
cost as they were not confident in their own terminologies for
phrasing the appropriate question. Some students also perceived
the instructor or TAs to be less helpful as they would normally
offer conceptual explanations or mere hints rather than the exact
answer. The response would also be delayed compared to the instant gratification offered by a Google search. Wherever possible,
our participants preferred code examples and explanations that
contained exact matches to their queries. However, asking for this
level of guidance from the instructor or TAs was considered to be
‘inappropriate’: “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 or the
professor with every little problem I have. So I really like to save going
to them for big problems that I absolutely cannot solve or get help at
all” (P11). Unfortunately, most students ended up in a never-ending
cycle of going back-and-forth online with little success: “the longer
I take [to obtain the right resource], the more frustrated I get. So the
more frustrated I am, the more I realize it is taking me too much time
to look for resources” (P8).

4

DISCUSSION

We presented a detailed case study of how students in a CS1 course
perceive and use different learning resources offered by the course
instructor vs. web-resources they locate on their own. Through two
surveys and follow-up interviews, we observed that students in
CS1 preferred quick and exact matches to their queries and mostly
relied on Q&A resources. Our participants were less likely to use
online videos, even though they found these videos to be more
suitable for beginners like them. Since our participants were mostly
new to programming, they had several problems in understanding
programming terminologies and struggled to make sense of the
retrieved code examples, ending up in a lengthy trial-and-error
process. Although most students realized to some extent that they
were wasting their time by relying on trial-and-error, ironically,
they incessantly continued with this approach of searching the web
and were reluctant to seek help from instructors or TAs.
We reflect on our findings and discuss implications for future research in the context of learning sciences and information sciences.

4.1

Production bias and opportunistic
behaviours among students

Our participants believed that the approach of looking for quick
and exact answers would be more optimal than understanding
the concepts and foundations offered in the internal resources.
The students’ insistence on looking for answers on their own and
not asking for help bears similarity to the concept of the Active
User Paradox [5] or AUP which explains that users optimize their
behaviour to complete the immediate task rather than investing
time in learning the relevant conceptual details. This behaviour
is also similar to the idea of production bias because users have a
bias towards producing rather than learning the proper techniques
for completing the tasks [6]. Studies related to the AUP show that
users aim to achieve a stable sub-optimal performance using small,
repetitive interactive tasks with fast and incremental feedback, even
though more efficient procedures may exist [17]. We found that
our participants had a similar motivation for using Q&A resources
as they sought ideas they could quickly try.
Another way to understand our findings is through the lens of
the Information Foraging Theory [33]. This theory explains how
users forage for information opportunistically in the same way
animals forage for food. With this lens, our participants can be seen
as wandering from resource to resource [20], focusing only on what
they need and ignoring other bits of information [2]. Similar to how
animals try to find specific food while minimizing energy usage,
our participants used shallow and quick trial-and-error strategies
and made use of Q&A forums to minimize the time they needed to
understand the more complex underlying concepts.

4.2

Relying on luck and gambling for answers

Our participants’ overall attitude was that the answers are “out
there” and it was just about “getting lucky”. In some ways, students
could be seen as gambling with their chances. The presence of
Google’s famous button I’m feeling lucky suggests that there is an
element of luck when looking for information [23]. Gambling is one
of the most frequent endeavours across all cultures and ages [1] and
some of our participants’ behaviours resemble the characteristics of

gambling [44]. For example, to achieve the desired prize (a relevant
answer), students were willing to put something at stake: their time
and trail of personal data online. Both of these aspects (time and
data) [26, 46] have been shown to be easily exploited by internet
advertisers [16, 36]. Furthermore, we found that similar to gambling
where the outcome of the game is uncertain, our participants also
expressed uncertainty in looking for exact answers online but were
willing to take their chances. Most of them were relying on luck to
hit the jackpot (a useful answer that they could actually understand
and apply) and had heightened perceptions of personal luck near
deadlines, a characteristic commonly observed with increasing
wagers in gambling [45].

4.3

Behaviours of first-year students vs.
professional programmers

Even though the majority of our participants had no prior experience with programming, it was interesting to see how similar their
behaviour was to professional programmers. For example, professional programmers have also been shown to opportunistically
forage for resources in Q&A forums when they are learning about
new programming techniques or troubleshooting their code [2, 3].
Professional programmers, in particular, prefer to look Q&A for
explanations with source code examples [30] and opportunistically
reuse code because they prioritize speed and ease of development
over code robustness [3].
Despite some of the similarities that we observed in the use of
Q&A forums among the first-year students in our study and prior
research on professional programmers, there were some clear contrasts. For example, since professional programmers have expertise
and knowledge of various terminologies, their use of forums is
more targeted [29] compared to our participants who were relying
on exact matches because they did not grasp the basic concepts.
Additionally, unlike professional programmers who are usually
systematic in their quest for resources [2], students relied on trialand-error and struggled in assessing the relevance of resources that
they were retrieving. Even though some prior work has explored
the use of StackOverflow in programming courses [12, 24, 34], more
research is needed to tease apart the differences in approaches used
by first-year students and how they could be better supported.

4.4

Implications for researchers and educators

The insights from our study about CS1 students’ reliance on external resources have important implications for researchers and
instructors. In many ways, the desire for exact matches and use
of Q&A resources could be considered cheating. Prior work has
identified similar issues and proposed ideas to minimize cheating
in CS1 [14, 27] and in particular from StackOverflow [32]. However,
our results suggest that many of our participants were not wanting
to cheat: they were mainly using external resources to obtain ideas
to get unstuck. Perhaps resources catered to provide suggestions
about how to approach a programming problem such as Idea Garden [4] may help. To help learners when they are stuck in a loop,
past works have also proposed methods to circumvent the AUP [5]
by using approaches such as the HotKeyCoach [22].
Another avenue that is worth investigating is how to minimize
students’ perception of social costs of asking for help and guidance

in a learning environment [42] and encourage them to seek hints.
It has been found that question anonymity and routed-respondent
inquiries can reduce the perceived social costs in a Q&A forum [25],
but more strategies for in-person help-seeking are needed.
In addition, our results suggest that the incessant reliance on
external resources could be a result of students in CS1 having
varying needs and learning goals. For example, prior work has
identified the existence of conversational programmers [7] who
mainly want to learn programming to better communicate with
technical co-workers, not to develop software [7, 8]. For these
learners, learning resources for programming that focus too much
on syntax and logic and less on how to apply code to solve problems
[41] are less effective. It would be worth investigating in future
work the extent to which Q&A resources can support learners who
care more about what code can achieve than how a programming
language works [10].
Finally, we note that at the time of this study, the CS1 course
was delivered remotely due to COVID-19 and reliance on external
resources may have been unusually high. It is likely that after
experiencing remote instruction, the expectations of both students
and instructors will evolve. Future work can investigate whether
there are any differences in students’ decision-making processes
when looking for resources in remote vs. in-person courses.

4.5

Limitations

Although our data was collected in a CS1 course that is comparable
to other large offerings in North America and we conducted the
study over two different terms, some caution should be used before
generalizing the results as the data was based on self-report. We
also note that there was variation in the number of CS majors
enrolled in CS1 course that we studied: summer terms were more
heterogeneous than fall terms considering students’ majors with a
variation from 30% to 50% CS majors. Although we did not observe
any differences in results from CS compared to non-CS students
across both terms, future work can tease apart differences between
CS and non-CS students and their information behaviours.

5

CONCLUSIONS

Our study provides insights into how students in an introductory
programming course relied on external resources, such as Q&A
forums, and how they focused on locating efficient exact matches.
But, since these students were learning programming for the first
time, they faced several challenges and struggled to perform proper
queries and assess the relevance of the results. These students incessantly used trial-and-error strategies and wasted a large amount of
time in hopes of getting lucky and spent little time on understanding the concepts. Finally, these students were reluctant to seek help
and improve their learning strategies as they perceived high social
costs with help-seeking. Our paper contextualizes these insights in
light of existing theories and explanations and provides pointers to
address this emerging issue in future work.
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