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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE

6.2.1 DaTA COLLECTION

One pilot participant was run, followed by thirty actual participants. Eleven interviews were con-
ducted in-person on campus and the remainder online. Of the thirty participants, the first five
in-person participants did not have notes taken in a similar manner to the other twenty-five. For
review here, these five participants were also considered pilot participants.

We can observe pre-survey metrics for all thirty participants, however, which indicated the following.?

Gender Identity Male 16 Female 14
Programmed Prior Yes 26 No 4
Familiarity With Memes | Mean 4.383 Mode 5
Understanding of Memes | Mean 4.167 Mode 5
Programming Experience Mean 3.85 Mode 5
Age Mean 20.387 | Mode 18

While not all participants indicated a major, those that did were primarily concentrated in Com-
puter Science and Software Engineering. Computer Engineering, Mechanical Engineering, Computer
and Electrical Engineering, and Biomedical each had more than one participant. Single participants
identified as Environmental Engineering, Business Analytics, Economics and Finance, and Cyberse-
curity.

Participants who disclosed year of school primarily identified as first-year, with fourth-year being
second most common. A handful of students identified as third-year, but none in the data set
identified as a second-year student.

6.2.2 ANALYSIS

Throughout the interview, timestamps were noted by the interviewer for later review. This approach
was chosen based on Brown’s suggestion in the design of observational research [10]. Brown noted
that having investigators and/or participants note events of interest allowed “selection before selec-
tion”, reducing bias by notating interesting phenomena prior to any investigation of their meaning.
All interviews were approximately an hour, and transcription was pinpointed to these timestamps
in alignment with Brown’s suggestion in order to reduce the initial analysis space.

In transcription of participant timestamps, some were collapsed together due to ongoing dialogue
that relevantly connected them. Of the 25 timestamped participants, 1,169 entries in total were tran-
scribed. Due to the size and richness of this data set even with the reduction provided with Brown’s
suggestion, a full grounded theory analysis is beyond the scope of this work. Instead, this work
presents a preliminary analysis of emergent themes from the transcription process. Transcription of
the timestamped data caused preliminary themes to emerge.

6.3 PRELIMINARY OBSERVATIONS

Based in the preliminary analysis, three major themes of interest to using memes as analogical
reasoning tools were identified.

3Responses are on a 5-Point Likert Scale with 1 being \Least" and 5 being \Most".
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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE

Full quotations mentioned in this analysis to exemplify the observations can be found in Appendix
H.

6.3.1 THE RELATIONAL STRUCTURE OF MEMES

The internalized relational schemas participants had regarding the meme templates was overwhelm-
ingly observable. In asking participants to reason about their conclusions, many indicated specific
structural rules. These rules exist within the template as a purely relational system. Any informa-
tion placed in the meme becomes a target domain, with the abstract structural knowledge being
used as the source.

Knowledge of memes having some relational structure was a driving motivator for this study. The
specificity of rules and relationships governing meme use, and how participants were able to describe
them, was much stronger than initially considered.

Using participant observations, a breakdown of the relational schema for each of the memes follows
here. This relational structure can be further described using structure mapping grammar [49],
which is indicated as well. An image visualizing the structure mapping grammar is presented. The
content of the programming memes is also presented exclusively in the grammar form to highlight
this relational capacity.

To exemplify how information in this section is laid out, I present the “Curious Squirrel” example
using the same approach that will be provided for the study memes, which is shown in Figure 6.4.
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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE
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Figure 6.4: Breakdown: Relational Structure Example of “Curious Squirrel”
“Curious Squirrel” Relational Grammar

1. INTERESTED-IN (focus-entity, subject)
2. SAFER-WITH (focus-entity, 2nd-subject)
“Curious Squirrel” Programming Meme as Structure Mapping Grammar
1. INTERESTED-IN (me, “refactoring decade old legacy code”)
2. SAFER-WITH (me, “leaving it alone because I have no idea what it does”)
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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE
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Figure 6.5: Breakdown: Relational Structure of “Is This a Pigeon?”
“Is This a Pigeon?” Relational Grammar

1. ENGAGES-WITH (focus-entity, subject)
2. INTERPRETED-AS (subject, 2nd-subject)
3. INCONGRUENT-WITH (2nd-subject, subject)
4. INDICATES (focus-entity, AND(“Is this a”, 2nd-subject))
“Is This a Pigeon?” Programming Meme Grammar
1. ENGAGES-WITH (programmer, if-statements)
2. INTERPRETED-AS (if-statements, AI)
3. INCONGRUENT-WITH (Al if-statements)
4. INDICATES (programmer, AND(“Is this a”, AI))
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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE

EVIDENCE OF “Is THIS A PIGEON?” STRUCTURE

This meme template provided some very interesting observations with regard to the relational struc-
ture. What’s termed as “incongruence” is not completely incompatible as the term might suggest.
Participants observe more so that there is some aspect that is incompatible between the two items,
and that the meme structure is meant to foster that comparison. The comparison also requires them
to consider what is similar, because the incongruity is not a complete difference between the two.
Participant 7 describes their lack of understanding the distinction, but as they learned more about
artificial intelligence and continued to see these formats, came to better understand the humor that
the incongruities are meant to convey.

P7: [...]the way I see it is like a venn diagram between AI and if statement, and there
is some overlap in that diagram in terms of like, artificial intelligence using if statements

]

Participant 10 further solidifies this conception. They note that the point is that the items are
not completely disparate, so the statement isn’t “wholly” inaccurate: something ties the two ideas
together. However, it certainly isn’t correct due to the incongruities. Without using the term
conditional as participant 7 did, they describe the concept of conditionals. They also note another
interesting theme — the incongruence is usually due to the 2nd subject being somehow more complex
to consider than the first. The humor comes from the perception that the “simpler” idea is the same
as the more “complex”; or as the participant states, “high level” idea.

As memes allow sharing of experiences and emotions, participants such as participant 12 also gen-
erated scenarios for how this meme may “play out” in real life, indicating how a real person might
arrive at this incongruence.

Participant 27 encapsulates the humor in the incongruity between subject and 2nd-subject quite
well:

P27: Yeah or they just think it’s funny because there’s like a small similarity that
they share that they try and say that they’re the same as a joke.

There was also evidence that the relational structure of the meme is so powerfully understood, that
domain knowledge is not necessary to recognize the premise. Participants 7, 12, and 29 specifically
discuss non-programmers considering the programming variant of the meme. They reasoned that
they would be able to understand the premise due to the meme’s structure, even if they were not
able to make the corollary to the key ideas behind the relationships, such as conditional logic.
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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE

CONTEXT

Figure 6.6: Breakdown: Relational Structure of “It’s Free Real Estate”
“It’s Free Real Estate” Relational Grammar

1. REACTS-TO (focus-entity, context)
2. INTERPRETED-AS (context, “It’s Free Real Estate”)
3. INDICATES (focus-entity, “It’s Free Real Estate”)
“It’s Free Real Estate” Programming Meme Grammar
1. REACTS-TO (JVM, “RAM: *exists*”)
2. INTERPRETED-AS (“RAM: *exists*”, “It’s Free Real Estate”)
3. INDICATES (JVM, “It’s Free Real Estate”)
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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE

EVIDENCE OF “IT’S FREE REAL ESTATE” STRUCTURE

One key indication of the structure of this meme by participants was an element lacking in the
blank meme presentation: context. Several participants refer to the context information prior in
explaining the programming case of the meme. Participant 17 indicates when seeing the template
that there should be information prior.

P17: 1 feel like there needs to be like another meme before it that like says what he’s
talking about

Exemplifying the relational structure of memes, participants often used other domains in working to
explain the relations they were seeing. Participants 7 and 24 both reference the non-programming
meme, which involves a cat indicating a box set on the floor is free real estate. Participant 7 provides
further evidence of the structure, indicating the setup has implied RAM as an element present in
the scenario, but not the focus entity.

Many participants also indicated use of added cues to guide them in understanding elements within
the relational structure. “JVM” was not an understood acronym by many participants, but the eyes
of the focus entity had been “corrupted” as participant 9 describes to have the Java logo over them.
Participants noted using the eyes to understand the focus entity (JVM) must be Java, at least to
some degree. Participant 20 recognizes the term Java Virtual Machine, but only after being asked
where they retrieved the term Java from, and mentioning the eyes.

P9: So the it’s free real estate they corrupt the guy’s eyes with Java so um so well I
don’t necessarily unders- I don’t know what JVM is [...]
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CONTEXT

o ENTITY
e €

IGHT IMMA HEAD OUT

Figure 6.7: Breakdown: Relational Structure of “Ight Imma Head Out”
“Ight Imma Head Out” Relational Grammar

1. AFFECTS (context, focus-entity)
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CHAPTER 6. EMBLEMA: INTERNET MEMES AND CS KNOWLEDGE

2. INDICATES-EXIT (focus-entity, “Ight Imma Head Out”)

3. DUE-TO (“Ight Imma Head Out”, context)

“Ight Imma Head Out” Programming Meme Grammar

1. AFFECTS(“Local Variables When They See A “}” .7,
local-variables (IMPLIED))

2. INDICATES-EXIT (local-variables (IMPLIED), “Ight Imma Head Out”)

3. DUE-TO (“Ight Imma Head Out”,
“Local Variables When They See A “}” )

EVIDENCE OF “IGHT IMMA HEAD OUT” STRUCTURE

Participants 12, 15, and 21 make specific reference to the wording in this meme, and how it indicates
the focus entity’s action is based on the context. Some participants indicated, like participant 15,
that the action wasn’t physical as the meme might suggest, but again a relation. Leaving is a key
idea due to the “head out”, but this action does not have to be physical, only relevant in some way
to the context.

Even participants who were less certain about the intended programmatic meaning were able to use
these cues to reason about the relationship. Participant 17 shows an understanding of the domain
concept related to the meme, but expresses uncertainty if they have recalled correctly. Participant
22 clearly is unaware of the programming implications, but tries to reason based on the relational
structure. They specifically note “not for you” in regard to the variables and their context, showing
a symbolic understanding of one making an exit due to feeling unwelcome or at the end of their area
of comfort.

P22: [...] T don’t know why it makes the local variables not...work it looks like?
Whatever kind of variable that would be it’s not for you
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Does your
dog bite?

No, but it can hurt you
in other ways.

/

TRUTH OR
COLLECTIVE OPINION

Figure 6.8: Breakdown: Relational Structure of ‘Does Your Dog Bite?”

“Does Your Dog Bite?” Relational Grammar

1. ASKS(focus-entity, “Does Your Dog Bite?”)

2. INDICATES(interluder, “No, but it can hurt you in other ways”)
3. STATES(subject, truth-or-collective-opinion)

4. NEGATIVELY-IMPACTS (truth-or-collective-opinion, focus-entity)

“Does Your Dog Bite?” Programming Meme Grammar
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1. ASKS(reader (IMPLIED), “Does Your Dog Bite?”)

2. INDICATES(meme-creator (IMPLIED), “No, but it can hurt you in other ways”)

w

. STATES(MATLAB (IMPLIED), “Array indexes start at 17)

>~

. NEGATIVELY-IMPACTS (“Array indexes start at 17, reader (IMPLIED))

EVIDENCE FOR “DOES YOUR DoOG BITE?” STRUCTURE

Despite the programming meme never making mention of the number zero, several participants
offer up the value of zero as part of their reasoning process. The dog clearly indicates “arrays start
at one”. This suggestion of zero shows their understanding that clearly, the focus entity believes
something different than what the dog is saying. Participant 6 laughs as they realize they may have
at first believed the dog. Participant 8 indicates a lack of knowledge, but still states zero specifically
as part of their reasoning process. They also indicate that the dog may have some truth to their
statement, which echos participant 9, who also states uncertainty on the topic but says they know
one and zero is a debate within computing. This indicates subtlety in that the dog is not saying
something completely wrong, but something that may be difficult to hear or only true within certain
contexts.

Other participants with programming knowledge indicated they felt the dog was wrong, and that’s
why it was painful to hear what it had to say. This may seem like an incorrect relational structure.
However, this actually underscores the structure of the meme — the dog’s statement must be true
in some way or believed true to some group. The nature of that truth negatively impacts the focus
entity. These participants illustrate a direct relationship with the focus entity, who is hurt by the
dog stating arrays start at one. They share the focus entity’s frustration at this statement, belonging
to the group who believes this is not true. These participants are being exemplified in the meme,
highlighting its ability to convey experiences and foster sense of belonging. Participants 14 and 30
offer the focus entity’s perspective directly. Participant 18 gives insight to the subtlety that what
the dog is saying is true to someone, suggesting that another language may have this as a feature,
giving truth to the sentiment but highlighting its frustrating nature.

Participant 8 directly describes the focus entity, and how modifications can be made to their appear-
ance in order to provide additional context. This shows evidence for a function ascribed to many
of the memes: a focus entity that is implicitly assumed to be the reader exists, but evidence within
the meme’s content can modify this interpretation.

P8: He’s the subject of this whole meme here, um and a modification of him modifies
who the meme is really tailored for [...]

Participant 23 adds an interesting perspective — suggesting the dog is representing a language which
starts at one, MatLab. This allows further perspective as to the nature of a collective opinion or
truth. If MatLab is “stating” this information, it is situated as a truth of MatLab, highlighting the
relations we’ve seen prior. Several participants mentioned MatLab directly in discussing the meme,
despite MatLab not being present in the context. Only participant 23 specifically suggested that
the subject be some entity or group which poses this as truth.
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WHO WOULD WIN?

comparisen [between

SUBJECT 2ND SUBJECT

Figure 6.9: Breakdown: Basic Relational Structure of “Who Would Win?”

WHO WOULD WIN?

compa rlson between

favored to

COMPLEX "2 SIMPLIFIED
SUBJECT 2ND SUBJECT

Figure 6.10: Breakdown: Alternative Relational Structure of “Who Would Win?”
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“Who Would Win?” Alternative Relational Grammar

1. ASKED OF(“Who Would Win?”, AND(complex-subject, simplified-2nd-subject))
2. COMPARISON-BETWEEN (complex-subject, simplified-2nd-subject)
3. FAVORED-TO-WIN-OVER(simplified-2nd-subject, complex-subject)

“Who Would Win?” Programming Meme Grammar

1. ASKED OF(“Who Would Win?”,
AND(“A computer program with millions of lines of code”, “One curly boi with no friend”))

2. COMPARISON-BETWEEN(“A computer program with millions of lines of code”,
“One curly boi with no friend”)

3. FAVORED-TO-WIN-OVER(“One ¢ u r 1 y boi with no friend”,
“A computer program with millions of lines of code”)

EVIDENCE FOR “WHO WoOULD WIN?” STRUCTURE

Both the non-programming and programming meme presented to participants used the more spe-
cialized Alternative Relation. Several participants noted the general structure in describing the
blank template, while others did observe the alternative structure. Both the general and alternative
structure share a comparison relationship, but the alternative structure adds specific additional rules
indicating the favored victor. Participants 21 and 29 both indicate the idea of complexity or formal-
ity being on the left, with something funny and smaller on the right. In the alternative structure of
the meme, the right is favored to win over the left, which both participants indicate use of in their
reasoning. Participant 9 also notes that the way the text is formatted helps indicate this structure
— that the simplified structure uses slang which makes it humorous, and thus, this promotes its
favorable odds.

Many participants also specifically referenced the “no friend” text as an indication of the situation
that caused the right side to win. They noted that “no friend” helped convey that the closing curly
bracket had been forgotten from the opening curly bracket pictured, using that to reason about why
that side was favored to win. Participant 8 indicates an uncertainty as to what happens without a
closing curly bracket, but acknowledges the favorable odds for the curly bracket side through this
reasoning. Participant 15 indicates their entire reasoning process, and then specifically notes the
role “no friend” plays as they finish their thoughts.

Participant 15 also brings in personal experience with this problem, and highlights the competi-
tion nature. Their statement also indicates the deeper underlying structure between both meme
grammars, that the items are being “compared”, thus “competing” in some way.

P15: [...]the relationship I implied is that that bracket is in the line of code and that’s
so the bracket is gonna win in this situation because it won’t compile and that’s kind of
the humor.

Participants 17 and 23 provide indication of reasoning that aligns more with the general structure.
Participant 17 notes that so much code is “just as bad” as an error — suggesting that the competition
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is more evenly matched in terms of failings. Participant 23 elaborates further on this line of reasoning,
suggesting that neither of these are really “winning” conditions. They also see the competitors as
separate entities as noted by “there’s nothing that says that the computer program [...] it can
compile”. This indicates viewing the curly bracket as outside or separate from the program, where
other participants recognized that to be a foil to the program, it must be contained in it. However,
this participant also later indicated that regardless, if the curly bracket is inside the code, neither
can “win” anyway, as the program fails and the curly bracket is the cause of the failure. Despite
not being able to observe the humor, the participant’s knowledge of programming did in fact lead
them to draw the correct inferences.

P23: [...]So I'm sort of comparing like computing power, but a curly bracket has no
computing power in and of itself, and the other comparison that I’'m looking at is uh, the
idea of which one is more likely to crash, but that doesn’t make sense with ”who would
win” - "who would lose” seems better [...]

An interesting note regarding memes as relational structures was made regarding this meme in the
post-interview. Participant 29 specifically references the curly bracket meme in describing the idea
that memes are not considered based on the content, but relational structure. Participants, even
if they may refer to other memes using the same format in their explanation, do not immediately
think of past meme content to formulate their reasoning. The meme as a structure is observed as
isolated from the context it contains.

Further still in evidence of these general structures was forward generation of content. Given a blank
template, or in some discussions of a content-filled one, participants frequently generated content
to fit the meme spontaneously in order to describe it. Participant 24 spontaneously generated the
below context in viewing the blank “Who Would Win?” meme, which was quite similar to the
programming meme shown.

P24: Like on the left panel would be a computer and then on the other side would
be like a picture of like a clipart caterpillar and it would say like ”who would win - a
computer or one buggy boy” or something

Several participants showcased this behavior across other templates as well. Many drew on a domain
that was culturally relevant at the time of this study being conducted — the COVID-19 pandemic.
This observation also provides further evidence to Participant 29’s claim above that previous content
is not referenced. The spontaneous generation of current topics showcases participants are not just
drawing from a single example, but have an abstracted relational structure in mind for how each
template works.
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Figure 6.11: Breakdown: Relational Structure of “Gru’s Plan”
“Gru’s Plan” Relational Grammar

1. PRESENTS(focus-entity, expected-plan)
2. CONTINUES (focus-entity, next-plan-step)
3. CONTINUES (focus-entity, plan-diverge)
4. DISRUPTS (plan-diverge, expected-plan)
5. REALIZES (focus-entity, plan-diverge)
“Gru’s Plan” Programming Meme Grammar
1. PRESENTS(reader (IMPLIED), “We Find the Bug”)
2. CONTINUES (reader (IMPLIED), “We Fix the Bug”)
CONTINUES (reader (IMPLIED), “Now We Have Two Bugs”)
DISRUPTS (“Now We Have Two Bugs”, ‘We Find the Bug”)

AN

REALIZES (reader (IMPLIED), “Now We Have Three Bugs”)
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EVIDENCE FOR “GRU’S PLAN” STRUCTURE

This meme presented many cases of interest to one of the other observed themes. Comments and
observations associated with that theme have been moved to the “Subversion and the Career of
Metaphor” section as a result.

Many participant responses provided a justification for how the number of bugs changes from two
to three without the focus entity noticing. These revolved around the sense that debugging was
a never ending experience, often grounded in their own experiences. Participants 16 and 29 both
indicated situations this might occur. Participant 22, while not describing a scenario this may occur
in, directly shows the process of self insertion through the use of “you”, showcasing the implicit
identification of focus entity as oneself.

P16: [...] then it’s like oh no they have three bugs and they’re like "oh my God
when is it ending” so it *laughs* this particular meme just expresses the frustration of
programmers |...]
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CRITICAL

Um:¥whatcha got'there?

Figure 6.12: Breakdown: Relational Structure of “Whatcha Got There?”
“Whatcha Got There?” Relational Grammar

1. INQUIRES-ABOUT(critical-entity, subject)
2. INDICATES critical-entity, “Um...whatcha got there?”)
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3. IGNORES(focus-entity, subject)
4. INDICATES(focus-entity, “A smoothie.”)
5. DESCRIBES(“A smoothie.”, distractant)

“Whatcha Got There?” Programming Meme Grammar

1. INQUIRES-ABOUT (programming-professors, global-variables)

2. INDICATES (programming-professors, “Um...whatcha got there?”)
3. IGNORES(me (reader - IMPLIED), global-variables)

4. INDICATES(me (reader - IMPLIED), “A smoothie.”)

5. DESCRIBES(“A smoothie.”, other-code-aspect (IMPLIED))

EVIDENCE FOR “WHATCHA GOT THERE?” STRUCTURE

Many participants indicated strength of the meme structure by indicating a lack of knowledge
about global variables. Participant 9 indicates directly their use of the meme format to aid in this
understanding. Participant 11 suggests a definition for global variables and uses this to attribute
meaning to the meme, despite their use of “probably” showcasing they are not in fact certain on
that being the definition. Participant 12 takes a guess, indicating a lack of acceptance of them.
Participants 14, 17 and 22 note that these “seem” like something bad or that shouldn’t be used
— showing knowledge of the critical entity of the programming professor’s scrutiny toward them.
Participant 16 states they haven’t used them, but attempts to reason about what they are and why
they may be a problem that someone would wish to deflect from. Participant 25 goes so far as to
state it is “obvious” that the global variables are being hidden based on the relational structure, but
cannot ascertain why that may be.

P17: Is there a reason you’re not supposed to have global variables? [...]

Even participant 8, who feels very uncertain, indicates that global variables are “just bad” despite
no content knowledge. Their uncertainty appears to come from an inability to reason about why,
but they recognize what they are reasoning about.

P8: [...] Eh, global variables are just bad I guess and you shouldn’t use them but a
student did, maybe for like a shortcut [...]

Participant 21 makes use of the non-programming version of the meme presented, which designated
the critical entity as cops and the subject as an illegal racecar. They use this to indicate that
the structure includes a sense of the critical entity believing the subject is “bad” in some way,
exemplifying the entity’s “critical” nature.

Participants 7 and 19 indicate that this is “common knowledge” that one shouldn’t use global
variables, with participant 7 noting their own experience with the critical entity scrutinizing them.

Some participants also indicated that even though the text consistently says “A smoothie”, one
need not consider it as an “actual smoothie”. Participant 20 shows an example of the smoothie as a
distracting entity, where while the text says “smoothie”, the real smoothie is a distraction a student
may use, such as showing other portions of their code.
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P20: [...] I don’t think it would be an actual smoothie. [...] I guess they’d be like
showing other parts of the code or like ignoring that fact [..]

UNDESIRABLE SITUATION

presents
new,problems
unrelated to

FOCUS
ENTITY ™=

UNCONVENTIONAL SOLUTION

Figure 6.13: Breakdown: Relational Structure of “Rollsafe”

“Rollsafe” Relational Grammar

1. PROPOSES-RESOLVING (focus-entity, undesirable-situation)
2. WITH (focus-entity, unconventional-solution)

3. PRESENTS-NEW-PROBLEMS-UNRELATED-TO (unconventional solution, undesirable-
situation)
“Rollsafe” Programming Meme Grammar

1. PROPOSES-RESOLVING (reader (IMPLIED), “Can’t Get an Error Message”)
2. WITH (reader (IMPLIED), “If It’s Stuck in an Infinite Loop”)
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3. PRESENTS-NEW-PROBLEMS-UNRELATED-TO (“If It’s Stuck in an Infinite Loop”, “Can’t
Get an Error Message”)

EVIDENCE FOR “ROLLSAFE” STRUCTURE

Many participants clearly indicated that while the unconventional solution does solve the undesirable
situation, it poses a new problem. Participants 8, 14, 15, and 28 each describe the details of why
this solution is undesirable. Participants 9 and 24 indicate directly that the solution causes another
problem, even without indicating the details of why. Participant 22 indicates a further relation that
is generally recognized with this meme — that the humor is in the proposition of the unconventional
solution, which comes across as seeming intelligent but is not due to the presentation of new problems.
Several other participants indicated the phrase “big brain” in relation to this meme. This references
another meme, the idea of someone doing something perceived as high intellect, when it is usually
not.

P15: Their code is working, but it’s in an infinite loop so it’s not working and that’s
kind of the those two things playing against each other is the humor |...]

P28: The idea is not really bright, but it is true. [...]

6.3.2 HUMOR, SELF-IDENTIFICATION, AND SENSE OF BELONGING

A common theme aligning with existing research on memes was their ability to connect with emotions
and experiences. Many participants indicated personal experience with the ideas several of the
memes conveyed.

Evocative for many participants was the “Does Your Dog Bite?” programming meme. Participant
11 indicates clear experience with frustrations related to starting indexing at one, punctuated by
“ahh”. Participant 12 indicates this would wound them as well, which Participant 20 echos in stating
the meme hurts them a little bit. Participant 15 identifies themself as “Team Zero”, indicating
belonging to a group represented by this meme. Participant 25 was incredibly vocal about their
feelings regarding MatLab in relation to this meme.

P20: This one hurts a little bit]...]

P25: *sharp intake of air* Noooooooo *laughs* do you know that this is what MatLab
does? *laughs* It’s so bad. [...]

Several participants also offered examples of their own experiences relative to the content presented
in the memes. Participant 25 recognizes the noncompilation in the “Who Would Win?” meme
as something they relate to from their own experiences. The debugging chain in “Gru’s Plan” is
something Participant 29 has had experience with as well. Participants 6 and 10 both indicate that
they have had experience with professors behaving in the exact way the “Whatcha Got There?”
meme suggests regarding global variables.

P25: [...]Well, uh at least to me, because I forget which curly bracket goes to another,

so I'll delete like a whole if statement and then like oop everything’s red and Java hates
you now.
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P6:[...] *chuckles* yeah, professors always drill it into our heads like don’t use global
variables [...]

Participants also showed the ability to not only derive meaning from the relational structure, but
also abstract that meaning to more applicable scenarios to their lives. In the non-programming
variant of “Is This a Pigeon?”, the subject was “refreshing Twitter every 2 minutes for an hour”
and the 2nd-subject was “working on my book”. Participants 8 and 10 indicate that the fact
that “book” is directly indicated does not matter. The meme is about procrastination, and thus,
relevant to any experience of procrastination. Participant 15 also references the ability to “self
insert” into the meme based on its context, and still understand the meaning. They reference the
non-programming variant of “Whatcha Got There?” and how despite not having experience with
an illegal racecar, they can still imagine and contextualize themselves to that scenario based on the
relational structures. Participants 25 and 26 go further in offering up examples of experiences from
their lives they felt related to the racecar meme. Participant 25 indicates a similar scenario, though
not with an illegal racecar, and is imagining how the critical entity must have felt based on their
reaction as the focus entity. Participant 26 identifies a situation with their mother and clothing that
is a completely different domain, yet relevant in the tonal reaction and behaviors that are part of
the relational structure.

P10: [...]just replace book with literally anything else and I think most people would
abstract or they kind of get the point.

P15: [...] memes don’t need to necessarily apply to real life [...] you can figure out
the meaning from the context provided

Participants also indicated many times they had interacted with the meme templates presented,
showcasing relevance to their daily lives. Participant 24 indicated having seen an exact meme
used in the study before. Participant 20 noted sending a meme to highlight their own emotions.
Participant 16 identifies an example they saw that day about classes moving to online that used
the shown template. Participant 12 even indicates participating in meme creation within the same
week as the study was conducted. Participant 8 suggests the way they might use the meme in
conversing with their peers, acknowledging the social and communicative value of memes. Almost
all participants, even those who said they had little familiarity with memes, had some knowledge
of the memes and their structures, and had seen or used at least some of them before. It was quite
hard to recruit participants who had no experience with memes, despite actively trying to. This
punctuates how relevant memes are to the cultural knowledge of our participants.

P20: I know I've sent this to people |...]

Several indications were made (especially when showing the blank templates) that the context pro-
vided by the domain matters in who fully understands the meme. Participant 20 recognizes that
memes exist on broad scales, but also within communities, and that this can affect who understands
it. Participant 12 suggests the “mom index” (mentioned by other participants), which indicates that
a meme should not have a high barrier to understanding. This suggests that participants do not feel
memes should be “cryptic”, but forms of communication that convey their feelings and ideas.

P12: [...]Jif my mom can understand the meme, then it’s a good meme
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Participant 29 beautifully sums up the sense of community and belonging that memes can create
during the post-interview. They note that memes on topics of interest — even academic topics —
create a sense that there are other people “like me” out there, who enjoy the same things. Sharing
humor and interests provide two strong bonding and engagement mechanisms. This participant
suggests that programming memes allow a vehicle for both.

P29: [..] T love programming memes I think they’re so funny when they’re done
right. Um, and so it kind of like combines those two worlds [...] like ay I recognize that
and it’s talking about something I know about [...] the recognition of oh my gosh there
are other people who are like me who they like memes and they like programming and
they’re making content about it.

6.3.3 SUBVERSION AND CAREER OF METAPHOR

Participants noted the ways that memes follow rules, but also that humor can lie in appropriately
subverting them. Several of these comments came as an unexpected consequence of the programming
meme for “Gru’s Plan”.

Typically, “Gru’s Plan” is expected to contain the same information on the board in the third and
fourth panel. However, in the programming meme, the board changed from two bugs to three bugs.
This subversion was not planned in any part by the test design — in fact, it was not even recognized
that participants may interpret it as subversive.

Participant 6 shares through laughter that the change makes the meme feel even more true, that
it feels like the bug problem grows. Participant 9 also indicates that the problem is getting worse,
and that this change works, but that it would not work if it were reversed from three bugs to two
bugs. Participant 12 begins explaining the meme, only to realize in the midst of their explanation
the panel change. They specifically state this subverts your understanding but in this scenario, that
it adds to the comedy due to the bugs multiplying. Participant 15 states that in seeing the meme
so much, you feel as though you can just “fill in” the fourth panel, which aligns with participant
12’s behavior — and that changing it adds to the humor. Participant 25 expresses excitement and
surprise at reading the meme and seeing it changed. Participant 28 identifies this as a joke not only
about programming, but a joke at the template itself by changing how it behaves. Participant 29
describes how the modification may not have made sense given the usual sense of “realization” in
the fourth panel, but that the growth of the problem allows it to still be relatable.

P12: [...] *laughs* oops I didn’t even read the last panel *laughs* it *laughs* it it’s
subverts your your understanding of the of the meme |[...]

P25: Oh nooo, oh so there’s a bug, and you fix the bug, oh oh it changed! *laughs*
Now we have two bugs, and look at it now there’s three. *laughs™ [..]

The above evidence from “Gru’s Plan” led to additional discussion regarding the idea of subversion
in memes. Participant 12 notes how subversion can “bring new life” to a meme and reinvigorate
its humor. Participant 10 describes verbally while discussing the blank template for “Gru’s Plan”
an entirely separate subversion involving more panels. This subversion is intended to relay the idea
that even though the plan diverged, the focus entity still makes it work.
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Participant 21 noted the ability to “deep fry” the “Gru’s Plan” meme. They describe in detail what
process deep frying requires. This is also a defined set of rules. They note that deep frying is a
specific type of subversion that can heighten the apparent emotion of the meme.

P21: [...] artificially put that effect into it to like show that there’s more emotion |...]

Participant 28 suggests the ways memes can “build” on each other as an act of subversion, by using
multiple memes together in order to convey a more specific complex meaning,.

P28: [...] memes can build off of each other and can interact with each other [...]
use multiple different templates to make like a single template [...] kind of mesh them
together a little bit [...] just like brings both of those ideas together more, like one that’s
even funnier

Participant 29 provides some interesting insights regarding the growth of a meme template. They
describe how there’s no “written description” of how the meme works, it’s continual application of
the same template by many people that makes the relational structure implicit in the image. They
further add that when a meme image starts circulating, it isn’t a meme yet — it requires more use
so that the relational structure becomes conventionalized within it.

P29: [...] you see the meme used so many different ways in so many different jokes
over and over again [...] you just kind of like subconsciously learn what each one means,
you know? [...]

P29: [...] a meme is something that’s used over and over again in the same format for
different context [...] once it gains momentum and you see more people using it then you
start to understand the context of it like oh this is a meme, I have more understanding
of what it is now [...]

This evidence lends credence to applying the career of metaphor to memes. The images are at first
novel, but become conventionalized as they spread and new domains are applied. Memes may also
enter the frozen stage, in which the context they originated from is still remembered, but they are
not largely referred to by their abstract relational structure. Finally, memes can become “dead”
(“dead meme” is in fact a statement that was said by participants). A dead meme, much like the
career of metaphor, has been used so much that it is often no longer considered humorous by the
general population. The meme has “become” the relational structure it represents, which removes
the humor it once possessed.

The capability for a meme to become ‘dead metaphor” points to the intrigue of subversion. As
Participant 12 noted, it allows “new life” to be breathed into the meme. One must now reason
about why the subversion was chosen, and what it adds to the existing structure. The fact that
participants appear to enjoy when known memes do this suggests they are not pure relational
vehicles. They are expressive communication tools that participants want to engage with, reason
about, and enjoy.
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6.4 IMPLICATIONS FOR PEDAGOGICAL USE OF MEMES

Several questions of interest were considered through this investigation.

Do certain forms of analogy enhance engagement and understanding when learning
programming? Using memes as a relational analogy tool produced several instances of clear
engagement and enjoyment. Many participants also reflected on their own experiences in a way that
may increase sense of belonging as a programmer.

Participants in this study were not required to be learning programming. However, several partici-
pants without prior knowledge did attempt to formulate ideas through the interview and were able to
draw reasonable conclusions about the relationships presented, even without any contextual knowl-
edge. When used in a pedagogical environment where the topical information is actively presented,
this ability to identify relations may help encode relevant associations and deeper understanding
about the topic.

Can students draw meaning about pedagogical content knowledge in computer science
from internet memes?

Even without prior content knowledge, participants can draw meaning to a degree. Participants
created associations between the ideas based on the relational structure of the meme, and reached
some conclusions on the programming content.

Interestingly, several responses with misaligned ideas or indications of lacking content knowledge
drew parallels to participants with content knowledge. This suggests that knowledge of the relations
promotes reasoning to understand them, even when context is lacking. In a classroom seeking to
teach this context, learners may achieve greater understanding and assimilation of the concepts
through this process.

Can memes convey information in a way that could provide value in a pedagogical
setting?

This evidence suggests there is certainly observable value to the use of memes. Engagement, rele-
vance, and sense of belonging are three major values that the use of memes can promote.

A recommendation for using memes in the classroom would be following the same best practices of
general analogy use. Ensure the meme communicates a specific idea, and contextually position its
use. Encourage analysis of what the meme is suggesting, and how that relates to pedagogical ideas.
Investigating relevant programming memes can be an engaging classroom active learning discussion.
It can also be implemented as a creative exercise where learners design a programming meme and
elaborate on how it conveys pedagogical content knowledge.

6.4.1 CONSIDERATIONS

This study was conducted within our university. Our recruitment was through word of mouth so it
likely does not represent our entire university’s population. Many participants had a strong sense
of understanding memes, and several had at least some background programming knowledge.

Many participants with programming knowledge possessed C-family language knowledge. At least
two memes specifically reference C-family style syntax. However, there were participants with no
C-family knowledge who were still able to draw conclusions that paralleled those with knowledge.
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Finally, it is important to remember that not all learners may have background or interest in memes.
Learner interests are varied, and memes may not motivate engagement for all learners. Within this
study, not learner stated they had absolutely no familiarity with memes, despite active recruitment
for participants fitting this criteria. This appears to exemplify the cultural prominence of memes for
our learners at time of writing — memes are integrated in many ways to their cultural context. How-
ever, this does not dismiss the concern that being disinterested in memes or lacking understanding
of them could cause learners to feel marginalized. This consideration highlights the value of addi-
tional investigation of active learning discussion as a classroom: working together to understand the
meme and its implications may allow learners without knowledge of memes a space to learn from
and alongside their peers, without needing to understand the memes prior.
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CHAPTER 7

Prisms: CASE STUDIES OF CS
LEARNERS

In closing, I have conducted interviews with our CS1 learners in order to showcase their diverse
experiences and perspectives. This is followed by an analysis of some thoughts on analogy from
learners in an upper-level course, providing perspectives from more experienced learners.

Before diving into the interviews, let us first ensure we broaden our lens a bit — the learner has
many more factors to consider than just the cognitive process of learning, after all.

7.1 HoLisTiIC CONSIDERATIONS FOR CS1 PERSPECTIVES

Environments and the elements in them play a role in our perception and processing of information.
Designing an educational experience that centers the learner requires understanding all the factors
that can affect that learner: the “whole system” of the computing classroom. Exploration of all of
these factors are not the focus of this dissertation. In order to pivot to our learners’ perspectives,
however, it is important to consider how many additional factors can influence their experience.
Factors to consider regarding the classroom and a learner’s experience with it include:

e Sense of Belonging [39, 115, 128, 158, 160].

e Perceptions of the Discipline [21, 59, 123].

e Sociocultural Factors [23, 123, 132, 160]

e Communication with Classroom Community [21, 61, 81, 97, 132, 152, 161]
e Active or Group Learning Dynamics [21, 25, 90, 150, 151]

e Learner’s Intent in Taking a Course [15]

e Beliefs Surrounding Pedagogical Tools [4, 146]

e Interpretation of a Pedagogical Tool’s Use [4, 20, 146, 165]

e Ordering of Topics in the Course [168]

e Classroom’s Spatial Design [8, 89]
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7.2 (CS1 GUIDED INTERVIEWS

Guided interviews were conducted in late Spring 2020 with CS1 learners, as well as learners who had
completed CS1 the prior semester. This was done in order to obtain perspective on their thoughts
and feelings surrounding the course.

7.2.1 INTERVIEW STUDY DESIGN

The general guiding structure of the interviews can be found in Appendix I. The guided process was
dialectic with clarifying or summarizing questions incorporated, in line with the approach used in
Chapter 6’s study. This allowed for better interpretation of the participant’s intention, and promoted
responses due to feeling less “clinical” as a procedure.

A timestamp notation approach was used just as in Chapter 6, based on Brown’s suggestion [10].
This allowed “selection before selection”, reducing bias by notating interesting phenomena prior to
any investigation of their meaning. All interviews were approximately an hour, and transcription
was pinpointed to these timestamps to reduce the initial analysis space.

7.2.2 DAaTA COLLECTION AND ANALYSIS

In transcription of participant timestamps, some were collapsed together due to ongoing dialogue
that relevantly connected them. Of the 9 participants, 383 entries in total were transcribed.

Each learner’s interview is analyzed as their own vignette. In reviewing the timestamped data, each
learner’s vignette presents a personal “major” theme they conveyed through the interview, as well
as indications of “overarching” themes across the interviews.

Full quotes that are referenced in the compilation of the vignettes are included in Appendix J.

7.3 (CS1 — STUDENT PERSPECTIVES

PARTICIPANT 1

Participant 1’s journey in CS1 was quite distinct. They begin by identifying past experiences with
code across different languages. Participant 1 suggests difficulty in getting these to work, and in
finding “quality information sources”. They share that they enjoyed learning what each piece of the
code does, and found this important.

Participant 1 then elaborates on some of their difficulties as a non-traditional student. They draw
a contrast between the military and the classroom, expressing how “bare bones” instructions from
the military can feel and how the classroom is rich in perspectives by comparison

They continue by sharing one of the largest obstacles with the course: difficulty remembering in-
formation, which caused immense frustration. While other students may not experience the same
exact difficulties that participant 1 indicates, cognitive overload is a theme any learner can relate
to. Participant 1 does an admirable job of conveying the difficulty learners can have with congitive
load. The participant indicates how it affects them, especially when they “know they should know”.
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P1: [...] T get tripped up really easily and I get confused and frustrated really fast so
like T’ll be tracking an issue and then all of a sudden something interrupts me and now
I 1 don’t even remember what’s going on and then I start getting more and more upset
and confused and frustrated [...]

Participant 1 goes on to indicate the difficulty that complex programs cause as a result. They
describe the garden lab program, which had three Java classes interacting with each other. The
participant notes that movement between these classes exacerbated difficulties. Participant 1 is
already working with difficult cognitive pressure in building single class programs with multiple
parts. Moving across Java classes where they can’t even see the full code creates additional pressure
on them. They also indicate heavy reliance on physical resources such as the book, as they allow
more control and are easier to review.

When asked what they were most proud of from the course, they indicate their resilience. They also
state confidence in becoming more of a “conversational coder”.

P1: [...] it’s like being able to read the newspaper in another language, where you're
like yeah, I can I can understand, I get the gist of what’s going on here, but I may not be
able to understand every, I can’t, translate every word here, but I I kind of understand
what’s going on with the code, just like you would if you were learning an actual language
and trying to you know, read another country’s newspaper.

Participant 1 also notes joy in seeing connections between ideas: not just how to write a variable,
but how this allocates memory, and that memory allocation physically happens in the computer.
They express happiness in knowing not just what to write, but why writing that does something.

Continuing to describe their cognitive pressures, they indicate that overload comes from a multitude
of factors. They may start with best intentions, but reach a “breaking point” in which they need to
just move on.

P1: [...] there’s too many emotions and signals kind of coming in at you to kind of
do it and that’s, that’s a lot of what happens a lot of times and it’s like it gets to the
point where it’s like T can’t do this anymore and I just gotta turn in something [...]

They vividly describe the difficulty of inert knowledge: knowing something but being unable to do
it.

P1: [...] it’s like going to pick up a fork, you know, you don’t think about it, you just
do it, and then all of a sudden you just can’t do it, you know. And it’s like, what’s up?
Where it’s like, I don’t know if you’ve ever been paralyzed before but its *chuckles* you
wake up and you can’t move and you're like what, but that’s what it’s like [...]

T asked the participant if they remembered rubber ducks at all when we discussed the topic of objects.
Given the participant noted recall difficulties, I wanted to prompt to see if this was memorable to
the participant. What was interesting was not that the participant remembered the ducks, but what
came after that. Participant 1 exemplifies networks of connected knowledge. That same day we
described how the class-object process is like a factory assembly line, and the ducks were specifically
part of a “Duck Making Factory” demonstration. The participant shares a cascade of connected
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ideas after the single prompt, indicating these ideas became interconnected in their conception of
objects.

Participant 1 ends by stating that overall, they had an amazing experience with the course despite
the obstacles. They indicate that they didn’t feel difficulty stemmed from a lack of help available,
but from an inability to feel they were in a space to receive it.

PARTICIPANT 2

Participant 2 indicates some of the most difficult programming aspects are “the little things”. They
also note the way that active learning and pair programming helped them by providing a resource
in their fellow classmates. Participant 2 indicate that not only did they benefit from directly talking
to other students, but also from hearing other students’ questions and the associated answers.

P2: Probably the most useful thing is being able to bounce ideas off of other people,
I think that environment’s really great.|...]

They go on to note that they recognize that communication is not only a major value for their
learning process, but a skill for the workforce. They indicate experience in the workforce that has
helped them recognize the necessity for communication skills.

When discussing what they might have done differently, participant 2 indicates they would have
changed their work management approach, but suggest they are improving at this. Within the CS1
classroom, many students are just beginning their college careers, and likely learning to manage
workloads just as participant 2 suggests.

Participant 2 shares that the enthusiastic nature of teaching made the class interesting. They allude
to the peanut butter and jelly demonstration on the first day of lecture as an example of this, and
that it ranked as one of their most engaging classroom experiences. The participant also indicates
that they now feel they have developed a general association of programming with ducks.

In considering if any course topics caused strong emotions, they note that a personal connection is
the only real way this becomes elicited for them. However, they specifically note a small assignment
which asked them to think of a mentor. Clearly, this student completed the task and felt a very
personal connection to it. Participant 2 goes on to note that the course was only needed as part
of their degree completion. They had no idea what they wanted or expected to get out of it, and
indicate that they feel the course exceeded their expectation.

P2: Only needed this course just so that I could get a specific credit on my degree.
I didn’t know what I wanted out of the course [...] I have definitely gotten more than
what T expected [...]

PARTICIPANT 4

Participant 4 indicates that the peanut butter and jelly demonstration was humorous. When asked
for further details, they suggest it helped them recognize the need for specificity when programming.

P4: [...] you can’t just make assumptions and the computer knows what you want it
to do
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This participant had particular affinity for one of their pre-CS1 projects, a Rubik’s cube solver.
When asked what they were most proud of in CS1, they indicated this project, discussing it several
times throughout the interview. When asked what specifically from CS1 they felt proud of, they
indicated being proud of what they knew was a “monstrous” nested loop, because it was “a way to
to do it” and that allowed them to complete the lab problem within the two-hour lab time. They
continue throughout the interview describing how they connected with concepts in CS1 by often
relating them to the Rubik’s cube solver, such as how understanding objects could have helped
them write more concise code.

P4: Probably would have made an object called like CubeTurner or something had
a constructor that could be put in some parameters to have it act on the different sides,
and then it instead of having ten bazillion lines of code |...]

They also indicate that demonstrations like the ducks help, because they make things less abstract.

Finally, in walking through a homework problem, participant 4 observes their solution “matches the
template”, suggesting pattern recognition of what a code piece for that topic “should look like”.
They also note using the IDE as helpful in validating their work.

PARTICIPANT 5

Participant 5 states they believe the instructor creates strong analogies, and these are helpful with
novel topics. When asked for clarification, they indicate elements within the lecture slides, but also
the physical rubber ducks.

Participant 5 also indicates the priority of completing assigned work. This need to complete their
work can be at odds with their learning process. They note the need to “get it done” and how this
can become the top concern. When asked what they might do differently, the participant suggested
they would go to lecture more. I ensured the participant was not just saying this because they were
speaking to the instructor, and they clarified by adding to their previous thoughts on prioritization.
In trying to complete homework they would often skip classes, and doing so made them feel more
lost in the homework.

P5: [...]then I’d be like oh, I missed this week’s both of the lectures this week, and I
don’t know exactly what’s going on with this, so then I would have to spend even more
time like going through the uh lecture slides and trying to teach myself.

Due to restructuring of CS1 course’s materials, some book chapters were moved out of order. This
participant indicated that the topics felt well-connected, and the “jumping around” was not a
problem.

This participant did not have any idea of how programming would be applicable to their future
career or aspirations, outside of the development of personal applications. They shared ideas they
were already considering of what they would create.

While discussing arrays, the participant indicated their syntax “made sense”. Arrays when initialized
can have their size indicated by a square-bracketed number, but a square-bracketed number is also
used to indicate index. The participant states it is not difficult to figure out the syntax’s meaning
due to its context.
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Finally, participant 5 suggests that in their assignments, they could have been more specific to
understand the topics better. This reflects back to the idea of “just doing it” they had noted prior.
They feel taking more time to explain would ensure they really understood what they were writing.

P5: [...] if you have to explain it then that in itself requires a certain level or a certain
ability to know what’s going on [...]
PARTICIPANT 6

Participant 6 indicates their interest in not just programming, but in what happens within the
computer hardware when programming.

P6: [...] what you’re actually doing and like memory allocation, stuff like that, so
I definitely take more of a hardware approach than um, probably like computer science
majors |...]

This participant also suggests they are interested in “authentic” applications of programming, like
what one might experience in industry. They indicate programs like the garden lab make sense,
but don’t seem to translate to the type of projects one might create in a workplace. Later in the
interview, the participant comes back to the garden program, stating that while they may have been
critical, they felt its relationship to the real world was helpful. They also draw upon an example
from the slides of HockeyPlayer objects being created within a Rink class.

P6: [...] I know I just totally ripped on the garden produce bunny thing but that uh
it it really does like kind of when you relate it to something in real life like that it does,
I think help me you know kind of grasp like the big overarching concepts of it [...]

Interestingly, this participant indicates that they feel like Java is not “meant for” arrays, because the
size of them cannot be changed after initialization. What is striking about this is the participant’s
prior indication of interest in hardware processes underlying programming. There is a disconnect
regarding the memory allocation process when it comes to arrays — something that is discussed in
the course. Despite an interest in underlying processes, the participant believes that arrays should
be able to change size. This seems grounded in existing knowledge of other programming languages.

PARTICIPANT 8
Participant 8 notes that they find programming to be creative and magical, as they can bring their
ideas to life. They also indicate an interest in the multi-object simulation projects, describing them

as teamwork systems. Further, they describe liking animals as being a reason they are interested in
the garden program, and also note several related concepts they must utilize to complete it.

P8: [...] the uh rabbit one, uh and uh also the duck one because we need to uh, fetch
constructors uh setters, getters, and toString method |...]
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The participant indicates the rubber ducks being memorable, and connects two different demonstra-
tions using the ducks. They relate both aliasing and constructors, which were two distinct uses of
the ducks in describing reference types and specifically, objects.

Participant 8 also notes confusion at first that “noun does verb”, believing the noun be a class name,
not the object of the class. They indicate that through further investigation, they arrived at the
correct syntax.

PARTICIPANT 9

Participant 9 indicates objects feel like a key topic in understanding programming. This participant
indicated prior experience with MatLab. They appear to suggest objects reshaped their entire notion
of programming, but could be indicating programming in Java specifically. This participant relays
their experience with MatLab, indicating they enjoy Java more. They state heightened confidence
as prior to the course their experience with MatLab had been negative.

When asked about expectations of the course at the start, the participant indicated what most
instructors know to be true: they did not read the syllabus. Asked about assignments they enjoyed,
participant 9 indicates the creature program, where they created a Creature class and spawned
Creature objects into a Conservatory. They also note the text prediction “Mad Libs” style program,
which felt like something someone else might be able to use.

P9: [...] it felt like we actually like made something [...] like you could use so it felt
like T don’t know, I T did something *chuckles*

Participant 9 suggests having more exploration beyond “just syntax” was helpful. They specifically
indicate the T-Rex activity from lecture, and how it helped relate objects and classes to the world.
They also indicate acts like naming the rubber ducks helps clarify their relationship of a common
class, but that they are distinct objects.

In class, we also often did whiteboard activities where participants worked in small groups with
whiteboards on a problem, then shared answers. The participant suggests that the structure of
these activities — discuss the topic a bit, break into small groups, and come back together for
further discussion, was helpful. They note writing code on a whiteboard was different than typing
it into a computer.

P9: [...] it made me understand like, instead of just knowing like what characters to
type in the computer like it made me understand why I was typing em and it made it
like a lot easier to apply it

The participant also draws a correlation to the concept of static and dynamically typed languages,
which was covered in week one. They indicate that having a greater understanding of these ideas
is powerful, as it should remove some of the difficulty of getting started with a new language.
Participant 9 suggests that they feel happy that they could write a Java program if someone asked
them, and are proud of that confidence.

P9: [...] T had never felt like super confident with programming but I definitely if
somebody like asked me to write a program in Java I’d feel like I could, which makes me
happy. *chuckles*
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They go on to suggest that they started the class with low expectations, and it has been transforma-
tive for them. As a non-major, they thought it would be a class they did not commit much effort to,
but ended up enjoying it and putting it at the forefront. They are now considering further computer
science courses, and even an advanced degree in CS.

Participant 9 provides a distinct perspective on work allowing unlimited tries. Our CS1 course allows
unlimited tries on quizzes to provide a space for mastery learning. The participant indicates this
became a “ritual” activity, where they would simply “bank” correct responses until they felt satisfied
with their score. They note even though other work may have been tedious or difficult, it made
them apply their knowledge more. This participant also observes during a homework assignment
discussion that the classroom “mantra” of variable values had an impact. A homework question
asked what the variable’s value was, and they note that this type of question strongly correlated to
the phrase “location in memory”. This shows an application of classroom cultural norms — this
question was asked during lecture frequently when discussing reference types.

When asked about their initial thoughts on objects, Participant 9 describes fear that this would be
the topic they did not understand. They note the duck activity create an “aha” moment for them
regarding instances. They also note frustration with getters and setters, wanting to just obtain and
edit the variable details directly from the object.

P9: [...] so if you're like oh Jonathon is like an instance of like the Duck class like
that would make sense, because there’s like there can be like all kinds of different ducks,
but like, Jonathon’s one of them so like, when you described it that way, like it made
sense. Which was like, also kind of an aha moment |...]

Participant 9 indicates that “real life” grounded examples were impactful to their understanding.
They note that industrial applications, like a machine and its parts, would have been confusing.
However, they already understand ideas like ducks in ponds.

The participant relays difficulty with finding resources that can help online. They indicate that
examples or suggestions provided online are highly contextualized, making them difficult to apply
to the participant’s context. Despite the amount of programming resources online, finding things
that are “actually helpful” in the way they would like to learn is not easy.

They note that objects made them feel excited and rewarded, and that the ways objects can work
together allows them to “make your own little thing”.

P9: [...]it was like really rewarding to get it to work, especially like the I don’t know
like, the conservatory and like some of the ones that were like, bigger and you made like
a whole scene, was really fun and you’re like oh look, like, I have my Duck pond or like,
I don’t know, you like made your own little thing [...]

7.4 AFTER CS1 — STUDENT PERSPECTIVES

PARTICIPANT 3
Participant 3 recalls the garden program and that they found it fun. They suggest one has an intu-

ition about how the problem should work, and that this makes it easier to focus on the programming
part of the problem, rather than reasoning about how the problem space worked.
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P3: Honestly that bunny program like just *chuckles™ there’s just something kind of
fun and you know, it was a more interesting than if I was *pause* makin’ files open or
something weird. [...]

They further go on to state that the multi-object systems felt like “my own little zoo”, and that this
was fun to build and interact with. Participant 3 recalls feeling frustrated when their peers seemed
to “get it” faster than they did. This may have discouraged the student from feeling as though they
“belonged” at times. This participant also shares that they go back and review the slides from CS1
in their current course. They note that not only do the slides assist them, but they elicit emotion
as well.

P3:[...] Go back and like, read em and laugh. I mean I still go back and look at em.

Recalling the rubber ducks, Participant 3 indicates enjoying the way this presented objects intuitively
before coding them.

P3: I think of your duck, your week 8 ducks. Like that’s one of the first things that
comes to my mind [...]

They also recall being a participant in the eraser tossing exception activity. They note using that
example in their current course to help them reason through situations regarding exceptions. They
observe that they started the course only needing it as a prerequisite, but through learning the
material, they started getting more out of it and wanting to get more out of it.

This participant notes that the change in ordering from the book’s material was helpful, as under-
standing objects earlier helped them understand other concepts more easily. They also distinctly
remembers a “lightbulb” moment when they understood that the Scanner they had been using since
first learning Console I/O was an Object.

P3: [...] when you said Scanner is an object, like Scanner was a, like that all of a
sudden just weirdly clicked, it was this huge lightbulb moment.

PARTICIPANT 7

Participant 7 indicates that programming is an art, taking creativity. They also share gaining a lot
of respect for the discipline as a result. They go on to describe the creature program being one of
their favorites, indicating that the topic of objects started making programming make sense.

P7: [...] I think that was that’s when everything came together for me, and that was
like my favorite part I don’t know, that’s just when programming started to make sense

]

Participant 7 is candid about the way the semester can wear down a student. They indicate not
really recalling anything from the course toward the end, but also having that difficulty in all of
their classes. They also note that the book was overwhelming.
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They indicate enjoying the peanut butter and jelly presentation, and appreciating when we would
build and run programs together in class. Participant 7 shares that while they feel strong with
concepts, syntax can be the most difficult aspect to get right. Connectivity issues in the Hangouts
call prompted me to ask about the ducks, which the participant indicates they had stated during the
connectivity issue as a memorable aspect of the course. They also are uncertain but recall “things
being thrown” — this did happen with most notably erasers and ducks.

This participant indicates that their biggest takeaway was better understanding of what it means to
program. They suggest they originally thought it was just “typing”, but recognize now it requires
creativity and critical thinking.

Participant 7 notes difficulty with transitioning to their next course due to being worn down at
the end of their CS1 semester. They suggest “it doesn’t stop”, in reference to how programming
knowledge continues to build on prior ideas. No matter what order we teach programming concepts,
the complexity of continually adding new syntax can always be a struggle. They also indicated the
end of semester slog in CS1 caused a negative mindset leading into their next course, which they
pin on themselves.

P7: [...] T went into 1122 kind of discouraged [...] Kind of made me scared for 1122 I
was like shoot like am I way behind? I don’t know. [...]

Participant 9 and I had an interesting discussion on “burnout”, and they noted additional fear for
their next course as well. They reference difficulty in the online transition during COVID-19, and
that with a summer between their next course they are worried. Despite this sense, they know
they’ll “get through”, showing a strong level of resilience in spite of the obstacles they perceive.

Participant 7 also discusses the garden program, and how communicating with their partner allowed
the ideas to come together in a way that aided them moving forward. The participant shares that
despite not even fully remembering programs like the creatures, you could “just feel” that they made
sense.

P7: [...] same thing with the other program that I'm obsessed with, like the creatures,
like everything just kind of like it just has this, you can feel it, like when it makes sense,
I don’t know what it was |[...]

This participant ends with suggesting they had set low expectations, but managed to surprise them-

selves in the course.

7.5 DISCUSSION OF CASE STUDIES

Each of the above case studies centered around conveying a major theme observed in the data. In
compiling the case studies, I was not certain how I might characterize the themes, only that I could
tell they were present. Doing so, I recognize here that each major theme is associated to aspects
that have been investigated through this research.

e Participant 1: Cognitive Load. The difficulties and frustrations that a learner can feel as
they work to apply knowledge they know they have learned.
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e Participant 2: Communication. The importance of conveying information in a way that
others can understand and reason about.

e Participant 4: Personal Connection. The value of seeing something you are personally
invested in as a pedagogical bridge.

e Participant 5: Motivation. The ways in which the context one exists in can modify how they
approach a problem or course.

e Participant 6: Perceptions. The way notions of relevance and utility can impact the way
material is viewed.

e Participant 8: Topical Interest. The enjoyment of materials can increase engagement and
memorability.

e Participant 9: Sense of Belonging. The finding of one’s identity within a discipline can
modify their perceptions.

e Participant 3: Engagement. The application of oneself to the learning process aids in further
retrieval and benefits.

e Participant 7: Resilience. The obstacles a learner encounters may be great, but their ability
to overcome them is often greater.

The participant vignettes also encapsulated several overarching themes across many of them.

e Physical activities and demonstrations that are analogies to programming concepts were not
only memorable, but often triggered recall of the concepts they were analogies for.

e Programming problems that are analogies to “real world” concepts, such as the garden problem
“make sense” to these learners, allowing them to reason about the programming ideas instead
of the problem space itself.

e Objects made programming “make sense” for many participants. Participants indicate pro-
grams with this focus as being among their favorites. They also indicate many moments of
clarity as they came to understand the topic more.

e Participants enjoyed learning more than “just syntax”. They highlighted in several instances
that coming to understand the why instilled a sense of greater overall understanding.

e Learners often do not know what to expect from CS1. Many end up surprising themselves
with what they took away or how well they did, and almost every learner indicated enjoying
their time in CS1.

7.6 RELATIONSHIPS WITH ANALOGY BEYOND CS1

A substantial portion of CS Education research focuses on CS1. In closing this work, I would like
to not only look at CS1, but begin bridging to courses beyond it.
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7.6.1 SURVEY PROCEDURE

The instructor for our concurrent computing course administered a survey to learners in the course
for extra credit. The questions on the survey can be seen in Appendix K. Of those who completed
the survey, 55 respondents consented to be part of this research and their data was collected.

While further analysis will be conducted, preliminary observation of learners beyond CS1 appeared
a fitting “look ahead” as we close out our journey in this work.

One question asked of our concurrent computing students that is fitting to close out our investigation
on analogy was:

Has your perception or use of analogy changed as an upper-level student? Do you
feel you use them more/less, or that they are more/less effective? What do you feel may
have impacted any changes (or lack thereof) in your perception?

Each participant’s full response to this question can be found in Appendix L.

7.6.2 ANALYSIS

While our upper level students vary in feelings and experiences with analogy, there appeared to
be overarching themes. I conducted a preliminary grounded theory analysis around how learners
appeared to characterize analogy in their response. Responses were analyzed to identify how often
learners used analogy and how their use changed.

If a learner indicated they use analogy at some level, additional themes were not marked for them
as this was the target theme. Multiple themes were only marked for a single learner when they
appeared to have equal prominence in the response — otherwise, the most dominant theme was
selected to categorize their response. Multiple themes typically only appeared in learners who did
not directly indicate a response for their opinions on analogy use through their studies. Only one
response could not be identified for any of the themes below, and was not tabulated due to its lack
of any analogical theme.

7.6.3 OBSERVATIONS

Overall, upper level students felt analogy is more beneficial to them and that they use it more now,
with 27 responses being identified as relating to this theme.

Many of the responses that indicated that analogy can be useful and valuable centered on the
learner’s use of analogy to explain concepts to others. This shows use of analogy and perceived
value in it, even if these learners often did not indicate analogy being used to help them learn.

Learners also expressed concerns about the need for “good” analogy, and trepidation about inap-
propriate analogy use. This concern aligns with the work we have done in understanding ways to
develop well-formed analogy.
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Table 7.1: Preliminary Analysis of Analogy Use Themes for Concurrent Students

Emergent Theme # of Responses

More Useful in Upper Level, Using More Now 27

Same Use Across Levels, Consistent Value

Can be Useful/Valuable (Especially in Explaining)
Be Careful; Effectiveness Needs to Be Considered

Less Useful in Upper Level, Using Less Now

Same Use Across Levels, Value Depends

N (W kx|t D

Don’t Need Them in Upper Level but they are
Appreciated; Lower Level Has More Value

Don’t Help at all
Wish Analogy Had Been Used More Prior

Analogy is Used Differently Now
Difficult to Make Analogies, but Useful

== =]

7.6.4 IMPLICATIONS

While the CS Education research community argues against the use of analogy, there is clear per-
spective from our concurrent students that analogy certainly has value in learning their course’s
material. As we close, this adds to our evidence of analogy’s value in computer science. Here, we
close with seeing the potential of analogy — we can not only increase its value for our introductory
students, but look beyond.

By exploring analogy design in courses across our curricula, we may be able to promote stronger
reasoning and relational schema development. This extends from our beginning misconceptions on
syntax and concepts in CS1 to the design of entire upper-level systems and processes.

143






CHAPTER 8

DISPERSION: CONCLUSION

This dissertation explored two major research questions, with the second being in response to findings
from the first.

The first major question was: What factors influence how novices learn programming? Exploring
mental models, and cognition, this research provided a wealth of insight into this question from across
disciplines. Case studies of learners exemplified their own learning journey, providing further insight
and consideration. Additional factors beyond the process of learning provide evidence for consider-
ing the classroom as a “whole system” of factors culminating as the learning experience. Among
these factors are learner engagement and relevance. These factors, coupled with cognitive evidence,
encourage consideration of analogy in the learning environment. In exploring this consideration in
computing education research, trepidation surrounding the use of analogy was evident. Investigation
of this trepidation highlighted valid concerns, but no concerns that justified discouraging analogy
use in computing education when compared to other disciplines.

The second major question addressed: How can analogy be more appropriately leveraged in pro-
gramming education? is answered with my analogy design tool, OPAL. This tool is tested and its
value in promoting well-formed analogy design and critical analysis of analogy within programming
is exemplified. Additional forms of analogy are explored, such as physical analogical representations
and Internet memes. The value of memes as pedagogical tools is explored by utilizing programming
content in meme structures. Evidence suggests learners literally interpret memes as the relational
structures they represent. This allows them to be a strong representational vehicle for any content,
including pedagogical content, and can promote their value within the classroom as an engaging
analogical reasoning tool.

The start of this dissertation raised the question: are there learners who “just get” introductory
programming, versus those that don’t? Throughout this research, mental models, the cognitive
processes required of learning, and analogy’s role within these were explored. The evidence in
these chapters suggests that what might be perceived as “just getting it” is likely a general schema
developed from prior experiences, which the participant is able to more easily map to the act of
programming through analogical reasoning. Activating relevant prior conceptions of any learner
can help them reason about and assimilate new knowledge. Analogy is shown to be a viable and
powerful tool in promoting this connection.

8.1 CONTRIBUTIONS

1. A mapping prompting consideration of CS Education as an experience design
problem. Educational design is an experience design, as our pedagogical approach is one way
learners come to experience programming. Recognizing the association between these fields
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allows impacts and implications from experience design to influence methods used in education
research. While care must be taken in not overextending this mapping lest commoditization or
oversimplification of education be risked, this mapping can inform the exploration of research
themes and methods that may be useful in designing educational experiences. Mental models
and information mapping via analogical reasoning springboard such considerations in this
dissertation.

2. Extensive literature review from a variety of disciplines in order to advance un-
derstanding of novice programmer mental models. Analysis from several domains on
cognition is positioned in consideration of learning CS. This provides significant value to Com-
puting Education by advancing knowledge assimilated in our discipline around “how learners
learn”. This literature review also highlights analogical reasoning and through it analogy as
core cognitive processes.

3. Work towards a theory of “expert programmer intuition” based in compiled cog-
nition literature. I posit on ideas related to intuition that are based in mental models and
learning literature for this process, which centralizes abstraction via analogical reasoning and
high activation of existing models. The concept of “intuition” and how programmers transi-
tion from novice-to-expert is a subject of exploration within computing education research,
and this provides a contribution to that space.

4. An investigation into the use of analogy in education to promote its use in com-
puting education. I highlight the value of analogy in education across STEM disciplines
and ways to ensure positive analogy application. This investigation disarms the dismissal of
analogy that exists within computing education research. Dispelling the stigma surround-
ing analogy opens significant further research potential in the computing education research
community.

5. An analogy design tool that facilitates well-structured analogy development, al-
lowing for greater evaluation and critique of instructional analogy design. I set
groundwork for the value in flinging open analogy’s doors by providing a tool to promote
well-formed analogy. This tool aids in addressing concerns surrounding analogy’s use by pro-
moting structural and contextual considerations, and can uniquely promote multiple domain
generation. I further contribute by testing this tool in the development of 55 CS1 analogies,
showcase exemplary cases where this tool allowed for necessary critical analysis, and obtain
feedback and input on the tool’s use from other CS educators. This tool marks a paving stone
in promoting future analogy work and beginning positive discussions and analysis of analogy
within computing education research.

6. Evidence of Internet memes as analogical relation structures that may provide
value as a pedagogical tool. I provide further consideration for novel uses of analogy by
conducting a study which exemplifies the relational structure of internet memes and the utility
of this in reasoning . This study’s evidence suggests that when used in the classroom with
relevant pedagogical content, memes can promote analogical reasoning and learner engagement.
Exploration of their relational structure promotes consideration for “well-formed” memes that
convey the desired knowledge. This exploration of memes as a pedagogical analogical reasoning
tool and exploration of their relational structure is novel to computing education research. To
my knowledge, this may also be novel across broader education and analogy research.

7. Perspectives from CS1 and higher-level learners providing insight to their expe-
riences with programming material and highlighting analogy’s value in learning
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programming. [ exemplify the impacts of the classroom environment with vignette case
studies that each identify an overarching theme for learners. These vignettes also indicate the
memorable and valued nature of physical analogical representations, providing further contri-
bution promoting analogy’s value in computing education. Learners in courses beyond CS1
indicate increased perception of the value of analogy, contributing to the promotion of further
exploration of this topic in CS1 and beyond.

8.2 FUTURE WORK

The contributions of this work have left significant future pathways for continued research and
exploration. Even in writing this dissertation, I consistently found myself writing, thinking Wouldn’t
that be interesting?, and promptly having to relegate that away in order to stay focused. I am
incredibly passionate about the work conducted in this dissertation, and I am excited to explore it
in future research.

One fount that has not been completely tapped is the extensive qualitative data sets collected in
this research. Further analysis and codification of these data sets will inevitably lead to additional
findings and new research questions. I wished there was time (and space) to devote to further analysis
of these here: the meme interviews, the learner case studies, and responses to the concurrent analogy
survey. Revisiting and continuing to analyze this data is sure to promote new findings and questions.

The introduction of the OPAL tool within this work provides many unfinished paths and further
questions. Designing and testing additional applications of OPAL is of course among my future
work. I would like to get more instructors using OPAL in order to further investigate its usability,
identify new research questions, and create further analogies and discussion of analogies with it.
Testing of the application of OPAL analogies in the classroom is worth additional investigation as
well. Testing of OPAL analogies in the classroom was initially planned for this dissertation, but
ultimately removed from its scope. Studies testing OPAL analogies in the classroom should look
for not only learning value, but also engagement gains, in line with Haglund’s considerations for
educational analogy use [67].

Investigating “complex concepts” such as recursion and appropriate analogies for these is one unex-
plored use of OPAL. With the perspectives and first attempt at this from Instructor 1 in Chapter
4, it seems OPAL may help through a decomposition of component processes, investigating appro-
priate structural analogies for each process. OPAL can be leveraged for this, and may provide new
insight into considering analogy for these concepts. The structural requirements of OPAL can then
be looked at systematically across analogies for a concept, in order to recognize if some source can
in fact fit all entities and relations. To exemplify, OPAL might be used to validate the analogy A
stack is like a Pez Dispenser by decomposing a stack’s component functions — push, pop, peek —
and investigating desired knowledge about each as procedures within OPAL. Investigating general
structure for each procedure provides a collection of general structures that all must be satisfied by
the processes of the Pez dispenser entity in order for it to be a reasonable analogy for the “complex
concept” of a stack. Further investigation and analysis for this use of OPAL is of particular interest.

OPAL’s procedure-based design also suggests that it promotes a storytelling structure. The area of
storytelling and story structure as analogical reasoning and learning tools is of particular interest to
me as a researcher, but was out of scope for further exploration in this work. Additional research into
storytelling and analogical reasoning will undoubtedly lead to new research questions. As indicated
in Chapter 3, storytelling can promote context generation and further engagement in listeners. I am
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curious how OPAL and its potential for encouraging story structure may intersect, and look forward
to investigating this further.

Research surrounding additional analogy forms and how the contributions here intersect is also of
merit. Physical analogical representations such as demonstrations and embodied activities may
benefit from their components being analyzed within OPAL for structural soundness. Further ex-
ploration into engagement with these representations and new concepts and sources to draw from,
as well as studying the effects of these in the classroom, would be a valuable addition to this work.
Suh [148] and I have explored the intersection of designing concrete representational comics using
OPAL, and are continuing to investigate additional applications, considerations, and study designs.

The findings on Internet memes as analogical reasoning tools can be further expanded on and applied
in the pedagogical context. While I used pedagogical content in the study, the memes were not
situated in a classroom context where one is learning about the ideas. I believe designing activities
to promote learner engagement with memes as an analogical reasoning tool and analyzing the effect
of these activities would be valuable and add to the contributions of this work.

Syntactic keyword polysemy and the metaphoric nature of computing representations is also worth
exploration, but was ultimately out of the scope of this work. The keyword “for” as an example lacks
contextual value in understanding the code’s intention. This can modify learner conceptions sur-
rounding its meaning. Several other keywords and even processes within programming environments
have multiple interpretations as well, which can impact perceptions of use. I began investigation
into programming keyword lexicon and the potential for polysemous confusion. I would certainly
enjoy continuing this research to further understanding of engagement with technology’s metaphoric
representations can modify assumptions.

Finally, I would like to continue investigation in my broader research theme of Education design as
experience design. This requires analyzing and researching additional environmental considerations
within the classroom context, and attempting to better understand the “whole system” of the
CS classroom and learners’ experiences with it. I believe applying user experience principles and
practices can promote this research and new questions in novel ways, and further highlight the
contribution of mapping my first consideration of CS Education as an experience design problem.

8.3 CLOSING REMARKS

I hope reading this research has provided greater insight to the choice of analogy presented in the
title and introduction: the stained glass of knowledge.

Mental models are each a stained glass piece — connected as ecosystems of models which form the
mosaic of our collective understanding about the world. The ways in which these pieces connect
are fostered through contextual retrieval, adaptations, and analogical reasoning. The use of analogy
allows us to make connections across seemingly disjointed fragments, forming unique patterns of
understanding. Our mental models are impacted by our perceptions, experiences, and beliefs —
these are the ways the pieces are uniquely tinted and cut. We add pieces to this mosaic of collected
knowledge and reconnect them — the shape of it ever-growing and morphing.

Learning to program adds pieces to this mosaic for each learner, morphing its form in some ways
while others are preserved. I hope that in reading this work, you have found new considerations in
how we might help learners configure and assimilate these fragments.
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“T want to line the pieces up....yours, and mine.” [38]
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