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Abstract 1 Introduction

People have pointed to a connection between the creative arts and Those working in the field of computer science (CS) can attest to the

computing. In the present longitudinal pilot study we taught six creativity required in their field [22]; elegant solutions in computing

programmers and six non-programmers how to read and write are highly revered and studied [5, 21]. While the creativity of CS

written crochet patterns with or without the accompanying cro- may be obvious to computer scientists, it can elude the uninitiated

chet gestures. Half of programmers (three participants) and non- [26, 27]. Ideas of what CS is have been built up over time and

programmers (three participants) were taught with the gestures, have left impressions on the general public [1, 30]. Individuals who

while the other halves were not. Over two weeks we individually exhibit the qualities of a great computer scientist may not see how

taught participants crochet during three separate 30 minute ses- their skills translate to computing.

sions. In a fourth session, we tested participants on crochet and While researchers have made efforts to promote CS from an

elementary programming and algorithms. Test results showed that art-based perspective, these projects often pertain to using CS to

programmers and non-programmers performed better on average enhance, change, or build art [7, 20, 25]. These projects divide CS

on both tests when they learned with gestures. We interviewed all and art such that computing serves as the cause and art serves as

participants afterwards; programmers provided examples of how the effect. Little has been done to utilize art as both the cause and

crochet demonstrated elementary programming ideas, while non- the effect in demonstrating analogous qualities between the two

programmers described what they thought about programming. fields.

Our empirical study provides evidence of embodied cognition and Showecasing the similarities between art-making and computing

offers contributions towards developing novel teaching methods in may provide opportunities for building computing confidence [29]

computer science. in the many individuals who already enjoy practicing art. Our ap-
proach to using art as a catalyst to drive new, creative perspectives

CCS Concepts to the tech sector is novel in its focus in highlighting the procedural

aspects of creating art, and framing CS techniques as a new flavor
of art-making strategies.

Crochet is a popular fiber art whereby the crocheter can design
and create physical items by following a pattern. A crochet pat-
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Embodied Cognition, Computer Science Education, Learning, Em- crochet patterns can exhibit similar characteristics to computer pro-
pirical Study grams. The similarities between the two led us to design the present

study. The present work has both practical and theoretical implica-
tions. From a practical perspective, our findings can motivate novel
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develop and understand analogies. Our study design seeks to draw
out from participants through tests and interviews whether these
constraints are upheld in building analogies between computing
and crochet.

In this pilot study, we taught participants with and without
programming experience how to read, write, and interpret crochet
patterns using two different learning methods (with or without
gestures). We then tested them on crochet patterns and simple
programming and algorithms in two separate tests. Afterwards,
we interviewed the participants. Our research questions were as
follows:

e RQ1: How do programmers perform on the crochet test com-
pared to non-programmers?

e RQ2: How does learning the crochet gestures affect partici-
pants’ performance on the crochet test or the programming
test?

e RQ3: How do participants find similarities and differences
between crochet and programming?

e RQ4: How are participants’ impressions of programming
after being introduced to the programming-like art practice
of crochet?

e RQ5: How do participants’ perceive their performance on
the crochet test and the programming test, compared to their
actual performance?

2 Related Work
2.1 Crochet

Crochet is a fiber art where the artist repeats a series of stitches to
create physical objects. There are six foundational stitches which
can be combined to make increasingly intricate designs. Crochet
objects can be made by following a pattern. Patterns use abbrevia-
tions, syntax, and occasionally written language to explain stitch
arrangements. In the present study, we taught all participants the
abbreviations and syntax found in crochet patterns.

2.2 Analogies in Learning

Scientists make use of a variety of analogies to explain ideas in their
fields [8, 9]. Researchers have applied analogies to teach topics in
science [3]. While some have used analogies to promote recall or
clarify an idea [11, 14], others have claimed that analogies can serve
as a medium for discourse on complex topics [15]. Work in the field
of psychology on building analogies, specifically multiconstraint
theory [16, 17], outlined three requirements in building a successful
analogy. These included similarity between the compared elements,
consistent parallels in the elements’ roles, and clear goals in devel-
oping the analogy. Our analogies meet these three criteria and thus,
we used them to investigate how teaching crochet can help build
computational thinking skills.

2.3 Embodied Cognition

Embodied cognition is a theory which posits that thinking is an
activity served by the entire body in the context of a wider, in-
teractive world. Research applying the theory has demonstrated
the value of utilizing multiple modalities of perception to support
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learning [19, 23, 24]. The use of hand gestures, specifically, to con-
vey information [13] has been used as a learning tool in an array
of contexts [12, 33]. In our application of embodied cognition, we
taught half of participants the physical gestures to crochet. While
it was not necessary for participants to learn the gestures to master
the written material, the literature in embodied cognition suggested
that incorporating this modality could improve learning.

3 Method
3.1 Participants

Twelve participants (six male, six female) were recruited for the
present pilot study. Six had taken at least one computer science
class and knew how to write code in a programming language
without help. All participants started with no crochet experience.

Of'the six participants with programming experience, half (three)
learned crochet patterns with gestures and written materials, while
the other half (three) learned crochet using only written materi-
als. The six participants without programming experience were
assigned to the two conditions in the same way.

3.2 Experimental Design

A 2x2 between-subjects design was applied to answer our research
questions. Our two independent variables were 1) crochet learning
method, and 2) programming experience. Those with programming
experience had taken at least one programming course and knew
how to code in any language, unaided. Our dependent variables
included the results of the crochet pattern test and programming
test along with the interview data.

Each participant met individually with the researcher on four
separate occasions. These meetings occurred no less than 24 hours
apart for all participants and lasted approximately 30 minutes each.

3.3 Procedure

At the start of the first meeting, individuals were given an informed
consent document approved by the university’s IRB. Eligible indi-
viduals then read this document and signed it if they consented to
be a participant. In the first two meetings, participants had a lesson
(10 minutes) on the syntax and rules of written crochet patterns
and were introduced to the abbreviations and symbols for three
foundational crochet stitches. After the lesson, the participant was
quizzed on the material with three questions (5 minutes). If the par-
ticipant answered incorrectly, the researcher would demonstrate
how to answer the question. Participants then reviewed flashcards
on the material they had learned. After flashcards, participants as-
signed to the groups which only learned with the written materials
were finished with the session. Participants in the groups assigned
to learn with written materials and gestures learned two crochet
stitches in the first two sessions. Participants who learned how to
make these crochet stitches were provided with the materials, and
sat next to the researcher as they demonstrated how to make each
stitch. All participants who learned crochet stitches were successful
in replicating each stitch unaided at least one time.

In the third session, participants reviewed all flashcards. Partici-
pants were then asked questions about three written crochet pat-
terns that included all the information they had previously learned.
After answering the questions, participants assigned to the gesture
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groups were asked to recreate a simple crochet pattern alongside
the researcher. Participants assigned to the groups that learned us-
ing only the written material were asked to write their own crochet
pattern and explain it.

In the final session, participants took two tests. The first test was
on crochet patterns (10 minutes) and the second test on simple com-
puter programming and algorithms (10 minutes). Participants were
provided pen and paper to work out the problems. All participants
completed both tests within the allotted time. The crochet test in
Appendix A.1 was developed by the researchers and consisted of
nine multiple choice questions which only tested participants on
the application of material from the written lessons. Note that these
lessons were presented to all participants. The programming test
consisted of nine (eight multiple choice and one multiple selection)
mock questions [6] from the AP Computer Science Principles Exam
[4]. This exam is a standardized test taken by high school students
to earn college credit for an introductory CS course. Questions on
this exam are written in a mock programming language, thus our
programming test was also written in this mock language. This was
advantageous for the present study, because writing the test in a par-
ticular language would risk capturing experienced CS participants’
familiarity with the language rather than their problem-solving
skills.

After participants finished the tests, they completed a semi-
structured interview (10 minutes). Interview questions are in Ap-
pendix A.2 and covered topics including participants’ perception
of their test performance, their interest in the test topics, their con-
fidence in expanding their knowledge of the test topics, and what
similarities or differences they noticed between the tests.

3.4 Analysis

3.4.1 Crochet and Programming Tests. To analyze the quantitative
test results, we ran descriptive statistics and a two-way multivariate
analysis of variance (MANOVA) to determine whether there are
overall effects on multiple dependent measures as a whole.

3.4.2 Interviews. We conducted a thematic analysis using the in-
terview transcripts. This analysis consisted of five steps: prelimi-
nary note-taking, coding, generating themes, defining themes, and
merging independent per-group analyses. Two researchers on the
team independently performed the first four steps; artifacts from
each step were separated by participant group. In the final stage of
the analysis, a third researcher read through the two independent
analyses and coalesced them by finding shared codes and notes.
Theme definitions were revised to account for the input of both
independent analyses.

4 Results

4.1 Crochet and Programming Tests

Table 1 displays the test scores and groups for all participants.

No statistically significant results were found from our MANOVA
tests. Table 2 shows average scores computed within the groups;
this table shows that scores on the crochet and programming tests
were on average higher for groups which learned crochet with
gestures compared to groups which only learned using the written
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ID Prog Experience Learning Type Crochet Prog
1 Exp Without gestures 88.89%  88.89%
2 Exp Without gestures 11.11%  22.22%
3 Exp Without gestures 100.00%  88.89%
4 Exp With gestures 88.89%  71.78%
5 Exp With gestures 77.78%  66.67%
6 Exp With gestures 88.89%  100.00%
7 NoExp With gestures 100.00%  55.56%
8 NoExp Without gestures 66.67%  66.67%
9 NoExp Without gestures 55.56%  55.56%
10 NoExp Without gestures 71.78%  77.78%
11 NoExp With gestures 88.89%  88.89%
12 NoExp With gestures 44.44%  66.67%

Table 1: Test scores of each participant

lessons. Programmers tended to benefit more on both tests from
adding gestures than non-programmers.

Participant Group Crochet Test Programming Test

Computing experience, With- 66.67% 66.67%
out crochet gestures

Computing experience, With 85.19% 81.48%
crochet gestures

No computing experience, 74.04% 66.67%
Without crochet gestures

No computing experience, 77.78% 70.37%

With crochet gestures

Table 2: Average scores on both tests for each participant
group

4.2 Interviews

Table 3 displays the themes and definitions collected from our
thematic analysis. We developed themes for each condition group.

5 Discussion

Through our investigation we were able to situate quantitative test
results in a greater context through interviews. Participants’ beliefs
about programming, art, and their abilities were indicative of their
will to continue learning programming.

5.1 Crochet and Programming Tests

Test results revealed two trends that merit further investigation.
One of these was that adding gestures on average improved the
scores of both programmers and non-programmers on both tests,
thereby positively answering RQ2. We also saw a potential interac-
tion effect between our two independent variables to help us answer
RQ1: programmers tended to benefit more (had higher score in-
creases on both tests) from using gestures to support their learning
than non-programmers. These results align with past applications
of embodied cognition [28, 31] in using gestures to support learning
[32].
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Participant Group

Themes and their Definitions

Computing
Without crochet gestures

experience,

o Crochet skills are a subset of programming skills: Participants found that the crochet skills they
learned were similar to those of entry level programming.

o Programming takes more lessons to get the basics than crochet: Participants shared that it would
take more lessons to learn the basics of programming than it would for crochet.

o Programming and crochet both clearly outline what needs to happen next: Participants found
that crochet and programming demonstrated following procedures and instructions.

Computing experience,
With crochet gestures

o Programmers enjoyed the formality of crochet rules: Those in this group shared that they enjoyed
the specificity of the rules in crochet.

o Repetitions and stitches in crochet are similar to looping and functions in programming,
respectively: Participants made direct connections between specific concepts in programming and those
they learned in crochet.

e Crochet vocabulary is limited, but programming knowledge is limitless: Participants shared that
the scope of what there is to learn in crochet is limited compared to programming.

No computing experience,
Without crochet gestures

e Crochet and programming have cause and effect relationships: Participants in this group shared
that the crochet and programming tests both included questions about the causes of results and the effects
of procedures.

* Would continue programming for work reasons: Participants in this group shared that they could
see themselves learning programming for potential career advancement.

No computing Experience,
With crochet gestures

® Crochet is like algebra and programming is like logic: Participants shared that both tests reminded
them of math, specifically crochet resembled arithmetic and algebra, while programming resembled logic.
¢ Differentiating their skill sets from programmers: Participants in this group emphasized the
differences between programmers’ skill sets and their own, implying that the skill sets were mutually
exclusive.

Table 3: Participant groups and their themes and definitions

5.2 Programmers Describe Specific Examples of
How Crochet and Programming Relate

In our interviews with programmers we found specific examples of
how programming and crochet are similar. P6, a teaching assistant
for an introductory programming class shared, "..I saw a lot of
similarities. So first, if you want to repeat an instruction or a set
of instructions [in crochet] n number of times it’s very similar to
doing for loops in programming... there are a set of instructions
like single crochet, double crochet. We have similar instructions in
programming.." P1 shared that they used the same strategies while
taking the two tests, "so they both were... to count and find the
answers. So they had pretty, like, big similarity... like how we use
arithmetic operators when we learn in any programming language,
it was just like that" P2 highlighted the procedural aspects of both
subjects: "I think the process itself... there’s always math involved...
So I think math is the element that has a similarity in both." These
quotes from programmers align with the multiconstraint theory
[16, 17] for building analogies in that participants described how
crochet and programming were similar in form and usage. Thus,
as the theory predicted, participants were able to fill in the gaps of
dissimilarity to recognize how the two disparate domains could be
used in tandem to support their success on the tests. Works such as
[2, 18] have also tested multiconstraint theory to support learning
tasks across domains with positive results.

Programmers explained that while crochet has similarities to
programming, these similarities are just a subset of programming.
P6 stated, "So the crochet test... the first difference that I saw was it
was limited to some vocabulary while the programming test had
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no limits... Other than that, I didn’t see much difference. It was,
it is a kind of algorithm, crochet, that you repeat some number
of times, so it’s very similar to programming or algorithms." P3
compared their experience learning the two subjects by saying, "If
Ineed to compare then I think crochet was easier to learn because
in programming to get the basics you need to have more lessons
than the crochet lessons." These quotes suggest that drawing on
crochet could provide a sampling of programming ideas to novices
and helped us answer RQ3.

5.3 Non-programmers Equate Crochet to Math
and Causal Relationships

Non-programmers used subfields of mathematics to describe the
similarities and differences between crochet and programming.
They tended to equate crochet to arithmetic or algebra, and pro-
gramming to logic. When describing how they thought they per-
formed on the crochet test, P7 stated "..I don’t want to say equa-
tions, but that’s the best word I can come up with..." P9 shared,
"The difference is the crochet tests had more calculations. Addition,
subtraction, multiplication... But the programming test was more
intuitive, understanding codes, and it’s logical also but there was
no calculation. Both involved letters and numbers and maybe some
special symbols..." P11 explained, "Crochet felt more like algebra.
And the coding was kind of critical thinking or logics. And I felt
like those were very different things. One’s more straightforward."

All participants shared that they enjoyed learning crochet, and
many of them shared that crochet reminded them of subsets of
math. They characterized the two tests as being similar to different
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types of math: math they either did or did not felt comfortable
with. P11 further illustrated this point with the following quote:
"Similarities..., like they’re both kind of mathematical. So if you
have a mathematics background it’d be easier to understand these
things even with no coding experience or crocheting experience."
These associations helped us answer RQ3.

5.4 Non-programmers Situate Their Skill Sets in
Relation to Programmers

Non-programmer participants alluded to greater differences be-
tween themselves and programmers. Interestingly, when we asked
these participants how they thought they performed on the pro-
gramming test, five out of the six rated themselves as having done
worse on the test than they actually did, providing interesting evi-
dence to answer RQ5. We asked participants whether they believed
they could get better at programming. Recalling a time they took a
programming course as a degree requirement, P7 shared "I don’t
think my brain works that way" When asked whether they could
see themselves learning programming in the future, P12 shared "On
the issue of programming, I'm not absolutely sure if I would like to
continue it, because I think it’s more about being solitary. I don’t
really enjoy that, but I think I don’t really have a flair for it" These
quotes offered interesting insights to help us answer RQ4.

5.5 Limitations and Future Work

In the present pilot study we had a small sample size of participants.
We will expand on this work by including approximately 40 more
participants. It is to be expected that a pilot study of this size (12
participants) would not yield statistically significant results. We
expect that the observed quantitative trends will be strengthened by
statistical significance with the inclusion of more participants. Our
qualitative data provided encouraging indicators of the similarities
of crochet and programming and where these similarities could be
applied in educational contexts.

6 Conclusion

In the present paper we explained our motivation to promote com-
putational thinking in wider audiences. We collected both quantita-
tive and qualitative data to provide a holistic picture of how people
perceived their abilities in and related the characteristics of the art
form crochet and computing. We found promising trends in the
test scores of our participants, and uncovered specific mappings
between elements of introductory CS and crochet. Furthermore,
we discovered how those without programming experience differ-
entiated the content of the crochet and programming tests as being
similar to subsets of math.
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A Study Design Materials
A.1 Crochet Test

Gestural Pattern Knowledge Transfer for Algorithmic Languages IRB #24-942

Your participation in this study is voluntary, you are not required to participate, and you can stop

participating at any time without any negative consequences to you.

Crochet Test

1.

sc 3 (trc 3 hdc 3) x9

‘What is the 12 stitch in the pattern above?

a.sc
b. trc
c. hde
d. There wouldn't be a 12th stitch.
(S, M,L)
dex2 (sc2hde 3) x(1, 2, 3)
If I was making a size medium, what would my 11" stitch be?
a.dc
b.sc
c. hdc
d. There wouldn't be an 11th stitch.
How would I write a pattern to alternate single crochet (sc) and double crochet (dc)
stitches for sizes small, medium, and large if size small took 30 stitches, size medium
took 36 stitches and size large took 42 stitches?
a
, M, L)
(sc) de x(30, 36, 42)
b.

(S,M,L)
(sc dc) x(15, 18, 21)
C.

(S,M,L)
sc (dc) x(15, 18, 21)

d.

Figure 1. Three multiple choice questions on written crochet language.
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Gestural Pattern Knowledge Transfer for Algorithmic Languages IRB #24-942

§,M, 1)
sc dc x(30, 36, 42)

How would you write the following visual pattern from top to bottom?

OO OO

HKAXAKAKXK
TTTTT

a
ch sc hdc 25
b.

(ch sc hdc) x5
c.

chs

sc 5

hdc 5

ch3
sc3
hdc 3

’ How can I crochet a row of 15 single crochet stitches bordered by 2 half double crochet

stitches on each side?

a
hdc hdc (sc) x15 hdc hde

b.

Figure 2. Two multiple choice questions on written crochet language.
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(hde (se) x15 hdc) x2 OO OODOO

?ildchdcschdc hdc) x15 >< >< >< >< >< ><
.o FFETET1T
TTYTFTT

& What would the visual pattern be for the textual pattern written below? d
il 66 OO DODODTOO
5 ey 2 2 HKXAKXXX
TTYYTT
coococoo TT¥FTT
XX XXX ]
TTTTTGH How many stitches would this row have?
$ $ '|' T $ $ (sc 2 hde 5) x2 (s¢) x3
b a 12
cocoOoO b-£0
KA XXX X o
$ -|_ $ $ -|_ $ . How many stitches would this row have?
$ $ T T $ $ tre 2 ((sc tre) x3 (trc) x2) x2
. a.20
b.24
Figure 3. One multiple choice question on written crochet language. 3‘738
9.
(XS,8,M,L)

tre x(4, 5, 5, 6) (sc hde de sc) x(12, 13, 15, 16)

If I was making a size small, what would my 11* stitch be?
Figure 4. Three multiple choice questions on written crochet language.
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a. trc
b.sc
c. hde
d.dc

Figure 5. Multiple choice answers for the last written crochet language question.
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A.2 Semi-Structured Interview
Questions on beliefs in abilities and success in activities:
e Did you think you could succeed on the crochet test?
Why or why not?
How do you think you did on the test, from 0-100%?
o Did you think you could succeed on the programming/algorithms
test?
Why or why not?
How do you think you did on the test, from 0-100%?
e Do you think you could get better at crochet?
e Do you think you could get better at programming/algorithms?
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Questions on motivation and interest in activities:
e Could you see yourself continuing to learn crochet?
Why or why not?
e Could you see yourself continuing to learn programming/algorithms?
Why or why not?
Questions on similarities and differences in activities:
e What differences did you see in the programming/algorithms
test versus the crochet test, besides the subject matter itself?
e What similarities did you see in the programming/algorithms
test and the crochet test?
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