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ABSTRACT

The last decade has seen an increased interest in promoting computing education for all, focused on
the idea of “computational thinking.” Currently, three framings for promoting computational thinking
in K-12 education have been proposed, emphasizing either (1) skill and competency building, (2)
creative expression and participation, or (3) social justice and reflection. While each of these empha-
ses is valuable and needed, their narrow focus can obscure important issues and miss critical trans-
formational opportunities for empowering students as competent, creative, and critical agents. We
argue that these computational framings should be seen as literacies, thereby historicizing and situat-
ing computer science with respect to broader educational concerns and providing new directions for
how schools can help students to actively participate in designing their digital futures.
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1 INTRODUCTION

The growing pervasiveness of digital technolo-
gies has promoted a global interest in computer
science education for all. In addition to expand-
ing access to specialized coursework in com-
puter science, there has been an effort to define
a core set of computational skills that every child
should learn and use across the curriculum, as
well as in everyday life. Efforts to define such a
broadly-applicable yet distinct skillset have co-
alesced around computational thinking, a term
promoted by Wing (2006) naming the founda-
tional skills and thought processes of computer
science. Learning computational thinking is be-
ing equated in many cases with learning the lan-
guage of computers for digital literacy in the
21st century.

Since Wing’s publication, numerous papers and
books (e.g., Rich & Hodges, 2017), and hun-
dreds of studies (e.g., Florez et al., 2017) have
been dedicated to investigating student learning,
teaching approaches, and assessments of com-
putational thinking for K-12 education. While
there is no agreed upon definition of computa-
tional thinking (National Research Council,
2010), it is nonetheless being proposed as a
foundation for new sets of ‘literacies’ focused
on computational understanding and skill
(diSessa, 2001; Guzdial, 2019; Vee, 2017).

In this paper, we describe three different fram-
ings for how computational thinking has been
conceptualized and review their strengths and
weaknesses. We then address missing aspects in
each of these framings and discuss how our anal-
ysis of computational thinking can provide a ra-
tionale for a broader conception of computa-
tional literacies in K-12 CS education.

material.

2 THREE FRAMINGS OF
COMPUTATIONAL THINKING

Wing (2006) defined computational thinking
most generally as “taking an approach to solving
problems, designing systems and understanding

human behavior that draws on concepts funda-
mental to computing” (p. 33). Early efforts in the
1980s of bringing computers and programming
into schools most often presented it as a stand-
alone activity, while today’s focus on computa-
tional thinking is an interdisciplinary practice,
particularly relevant to STEM fields (Weintrop,
Beheshti, Horn, Orton, Jona, Trouille & Wilen-
sky, 2016). We have identified three directions
that have framed computational thinking from
different learning perspectives.

The first, and most prominent, direction under
which computational thinking has been framed
comes from a functional, cognitive perspective,
which supports the pragmatic goals of skill and
competence building. This direction draws from
cognitive research traditions that already domi-
nated efforts to introduce programming in the
1980s (Soloway & Spohrer, 1989) which place
computational thinking as a form of complex
problem solving that is primarily performed by
individuals (Grover & Pea, 2013). Here, empha-
sis is placed on student learning of computa-
tional concepts such as loops, recursion, condi-
tionals, and data structures, and practices such as
iteration and abstraction, which are in turn con-
nected to future opportunities for work and ca-
reer advancement. The cognitive framing is
most prevalent in current national frameworks
and curricula such as Code.org’s CS Discoveries
and Explorations that outline learning pathways
for K-12 students.

Another direction emphasizes how students can
develop computational thinking through design-
ing and programming shareable digital artifacts.
This direction draws from constructionist learn-
ing theory (Papert, 1980), which emphasizes in-
terest-driven and peer-supported activities and
thus sees computational thinking as a vehicle for
personal expression and participation (Kafai &
Burke, 2014). Learning key computational con-
cepts and practices are thus situated within acts
of designing complex applications that are
shared on social networks. Much work follow-
ing this direction has studied youth’ engagement
with computer science activities within



informal, non-school, education environments
such as community technology centers and
online communities. However, there have also
been several efforts aimed at developing school
curriculum using this situated approach, includ-
ing the Creative Computing Guide that high-
lights game design and storytelling activities
(Brennan, Balch & Chung, 2019) and the Stitch-
ing the Loop activities that engage students in
crafting and coding personalized electronic tex-
tiles (Kafai & Fields, 2018).

Finally, a third direction places students’ com-
putational thinking into the context of social jus-
tice-oriented production in order to engage them
with existing socio-political issues. This fram-
ing draws heavily from the traditions of critical
pedagogy, which emphasizes both an examina-
tion of and resistance to oppressive power struc-
tures (Freire, 1993) as well as production-ori-
ented media literacy, which develops youth
agency through the process of creating and dis-
seminating media content (Buckingham, 2003).
Efforts following this direction place computa-
tional thinking as a platform through which to
address existing real-world challenges by creat-
ing original multimedia artifacts. Student-gener-
ated projects include, for example, digital map-
ping visualizations that highlight local issues
with gentrification occurring (Lee & Soep,
2016), and mobile apps that challenge existing
narratives about ‘low-resource’ neighborhoods
through highlighting accessible extracurricular
activities that students have catalogued for their
peers (Vakil, 2018).

One striking commonality in all three ap-
proaches is that today’s computational thinking
is situated in the design and production of au-
thentic, real-world digital applications, very
much in contrast to the short, isolated program-
ming activities that dominated CS teaching in
the 1980s (Palumbo, 1980). In the skill and com-
petency building approach, students engage in
the production of digital objects such as video
games and robots for the purposes of supporting
understanding of fundamental CS concepts such
as rule-based behaviors and abstraction (Grover

& Pea, 2013). Approaches that favor personal
and creative expression explicitly connect to
learners’ interests in digital media by privileging
personalized artifacts that can be shared with
others, often referencing popular culture themes
(Richard & Kafai, 2016). Finally, in social jus-
tice-oriented design students consider design ap-
plications to address and critique existing ineq-
uities and oppressions through their designs
(Lee & Soep, 2016).

Not surprisingly these three framings differ in
how they balance explicit efforts to build indi-
vidual skill and disciplinary knowledge with ef-
forts to engage students in applying these for
personally meaningful purposes, whether crea-
tive or political. We know from studies of
Scratch online community that creative expres-
sions and participation alone are not sufficient to
make computational concepts and practices ac-
cessible to novice programmers (Kafai & Burke,
2014). Relatedly, it is not clear from project de-
scriptions in social justice-focused projects
(Soep & Lee, 2016) what students actually
learned in terms of computational concepts and
practices (one exception is Lee & Garcia, 2015),
something which highlights a greater focus on
content creation, rather than understanding the
actual mechanisms of computational infrastruc-
tures, which are often themselves a source of op-
pression and inequality (Vakil, 2018).

3 TOWARDS COMPUTATIONAL
LITERACIES

While oftentimes these framings are cast against
one another (see Vakil, 2018), we argue that
they are indeed complementary and necessary to
support students’ development as computation-
ally engaged agents in the complex, digital
world in which they participate. For that reason,
we propose that all three framings of computa-
tional thinking become the foundation for com-
putational literacies (diSessa, 2001; Guzdial,
2019; Vee, 2017). The functional framing rec-
ognizes the infrastructural role of computers in
literacy  practices (diSessa, 2001) and



emphasizes their skillful use. The situated fram-
ing recognizes how computers mediate social
identities and meaning-making (Vee, 2017). The
critical framing continues the historical analysis
of the relationship between media and power
(Vakil, 2018).

Integrating these three framings in a pragmatic,
situated, and critical vision of computational lit-
eracies is useful as a design heuristic, surfacing
missed opportunities in existing curricular initi-
atives. Functionally-oriented curricula are at
risk of (ironically) rendering computational
thinking as a form of ‘book learning’ discon-
nected from students’ identities and lived expe-
rience. Situated framings sometimes emphasize
creativity and self-expression without substan-
tially developing students’ skills or understand-
ing of the computational media they use. Addi-
tionally, situated framings rarely consider how
the actual mechanics of how popularity is meas-
ured online or the digital infrastructures through
which content circulation occurs.

On the surface, social justice-oriented framings
of computational thinking claim to move from
an individualistic perspective that only exam-
ines personal choice to understanding the larger
socio-political issues that frame problematic
uses of technology including data mining and
tracking, targeted marketing, and privacy issues
around surveillance and citizen’s rights. But a
closer examination of actual implementations in
this area reveals an orientation toward develop-
ing production-oriented skill building and em-
phasis on content creation, rather than deep anal-
ysis of the structures of computation itself. From
this perspective, students are missing out on de-
veloping a critical understanding of what com-
putation is in our world today.

The recent emergence of critical issues around
the circulation of fake news, privacy violations,
and algorithmic bias make clear that students
need to know not only how to use and design
digital media—promoted in the current framings
of computational thinking—but also to question
the design, infrastructures, and histories of digi-
tal technologies themselves. Individually, the

proposed application designs in the distinct
framings of computational thinking fall short of
not only getting youth to review and understand
the existing computational mechanisms that un-
derlie digital engagement, but also in consider-
ing the role of computation can play in both sup-
porting and suppressing individual and social
self-determination online. While others (Vakil,
2018) have already outlined the necessity of en-
gaging youth in the critical engagement of com-
putational infrastructure, we additionally high-
light the need to combine this view (which views
computation as something which can take away
power and agency) with the situated, construc-
tionist framing (which emphasizes computation
as something that can also grant power and
agency). In other words, any emphasis on com-
putational literacies should equally consider not
only what competencies students can acquire,
but also how to create awareness of the ways the
use and design of computational media can sim-
ultaneous oppress and inspire.

We close this section with an example that pro-
motes such an integrated and situated approach
toward computational literacies. One important
idea to consider here are where and how the ac-
tual intersections between these frameworks oc-
cur (e.g., skills building, creative expression,
and social justice) and how we can further push
the integration between these perspectives,
while also highlighting how they are situated in
existing contexts. The example of visualizing
and questioning computational participation in
Scratch illustrates how computational thinking
can be reframed as integrated, situated computa-
tional literacies. Scratch is an online program-
ming community, which has attracted over ten
million of kids in the creation of programming
projects that are shared online. Studies have
been conducted to understand what computa-
tional concepts and practices Scratch users en-
gage with, the variety of creative projects, and
the progression of computational participation
for different types of users (Kafai & Burke,
2014).



However, more recently, researchers have added
new programming features, special “community
blocks” that let Scratch users not just create pro-
jects but also help them understand how partici-
pation data is collected, used and disseminated
on the site, and also within many existing online
communities (Dasgupta & Hill, 2017). By giv-
ing users opportunity to creatively play and de-
velop personalized projects with these blocks,
students became more cognizant of numerous is-
sues surrounding big data today, whether a real-
ization of the privacy implication of data collec-
tion and retention, possible avenues for exclu-
sion through data-driven algorithms, or possible
biases and assumptions hidden within suppos-
edly neutral data claims. While the users only
expressed these perspectives on the closed sys-
tem of Scratch (Hautea, Dasgupta & Hill, 2017),
one can see how an understanding of these ideas
can help promote a larger understanding of our
wider digital environment today, where algo-
rithms and data structures are rarely shared.
Here, learning computational concepts is not
just an instrumental goal but pushes youth to-
wards considering the larger socio-political im-
plications of data collection, analysis and use,
thereby working to bring together the more cog-
nitive, functional framing of CT with ap-
proaches that favor critical engagement and ac-
tion.

This is one example of how the different fram-
ings of computational thinking could be inte-
grated in computational literacies. As Scribner
(1984) argued, literacy is not just about the prag-
matics of reading and writing text but also about
understanding their personal and political di-
mensions of texts. From this vantage point, com-
putational literacies point towards three im-
portant dimensions of relationships that compu-
tational thinking needs to help realize: a prag-
matic view about interacting with computational
artifacts, programming and understanding code,
a personal view about authoring one’s identities
and a political view about using, understanding,
and transforming sense-making processes and
subject positions. If computational literacies are

to be included in the canon of K-12 literacies,
then we need to move any single framing that
only either emphasizes skill building or contex-
tual uses, toward a larger view that embraces a
need to combine these perspectives in order to
highlight the values, biases, and histories em-
bedded in the digital technologies.

4 CONCLUSIONS

In this paper, we outlined different framings for
computational thinking and discussed their
strengths and weaknesses. We proposed a new
direction to reframe computational thinking as
situated, critical literacies that not only encom-
passes functional skills, but also the socio-polit-
ical and personal contexts that inherently ac-
company youth’s use and production of digital
media. Advancing computational literacies
which situate learning and teaching of computer
science education aligns with other efforts in K-
12 education have as its overarching goal to ed-
ucate students as responsible citizens—consum-
ers, producers and critics—in the digital publics
they all participate in and contribute to.
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