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Abstract. Information technology (IT) is transforming the world. Therefore, exposing students
to computing at an early age is important. And, although computing is being introduced into
schools, students from a low socio-economic status background still do not have such an op-
portunity. Furthermore, existing computing programs may need to be adjusted in accordance to
the specific characteristics of these students in order to help them to achieve the learning goals.
Aiming at bringing computing education to all middle and high-school students, we performed
a systematic literature review, in order to analyze the content, pedagogy, technology, as well as
the main findings of instructional units that teach computing in this context. First results show
that these students are able to learn computing, including concepts ranging from algorithms and
programming languages to artificial intelligence. Difficulties are mainly linked to the lack of
infrastructure and the lack of pre-existing knowledge in using IT as well as creating computing
artifacts. Solutions include centralized teaching in assistive centers as well as a stronger emphasis
on unplugged strategies. However, there seems to be a lack of more research on teaching comput-
ing to students from a low socio-economic status background, unlocking their potential as well to
foster their participation in an increasing IT market.

Keywords: computing education, low socio-economic status, Middle school, High school, K-12.

1. Introduction

Computing enables the development of new technology and innovations in every field
and has far-reaching applications for the workforce of tomorrow with job numbers
expected to grow through 2029 (Zilberman and Ice, 2021; Wyatt et al., 2020). There-
fore, to be well-educated citizens in a computing-intensive world and to be prepared
for careers in the 21st century, students must have a clear understanding of the prin-
ciples and practices of computing (CSTA, 2016), including computational thinking and
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programming (UNESCO, 2019), as well as an understanding of artificial intelligence
(Al) (UNESCO, 2022). Thus, it is imperative that all students have the opportunity to
learn computing already at school (Gretter et al., 2019; Gresse von Wangenheim et al.,
2017). And, although, computing education has been introduced in K-12 in various
countries during the last years (Falkner et al., 2019), there still exist significant in-
equalities regarding computing education of students from a low socio-economic status
(SES) background (The World Bank, 2022; Kim and Ryu, 2017; Parker and Guzdial,
2015). Yet, considering that education should be accessible to all students, regardless
of their socioeconomic status, gender, ethnicity, or prior technology skills, computing
education needs to be democratized by recognizing and circumventing the barriers that
exist (Gretter et al., 2019; Margolis et al., 2015).

Recently, some initiatives have emerged to make computing more equal, teaching
computing to an underprivileged and underrepresented public aiming at closing the gen-
der gap (Girlswhocode, 2018), or to increase the representation of black girls (Black-
girlsCODE, 2022), black boys (Hidden Genius Project, 2023), black youth (Code2040,
2019), refugees and migrants (RefugeesCode, 2022) or youth from low-income families
(ResilientCoders, 2022).

However, despite these initiatives, there still seems not to exist research on what and
how to teach, considering the specific characteristics and limitations in the context of
youth from a low SES background in middle and high school. Reviews are mostly con-
ducted on computing education in general, such as Garneli et al. (2015) who performed
a review on programming tools, educational context, and instructional methods used in
teaching computing in K-12. Martins-Pacheco et al. (2019); Lye and Koh (2014) and
Grove and Pea (2013), reviewed teaching computational thinking in K-12. Heintz et al.
(2016) conducted a review of different models for introducing computing (program-
ming and computational thinking) in K-12 education. However, none of these analyze
the demographics or context of students from a low SES background in K-12 comput-
ing education. And, although Van der Meulen et al. (2021) study the demographics of
computing education in K-12 in terms of age/grade, gender, race/ethnic background,
location, prior computer science experience, socio-economic status, and disability, this
study only provides a general panorama. Parker and Guzdial (2015) analyze existing
research aiming at identifying privilege and inequality in STEM and computing edu-
cation. Yet again, without addressing the characteristics of teaching computing in the
context of low SES students. Holloman et al. (2021) and Ortiz-Lopez et al. (2020),
present a systematic literature review on retention and barriers faced by ethnic groups
in computing, but focus on higher education only.

Therefore, we performed a systematic literature review focusing on the following
research question: Are there instructional units that teach computing to middle and
high school students from a low SES background and what are their characteristics?
With this review we intend to identify and analyze studies that aim to teach computing,
directly or indirectly to middle and high school students in this context. The main con-
tribution of this article is the review of characteristics of instructional units for teaching
computing in this context, regarding their content, pedagogy, and technology, as well
as the analysis of limitations, consequences, and mitigation actions adopted. In this
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regard the results of this review provide a first overview on this topic focusing specifi-
cally on computing education for young students from a low SES background, a topic
not covered so far by other research at this level of detailed analysis. The results of this
review offer valuable insights that can guide and facilitate the design and development
of instructional units aimed at teaching/learning computing in this context. By provid-
ing a comprehensive overview of the main characteristics, limitations and findings in
this specific context, this study can provide an initial contribution to the promotion of
equality, equity, and inclusion in the field of computing education by assisting educa-
tors and researchers in creating more effective pedagogical approaches tailored to the
specific needs of these students.

2. Background

2.1. Computing Education in Middle and High School

Computing education focuses on the study of computing and how it can be used to solve
problems (ISTE, 2022), including several core concepts and practices according to the
CSTA K-12 Computer Science Framework (2016) (Table 1).

Due to the recent insertion of Artificial Intelligence in our daily lives, students in K-12
should also learn about the big ideas as suggested by the AI4K12 guidelines (Touretzky
et al., 2019) (Table 2).

For teaching algorithms and programming, various types of languages are used such
as block-based programming languages like Scratch, as well as text-based programming
languages including Python and Java (Hsu et al., 2018; Da Cruz-Pinheiro et al., 2018).
Artificial intelligence concepts are also taught by either using block-based languages,
such as Snap!, visual workflow-based tools, such as Google Teachable Machine or text-
based languages in Jupyter Notebooks (Martins and Gresse von Wangenheim, 2022;
Gresse von Wangenheim et al., 2021).

To teach these concepts in middle and high school, several pedagogical approaches
are adopted (Hsu et al., 2018) (Table 3). These approaches are mostly based on con-

Table 1
Relevant concepts and practices for computing education in K-12 (CSTA, 2016)

Concepts Practices
e Computing Systems e Fostering an Inclusive Computing Culture
o Networks and the Internet o Collaborating Around Computing
o Data and Analysis o Recognizing and Defining Computational Problems
o Algorithms and Programming o Developing and Using Abstractions
o Impacts of Computing o Creating Computational Artifacts

o Testing and Refining Computational Artifacts
e Communicating About Computing
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Table 2
Student competencies in Artificial Intelligence based on Touretzky et al. (2019)
Big ideas Student competencies
Perception Understanding that machine perception of spoken language or visual imagery requires

Representation

Learning

Natural Interaction

Societal Impact

extensive domain knowledge.

Understanding the concept of representation and understanding that computers construct
representations using data, and these representations can be manipulated by applying
reasoning algorithms that derive new information from what is already known.

Understanding that machine learning is a kind of statistical inference that finds patterns
in data.

Understanding that while computers can understand natural language to a limited extent, at
present they lack the general reasoning and conversational capabilities of even a child.

Ability to identify ways that artificial intelligence is contributing to their lives as well
as that the ethical construction of artificial intelligence systems requires attention to the
issues of transparency and fairness.

Overview

Table 3
of pedagogical approaches for computing education in middle and high school

Pedagogical
Approaches

Description

Active learning

Collaborative
learning

Experiential
learning

Game-based
learning

Interactive
learning

Kinesthetic
learning

Problem-based
learning

Project-based
learning

An approach that involves students actively in learning, rather than just passively listening
to lectures (Sanusi and Oyelere, 2020; Prince, 2004).

An approach in which students in groups become responsible for one another’s learning as
well as their own by completing tasks together (Teague and Roe, 2008; Hsu et al., 2018).

An approach that involves concrete experiences, reflection on these experiences and later
a formation of abstraction of concepts and generalizations (Kolb, 1984).

An approach in which students learn through games, which are designed to promote
engagement, motivation, and active participation in the learning process.

An approach in which students engage in an active and collaborative learning process
through the use of interactive technology, tools, and activities.

An approach in which students learn through physical activities, such as movement, touch,
and manipulation of objects (Begel et al., 2004).

A student-centered approach in which students learn about a subject by working in groups
to solve an open-ended problem.

An approach that organizes learning around projects that involve students to work relatively
autonomously over extended periods of time in design, problem-solving, decision-making,
and investigative activities (Jones et al., 1997; Hsu et al., 2018).

structionism, emphasizing the idea that the student learns by building something mean-
ingful (Papert, 1990).

Diverse instructional methods are used varying from direct instruction (e.qg., lecture)
to interactive studies (e.g., discussion) (Da Cruz-Pinheiro et al., 2018; Saskatchewan
Education, 1991) (Table 4).
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Table 4
Instructional methods for computing education in middle and high school

Instructional method  Description

Discussion The action or process of talking about something in order to reach a decision or to
exchange ideas.

Group works A collaborative learning environment in which students work through problems and
assessments together.

Hands-on activity Students participate or carry out activities relating to subject material rather than
listening to a lecture (Ekwueme et al., 2015).

Lecture A teacher-centered method, in the form of an educational talk.

Think activity A critical thinking exercise, aimed at helping students analyze and evaluate
arguments through a systematic process of identifying claims, reasons, evidence, and
counterarguments, and evaluating their strengths and weaknesses (Chaffee, 2019).

Unplugged activity ~ Teaching concepts by using constructivist, often kinesthetic, activities without computers
or digital devices (Conde et al., 2017).

In accordance with pedagogical approaches and content, diverse types of instruc-
tional materials are used, such as videos, exercises, tutorials, and code samples, among
others (Cruz-Pinheiro et al., 2018; Lye and Koh, 2014), including cards, robots, etc.
(Conde et al., 2017).

The students’ learning is usually assessed by the instructor through observations,
quizzes, interviews, etc. (Da Cruz-Pinheiro et al., 2018). In some cases, performance-
based assessments are performed based on artifacts created by students (e.g., software,
machine learning models) as results of the learning process (Gresse von Wangenheim
et al., 2022).

2.2. Defining Youth from a Low Socio-Economic Status Background

The focus of this research is on middle and high school students from a low socio-
economic status background that have less access to financial, educational, and infra-
structure resources than those with a higher socioeconomic status (UNESCO, 2017).
Students from such a background coming from families with low-income are often
much less likely to have access to higher quality education and often frequent public
schools (OECD PISA, 2019). These students are also generally less likely to have a
computer at home or at their school than students coming from higher-income families
(UNICEF, 2021).

However in literature often diverse terms are used to characterize this target audi-
ence. This includes the term “’underprivilege™ that is understood as an unintended and
unsolicited disadvantage gained in the way society views an aspect of a student’s iden-
tity, such as citizenship, race, ethnicity, gender, socioeconomic status, and language
(Parker and Guzdial, 2015; UNRISDSP, 2015) (Table 5).
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Table 5
Terms associated with the context of underprivileged students

Associated terms References
By socioeconomic status o Disadvantage groups (Parker and Guzdial, 2015;
o Vulnerability UNRISDSP, 2015)
o Marginalized population
* Poverty
e Inequality
o Low-income families
By underrepresentation and minority  Ethnic groups (Kim and Ryu, 2017
representation o Gender groups Parker and Guzdial, 2015;
e Deficient groups UNRISDSP, 2015)
By social situation o Refugee (ITWORX Education, 2023;
e Public school students UNRISDSP, 2015)
By residence area o Criminal suburbs residents (Byker et al., 2014;
o Rural or Tribal area residents UNRISDSP, 2015)

o Slum residents

Kim and Ryu, (2017) reinforce the use of the term underprivileged for students who
are defined as economically poor and having a low quality of life. Byker et al. (2014)
use the term underprivileged to point to children, who are often victims of the inequali-
ties and injustices that characterize life in India’s slums. ITWORX Education (2023)
mentions the economic obstacles of underprivileged refugee children in Lebanon due to
limited school capabilities, transportation difficulties, curriculum and language differ-
ences, discrimination, and bullying. Kim and Ryu (2017) explain that most students with
low socio-economic status come from multicultural families in rural areas. Often the
term low socioeconomic status is also associated with underrepresentation. In the case
of the U.S., the context of low socioeconomic status is often tied to the underprivileged
students of racial or ethnic groups, such as African Americans, Hispanics, and Native
Americans. In China, students from a low SES background are those considered under-
privileged, with unstable social status due to political, economic, and social disability or
deficiency (Kim and Ryu, 2017).

Thus, considering this variety of terms used in this context and sometimes consider-
ing several specific conditions at the same time, we also take into consideration other
terms during the systematic literature review, although focusing specifically on students
from a low SES background.

3. Definition and Execution of the Systematic Literature Review

Aiming at understanding how to teach computing effectively to youth from a low SES
background, we conduct a systematic literature review, following the procedure defined
by Kitchenham and Charters (2007). According to this procedure, we defined the re-
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search and analysis questions that reflect the study goals and delimit the research scope.
We defined a review protocol defining the sources, search string, and selection criteria.
Following the review protocol, we executed the searches and selected relevant results
according to the defined inclusion, exclusion, and quality criteria. Once selected relevant
articles, we extracted information related to the analysis questions, following the defined
extraction strategy. Analyzing the extracted data, we examined and synthesized the re-
sults reported, and discussed the results.

3.1. Definition of the Review Protocol

The research question is: Are there instructional units that teach computing to middle
and high school students from a low socio-economic background and what are their
characteristics?

This research question is decomposed in following analysis questions:

AQ1. Which instructional units exist or were taught in a low SES background?

AQ2. What are the context characteristics of the instructional units?

AQ3. Which competences are taught in the instructional units?

AQ4. What are the instructional characteristics of the units?

AQ5. Which limitations were observed due to the low SES background, what
were the consequences and how have they been approached?

e AQG6. What was the perceived quality of the instructional units?

Data sources. We examined articles or material published in English-language that are
available on the Web via prominent digital libraries and databases in the field of com-
puting, including ACM Digital Library, IEEE Xplore, arXiv, Scopus, SocArXiv, ERIC
(U.S. Dept. of Education), ScienceDirect and SpringerLink. In addition, Google Scholar
and Google searches were performed to complement the search, minimizing the risk of
omission (Piasecki et al., 2018).

Inclusion/exclusion criteria. We considered any artifact that presents findings related
to an instructional unit (course, workshop, summer camp, curricula) that covers teach-
ing computing, directly or indirectly to middle and high school students from a low SES
background (Table 6).

Quality criteria. We considered only material which provides substantial information
regarding the teaching of computing, directly or indirectly to middle and high school
students from a low SES background, indicating, for example, content, pedagogical ap-
proaches, the technology used, as well as limitations and mitigation actions.

Definition of the search string. The search string was based on contextualized key-
words and composed of concepts related to the research question, including synonyms,
as indicated in Table 7. The definition of the keywords has been calibrated based on
several informal searches to minimize the risk of omission.
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We defined a generic search string, using wildcard characters to cover as many varia-
tions of the terms as possible, and adjusted the string in conformance with the specific
syntax of each data source, as presented in Table 8:

(“machine
science” OR
OR
education OR

“poor” OR

learning”
“computational thinking”

“programming”)

“socioeconomic”

OR “artificial
OR
AND (“k-12"

AND

OR
course OR learn*) (“low

OR

intelligence”
“computing”

school™)

“inequality”

OR
OR

(teach*

“computer

“coding”
OR
OR
OR

AND
income”
OR

OR “poverty”

“vulnerability”

“underprivileged” OR “disadvantaged students” OR “slum"“ OR “criminal

suburbs” OR “digital divide” OR “marginalized communities”).

Table 6
Inclusion/exclusion criteria

Inclusion

Exclusion

Focus

Context

Content

Educational stage

Publication
language

Type of publication

Teaching computing (including computational
thinking, programming, user interface design
or Artificial Intelligence, etc.)

Instructional units designed or applied to youth
from a low SES background with low access
to financial, educational or infrastructure
resources

Presentation of any kind of instructional unit or
curricula for teaching/ learning computing in a
low SES context

Middle and high school
English

Scientific articles in journals, conferences,
online repositories, internet, as well asacademic
works, such as dissertations, theses, etc.

Teaching only the usage of digital
devices and software programs (e.g.,
text editors, spreadsheets)

Inequality due to gender, race, age

No presentation of any kind of content,
pedagogy, technology, limitations and
findings related to teaching computing
in a low SES context

Other educational stages or teachers

Other languages, e.g., Chinese, Portu-
guese, etc.

Blogs, videos, or tools without further
description of an instructional unit

Table 7
Search terms

Main concepts

Synonyms

Computing

School
Education

Low socio-economic
status

machine learning, artificial intelligence, computer science, computational thinking,

coding, programming
k-12

teach, course, learn

underprivileged, low income, poverty, poor, inequality, vulnerability, disadvantage
students, slum, criminal suburbs, digital divide, marginalized communities
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Table 8
Search string per data source

Source

Search string

ACM Digital
Library

arXiv

ERIC (U.S. Dept.

of Education)

Google

Google Scholar

IEEE Xplore

ScienceDirect
(Elsevier)

Scopus

[[Abstract: “machine learning”] OR [Abstract: “artificial intelligence”] OR [Abstract:
“”]1 OR [Abstract: “computer science”] OR [Abstract: “computing”] OR [Abstract:
“coding”] OR [Abstract: “programming”]] AND [[Abstract: “k-12"] OR [Abstract:
school*]] AND [[Abstract: teach*] OR [Abstract: education] OR [Abstract: course]
OR [Abstract: learn*]] AND [[Abstract: “low income”] OR [Abstract: “poverty”]
OR [Abstract: “poor”] OR [Abstract: “socioeconomic”] OR [Abstract: “inequality”]
OR [Abstract: “vulnerability”] OR [Abstract: “underprivileged”] OR [Abstract:
“disadvantaged students”] OR [Abstract: “slum”] OR [Abstract: “criminal suburbs”]
OR [Abstract: “digital divide”] OR [Abstract: “marginalized communities™]]

include cross_list: True; terms: AND abstract=machine learning” OR “artificial
intelligence” OR “computer science” OR “computational thinking” OR “computing” OR
“coding” OR “programming”; AND abstract="k-12" OR school*; AND abstract=teach*
OR education OR course OR learn*; AND abstract="low income” OR “poverty” OR
“poor” OR “socioeconomic” OR “inequality” OR “vulnerability” OR “underprivileged”
OR *“disadvantaged students” OR “slum“ OR “criminal suburbs” OR “digital divide”
OR “marginalized communities”

abstract:((machine learning” OR “artificial intelligence” OR “computer science”
OR “computational thinking” OR “computing” OR “coding” OR “programming”)
AND (“k-12” OR school*) AND (teach* OR education OR course OR learn*) AND
(“low income” OR “poverty” OR “poor” OR “socioeconomic” OR “inequality” OR
“vulnerability” OR “underprivileged” OR “disadvantaged students” OR “slum“ OR
“criminal suburbs” OR “digital divide” OR “marginalized communities”))

Due to limitations of the Google search engine a reduced search string has been used:
“artificial intelligence” “computer science” “k-12” “learn” “teach” “low income”
“poverty” “socioeconomic”

LTI

(“machine learning” OR “artificial intelligence” OR “deep learning” OR “data science™)
AND (“high school” OR “k-12" OR teen* OR school*) AND (teach* OR education OR
course OR MOOC OR learn*)

((“Abstract™:“machine learning”) OR (“Abstract”:“artificial intelligence”) OR
(“Abstract”:*deep learning”) OR (*“Abstract”:*data science™)) AND ((“Abstract”:*high
school”) OR (“Abstract”:”k-12”) OR (“Abstract”:teen*) OR (“Abstract”:school*))
AND ((“Abstract”:teach*) OR (“Abstract”:education) OR (“Abstract”:course) OR
(“Abstract”:MOOC) OR (“Abstract”:learn*)) Filters Applied: 2011-2021

Due to limitations of the ScienceDirect search engine a reduced search string has been
used:

((“artificial intelligence” OR “computer science””) AND (“k-12"") AND (learn OR teach)
AND (“low income” OR “poverty” OR “socioeconomic™))

(TITLE-ABS-KEY (machine learning” OR “artificial intelligence” OR “computer
science” OR “computational thinking” OR “computing” OR “coding” OR
“programming” ) AND TITLE-ABS-KEY ( “k-12” OR school* ) AND TITLE-
ABS-KEY ( teach* OR education OR course OR learn* ) AND TITLE-ABS-KEY (
“low income” OR “poverty” OR “poor” OR “socioeconomic” OR “inequality” OR
“vulnerability” OR “underprivileged” OR “disadvantaged students” OR “slum” OR
“criminal suburbs” OR “digital divide” OR “marginalized communities”) ) AND (
LIMIT-TO ( SUBJAREA, “COMP”))

Continued on next page
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Table 8 — continued from previous page

Source Search string

SocArXiv (machine learning” OR “artificial intelligence” OR “computer science” OR
“computational thinking” OR “computing” OR “coding” OR “programming”)
AND (“k-12” OR school*) AND (teach* OR education OR course OR learn*) AND
(“low income” OR “poverty” OR “poor” OR “socioeconomic” OR “inequality” OR
“vulnerability” OR “underprivileged” OR “disadvantaged students” OR “slum“ OR
“criminal suburbs” OR “digital divide” OR “marginalized communities™)

SpringerLink (machine learning” OR “artificial intelligence” OR “computer science” OR
“computational thinking” OR “computing” OR “coding” OR “programming”)
AND (“k-12” OR school*) AND (teach* OR education OR course OR learn*) AND
(“low income” OR “poverty” OR “poor” OR *“socioeconomic” OR “inequality” OR
“vulnerability” OR “underprivileged” OR “disadvantaged students” OR “slum*“ OR
“criminal suburbs” OR “digital divide” OR “marginalized communities”)’ Filter: within
Computer Science

Wiley Online machinelearning” OR “artificial intelligence” OR “computerscience” OR “computational

Library thinking” OR “computing” OR “coding” OR “programming” “ in Abstract and “k-12”
OR school*” in Abstract and “teach* OR education OR course OR learn*” in Abstract
and “”’low income” OR “poverty” OR “poor” OR “socioeconomic” OR “inequality”
OR “vulnerability” OR “underprivileged” OR “disadvantaged students” OR “slum“ OR
“criminal suburbs” OR “digital divide” OR “marginalized communities™” in Abstract

3.2. Search Execution

The search was realized in January 2023 by the first author and revised by the co-author.
The initial search returned 31,565 artifacts. For analysis we focused on the 300 most
relevant results from each search. In the first step, we reviewed titles, abstracts, and key-
words to identify articles that adhere to the exclusion criteria, resulting in 52 potentially
relevant artifacts (Table 9).

In the next step, we analyzed the full texts and excluded irrelevant ones follow-
ing the inclusion/exclusion and quality criteria. We also excluded articles describing
instructional units targeting undergraduate or graduate level (e.g., Camp et al., 2021;
Codding et al., 2019), other K-12 levels such as elementary school (e.g., Chai et al.,
2021), or teachers’ preparation programs/workshops (e.g., Simmonds et al., 2019). We
also excluded articles focused on teaching the usage of computer systems such as text
editing (e.g., Li et al., 2016). Applying the quality criteria we also excluded artifacts not
providing substantial information with regard to our analysis questions (e.g., Tena-Meza
et al., 2021; Varma, 2009; Garg et al., 2020; Judd, 2020; Vergara et al., 2022). Further-
more, some potentially relevant articles that were inaccessible were not considered (e.g.,
Westin et al., 2016).

In order to further reduce the risk of omission, we also conducted a snowballing
procedure (backward and forward) (Wohlin, 2012). As a result, 2 additional relevant
articles were encountered.

We then excluded duplicates and articles referring to the same instructional unit were
unified. As a result, a total of 15 articles presenting findings and considerations with
regard to 14 instructional units were identified (Table 10).
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Table 9

Number of identified artifacts per repository and selection stage

Source No. of search  No. of analyzed No. of potentially ~ No. of relevant results
results results relevant results (without duplicates)

ACM Digital Library 109 109 14 2

IEEE Xplore 70 70 10 4

arXiv 27 27 1 0

Scopus 226 226 9 2

SocArXiv 9 9 1 0

ERIC 128 128 3 1

ScienceDirect 175 175 0 0

SpringerLink 34 34 2 1

Wiley Online Library 87 87 2 0

Google 12,500 300 5 0

Google Scholar 18,200 300 6 3

Total 31,565 1,465 52 13

Snowballing

Backward snowballing 2

Forward snowhballing 0

Total number of relevant results without duplicates 15

4. Analysis of the Results

In this section we present the results for each of the analysis questions. Detailed informa-
tion extracted from the encountered publications is presented in Appendix A-F.

4.1. Which Instructional Units Exist or Were Taught in a Low SES Background?

As a result of the research, only a small number (14) of instructional units that were
either designed or applied for teaching computing to youth from a low SES background
in middle and high school were identified (Table 10).

Table 10
Instructional Units

Reference

(Anuar et al., 2020) Anuar, N. H., Mohamad, F. S., & Minoi, J.-L. (2020). Contextualising Computational
Thinking: A Case Study in Remote Rural Sarawak Borneo. Int. Journal of Learning,
Teaching and Educational Research, 19(8), 98-116.

(Araya et al., 2021) Araya, R., Isoda, M., & van der Molen Moris, J. (2021). Developing Computational
Thinking Teaching Strategies to Model Pandemics and Containment Measures. Int.
Journal of Environmental Research and Public Health, 18(23), 12520.

Continued on next page




190 R.M. Martins, C. Gresse von Wangenheim

Table 10 — continued from previous page

Reference
(Brackmann et al., Brackmann, C. P., Barone, D. A. C., Boucinha, R. M., & Reichert, J. (2019).
2019) Development of Computational Thinking in Brazilian Schools with Social and

Economic Vulnerability: How to Teach Computer Science Without Machines. Int.
Journal of Innovation Education and Research, 7(4), 79-96.

(Eguchi, 2021) Eguchi, A. (2021). Al-Robotics and Al Literacy. In Education in & with Robotics
to Foster 21st-Century Skills: Proc. of Edurobotics, Studies in Computational
Intelligence, Online, 75-89.

(Everson et al., 2022)  Everson, J., Kivuva, F. M., & Ko, A. J. (2022). “A Key to Reducing Inequities in Life,
Al, is by Reducing Inequities Everywhere First”: Emerging Critical Consciousness
in a Co-Constructed Secondary CS Classroom. In Proc. of the 53rd ACM Technical
Symposium on Computer Science Education, Providence, RI, USA, 209-215.

(Harari and Harari, Harari, V., & Harari, 1. (2017). Teaching programming to kids in situation of
2017) social vulnerability. In Proc. of the 12th Latin American Conference on Learning
Technologies, La Plata, Argentina, 1-8.

(Levy, 2003)(Levy Levy, D. (2003). Introducing computer science to educationally disadvantaged high

and Paz, 2005) school students — the Israeli experience. In Proc. of the IEEE Symposium on Human
Centric Computing Languages and Environments, Auckland, New Zealand, 269-270.
Levy, D., & Paz, T. (2005). The principle of pattern-oriented curriculum and its
implementation in a computer science module for high school students. In Proc. of
the IEEE Symposium on Visual Languages and Human-Centric Computing, Dallas,
TX, USA, 321-322.

(Miller et al., 2018) Miller, J., Raghavachary, S., & Goodney, A. (2018). Benefits of Exposing K-12
Students to Computer Science through Summer Camp Programs. In Proc. of the IEEE
Frontiers in Education Conference, San Jose, CA, USA, 1-5.

(Nogueira et al., 2021) Nogueira, V. B., Teixeira, D. G., de Lima, I. A. C. N., Costa, D. A. S., & Oliveira, M. A.
D. (2022). Towards an inclusive digital literacy: An experimental intervention study in
a rural area of Brazil. Education and Information Technologies, 27(3), 2807-2834.

(Outlay, 2016) Outlay, C. N. (2016). Targeting underrepresented minority and low-income girls for
computing camps: early results and lessons learned. Journal of Computing Sciences in
Colleges, 31(5), 85-94.

(Prasad et al., 2016) Prasad, R., Traynor, C., & Keeney, S. S. (2016). Hooking them young: Demystifying
computer science and technology among underprivileged high school students. In Proc.
of the IEEE Integrated STEM Education Conference, Princeton, NJ, USA, 149-155.

(Unnikrishnan et al.,  Unnikrishnan, R., Amrita, N., Muir, A., & Rao, B. (2016). Of Elephants and Nested

2016) Loops: How to Introduce Computing to Youth in Rural India. In Proc. of the 15th
International Conference on Interaction Design and Children, Manchester, UK, 137—
146.

(Yerousis et al., 2015)  Yerousis, G., Aal, K., von Rekowski, T., Randall, D. W., Rohde, M., & Wulf, V. (2015).
Computer-Enabled Project Spaces: Connecting with Palestinian Refugees across
Camp Boundaries. In Proc. of the 33rd Annual ACM Conference on Human Factors in
Computing Systems, Seoul, Republic of Korea, 3749-3758

(Zhang et al., 2022) Zhang, H., Lee, I., Ali, S., Sargent, J., & Hsu, W. (2022). Integrating Ethics and Career
Futures with Technical Learning to Promote Al Literacy for Middle School Students:
An Exploratory Study. International Journal of Artificial Intelligence in Education.

Analyzing the year of publication we can observe that after a peak in publication in
20186, this topic has again increased in importance recently (Fig. 1).
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Fig. 1. Amount of publications on teaching computing in a low SES context.
4.2. What are the Context Characteristics of the Instructional Units?

The majority of these instructional units (86%) aim at novice students without any pre-
existing computing knowledge or skills. Regarding the educational stage, six of the in-
structional units are exclusively aimed at middle school students (e.g., Zhang et al.,
2022; Harari and Harari, 2017) and three instructional units exclusively at high school
students (Everson et al., 2018; Levy and Paz, 2005; Prasad et al., 2016) (Fig.2). On the
other hand, some instructional units address different educational stages, e.g., elemen-
tary to high school, yet providing specific content and activities for each educational
stage (Miller et al., 2018; Araya et al., 2021; Eguchi, 2021). However, as these articles
do not report the results separately, we consequently classified these studies covering
several educational stages in Fig. 2.

The instructional units encountered have been developed and applied mostly on the
American continents (n = 10), mainly in the USA (n = 6) (e.g., Zhang et al., 2022) and
Brazil (n = 2) (e.g., Nogueira et al., 2021). Further applications were reported in Asia
(n = 3) (e.g., Anuar et al., 2020) and the Middle Eastern (n = 2) (e.g., Yerousis et al.,
2015) (Fig. 3).

Although focusing on underprivileged students in terms of a low socio-economic
status, we observed variations regarding the definition of this term. Instructional units
reported from the U.S. focus primarily on minority, underrepresented low-income
groups, including specifically girls (e.g., Miller et al., 2018) and ethnically diverse

8
B
=
34
E
<z

0

Middle Schoaol High School Middle and high  Elementary, middle
school and high school
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Fig. 2. Amount of instructional units per educational stage.
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Fig. 3. Countries of reports of teaching computing to students from a low SES background.

audiences (Everson et al., 2022) (Fig. 11). In Brazil, the context of low SES is also
tied to the poorer conditions of public schools (Brackman et al., 2019) or students
studying in rural areas (Nogueira et al., 2021). In addition, sensitive social contexts
such as refugee students in conflict zones in Palestine are also placed in this context
(Prasad et al., 2016). Fig. 4 summarizes the terms associated with the context of the
students from a low SES background demonstrating the variety of interpretations in
literature.

Underrepresented high school students

Socieconomically diverse classroom
Have no parent or guardian with a bachelor’s degree

Underprivileged community ...

Indigenous Vulnerable children and adolescent

=i Rural Areasraz: -
Underrepresented minority

Educaticnal disadvantage students

Underprivileged areas Refu ee High vulnerability

Marginalized population Qutskirts

Social and economic vulnerability
Low-incomeDisadvantage high school
High risk schools

Tribal belt

Fig. 4. Overview on the definition of the context of students from a low SES background.
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4.3. Which Competences are Taught in the Instructional Units?

The large majority (92%) of the encountered instructional units address computational
thinking and Algorithms and Programming concepts, (Fig. 5). Related specifically to
computational thinking, Levy (2003) and Levy and Paz (2005) address problem decom-
position. Concepts of algorithms are covered by Araya et al. (2021); programming logic
(e.g., Nogueira et al., 2021), Boolean logic (Prasad et al., 2016), pseudocode (Unnikrish-
nan et al., 2016), concepts of variables (e.g., Anuar et al., 2020), control structures (e.g.,
Harari and Harari, 2017; Prasad et al., 2016), repetition structures (e.g., Yerousis et al.,
2015), and programming concepts such as semantics (Harari and Harari, 2017).

A total of 4 instructional units address the Impacts of Computing (e.g., Nogueira
etal., 2021; Outlay, 2016). Recently, due to the popularization of Artificial Intelligence
some of the instructional units (n = 5) also teach Data and Analysis concepts.

Four of the instructional units teach Artificial Intelligence with respect to the com-
petencies of the A14K12 guidelines (Araya et al., 2021; Eguchi, 2021; Everson et al.,
2022; Zhang et al., 2022) (Fig. 6). The contents covered varies from basic concepts
such as “’how artificial intelligence works™ (e.g., Everson et al., 2022) to unsupervised
learning concepts using advanced techniques such as Generative Adversarial Network
(GANSs) (Zhang et al., 2022). Few instructional units (n = 2) address career aspects and
future opportunities (Zhang et al., 2022; Outlay, 2016).

15
510
o
E 5 4
<s
1
]
Algorithms and  Computing Systems Data and Analysis Impacts of
Programming Computing
CSTA K-12 Framework

Fig. 5. Amount of instructional units that address CSTA (2016) competencies.
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Fig. 6. Amount of instructional units that address AI4K12 Big ldeas (Touretzky et al., 2019).
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4.4. What are the Instructional Characteristics of the Units?

Type of instructional unit. Most instructional units are applied as extracurricular units,
in a less organized and less structured way ranging from one-day camp (Outlay, 2016)
to a full school year (Levy, 2003; Levy and Paz, 2005). Three of the encountered pub-
lications present only an activity (Anuar et al., 2020; Brackmann et al., 2019; Eguchi,
2021), while one presents a complete curricular unit (Levy and Paz, 2005) (Fig. 7).

Instructional mode. Most of the instructional units (71.4%) are delivered face-to-face.
For example, Anuar et al. (2020) report the application of the learning activities to
students living in a remote rural village in Sarawak Borneo, and Yerousis et al. (2015)
make use of a computer club to teach Information and Communication Technology
to Palestinian refugee students in a marginalized camp. On the other hand, we also
encountered reports of remote applications, e.g., Everson et al. (2022) due to the pan-
demia, with the university providing hardware and devices for the students to be able
to participate in the course.

Pedagogical approach. Some instructional units (n = 5) use game-based learning as a
way to spark interest and motivate students, especially younger ones (e.g., Anuar et al.,
2020; Prasad et al., 2016) (Fig. 8). This approach is also combined with unplugged ap-
proaches to engage students (e.g., Anuar et al., 2020; Unnikrishnan et al., 2016). Few
instructional units make use of experience-, and problem-based learning approaches.

Instructional methods. Faced with teaching young students from a low SES back-
ground, several instructional methods are used (Fig. 9). Half of the instructional units
(n =7) use hands-on activities, using, e.g., Google Teachable Machine to allow students
to gain knowledge while building their machine learning models (e.g., Zhang et al.,
2022; Eguchi,2021). Four instructional units use group work, e.g., to work on sensitive
topics such as privacy and ethical implications (Everson et al., 2022). Yerousis et al.
(2015) also observed that students working in groups feel more confident.

Two instructional units (Zhang et al., 2022; Harari and Harari, 2017) report the adop-
tion of interactive methodologies supported by kinesthetic activities in which students,
for example, learn basic programming concepts by simulating being a robot.

Amount

Course Workshop Activity Curricular Summer One-day
unit camp camp

Instructional type

Fig. 7. Amount of instructional units per type.
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Pedagogical approach

Fig. 8. Amount of instructional units per pedagogical approach.
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Hands-on  Lecture Group work Unplugged Discussion Interactive Think
activities

Instructional method

Fig. 9. Amount of instructional units per instructional method.

Instructional material. Diverse types of instructional materials are used to support
learning. Three instructional units use “’paper and pencil” materials to support the un-
plugged activities (Araya et al., 2020; Brackmann et al., 2019; Unnikrishnan et al.,
2016). Videos are used also in three instructional units to support hands-on instructional
methodologies (Araya et al., 2020; Harari and Harari, 2017; Zhang et al., 2022). Other
materials include slides (n = 2) (Miller et al., 2018; Outlay, 2016) or cards (n = 2) (Anuar
et al., 2020; Unnikrishnan et al., 2016).

Technological tools. Almost half of the instructional units (n = 6) adopt the block-based
programming language Scratch (e.g., Anuar et al., 2020; Eguchi, 2021; Harari and Ha-
rari, 2017; Miller et al., 2018; Yerousis et al., 2015). Other programming languages used
include Pascal and Logo in early applications work (e.g., Levy and Paz, 2005), and more
recently Java (Miller et al., 2018) or Python (Prasad et al., 2016). Google Teachable
Machine is used as a tool to teach artificial intelligence (e.g., Zhang et al., 2022; Eguchi,
2021). In two cases, due to limitations regarding the location of the students, no techno-
logical tools are used (Anuar et al., 2020; Unnikrishnan et al., 2016).

Learning assessment is typically done through tests in seven instructional units (e.g.,
Nogueira et al., 2021; Brackmann et al., 2019) (Fig. 10). Nogueira et al. (2021) use tests
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< Learning assessment

Fig. 10. Amount of publications per type of learning assessment.

to assess logic, and Brackmann et al. (2019) to assess computational thinking. Perfor-
mance-based assessments are adopted in three instructional units based on artifacts cre-
ated by students either creating a Scratch quiz (Anuar et al., 2020), providing reflective
feedback on the concepts taught (Everson et al., 2022) or a student presentation on the
project results (Yerousis et al., 2015).

4.5. Which Limitations were Observed Due to the Low SES Background, What were
the Consequences and How Have they been Approached?

Several limitations were predicted or encountered in the context of teaching computing
to students from a low SES background (Table 11). Half of the studies identified the lack
of infrastructure at application sites such as public schools (e.g., Brackmann et al., 2010;
Harari and Harari 2017), affecting student activities and learning (e.g. Yerousis et al.,
2015; Everson et al., 2022), as well as leading to social division (Eguchi et al., 2021),
digital division (Yerousis et al., 2015) and digital exclusion of students from a certain
region (Nogueira et al., 2021). Solutions adopted include using unplugged activities not
requiring digital devices or creating partnerships with universities or other institutions
providing devices.

Another limitation observed in six studies is the lack of competencies in basic com-
puting or experience in using digital devices (e.g., Nogueira et al., 2021; Prasad et al.,
2016; Unnikrishnan et al., 2016), which can lead to learning difficulties and inequali-
ties. Solutions include adjustments in the pedagogical approach to focus on subjects
such as computational thinking (e.g., Nogueira et al., 2021) and STEM (e.g., Prasad
et al., 2016).

Other limitations are linked to age heterogeneity and specific contexts of low SES,
such as ethnicity, gender, and area of residence (e.g., Harari and Harari, 2017; Outlay,
2016; Unnikrishnan et al., 2016). This can cause learning difficulties (Harari and Harari,
2017) to a mistaken perception of male dominance in IT (Outlay, 2016). Solutions in-
clude specific activities for these contexts, such as progressive activities for different age
levels (Harari and Harari, 2017) or career discussions for girls (Outlay, 2016).
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Table 11
Summary of limitations, consequences, and solutions

Limitations Consequences Solutions/mitigation actions References

or identified

needs

Lack of infra- This can lead to so- e Use of unplugged activities (Araya et al., 2021;

structure cial division, digital e Use of more accessible tools Brackmann et al., 2019;
division, and digital ® Use of devices facilitated by partner Eguchi, 2021;
exclusion of aregion. ~ Universities or government projects. Everson et al., 2022;
It can also affect stu- Harari and Harari, 2017;
dents’ activities and Nogueira et al., 2021;
engagement Yerousis et al., 2015)

Lack of pre- This can lead to ine- e Co-constructing the course with the (Everson etal., 2022;
existing basic qualities, social seg-  students Levy, 2003;

computing regation, digital ex- ® Using aslow and gentle learning pace Levy and Paz, 2005;
knowledge or clusion and division ® Introducing STEM focused computing Nogueira et al., 2021;

experience in of students with computational thinking Prasad et al., 2016;
using digital Unnikrishnan et al., 2016;
devices Yerousis et al., 2015)
Age heteroge- This affects the stu- e Use of different approaches for young and (Harari and Harari, 2017)
neity dents’ interest and  older students (Miller et al., 2018)

teaching learning e Use of progressive activities from less

complex to more complex

Specific con- This creates difficul- e Use of group-specific approaches (Anuar et al., 2020;
texts within ty in understanding, e Use of facilitators for communication Araya et al., 2021;
a low SES communicating, and  (indigenous students) Outlay, 2016;

background  the perception that ®Designing a specific curriculum for a par-  zhang et al., 2022;

computing is a field FiCUIar group (low-income) to close 29ap  Ynnikrishnan et al., 2016)
for one gender only in access to content knowledge (artificial

intelligence).

e Teaching about career opportunities to a
specific group (low-income girls).

e Use of contextualized materials reflecting
the students’ reality

4.6. What was the Perceived Quality of the Instructional Units?

The majority of the publications report evaluations regarding the quality of the in-
structional units as well as the achieved learning by the students. The quality factor
most analyzed is motivation (n = 4) (e.g., Prasad et al., 2016; Brackmann et al., 2020),
followed by learning (n = 2) (Araya et al., 2021; Anuar et al., 2020), self-confidence
(n = 2) (Anuar et al., 2020; Nogueira et al., 2021) and enthusiasm (Brackmann et al.,
2019; Unnikrishnan et al., 2016). More than half of the studies (n = 8) evaluate the
quality of the instructional units in an “ad-hoc” manner without a systematic definition.
Four studies adopt a quasi-experimental research design (e.g., Brackmann et al., 2019;
Anuar et al., 2020). Data collection is mostly collected through pre- and post-tests
(n = 8) (e.g., Zhang et al., 2022; Anuar et al., 2020), observations (n = 3) (e.g., Anuar
et al., 2020) or performance-based assessment of artifacts created by students (n = 2)
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(Everson et al., 2022; Anuar et al., 2020). Sample size ranges from small (11 students)
as reported by Prasad et al. (2016) to 200 students (Miller et al.,2018).

As a result of the evaluations, several findings were reported. Regarding content,
positive findings were mostly related to the learning of programming concepts as ob-
served by Harari and Harari (2017), Unnikrishnan et al. (2016), and Anuar et al. (2020)
(Table 12). Positive findings were also noted with regard to the use of the Scratch en-
vironment, enabling the majority of the students to solve the learning tasks (Harari and
Harari et al., 2017). On the other hand, Brackmann et al. (2019) observed a deficiency
in basic mathematics and literacy concepts that can potentially affect the achievement
of the learning goals. Teaching a complex subject like artificial intelligence, Zhang et al.
(2022) reported that 25% of students who started the workshop with an incorrect under-
standing of artificial intelligence, continued to maintain it. Everson et al. (2022) pointed
out that when approaching a potentially sensitive topic such as ethics in artificial intelli-
gence, it is necessary to establish a classroom climate in which students feel comfortable
to discuss topics related to underrepresented groups.

Findings related to pedagogical approaches indicate that students learned basic
programming concepts in a fun and motivating way (Harari and Harari et al., 2017,
Prasad et al., 2016) (Table 13). The game-based learning approach was also reported
as very effective in some instructional units. Prasad et al. (2016) point out that the
students were excited while working on the game. Unnikrishnan et al. (2016) also
observe that childrens can create a game successfully, i.e., create commands to steer
an elephant around the board using simple directions, loops, and branches. Brack-
mann et al. (2019) report positive findings using unplugged activities as an alternative
for students living in underprivileged areas without access to computers. Anuar et al.
(2020) note that using contextualized material presenting examples from the students’

Table 12

Overview on findings with respect to content

Positive findings References

Students learned the basics of programming and programming languages (Harari and Harari, 2017;
Unnikrishnan et al., 2016)

Students were able to accomplish the tasks and learn programming with Scratch  (Harari and Harari, 2017)

Students developed a general understanding of artificial intelligence concepts and (Zhang et al., 2022)
processes

Students improved knowledge in computing and STEM concepts (Nogueira et al., 2021)
Difficulties

Very large deficiencies in basic mathematical concepts and literacy were identified, (Brackmann et al., 2019)
which hindered the achievement of the learning goals

About 25% of the students who started the workshop with an incorrect understanding (Zhang et al., 2022)
of artificial intelligence, continued to stick to the incorrect understanding

In order to discuss ethics in artificial intelligence it is necessary to establish a (Everson et al., 2022)
classroom climate that allows to have tense conversations
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Overview on findings with respect to pedagogical approaches

Positive findings

References

Techniques and materials are positive for learning computing when they are
contextualized with examples from the students’ reality and culturally adapted

Students were able to work with several tools, educational resources and prog-
ramming languages

Students learn the basics of programming in a fun, entertaining and motivating
way using a game-based learning approach

Unplugged activities are an effective approach and can be an alternative for
students without access to digital devices

Using an active learning approach increased student interest in computing and
STEM, including girls from low-income families

Group work can leave students more confident of their ability to develop the
game

Difficulties

Working with children can be tiring to teachers, especially when ideas become
complex and feel less like play.

Online learning and too short interventions hindered students to achieve the
learning goals with respect to in neural network concepts

(Anuar et al., 2020)
(Harari and Harari, 2017)
(Harari and Harari, 2017;
Prasad et al., 2016)

(Brackmann et al., 2019)

(Miller et al., 2018;
Outlay, 2016;
Prasad et al., 2016;

(Yerousis et al., 2015)

(Unnikrishnan et al., 2016)

(Zhang et al., 2022)

reality and culturally adapted contributed to the students’ learning. On the other hand,
Unnikrishnan et al. (2016) point out that working with children can be tiring for teach-
ers, especially when their ideas become more complex. Zhang et al. (2022) report that
online classes can hinder or make the learning of complex concepts such as neural
networks more difficult.

Few findings were reported regarding technological tools (Table 14). For example,
Zhang et al., (2022) point out that students engaged in learning machine learning
concepts using Google Teachable Machine. On the other hand, Anuar et al. (2020)
observed that the understanding of indigenous students from a low SES background
(who speak Penan/Malay) may have been affected by the Scratch environment not be-
ing available in their language.

Table 14

Overview on findings with respect to technological tools

Positive findings References

The Google Teachable Machine platform helped to engage students to learn concepts on (Zhang et al., 2022)
machine learning and supervised learning

Difficulties

Lack of availability of Scratch in a native indigenous language may have affected the
way the participants understood computing concepts.

(Anuar et al., 2020)
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In addition, we also observed some general difficulties. For example, teaching stu-
dents in a rural school in Brazil may be a challenge, as the students miss many classes
(Nogueira et al., 2021). Unnikrishnan et al. (2016) point out, there are many intrusions
into the classroom (parents, siblings, goats, and even large quadrupeds) while teaching
in rural areas in India. Yerousis et al. (2015) stated that one of the refugee camps (Camp
Jalazone) where the course was given is adjacent to Beit El, an Israeli settlement and
active military camp, and classes were frequently canceled as violent clashes erupted
between in-camp youngsters and the Israel Defense Force.

5. Discussion

Considering the importance of computing education for middle and high school stu-
dents, to empower them, and to allow them to break out of their low socio-economic
status, very few instructional units were found covering a wide range of contexts, in-
cluding students from public school, rural areas, specific ethnic groups, refugees, mi-
norities, among others. Most reported instructional units are concentrated in America
and Asia, also in accordance with data from the World Bank (2022) and U.S. Depart-
ment of the Treasury (2022) in which countries like India, Brazil and the USA have
many social inequalities.

Basically all instructional units are organized as extracurricular courses and work-
shops ranging from one-day camps to school year-long curricula aiming at novices from
middle school. The units are mostly taught face-to-face, mainly due to the socioeco-
nomic issue of the students and the lack of technological infrastructure, which limits the
possibility of remote teaching/learning.

Most instructional units teach competencies that are indicated by the CSTA K-12
Framework, focusing mostly on algorithms & programming and computational think-
ing. Recently artificial intelligence literacy has also started to be addressed in this con-
text teaching concepts related to the big ideas of A14K12. The teaching of these contents
is observed in a progressive way and varies in difficulty from problem decomposition
and programming logic to complex concepts such as deep neural networks including
GAN:S. In terms of technological support, visual tools predominate including the block-
based programming environment Scratch as well as Google Teachable Machine for
teaching neural networks.

As a pedagogical approach for young students, game-based learning seems to be
motivating and engaging. In the context of a low SES background, often characterized
by the lack of technological tools, unplugged or kinesthetic activities were adopted to
support the teaching of computing concepts and to help to engage students in activities.
In some instructional units, hands-on activities allowed students to associate with the
real world, and working in groups left them more confident.

The main findings of evaluating the quality of the instructional units reveal that
students from a low SES background were able to learn basic programming concepts
and to solve tasks. The students also were able to gain a general understanding of arti-
ficial intelligence. The main difficulties faced by teaching computing to students from
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this background are related to a lack of infrastructure of public schools and the loca-
tion where students reside. This lack of access to an appropriate IT infrastructure can
cause digital exclusions and social divisions. Mitigation actions include for example
the adoption of unplugged activities. Yet, in order to teach certain learning objectives
minimal computational resources may be necessary. Therefore, some instructional units
were taught at Education and Assistance Centers, computer clubs, or in partnerships
with universities or government projects providing the necessary infrastructure. Other
difficulties faced by the instructional units are related to the students’ lack of experience
and knowledge of basic computing, mathematics, literacy, or language competencies.
This can cause inequalities and social segregation of students. As a solution, some
instructional units sought to teach slowly, with a gentle pace covering also basic com-
putational thinking.

These findings indicate that it is possible to successfully teach computing competen-
cies to students from a low SES background, but that in order to enable these students to
achieve the learning goals the instructional units need to be adjusted taking into consid-
eration the specific needs in such a context.

However, considering the small amount of research focusing on computing educa-
tion targeting students from a low SES background, the results of this review provide
only a first overview on the characteristics, limitations and findings in such a context.
Yet, pointing out the lack of research targeting these students as result of the review,
also indicates the need for more studies in this context in order to provide equal op-
portunities to students.

Threats to validity. A common risk of systematic literature reviews is the omission of
relevant studies. We carefully defined the search string, taking into account key concepts
and synonyms. We included not only scientific articles but also scholarly papers, such
as theses and dissertations, to reduce the risk of excluding existing instructional units.
Furthermore, we searched multiple repositories related to the subject of our review and
conducted snowballing in order to minimize the risk of omission. We addressed threats
to the study selection and the data extraction by providing a comprehensive definition
of the inclusion/exclusion criteria. We established and documented a strict protocol for
study selection in which both authors participated, debating until we reached a con-
sensus. Data has been extracted by the first author, revised by the second author and, if
necessary, was discussed until consensus was reached.

6. Conclusion

In this article we present the state of the art in teaching computing to young students
from a low SES background. Despite the small amount of studies found focusing on stu-
dents from a low SES background in middle and high school, the results of our analysis
provide a first indication that it is possible to teach computing in a motivating way to
these students in different contexts, as they were able to learn computational thinking,
programming, and artificial intelligence. The results of the review also point out some
of the limitations, consequences, and mitigation actions in this context, including a com-
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mon lack of infrastructure, pre-existing basic competencies, and age heterogeneity. Yet,
emphasizing the use of unplugged activities, as well as slowing down the learning pace
and adopting age appropriate tools may allow these students to achieve the learning
goals. Observing the lack of more research focusing on students from a low SES back-
ground, we intend to conduct future case studies in this context to better understand the
limitations and the impact of potential solution alternatives.
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