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Abstract

The development and diffusion of information and communication technologies
(ICT) is having a profound effect on contemporary education, which adds new
elements to the long-standing issue of educational equity. This chapter aims to
create a broad picture of the relationship between technology and equity in
primary and secondary education by summarizing research literature on Socio-
economic Status (SES), racial/ethnic, and gender differences related to technol-
ogy. We organize our review around the framework of technology access, use,
and outcomes. Regarding access, it is clear that gaps in home and school
technology access are narrowing but still persistent across SES and racial/ethnic
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groups. Regarding usage, youth groups differ in the manners and the extent
digital technologies are used at schools and outside of schools. Since there is a
wide range of technologies available and groups’ usage pattern varies among
forms of technology, it is challenging to summarize a single trend of inequality of
technology usage. Regarding outcomes, how the differences in access and usage
affect the disparities in outcomes remains inconclusive. The challenge for the
reader in consuming studies on outcomes of technology is that what is often
reported as a result of using technology may in fact just be that two broad factors
— technology and learning — are observed to go together but may not cause one
another. The technology use may affect learning, or other factors, such as SES,
may shape both learning and technology use.

Keywords
Technology access - Technology usage - Achievement gap - Twenty-first-century
learning skills - Educational equity

Introduction

The development and diffusion of information and communication technologies
(ICT) is having a profound effect on contemporary education, which adds new
elements to the long-standing issue of educational equity. In many countries, the
issue of educational equity typically centers on the disparities of academic achieve-
ment among groups of students, especially groups defined by socioeconomic status
(SES), race/ethnicity, and gender. Therefore, when examining the relationship
between technology and educational equity, research generally focuses on whether
technology may exacerbate or ameliorate the achievement gaps or have no effect.

There are two existing perspectives regarding this relationship. On the one hand,
technology access and usage in education are unequal across SES, racial/ethnic, and
gender groups. Groups with lower academic achievement are generally less likely to
access and use technology and thus may benefit from technology to a lesser extent
than their more advantaged peers. This unequal access and usage may result in
amplifying existing educational inequality. On the other hand, if deployed effec-
tively, the affordances of technology in providing scaffolding and enhancing engage-
ment can help facilitate learning of students with lower achievement, thus
ameliorating educational gaps. Both perspectives are supported by a wide range of
research. This seemingly conflicting evidence may result from methodological
differences in the studies. For example, studies may be conducted in different
contexts with diverse segments of the population and diverse forms of technology
or interventions. Therefore, results generated from one study may not hold true in
another context.

This chapter aims to create a broad picture of the relationship between technology
and equity in K—12 education by summarizing research literature on SES, racial/
ethnic, and gender differences related to technology. We organize our review around
the framework of technology access, use, and outcomes (cf. Warschauer and
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Matuchniak 2010). Research concerned with the inequality of access and usage of
technology is generally descriptive, articulating the patterns of technology access
and usage among different groups. Studies focusing on the inequality in outcomes
prioritize the examination of the causal impact of technology access and usage upon
a youth’s learning. The challenge for the reader in consuming these kinds of studies
is that what is often reported as a result of using technology may in fact just be that
two broad factors — technology and learning — are observed to go together but may
not cause one another. The technology use may affect learning, or other factors, such
as SES, may shape both learning and technology use.

Access

The notion of technology access encompasses two components: physical access to
digital devices (e.g., computers, tablets, the Internet) and access to digital content.
Physical access to a device is a necessary first step for digital equity, but studies also
have suggested that access to content that is both of high quality and educational
value is a secondary concern. In this section, we will first examine the gaps in the two
forms of access among SES, race/ethnicity, and gender groups and then link these
gaps to the related social factors, both in home and school environments.

Access at Home

Home access is defined as a student having access to digital technology at home,
regardless of whether it is a shared item in the household. However, despite the
steady progress that has been made in boosting home technology access for minority
and lower-SES households around the world, access remains unevenly dispersed,
even within developed countries.

For example, in the USA, the overall home computer and Internet access divide as
well as its evolution over time is well documented by several national reports, among
which is the National Telecommunications and Information Administration (NTTA)
report, based on the Current Population Survey (CPS). The NTIA report provides the
most robust evidence on this issue. In the latest released report, household computer
and Internet access continued to show an unbalanced pattern, with Asian or White,
higher-SES, metropolitan households more likely to have access than their counter-
parts (File and Ryan 2014). This finding is consistent with common assumptions, as
well as other nationally representative surveys (e.g., Anderson 2015). When longi-
tudinally comparing the NTIA reports over a period of 15 years, we can see that as
the technology access rate increases steadily across all groups, the gaps between
more advantaged and less advantaged groups are narrowing but remain substantial
(White House Council of Economic Advisers Issue Brief 2015).

Among those with Internet access at home, the conditions of access differ,
ranging from access to broadband connections to relying solely on a cell phone
data plan. Broadband offers Internet speeds fast enough to facilitate full interaction
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with advanced online platforms, while online activities via circular data plan are
usually constrained by slower speeds. According to a report by Pew Research
Center, for 7% of American youths, cell phones are their only means of accessing
the Web (Pew Research Center 2015a). Those who are younger, of lower financial
status, and with less education are more likely to fall into this category. Blacks and
Latinos are also more likely than Whites to lack other means of accessing the
Internet. However, on the positive side, the dramatic increase in smartphone pene-
tration has helped bring the Internet in some form to those who lacked home Internet
access (Connected Nation 2013).

While economic constraints tend to be viewed as the primary reason for the
divides in home technology access, other social factors also play a critical role in this
issue. For example, some literature emphasizes the importance of social support for
technology access (DiMaggio et al. 2001). Many immigrant households may lack
social networks that would enhance their opportunities to acquire digital access. In
contrast, individuals with many friends and relatives who own computers and use the
Internet are more likely to do so as well, because their network can help them acquire
necessary technology skills, and they have greater return in using technology due to
their large social network online. As Ono and Zavodny (2008) pointed out, these
network effects to some extent explain why the divides in technology access reflect
or even exacerbate the existing social inequality.

Examining inequality in the amount and quality of content available via home
digital devices, it is generally hypothesized that youth groups who are more likely to
access digital devices tend to be exposed to richer digital content. However, as it is
implausible to comprehensively measure the volume and quality of the content a
youth may access from their device, most existing research focuses on measuring the
access to specific forms of content. For example, recent research has noted an “app
gap,” which refers to inequality of accessing educational applications on
smartphones or tablets (Prensky 2012). These applications are frequently assumed
to be beneficial for children. According to a study by Common Sense Media (2013),
while wealthier parents load their children’s iPads with brain-boosting educational
apps, less advantaged parents rarely do so. This divide may reflect parents’ percep-
tions about the value and role of technology. Lin et al. (2012) believed that lower-
SES parents may have less confidence in teaching or regulating their children with
digital technologies, thus leading to a lower likelihood of equipping their digital
devices with educational content.

School Access

Technology investment in schools worldwide has increased substantially in the last
two decades, on the rationale that digital access and usage improve learning.
However, school divides in technology access have not yet been eliminated. Inter-
nationally, the gap in school technology access between developing countries and
developed countries is, not surprisingly, large. While school technology access rates
have almost reached saturation in some developed countries, such as the UK,
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Canada, and New Zealand, many developing countries are just beginning to intro-
duce computers and Internet connections in schools. Within developed countries,
gaps are narrowing but still exist. In the USA, for example, high-poverty schools still
have fewer students per Internet-connected computer than low-poverty schools, and
underrepresented minority students are less likely to have technology access at
school than their White counterparts (Snyder et al. 2016). At the same time, only
16% of schools in poor counties (i.e., with county-level median household income
less than $35,000) have high-speed Internet connection, whereas the percentage for
schools in wealthier regions (i.e., with county-level median household income more
than $35,000) is almost four times higher at 62% (Connected Nation 2013).
Similar to home access, school technology access is supported or constrained by
economic factors as well as socio-technical contexts, often in ways that heighten
educational inequity. Previous lessons have shown that, by merely increasing access
to technology, schools may still not be able to take advantage of these facilities (see,
e.g., Warschauer et al. 2011). For example, the Los Angeles public school system
undertook a $1.3 billion effort in 2013 to give each teacher, administrator, and
640,000 pupils an Apple iPad preloaded with educational software. This program
was seen as a way to boost the city’s low-income students, who had limited access to
digital education tools at schools until the program. However, the program did not
achieve its original goal and soon resulted in a breakdown. After an investigation, the
US Department of Education (2016) identified a lack of district-wide instructional
technology strategy and insufficient instructional support of technology as among the
causes of the failure. Recommendations made in the report include the following:

Require each school to create a clear but light-weight Instructional Technology Plan aligned
to individual school improvement goals. . .this plan should ideally include input from all
stakeholders and be posted publicly for parents and community input. Pilot approaches for
integrating technology professional development as part of the districts’ overall professional
development strategy.

These recommendations reinforce the complexity of technology integration,
which goes beyond simply equipping schools with technological resources.

Usage

What is more critical of course than mere access to technology, both inside and out of
school, is whether and how it is used. This is also often related to issues of SES, race/
ethnicity, and gender.

Out-of-School Usage

The majority of youths from all SES backgrounds and racial/ethnic groups find ways
to use digital technology. According to the research from the Organisation for
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Economic Co-operation and Development (OECD), in 2012, disadvantaged students
spent at least as much time online as their wealthier peers, on average across
40 OECD countries. However, despite the equivalent time spent online, different
groups are found to use different devices and in different ways. Higher-SES teen-
agers were more likely to use the Internet to search for information or to read news
rather than to chat or play video games (OECD 2016). This finding resonates with a
survey in the USA, which found that lower-SES youths use technologies more for
leisure rather than for learning-related activities, which is substantially different from
those with higher-SES backgrounds (Rachel 2012).

This raises the question of whether more time using digital media adds or sub-
tracts educational value. Researchers put forth the concept of the time-wasting gap,
which refers to the disparity of time spent online for pure leisure by different
population groups. This gap may produce negative effects for the youths who use
technologies: the more time spent online, the less gained. Traditionally marginalized
groups are believed to be more prone to this situation. Therefore, it is important to
take the quality of technology usage into consideration. This is typically discussed
around three common types of out-of-school technology usage: media consumption
and creation, communication, and video gaming.

Content Consumption and Creation

Children consume content via digital devices in various ways, including viewing
videos, browsing websites, listening to music, and reading eBooks. Among these
activities, viewing online videos takes primary position. According to multiple
sources, the average viewing time for teenage children of online videos may be up
to an average of 3 h daily. However, not all groups spend the same amount of time
watching videos. A study surveyed 2000 teenagers and discovered that those with
low family income and low parent education levels tended to watch online videos 1 h
more than their better-off peers (Common Sense Media 2015). Possible detrimental
effects of video watching include distraction from time available for reading or
studying, as well as negative effects from problematic programming, such as media
portrayals of drinking and alcohol advertising.

Children also use a variety of tools to create content, including blogs, websites,
videos, fanfiction forums, and programming. Researchers view the practices of
content creation as a knowledge construction experience, in which children develop
their skills as well as creatively engage with information. However, again, differ-
ences exist among groups. Lower-SES youths, while avid content consumers, appear
to spend less time than higher-SES counterparts in content creation (Pew Research
Center 2005; for a more recent study of college students, see Hargittai and Jennrich
2016). Differences in technology access and usage as well as motivation appear to be
the factors that underlie and perpetuate differences in online content creation (Blank
2013). This gap in content creation could contribute to social inequality, both by
limiting minority youth’s opportunity to gain important skills that are necessary in
the contemporary workplace and also by rendering their voice and opinions less
likely to be heard by the public.
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Communication

Digital technologies are seen by teenagers as a tool for social networking with their
friends. Communication encompasses a range of older and newer forms of Internet
communication such as sending email, instant messaging, blogging, going to chat
rooms, and social networking communication. How children use online communi-
cation tools varies on two levels — whether they use particular tools or not and in
which activities they engage. The variation in these two levels correlates with
children’s backgrounds to some extent.

Facebook is shown to be the most popular of all the social media platforms among
teenagers, and background characteristics do not seem like a strong indicator of
whether or not they use Facebook. However, the activities performed do vary along
socioeconomic and racial/ethnic lines. Junco (2013) demonstrated that students from
lower-SES environments were less likely to use Facebook for communication,
connecting, and sharing, i.e., the exact types of activities for which Facebook was
created. Another study revealed that lower-SES students were less likely to engage
in classroom-related academic collaboration on Facebook than their higher-SES
peers (Khan et al. 2014).

Concern thus arises that lower-SES students may not be able to take full advan-
tage of online social networks to help strengthen real-world connections with friends
and schools, as they perform activities that are less communication-oriented.
Another contrasting view is that lower-SES students, with less social capital in the
real world, may benefit from the virtual network more than their better-off counter-
parts. Relatedly, Wohn and colleagues studied the role of Facebook in the college
application process of high school students. The authors found that, for first-
generation high school students, Facebook use was associated with higher feelings
of efficacy, thus facilitating their college application emotionally and practically.
However, Facebook did not provide the same degree of help to students who had at
least one parent who graduated from college (Wohn et al. 2013).

Video Gaming

Video games are pervasive among most teens — and, for boys in particular, video
games serve as a major venue for the creation and maintenance of friendships. The
amount of time teens spent on gaming varies little by family income, education, or
race/ethnicity. However, nuances in gaming preferences and behaviors still exist
among groups. First, SES appears to play an important role. A study in which
200 high schoolers were surveyed showed that nearly half of the low-SES students
preferred sports-themed video game consoles, whereas only 20% of high-SES stu-
dents reported this preference (Andrews 2008). In contrast, high-SES students were
shown to be more likely to engage in literacy practices related to the games they
played (e.g., view screenshots, use walkthroughs, post scores), while low-SES
students rarely performed these activities (Andrews 2008). Additionally, higher-
SES students appeared to be more likely to use networked games to connect with
their in-person friends than their less well-off peers (Pew Research Center 2015b).
This finding resonates with the results from other studies: higher-SES people tend
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to take better advantage of digital technologies for socializing and building
relationships.

Regarding gender differences in gaming preferences and behaviors, in sharp
contrast with boys’ avid interest in gaming, girls generally reject being identified
as “gamers.” Among girl gamers, the majority reported favor for casual games with
fewer challenges. In contrast to the majority of boys, who favored the sports genre,
very few girls reported that they enjoyed these games (Andrews 2008). Some
scholars suggest that high-challenging video games favored by boys may potentially
foster interest for STEM careers, especially in computer science and engineering, or
similarly develop technology skills helpful for those careers.

Usage in School Settings

Despite teenagers’ frequent home usage of technology, their school technology
usage is not paralleled. In most OECD countries, more than 80% of 15-year-olds
use computers frequently, yet a majority do not use them much in school, even
though most schools are equipped with computers and Internet access (OECD
2010). Among the schools using technology frequently, the ways in which they
implement technology into instructional activities differ. It is generally believed that
poorer schools tend to use technology for drill and practice activities, whereas in
higher-SES schools, technology is exploited fully to enhance students’ problem-
solving skills (Warschauer and Matuchniak 2010). For example, findings from a
recent study showed that students attending low-SES schools were given more
limited opportunities to use technology to engage in student-centered critical think-
ing learning activities, compared with their counterparts in higher-SES schools (Lee
2013). And while computer-based writing and revision is viewed as a valuable
activity for enhancing academic achievement (see, e.g., Warschauer 2011), the
2011 US National Assessment of Educational Progress (NAEP) found that only
33% of students who are eligible for free or reduced price lunch use computers very
often for writing assignments in school, according to their teachers, compared to
51% of students who are not eligible for the national school lunch program.

The disparity in technology use patterns between higher-SES and lower-SES
schools is believed to be a result of the interplay of economic conditions, teachers,
social dynamics, and institutional culture differences. Among these factors, the most
examined by researchers is teachers’ knowledge, including their knowledge of using
technology and the knowledge of integrating technology into teaching. First, the
computer skills and knowledge of teachers are important determiners of the efficient
use of technology. Since teachers in poorer schools are reported to receive less
technology training, they may possess lower proficiency in using technology than
teachers working in wealthier schools (National Education Association 2008).
Second, teachers’ knowledge in integrating technology matters. Teachers in poorer
schools may have limited opportunities to understand how to use technology in ways
that engage students in discourse with peers to collaboratively solve problems
(see discussion in Kitchen and Berk 2016). As a consequence, students in these
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schools often work in isolation from their peers on digital devices, resulting in
limited opportunities to develop their reasoning and conceptual understanding
collaboratively.

In addition to the role of the teacher, technical support is another factor that
influences technology use. Technical problems, such as slow network performance
and inadequate computers, can make it difficult to use technology in classrooms,
thus frustrating teachers. In a qualitative study comparing technology use in low-
versus high-SES schools, Warschauer et al. (2004) found that high-SES schools
tended to invest more in hiring full-time technical support staff than low-SES
schools. Additionally, in high-SES schools, technology facilitators were selected
from teaching staff, who received intensive in-service technology training. These
facilitators provided technical and pedagogical support to their colleagues. Student
aids were also trained to help in classrooms. These groups were facilitated by clear
channels of cross-communication and coordinated effort. Low-SES schools in this
study were less likely to have the same degree of interconnected support networks.

Outcomes

Important outcome measures from technology use include student attitudes, tradi-
tional school achievement measures, and twenty-first-century learning skills. A
number of studies have looked at the relationship of technology access and usage
to these outcomes, but frequently using non-experimental designs that are unable to
identify the causal effect of technology access and usage from other unobserved
differences across students and schools. Therefore, while reviewing these studies, we
should keep in mind that the true impacts of technology access and usage on student
outcomes may be over- or underestimated.

Attitudes Toward Technologies

As computer technology becomes ubiquitous in schools and the workplace, attitudes
toward technology may be as important as skills in using a specific device. Individ-
uals who view computers positively, and are confident about their ability to use
computers, will be more likely to learn whatever new skills are required by future
technological developments.

There is considerable interest in the literature in studying the influence of gender
on technology acceptance. Generally, most of the earlier studies conducted before
2005 showed that males held a more positive attitude toward technology than
females. These gender differences in attitudes may be caused by many factors. For
example, some research has also suggested that the masculine image of the computer
deters females from benefiting from technology, as this has made them less confident
or more anxious (Culley 1988). However, a recent research has revealed changing
attitudes among female computer users. Diindar and Akgayir (2014) studied
183 high school students in Turkey and found a lack of support for gender
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differences in attitudes toward computers. This lack of gender differences in attitudes
toward computers could be attributed to the increased use of computers for teaching
and learning in schools or in other settings. Females may have been socialized
differently in today’s digital era to become more comfortable with computers,
which may serve as a good starting point to remove barriers to technology training.

Several studies examined differences in attitudes across SES and race/ethnicity
groups. The “digitally disadvantaged” groups have been found to have similar
beliefs in the usefulness of technology as their more privileged counterparts. Gen-
erally, youths believe that they can benefit from interacting with digital technology.
For example, English language learner (ELL) students are reported to have high
interest in using Facebook, Twitter, and text messaging for literacy learning pur-
poses. These results may reflect their motivation to improve their English language
skills through multiple exposures across multiple contexts, since these students
typically do not have access to English in their home environment (Li et al. 2015).

Academic Achievement from Home Usage

A large body of research focuses on whether using new technology can help students
acquire mastery of academic content. It is common practice for most researchers to
use traditional school achievement measures to answer this line of related questions,
due to the clarity of these outcome measures as well as their high level of acceptance
among educators and the general population. These studies take one of two empha-
ses: either examining the impact of technology availability (e.g., whether a computer
is available at home) or the impact of technology use. Since youths can perform a
wide array of activities on computers or tablets, the research on effects of technology
use generally focuses on a more specific kind of activity such as Facebook use and
video gaming, rather than vaguely asking the effects of “computer usage.”

The results on the impact of home technology access are inconclusive. A few
studies find significant positive effects on various educational outcomes such as
grades, test scores, and cognitive skills (e.g., Fairlie et al. 2010), while an almost
equal number of studies find evidence of modestly sized to significant negative
effects of the use of home computers on educational outcomes (e.g., Vigdor and
Ladd 2010).

Regarding whether home technology access may benefit underrepresented stu-
dents’ learning, one field experiment study that offered low-income high school
students the opportunity to own home computers provides a compelling test (Fairlie
and London 2012). Fairlie and his colleague conducted a randomized control
experiment with 1,123 students in grades 6—10 attending 15 schools across Califor-
nia, USA. Although the experiment substantially increased computer ownership and
usage without changing school technological environments, the research found no
evidence that home computers had an effect (either positive or negative) on any
educational outcome, including grades, test scores, credits earned, attendance, and
disciplinary actions. A follow-up survey was conducted to provide information on
several less-commonly measured intermediate educational inputs and outcomes such
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as homework effort and time, receiving help on assignments, software use, and
computer knowledge. Consistent with the previous findings, access to a home
computer did not yield any impact on these measures. This result indicated that
computer ownership alone is unlikely to have much of an impact on short-term
schooling outcomes for low-income children.

Another line of study regarding the association between different forms of
technology use and academic achievement also finds mixed results. This may be
because different forms of technologies each have their own unique affordances and
thus generate different effects on users. Common themes explored by the researchers
include video gaming, social media, and digital homework. Generally, nonacademic
usage of technology (e.g., passive gaming, SNS) negatively relates to academic
achievements, while home technology usage for educational purposes (e.g., serious
gaming, accessing to educational information) is reported to have positive effects on
academic performance (Biagi and Loi 2013).

Only a handful of studies investigated the effect of home technology usage on
minority, low-SES teens. Jackson et al. (2006) conducted a longitudinal study to
examine the impact of home Internet use on low-income family teenagers’ academic
performance. Participants were 140 teenagers, mostly African-American (83%),
mostly boys (58%), and mostly living in single-parent households (75%) in which
the median annual income was $15,000 or less. During the 2-year study, partici-
pants’ Internet use was continuously recorded, including time spent online, numbers
of domains visited, and numbers of emails sent. Findings indicated that children who
used the Internet more achieved higher scores on standardized reading tests and
higher grade point averages (GPA) than did children who used it less.

Academic Achievement from School Usage

Studies on the effects of school technology usage are more likely to adopt experi-
mental design than those on home technology usage. Most existing literature is
based on non-nationally representative samples and tests the effect of a specific kind
of technology/intervention. Since these studies are highly contextualized, the results
may not be interconnected. Several meta-analysis reviews have attempted to depict a
broad picture from these mixed studies. For example, Zheng et al. (2016) reviewed
65 journal articles and 31 doctoral dissertations published over a period of 15 years
(2001-2015) in order to examine the effect of one-to-one laptop programs on
teaching and learning in K—12 schools. Based on a subset of these studies that
met the requirements for meta-analysis, they found an overall significant positive
average effect on academic achievement with effect size of 0.16. Significant
positive impact on achievement was also found in the subareas of English, writing,
math, and science.

Another important question is whether the use of laptops by diverse learners helps
bridge the achievement gaps among student groups. The positive impact of school
technological programs on disadvantaged students was identified in a number of
studies (see, e.g., Warschauer et al. 2014). However, these positive goals for at-risk
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learners are not achieved in all programs. For example, a study in the USA explores
the impact of one-to-one computing on student achievement in Ohio high schools
as measured by performance on the Ohio Graduation Test (Williams and Larwin
2016). The sample included 24 treatment schools that were individually paired
with a similar control school. Overall, examining the full sample, student perfor-
mance and content-specific achievement in math, reading, science, social studies,
and writing were not significantly affected by the introduction of the one-to-one
program. However, when broken down into demographic groups, the results
show that Black students in the treatment group performed lower than their peers
in control groups.

These contradictory results initiate further investigations into the reason why
technology access and usage generate distinct impacts on disadvantaged learner
populations. Wenglinsky (2005) noted that “the drill and practice” activities favored
in low-SES schools tend to be less effective, whereas the constructive integration of
technology disproportionately found in high-SES schools achieves positive results.
The author argues that it is not whether the schools use technology, but rather how
they use it that makes the great difference. If used appropriately, technology does
have the potential to enhance low-achieving students’ learning through various
pathways.

Some studies offer insight into how to maximize the benefits of technology for
disadvantaged students. For example, some have found that when students are
engaged in content creation projects involving technology, they demonstrate
stronger engagement, self-efficacy, and attitudes toward school, thus enhancing
their academic achievement (see, e.g., Sadik 2008). This may especially benefit
disadvantaged students. Content creation projects include a wide array of activ-
ities such as engaging in multimedia content creation to communicate ideas about
the material they are studying by creating reports, graphic representations of data
they have researched or developed, websites, slides presentations, video produc-
tion, digital storytelling, and other means. Darling-Hammond et al. (2014)
described a technology-rich classroom for at-risk students, in which the teacher
used one-to-one computers with wireless Internet connection to engage students
in “word processing, spreadsheet, database, web page production and presentation
software in a variety of contexts” (p. 9). Results showed that the students in this
particular classroom ultimately outperformed other higher-tracked classes in their
school in the state tests. According to the authors, the process of content creation
allows students to develop their personal and academic voice with the scaffolding
of technology. Due to their affective involvement with this process and the
novelty effect of the medium, students are more engaged than in traditional
assignments.

Citing research by Reeves (2004) and others, Warschauer (2011) argues that
informational writing is a critical level for improving academic achievement
among at-risk students and that technology-based writing instruction is thus espe-
cially valuable for promoting educational equity. He and his colleagues provide
evidence from school districts with technology-based writing forms that have helped
bridge performance gaps (Warschauer et al. 2014; Zheng et al. 2013).
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Twenty-First-Century Learning Skills

Knowledge of core content is necessary, but no longer sufficient for success in
postsecondary institutions and workplaces. Higher education and information eco-
nomics place increasingly high value on people who can use their knowledge to
communicate, collaborate, analyze, create, innovate, and solve problems. It is widely
believed that technology use plays a pivotal role in helping students develop these
so-called twenty-first-century skills. This broad concept can be categorized into three
related skill sets: information, media, and technology skills; learning and innovation
skills; and life and career skills. Even though we conceptualize twenty-first-century
skills as a separate ability from traditional academic achievement for our discussion,
these two components are highly correlated.

Ritzhaupt et al. (2013) provided a comprehensive examination of gaps in the three
components of twenty-first-century skills among student groups. In this study, a
large sample of students were asked to complete a performance-based assessment of
digital literacy skills. Five domains were assessed: technology operations and
concepts, constructing and demonstrating knowledge, communication and collabo-
ration, independent learning, and digital citizenship. Results showed that high-SES
and White students outperformed their counterparts in all domains. It is hinted in the
study the divides in twenty-first-century skills may stem from different patterns of
school technology use and out-of-school use among student groups.

In school settings, well-implemented technological programs are believed to
facilitate acquisition of twenty-first-century skills. In a large-scale laptop program,
for example, more than one-third of students reported using laptop from once a week
to several times daily to gather and evaluate information, solve real-life problem, and
visually present or investigate concepts. Warschauer (2006) interviewed teachers,
students, and parents; conducted observations in the classrooms; and analyzed
student work. He suggested that these kinds of learning activities may help enhance
students’ twenty-first-century skills and have important implication to other
technology-based interventions.

Another question is whether low-SES schools provide students with equitable
supports for achieving such skills compared with high-SES schools. A study dem-
onstrated that students in lower-SES schools had less digital resources, used tech-
nology less frequently, and had more limited technical support and service, so as
their teachers (Hohlfeld et al. 2008). These differences provided evidence of the
existence of the divide in technology literacy among K—12 schools.

Youths could also develop their twenty-first-century learning skills from using
technology in out-of-school environments. As at school, whether or the extent to
which technology use can help enhance such skills depends on what kinds of
activities youths perform with technology. Ito and her colleagues found that some
youths are “geeking out” in interest-driven activities, which refers to an intense
commitment or engagement with media or technology (Ito et al. 2009) and mastering
sophisticated skills such as media literacy, creativity and innovation, communication
and collaborations, and initiative and self-direction. Ito’s interviews revealed some
of the factors that may contribute to what she termed “information magic,” including
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adequate access to technology, high levels of commitment, and “an advanced media
ecology that is finely tailored to youths’ interests” (p. 69).

Unfortunately, not all youths benefit from these kinds of digital activities at the
same level. There has long been a concern that girls are not gaining the same
knowledge and skills about technology that boys are, because of differential attitudes
toward technology and use at home. Fields et al. (2014) mapped out the gender
difference in the online Scratch community, by far the largest online informal
programming community primarily for young programmers aged 11-18, where
they post Scratch programs that they create, view and comment on each other’s
work, and seek and provide help on forums. Drawing on a random sample of 5,000
youth programmers and their activities over 3 months in early 2012, Fields and his
colleagues found that girls only represented one-third of all registered members on
the Scratch site. The authors then classified the users into four different levels (i.e.,
beginner, intermediate, advanced, experience) based on their programing work. Girls
were dramatically less likely to reach advanced and experience levels than boys.
Additionally, since low-SES and minority children are reported to use technology in
a less sophisticated way outside of schools (see discussion in Warschauer and
Matuchniak 2010), we believe these groups may less likely to gain technology skills
from the usage than their counterparts.

Conclusion

The research reviewed above hints at the complexity of equity issues intertwined
with the rapid expansion of digital technology and its impact on students’ access,
use, and outcomes. Regarding access, it is clear that gaps in home and school
technology access are narrowing but still persistent across SES and racial/ethnic
groups. Regarding usage, youth groups differ in the manners and the extent digital
technologies are used at schools and outside of schools. Since there is a wide range
of technologies available and groups’ usage pattern varies among forms of technol-
ogy, it is challenging to summarize a single trend of inequality of technology usage.
Regarding outcomes, how the differences in access and usage affect the disparities in
outcomes remains inconclusive. The lack of concrete conclusion may partially be
due to the inherent difficulty of causal inference — that is, to prove access and usage
of technology causes the change of students’ learning outcomes. Additionally, the
majority of existing literature concerned with outcomes is based on non-
representative small samples and tests the effect of a specific kind of technology/
intervention. The mixed findings are thus highly contextualized and noncomparable.

Future research is needed to offer deeper understanding of the relationship of
technology and equity. First, descriptive research which only examines SES, ethnic/
racial, and gender differences in access and use is important but not sufficient. The
inequalities have been confirmed. The future task should be to understand the reason
for these inequalities as well as the possible approaches to alleviating the inequal-
ities, other than merely describing the problems. For example, how family contexts
or school contexts influence teenagers’ technology usage patterns may be an
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interesting question to explore. Second, to understand the outcomes of digital
technology access and usage, it is crucial to have more studies with rigorous design,
such as experimental research (e.g., random assignment, natural experiment) or
longitudinal research. Third, researchers may want to further investigate the possible
different effects of technology access and usage across SES, racial/ethnic, and
gender groups, which may shed light on how technology may contribute to the
achievement gaps.
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