Computers & Education 138 (2019) 146–158

Contents lists available at ScienceDirect

Computers & Education
journal homepage: www.elsevier.com/locate/compedu

Deﬁning digital literacy development: An examination of preservice teachers’ beliefs

T

Alexandra List
Dept. of Educational Psychology, Counseling, and Special Education, The Pennsylvania State University, United States

A R T IC LE I N F O

ABS TRA CT

Keywords:
Digital literacy
Digital literacy development
Information literacy
Beliefs

We identify three conceptions of digital literacy development populating the literature: digital
natives, skill-based, and sociocultural perspectives. We adopt a qualitative approach to examine
pre-service teachers' beliefs about digital literacy development as aligned with each of these three
perspectives. While pre-service teachers were most commonly found to hold skill-based perspectives on digital literacy development, digital natives aligned and sociocultural perspectives
were also well-represented. We further identify perspectives on digital literacy development
uniquely appearing in students' responses. These include pre-service teachers’ conception of digital literacy development as autonomously developed, technology driven, or project based. We
further examine the contexts within which pre-service teachers situate digital literacy as emerging; these include both formal and informal settings. The article concludes with a discussion of
implications for instruction.

Students today may be digital natives, able to master technology only through their immersion in it (Prensky, 2001), or they may
be drawn to distraction, crippled by the attentional and task-switching demands of gamiﬁed technology (Aagaard, 2015). Students
may lack the critical skills necessary to evaluate information on the Internet, at the same time that they eschew traditional media
organizations and resist the inaccessible nature of academic texts (Baumgartner & Morris, 2006; Colón-Aguirre & Fleming-May 2012;
Flanagin & Metzger, 2007; Metzger, Flanagin, & Medders, 2010). As can be seen in these examples, a host of stereotypes and (mis-)
characterizations populate the literate on students' digital literacy. These characterizations may be expected to eﬀect how we investigate students' digital literacy, whether and what we teach students about digital literacy, and what we expect of today's 21st
century learners. In addition to the research literature being rife with conceptions of digital literacy and how it may be developed,
today's students themselves likely hold beliefs about their own digital literacy development. While students' own beliefs about digital
literacy development may have profound impacts on their behaviors in learning situations requiring digital literacy, such beliefs have
been under-examined in the literature.
At the same time, students' technology-related beliefs have commonly been examined in association with their behaviors in
technology-rich contexts. These include their readiness to adopt new technologies and their extent of technology use. For instance,
the Technology Acceptance Model positions technology adoption as the result of students' perceptions or beliefs about technology's
usefulness and ease of use (Davis, 1989; Park, 2009; Teo, Luan, &. Sing, 2008). Elsewhere, students' eﬃcacy for technology use and
self-perceptions of technology skills have been associated with both behavioral intentions and with actual use behaviors (Celik &
Yesilyurt, 2013; McCoy, 2010; Mun & Hwang, 2003; Sadaf, Newby, & Ertmer, 2012; Teo & Noyes, 2011; Vekiri & Chronaki, 2008).
While students' conceptions of digital literacy development can likewise be expected to be associated with behaviors, including eﬀort
expenditure, help-seeking, and social engagement, these have been considered in the literature only to a limited extent.
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Our goals in this paper are four-fold. First, we draw on diverse literature in education, psychology, and library/information
sciences to identify three distinct approaches to or conceptions of digital literacy development. Then, we examine the alignment
between these theoretical conceptions and undergraduates' own accounts of their digital literacy development. Third, we discuss
additional conceptions of digital literacy development that undergraduates seem to hold, but that, nevertheless, have not yet been
fully discussed in the literature. We also explore the contextual factors associated with students' understandings of their digital
literacy development. Finally, we consider the theoretical and instructional implications that emerge from examining students’ beliefs
about digital literacy development.
1. Theories of digital literacy development
Based on a review of the literature on digital literacy, at least three conceptions of digital literacy and, therefore, of digital literacy
development can be identiﬁed. We anchor our identiﬁcation of these major conceptions of digital literacy in central theoretical and
empirical works published in this ﬁeld. These works includes Gilster's book, Digital Literacy, among the ﬁrst to use this term to deﬁne:
“Internet users, people who discover and evaluate content before deciding to put it to work” (1997, p. ix). This book forwards a highly
functional view of digital literacy, aligned with the skill-based perspective on digital literacy development introduced in this paper.
We further considered Prensky's (2001) essay deﬁning digital natives as students inherently skilled in technology use. This essay has
been cited over 20,000 times, according to Google scholar, albeit often in challenge. Nevertheless, it remains the subject of much,
continued reanalysis and critique (e.g., Bennett, Maton, & Kervin, 2008; Hargittai, 2010; Kennedy, Judd, Churchward, Gray, &
Krause, 2008; Margaryan, Littlejohn, & Vojt, 2011). Finally, we considered Lankshear and Knobel's (2003) seminal work on new
literacies (2003). Using terms like mindsets, identities, and ways of being in the world (Gee, 1990, p. 142; Lankshear & Knobel, 2003),
Lankshear and Knobel (2003), along with other new literacy scholars (Coiro, 2003; Coiro, Knobel, Lankshear, & Leu, 2008; Cope &
Kalantzis, 2009; Mills, 2010), advance what has been termed a sociocultural view of digital literacy. Such a view moves away from
skill-based conceptions of digital literacy, to look at digital literacy more holistically and contextually, as individuals' meaningful
functioning in digital communities. We review each of these conception, in turn.
1.1. Digital literacy as an automatic process
While largely discounted based on empirical work, a much discussed perspective on digital literacy suggests that digital literacy is
automatically acquired by students growing up as digital natives in the Internet age (Guo, Dobson, & Petrina, 2008; Margaryan et al.,
2011). Prensky, originating the term digital natives, describes them thus: “Our students today are all ‘native speakers’ of the digital
language of computers, videos games, and the Internet … Digital immigrants typically have very little appreciation for these new
skills that the natives have acquired and perfected through years of interaction and practice” (2001, pp. 3–4). Conceptions of today's
students as digital natives have been critiqued and dismissed based on empirical work (Bennett et al., 2008; Kennedy et al., 2008).
Indeed, students, considered to be digital natives, have been found to lack the skills necessary for critically evaluative Internet use,
despite having early and prolonged exposure to technology (Li & Ranieri, 2010; Selwyn, 2009; Thomas, 2011), and exposure to
technology has been found to be uneven across a variety of socio-demographic groups, contributing to a potential “digital divide”
(Hargittai & Jennrich, 2016; Helsper & Eynon, 2013; Jackson et al., 2008; Jones, Ramanau, Cross, & Healing, 2010). Nevertheless, the
perspective that students may be digital natives, acquiring technology skills through osmosis continues to populate the literature
(Jones & Czerniewicz, 2010; Oblinger & Oblinger, 2005; Palfrey & Gasser, 2011; Tapscott, 2009). For instance, Wang, Myers, and
Sundaram (2013) in articulating a model of digital ﬂuency, suggest that digital literacy is the result of seven factors, including
demographic characteristics, psychological factors and social inﬂuences, and the opportunity to use technology. In this way, Wang
et al.‘s (2013) model, echoes other conceptions of digital literacy development as an automatic process, occurring, in large part,
simply through students' exposure to and use of various technological tools (Dingli & Seychell, 2015). Indeed, Judd (2018) in a recent
review of search data found the term digital natives to still be prominent in both the educational technology literature and in popular
search trends.
1.2. Digital literacy as a set of skills
Among the most prominent views of digital literacy, today, is that digital literacy may be understood as an inter-related set of
skills or competencies necessary for success in the digital age. Such a conception dates back to Gilster (1997) who deﬁned digital
literacy thus: “Digital literacy is the ability to understand and use information in multiple formats from a wide variety of sources
when it is presented via computers” (1997, p.1). He goes on to say that “acquiring digital literacy for Internet use involves mastering
a set of core competencies” (1997, p. 2). Although Gilster (1997) himself does not list the competencies that may be necessary for the
acquisition of digital literacy, these are identiﬁed by Bawden (2001, 2008) as including competencies associated with assembling
information, reading and understanding multimedia and hypermedia texts, ﬁnding and critically evaluating information, and
working collaboratively to communicate information. Since Gilster's (1997) competency-based deﬁnition, a variety of frameworks
and taxonomies have been introduced to catalogue the skills that students need in the digital age (Berson & Berson, 2003; ICTL Panel,
2002; European Commission, 2007; Katz & Macklin, 2007; Koltay, 2011; Martin & Grudziecki, 2006; Webber & Johnston, 2017).
Eshet-Alkalai (2004) developed a conceptual framework for digital literacy that deﬁnes digital literacy as, in fact, a compilation of
ﬁve diﬀerent literacies, including: (a) photo-visual literacy, (b) reproduction literacy, (c) information literacy, (d) branching literacy,
and (e) socio-emotional literacy. Photo-visual literacy is deﬁned as to the ability to “read” and produce symbols, beyond text,
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necessary for communication in the digital age. Reproduction literacy refers to students' capacity for synthetic thinking, or the ability
to create “new combinations from existing information” (p. 98). Branching literacy refers to students’ skills in information navigation,
or their ability to move across the hypertexts and multimedia sources that characterize information on the Internet. Information
literacy refers to the skills involved in critically evaluating content online. Finally, socio-emotional literacy refers to the skills necessary for online communication and collaboration. In an early investigation of these various literacies, Eshet-Alkali and AmichaiHamburger (2004) asked participants to complete a set of tasks tapping these various literacies, including identifying bias in news
stories (i.e., information literacy), planning a trip to Spain (i.e., branching literacy), and participating in a chat-room (i.e., socioemotional literacy). Comparing these various literacies among high school students, college students, and adults, high school students
were found to perform better on tasks tapping photo-visual literacy and branching literacy, while adults performed better on reproduction literacy and information literacy tasks (Eshet-Alkali & Amichai-Hamburger, 2004); results that seem to run counter to the
students as digital natives narrative introduced by Prensky (2001).
Building on work by Eshet-Alkalai's (2004), Ng (2012) presents a conceptual framework that considers digital literacy to manifest
at the intersection of students' technical, cognitive, and socio-emotional competencies. The technical dimension encompasses students' skills in being able to use various Internet and communication technologies. The cognitive dimension refers to students'
abilities to engage in the cycle of searching for, evaluating, and creating information in digital contexts, including the ability to both
use and produce digital sources. Finally, the socio-emotional dimension refers to students' skills in responsible Internet use, including
observing netiquette, protecting safety and privacy, and recognizing and combatting abuse. Foundational to all three of these facets of
digital literacy, is critical literacy or the recognition that information on the Internet is created by someone for some purpose, and
should be evaluated as such.
Incorporating work from both Eshet-Alkalai (2004) and Ng (2012), among others, van Laar, van Deursen, van Dijk, and de Haan
(2017) conducted a systematic review of the competencies included in common deﬁnitions of digital literacy and in deﬁnitions of
related constructs, including 21st century skills, information literacy, and new media literacy. Across an examination of 75 studies,
van Laar et al. (2017) determined digital literacy and related constructs to be composed of seven core and ﬁve contextual skills. While
core skills may be considered to be functional in nature or necessary for task completion, contextual skills may be considered to be
more strategic or facilitative of core skill implementation. Core skills include a (a) technical dimension, as well as (b) information
management, (c) communication, (d) collaboration, (e) creativity, (f) critical thinking, and (g) problem solving. Contextual skills
include (a) ethical awareness, (b) cultural awareness, (c) ﬂexibility, (d) self-direction, and (e) life-long learning. Although more
expansive than the competencies identiﬁed by Eshet-Alkalai (2004) and Ng (2012), van Laar et al. (2017), nevertheless, address core
skills related to technology use (i.e., technical) and cognitive (i.e., information management, critical thinking, problem solving) and
socio-emotional (i.e., collaboration, cultural awareness) dimensions of digital literacy.
Although the skill-based understandings of digital literacy, introduced by scholars from Bawden (2001) to van Laar et al. (2017),
oﬀer no developmental perspective on digital literacy, per se, we can infer that such a perspective would conceptualize digital literacy
development as a process of skill acquisition. While conceptualizing digital literacy as a set of skills outlines a pragmatic approach for
facilitating students' digital literacy development, it does not fully capture the digital experiences of today's students. Indeed, as
suggested by the progenitors of skill-based theories of digital literacy, themselves, a broader conception of digital literacy is needed to
understand students' digital lives and identity formation on the Internet (Knobel & Lankshear, 2008). To this end, sociocultural
perspectives on digital literacy have emerged.
1.3. Sociocultural perspectives on digital literacy
Sociocultural perspectives are ones that emphasize the literacy aspects of digital literacy and, therefore, view digital literacy as
connected to students' meaningful participation in a variety of online communities (Limberg, Sundin, & Talja, 2012; Mills, 2010;
Perry, 2012). Knobel and Lankshear (2006) consider a sociocultural perspective on digital literacy to include students' engagement in
“socially recognized ways of generating, communicating, and negotiating meaningful content as members of Discourses through the
medium of encoded texts” (p. 255). As such, the acquisition of digital literacy may be considered to reﬂect a kind of social apprenticeship or the process of entering into and participating in a variety of digital communities, including those reﬂected in blogs,
fan ﬁction, and videogames (Gee, 2014; Hartley, McWilliam, Burgess, & Banks, 2008; Ito et al., 2009; Knobel & Lankshear, 2006).
Through its focus on digital literacy as the intentional and gradual process of engaging in the situated social practices and with the
cultural tools of particular digital communities, a sociocultural perspective on digital literacy stands in diametric opposition to the
digital natives perspective introduced by Prensky (2001) and others (Palfrey & Gasser, 2011; Thomas, 2011). Such a perspective on
digitally literacy, as gradually emergent through meaningful participation, is reﬂected in the Conceptual Framework of Emergent
Digital Literacy Development (Naumann, Finger, & Neumann, 2017) and in empirical work, examining children's engagement in
various digital literacy-related practices, across both home and online environments (Marsh, Hannon, Lewis, & Ritchie, 2017;
Merchant, 2015; Toohey et al., 2015).
We can look to sociocultural theory more broadly to understand its perspective on how students may develop digital literacy.
Drawing on work by Wenger (1998, 2000, 2010) students' emergent digital literacy may be conceptualized as their process of
entering into digital social learning systems or communities of practice. Individuals' engagement in any social learning system can be
thought of as encompassing participation and reiﬁcation. While participation refers to students' engagement in the activities, conversations, and processes of particular communities, reiﬁcation reﬂects students’ production of the physical and conceptual artifacts
valued by these communities. Applied to digital literacy, we might expect that students develop digital literacy, within the particular
digital communities that they are a part of, through the dual processes of participation and reiﬁcation or knowledge production. For
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instance, students belonging to Fan Fiction communities online may engage both in participation (e.g., commenting on a story,
subscribing to an author) and reiﬁcation (e.g., writing fan ﬁction), with both of these processes requiring digital skills and contributing to the emergence of digital literacy. In this way, a socio-cultural perspective may be considered to move beyond only
conceptualizing digital literacy as a set of skills and competencies, to contextualizing those skills within the practices of various
digital social learning systems.
1.4. Students’ own beliefs about digital literacy development
Beyond the three conceptions of digital literacy deﬁned above, limited research has looked at students' own beliefs regarding how
digital literacy may be developed. What has been well-established is that students express a great deal of conﬁdence in their own
digital literacy, even when such conﬁdence may be unfounded (Katz & Macklin, 2007; Ng, 2012; Prior, Mazanov, Meacheam, Heaslop
& Hanson, 2016; Wilkinson, 2006) and that students report frequent and ubiquitous technology use (Calvani, Fini, Ranieri, & Picci,
2012). Nevertheless, more needs to be understood regarding students' beliefs about digital literacy development. Indeed, a variety of
ﬁelds have found learners' beliefs to be associated with both behaviors and performance (Bandura, 1989; Dweck, Chiu, & Hong, 1995;
Pintrich & Schrauben, 1992; Schoenfeld, 1989; Zimmerman, Bandura, & Martinez-Pons, 1992). Within the context of digital literacy,
beliefs about its development may dictate whether or not students conceptualize themselves as digitally literate, seek out resources to
learn more about digital literacy, adopt and make use of new digital resources, or elect to expend the eﬀort necessary to master new
skills and technologies associated with digital literacy. In this study we ﬁrst examine students' own beliefs about digital literacy
development, in light of the approaches discussed in the ﬁrst section of this article (i.e., digital natives, skills-based, and sociocultural
perspectives). Moreover, we use students' own beliefs to further articulate how these varied conceptions of digital literacy development may be understood by students themselves. Finally, we examine additional aspects of digital literacy development, articulated by students but not yet reﬂected in the literature, to understand the potential variability in conceptions of digital literacy
development. We close with a discussion of the implications that students’ beliefs about digital literacy development may hold for
instruction.
2. Methods
2.1. Participants
Participants were 188 undergraduate students at a large, public university in the United States. The sample was majority female
(81.91%, n = 154; male: 17.02%, n = 32) and majority White (86.70%, n = 163). Further, the sample was 2.13% African American
(n = 4), 3.19% Asian (n = 6), Latino (n = 6), and biracial or multiracial (n = 6). One student (0.53%) reported Native American
ethnicity. The majority of the sample were freshman (52.13%, n = 98) and sophomores (38.83%, n = 73). The remaining students
were juniors (4.26%, n = 8) and seniors (2.66%, n = 5). One student did not report demographic information.
The students in our sample were purposefully recruited from two educational psychology classes, constituting introductory
courses for pre-service teachers and students majoring in education. This sample of undergraduate education majors was targeted for
two primary reasons. First, we were particularly interested in the beliefs about digital literacy development of pre-service teachers
because such conceptions may have a particularly strong eﬀect on whether and how these undergraduates may later elect to teach
digital literacy to their students. Second, we were interested in capturing the beliefs of freshman and sophomore pre-service teachers,
in particular, since we considered such beliefs to be more directly inﬂuenced by students’ experiences in K-12 education and naïve
conceptions of digital literacy development, as compared to beliefs that may develop following their completion of methods courses
in education.
2.2. Data sources
Data were collected as part of a larger study examining pre-service teachers' conceptions of and skills in digital literacy. Analyses
in this study are based on a survey administered to students prior to their completion of a multiple text task. While the survey focused
on digital literacy, the multiple text task asked students to research and write about a controversial socio-scientiﬁc issue based on
information presented across a library of six digital texts. As a part of the digital literacy survey, students were asked to respond to the
prompt: As a college student, you have well-developed skills in digital literacy. How or where did you learn digital literacy skills? Please be
speciﬁc. Students were further asked to report whether any of their classes had a unit expressly dedicated to digital literacy and to
explain the nature of this unit. Nevertheless, analyses in this paper are based primarily on students’ responses to the survey question
tapping their conceptions of digital literacy development.
2.2.1. Analysis approach
A qualitative approach to data analysis was adopted in this study as we wanted to richly describe students’ conceptions of digital
literacy development. Moreover, the adoption of a qualitative approach was considered to be aligned with the descriptive approaches
to conceptualizing digital literacy forwarded in the literature (Eshet-Alkalai, 2004; Knobel & Lankshear, 2006; Prensky, 2001). At the
same time, atypical of qualitative studies, a large sample of undergraduate students participated in this study. Recruiting a large
number of students allowed us to garner further insights about the prevalence of diﬀerent conceptions of digital literacy development
among pre-service teachers.
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Responses were analyzed using both top-down and bottom-up approaches. Initially students' open-ended responses were classiﬁed
as reﬂecting conceptions of digital literacy development aligned with digital natives, skill-based, and sociocultural perspectives.
Students' beliefs about digital literacy development were able to reﬂect more than one of these perspectives simultaneously.
Following this initial coding, common and distinctive features of responses placed into each of these categories were identiﬁed.
Responses unable to be aligned with digital natives, skill-based, or sociocultural perspectives were labeled as other. Then, a bottomup coding approach was adopted to identify other themes in students' understandings of digital literacy development, not captured in
the three approaches determined through our review of the literature. Beyond considering students’ conceptions of digital literacy
development holistically, responses were further coded to generally characterize the context within which students described their
digital literacy development as emerging. Speciﬁcally, responses were coded for whether they identiﬁed digital literacy development
as occurring in elementary, middle, or high school or in college as well as whether digital literacy development was situated within
formal (i.e., in school or in class) or informal (e.g., at home, from friends) contexts.
Two raters independently scored 43 student responses, corresponding to 22.87% of the sample. Cohen's kappa inter-rater
agreement for categorizations of students' responses as digital natives, skill-based, or sociocultural in nature was 0.66, indicating
moderate agreement. Cohen's kappa for designations of students' positioning of digital literacy development as occurring in formal or
informal settings was κ = 0.86, indicating strong agreement. All disagreements were resolved through discussion.
3. Results
Students' conceptions of digital literacy development are ﬁrst presented as aligned with the three perspectives on digital literacy
development identiﬁed in the literature. Then, additional themes to emerge from students’ descriptions of digital literacy development, but not fully captured in the literature, are identiﬁed. Finally, the contexts within which students consider digital literacy to
unfold are explored.
We were ﬁrst interested in examining the extent to which students' beliefs about digital literacy development reﬂected (a)
conceptions of themselves as digital natives, (b) adopted a skills-based perspective on digital literacy development, or (c) reﬂected a
sociocultural understanding of digital literacy development. Students’ responses, presented throughout the results, were, in some
cases, lightly edited to correct for errors in spelling or grammar.
3.1. Literature-based conceptions of digital literacy
3.1.1. Digital natives perspective
A digital natives aligned perspective on digital literacy development was one which conceptualized digital literacy development
as unfolding automatically or eﬀortlessly, as a natural consequence of today's students' being immersed in the technological aﬀordances of the digital age. A response typical of a digital natives aligned perspective included: “I don't feel that I learned digital literacy
skills; I just grew up using technology on an everyday basis, so I feel comfortable using technology for things that are academically
related.” Noteworthy in this response is both that it conceptualizes digital literacy as inevitably occurring as a result of prolonged
exposure to technology and that it identiﬁes an emotional component to digital literacy development, as reﬂected in this student's
expression of feelings of comfort or familiarity with technology. In another digital natives-aligned response a student explained: “I
feel like I never really learned digital literacy skills. I feel like I am so accustomed … that I never needed to be taught, like my
grandparents had to be taught. I grew up using these systems so it was easy for me to learn. I think it is important for people to start
using technology at a young age so it can help them in their future.” Typical of other students' answers, this response emphasized
digital literacy development as requiring technology exposure at a young age and presented a generational contrast between this
student and their grandparents' experiences with digital literacy. Such an age and generation-based conceptualization of digital
literacy development is similar to the distinction introduced by Prensky (2001) in his contrasting of digital natives with digital
immigrants. In our sample, 18% of student responses (n = 34) were found to reﬂect a digital natives perspective on digital literacy
development.
3.1.2. Skills perspective
Skill-based understandings of digital literacy development tended to adopt a componential approach and to consider digital
literacy development to involve the acquisition of a set of skills or competencies necessary for functioning in the digital age. A skillbased perspective was reﬂected in responses such as: “I had a computer class that I had to take that taught us how to type on the
keyboard, identify reliable websites from fake websites, how to make power points, and how to do graphic animation.” In this case,
typical of a skill-based understanding of digital literacy development, this student deﬁned digital literacy as the result of mastering a
set of skills, including those related to technology use per se (e.g., typing, graphic animation) and those related to knowledge building
within digital environments (e.g., evaluating websites). In particular, the skills that this student identiﬁes as components of digital
literacy reﬂect both technical (i.e., using a keyboard) and cognitive (e.g., evaluating websites, making power points) aspects of Ng's
(2012) digital literacy framework. Moreover, such skills correspond to reproduction literacy (i.e., making power points), photo-visual
literacy (i.e., graphic animation), and information literacy (i.e., identifying reliable websites), as identiﬁed by Eshet-Alkalai (2004).
Another student, focusing more on the knowledge building aspects of digital literacy skill development, discussed skills thus: “… I
was taught from a young age how important it is that when doing research, you ﬁnd a reliable source. I was also taught to rephrase
what you read online into your own words to avoid plagiarism. In addition, with digital literacy, I was taught to understand what the
author is stating and then comparing it with similar or diﬀerent opinions.” This student identiﬁed digital literacy development as
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requiring the acquisition of a set of fairly high-level cognitive skills. At the same time, this student discussed such skills as independent of one another and as disconnected from any purpose for their use. Contrasted with sociocultural understandings, skillbased perspectives emphasized the particular competencies that students may be expected to master, as a part of becoming digitally
literate, in a fairly decontextualized fashion or as ends onto themselves, rather than as connected to becoming a part of a digital
community or a social learning system. Indeed, skill-based descriptions rarely emphasized any social aspects of digital literacy
development, at all. Skill-based perspectives on digital literacy development were predominant in our sample, reﬂected in 54%
(n = 102) of student responses.
3.1.3. Socio-cultural perspective
Distinct from sociocultural perspectives forwarded in the literature, students in our sample nested their digital literacy development within the social context of their schools and classrooms, rather than associating digital literacy with gaining entry into
digital communities on the Internet. Consistent with a sociocultural perspective, these students considered digital literacy to be
acquired socially, through a process of assimilating into a social learning system. But students identiﬁed the social learning system
that they were gaining entry into as being extant in their classrooms, rather than online. In one example of a sociocultural perspective
on digital literacy development, a student explained:
“I started to develop digital literacy skills in middle school, where we were assigned to complete our ﬁrst research paper while
being given multiple platforms to research oﬀ of. We were taught how to create a bibliography and cite our sources, we were
taught how to properly look for information that was accurate and relevant, and what databases and websites to look through.
This continued almost every single year during my remaining years at my towns local public school, as librarians and teachers
alike would teach us how to search for, cite, and use any meaningful and proper information.”
Unlike only a skill-based perspective on digital literacy development, this student understood digital literacy as achieved through
their development of a knowledge artifact (i.e., a research paper) valued by their teachers. Indeed, this student described engaging in
a variety of activities associated with reiﬁcation or the formation of a product (i.e., a research paper) according to the practices and
using the tools (e.g., databases) of the social learning system of their school. Moreover, they identify their digital literacy development as emerging through their repeated interaction with librarians and teachers and through their adoption of the standards for
research papers held by their social learning system (i.e., through alignment, Wenger, 2000).
Indeed, in many cases students adopting socio-cultural perspectives on digital literacy development, viewed their classrooms and
schools as social learning systems that were heavily digital in nature. This is further reﬂected in one student's response: “As I went
into middle and high school, we started doing a lot more online learning, posting blog posts and submitting assignments online.
Google Docs became a big part of my classes as that was how we communicated with each other as well as our teacher.” Using
technology tools or developing digital literacy as a means toward a social or participatory end (e.g., communicating with one
another) seems central to understanding sociocultural perspectives on digital literacy development. Sociocultural understandings on
digital literacy development were reﬂected in 30% (n = 56) of student responses.
3.1.4. Integrated perspectives on digital literacy development
Digital natives, skill-based, and sociocultural perspectives on digital literacy development have been introduced in the theoretical
literature as largely distinct from one another. At the same time, several students’ responses reﬂected perspectives on digital literacy
development that uniﬁed some or all three of these perspectives. For instance, one students described their digital literacy development as:
“In middle school, my class would go to the computer lab and our computer teacher showed us how to format papers, design
presentations on many diﬀerent outlets, and how to ﬁnd reliable websites. He would tell us that some websites had fake information that was not reliable and others (such as.org and.edu sites) had excellent information. I also learned about digital
literacy in high school, when I was told for the ﬁrst time that I had to create a website. I had no clue how to do this but luckily my
father was able to help. He manages and creates website training programs for companies and he was able to show me the best
way to create a website and how to make it appealing to the eye. Finally, growing up in this generation has allowed me to ﬁgure
things out on my own as well. Our generation knows everything about technology, or so it seems, and just by being around
advanced technology all the time enabled me to use media outlets much easier than my parents.”
In this single response, all three of the conceptualizations of digital literacy development, identiﬁed in the literature, can be
recognized. To start, this student's observation that: “… Our generation knows everything about technology, or so it seems, and just
by being around advanced technology all the time” is reﬂective of a digital natives-like perspective, as introduced by Prensky (2001).
Emblematic of such a perspective, this student is further attending to generational diﬀerences in technology use between them and
their parents. As a secondary point, this student is further conceptualizing digital literacy development as a componential process of
skill acquisition. This is evidenced through this student's listing of skills taught to them by their computer teacher including, “how to
format papers, design presentations … and how to ﬁnd reliable websites.” At the same time, a sociocultural perspective on digital
literacy development is evidenced through this student's focus on reiﬁcation, or skill development aimed toward the production a
website. A sociocultural perspective is further evidenced in this student's identiﬁcation of their father as a social ﬁgure able to teach
them about best practices in website design. Indeed, we can see this student articulating how digital literacy is both a set of processes
that they can participate in (i.e., the making of the website) and the ability to create a socially meaningful product (i.e., the website
itself). Nevertheless, this student's beliefs about digital literacy development may not be fully aligned with a sociocultural
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perspective, as articulated in the literature. Missing from their description is a sense of which social learning system their development of digital literacy may enable them to become a part of.
Another student's response demonstrated the often close association between skill-based and sociocultural approaches to digital
literacy development. This student described their digital literacy development as follows:
“In elementary school, we had a, ‘computer class,’ where we learned how to use PowerPoint, Word, and improved our typing
skills. Because of our young age, we didn't go too in depth with the programs because we didn't have a use for them yet. We started
with making cards for our parents in Word and creating PowerPoints on our favorite foods, activities, and animals … In later
schooling, each subject area helped add some form of digital literacy to my knowledge. Business and math classes helped with
Excel, or Google sheets, and English developed how to format a paper based on what format we needed to use.”
Typical of a skill-based approach to digital literacy development, this response lists a host of tools and skills necessary for students
to master in order to become digitally literate. At the same time, moving beyond only a skills-based approach, this response emphasizes the social dimensions of digital literacy development. Speciﬁcally, acquiring digital literacy skills enabled this student to
share aspects of themselves with others and to connect with their parents. Moreover, this student evidenced a recognition of the
disciplinary aspects of digital literacy development, with certain digital literacy skills and tools allowing for meaningful participation
within particular domain or disciplinary communities.
We were further interested in the correspondence among students' approaches to digital literacy development. A chi-squared test
of association determined that holding a digital natives aligned perspective on digital literacy development was signiﬁcantly associated with adopting a skill-based approach, X2(1) = 4.29, p < 0.05, Cramer's V = 0.15. There was no signiﬁcant association between students' adoption of digital natives and sociocultural approaches to understanding digital literacy development (p = 0.38),
nor between students adopting skill-based and sociocultural perspectives (p = 0.09).
3.2. Students’ conceptions of digital literacy, beyond the literature
In addition to conceptualizing students' beliefs about digital literacy development through the three theoretical lenses forwarded
in the literature (i.e., digital natives, skill-based, and sociocultural perspectives), we were further interested in identifying aspects of
students’ beliefs about digital literacy development not fully captured through these approaches. Four such additional conceptions of
digital literacy development were identiﬁed and are described.
3.2.1. Autonomy
Related to a digital natives perspective, some students described digital literacy as acquired autonomously, through their own
independent exploration of various technological tools. An autonomy-focused understanding of digital literacy development is similar
to a digital natives perspective in that it describes the process of acquiring digital literacy as an independent one, on the part of
students, receiving limited support from parents or teachers. At the same time, an autonomy-focused approach can be contrasted with
a digital natives perspective. Prensky (2001) and others emphasize the eﬀortless and osmotic nature of acquiring digital literacy for
natives immersed in technology from a young age. As a counterpoint, students adopting an autonomy-focused perspective, conceptualized digital literacy development as a deliberate and eﬀortful process, just one undertaken independently of, rather than with,
curricular and social support. An autonomy-focused approach to understanding digital literacy development was reﬂected in responses such as: “Due to the fact that my parents grew up in an older, diﬀerent generation and were new to this technology (and not
speciﬁcally accepting of it), I was forced to take in this information and technology at a young age and ﬁgure it out for myself. This
type of situation is why I consider myself to be digitally literate today.” Just like Prensky (2001) and other students whose beliefs
about digital literacy development aligned with a digital natives perspective, this student thought of digital literacy development in
generational terms. At the same time, this student conceptualized the process of digital literacy development as more eﬀortful and
active than was envisioned by Prensky (2001).
The active nature of digital literacy development, aligned with an autonomy-focused perspective, is further evidenced in this
student's response: “I feel like I taught myself digital literacy for the most part. Neither of my parents use much technology at all and I
actually end up teaching them most of the time … but I picked up most of my knowledge about the Internet through trial-and-error on
my own.” Tied to an autonomy-focused understanding of digital literacy development, this student viewed digital literacy as
iteratively developed through experimentation or through tinkering and trial and error (Ito et al., 2009). Additionally reﬂected in this
response, as well as in other responses adopting an autonomy-based understanding of digital literacy development, was digital
literacy as enabling students to help others use technology. Reﬂective of a more sociocultural approach, these perspectives emphasized the knowledge sharing aspects of digital literacy development, be they students learning from more expert others or
themselves serving as experts in technology use.
3.2.2. Technology tools
A number of students discussed developing digital literacy speciﬁcally as a result of being given access to and using particular
technological tools, including laptops and cell phones. The role of technology tools can be seen as reﬂected in digital natives, skillbased, and sociocultural understandings of digital literacy. A digital natives perspective speciﬁcally emphasized digital literacy as the
result of students' prolonged experiences with a variety of technological tools. As one student explained: “I think I learned digital
literacy skills from ‘toys’ I had when I was younger like my DS and iPod. As more diﬀerent types of technology became incorporated
into my life, I developed more advanced digital literacy by using them.” The seemingly seamless transition to digital literacy through
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the course of technology use, described in this response, seems aligned with a digital natives approach to digital literacy development.
Skill-based perspectives looked at students’ ability to use various technology tools as components of digital literacy skill development. In a skill-based approach to technology use, students described mastering a variety of technological tools. For example, one
student explained: “In high school, everyone was given a Chromebook, so we eventually become more and more eﬃcient using
laptops …” Within this description, the knowledge of how to use various technological tools is considered to be among the competencies that students need to acquire as a part of becoming digitally literate.
Finally, sociocultural perspectives looked at students' technology use as a part of their engagement with particular cultural
artifacts in socially-prescribed ways. More aligned with a sociocultural perspective on digital literacy development, another student's
response was as follows: “I also went to a STEM high school, and we all were given a school-issued laptop that served as both a
personal and school laptop. Having my own computer made me even more excited to learn how to use it, and I also needed to
understand how to use it for school projects (because of the STEM nature of my school).” In this response, access to and the use of
certain technological tools is described by this student as part of what deﬁned their school as a STEM-focused social learning system.
3.2.3. Project focused
Reﬂective of both skill-based and sociocultural perspectives on digital literacy development, some students considered digital
literacy development to involve the creation of some tangible product or outcome, be it a research paper, a presentation, or a website.
Similar to the construct of reiﬁcation, introduced by Wenger (2010), these students understood their development of digital literacy
as a means of creating some outcome of value. This was reﬂected in responses such as: “Also, I use digital literacy a lot in my English
class, where I post two blogs every week, and must incorporate quotes and reputable sources to support my claims.” Such descriptions
built on skill-based understandings of digital literacy by drawing together or organizing digital literacy skills according to those
needed to develop a speciﬁc product. Moreover, such perspectives often emphasized the collaborative or social aspects of both project
formation, speciﬁcally, and digital literacy development, more generally. As one student explained: “I speciﬁcally remember one
project in about 4th grade where we had to work with a partner and make a power point about an endangered animal. This project
was completely online. All of our research and developing the power point was on the computer.” Reﬂected in this response, as well
as in others, is the collaborative or inter-personal aspect of adopting a project-based conception of digital literacy development.
3.2.4. Lack of digital literacy
An assumption made in eliciting students' beliefs about their digital literacy development is that students, indeed, conceptualize
themselves as having well-developed skills in digital literacy. At the same time, we found several instances of students who identiﬁed
limitations in their digital literacy skills, particularly as compared to their peers. This was reﬂected in responses such as: “Compared
to most students my age, my digital literacy skills are lacking. When teachers wanted to implement certain resources such as Excel or
PowerPoint I would learn how to do it, surface level knowledge, but I never had a digital literacy crash course to learn about it on a
deeper level.” Evidenced in this perspective is a conception of digital literacy as dependent on contextual demands or what may be
required across a variety of situations. One student describes the diﬀerences in expectations around digital literacy held by teachers in
high school versus professors in college: “The thing was that I hadn't really written college level papers before so I was at a loss as to
what to do. Thankfully, I took English 15 in my spring semester of freshmen year and it was this professor that hammered down the
importance of using today's technology to get ahead.” We were interested in further understanding the contextual aspects of students'
digital literacy development. We speciﬁcally wanted to examine where and at what age students identiﬁed digital literacy as
emerging.
3.3. Context of digital literacy
Two contextual aspects of digital literacy were examined for their occurrence within students' open-ended responses. Speciﬁcally,
we considered whether students identiﬁed their digital literacy development as occurring in formal or informal contexts as well as in
elementary, middle, or high school, or in college. Across both of these contextual factors, we found there to be a great deal of
variability in students’ descriptions of the contexts within which digital literacy may emerge.
3.3.1. Formal and informal contexts
The ﬁrst distinction to emerge is the extent to which students considered themselves to have developed digital literacy in formal
or informal settings. Indeed, a large number of students reported having learned digital literacy in formalized, structured school and
classroom contexts. A description of formalized instruction in digital literacy was reﬂected in responses such as:
“My high school had a speciﬁc seminar for digital literacy that taught us how to integrate technology into our ability to learn …
Our school began a one to one system … where every students has a laptop in order to help build a technologically advanced
education. When they integrated this program the administration found it necessary to test students on their digital literacy before
entrusting them with a school provided computer. The seminar lasted a week and required an one hour course every day. Each
teacher taught a diﬀerent module on digital literacy and then the students used the computers to take a test on that speciﬁc
module … No student was allowed to take their computers home until the modules were completed and had a 100%.”
Notable about this response was not only the structured nature of the seminar in which this student was asked to partake but also
that it included an assessment component associated with determining students’ degree of digital literacy development. More
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commonly students just generally described learning digital literacy as a part of classes in computers or social studies. The scope of
digital literacy learning occurring within formal contexts is further expressed in this response:
“I remember starting to learn digital literacy skills in elementary school, speciﬁcally in library class. There, we would use laptops
to complete diﬀerent activities … In middle school and high school, my digital literacy skills were more thoroughly enhanced
because we were constantly required to use technology to read articles, collaborate with peers on projects, and do research. All of
these instances, my teachers taught me methods that made me more skilled …”
This response is reﬂective of students whose experiences included learning about digital literacy as a part of both supplemental
instruction (e.g., library or computer class) and in core academic subjects. Collectively formal contexts for learning about digital
literacy featured instruction, activities, and assignments directed toward fostering digital literacy development. The majority of
students, or 84% of the sample (n = 157), described their digital literacy development as occurring within formal contexts.
Many students also reported developing digital literacy within informal contexts for learning. Typically, these included students
learning digital literacy from their parents, older siblings, or peers. One student's response articulated how their informal digital
literacy learning prepared them for later academic classes on digital literacy: “I was fortunate to have access to a computer growing
up. Many times the computer had to be repaired because myself or my brother had done something to give it a virus or damage
information stored on it … curiosity compelled us to explore the computer and its abilities … By the time I entered Middle School, I
understood the basic functions and abilities of your average late 2000s computer.” Reﬂected in this response is an autonomy-focused
understanding of digital literacy development, emerging through this student's iterative experimentation process of trial and error.
Moreover, this student's experience of digital literacy development was guided by their brother. Indeed, social aspects of digital
literacy development were often described as occurring within informal settings. Other students also described the role that early
technology exposure had in helping them to master digital literacy in out-of-school contexts. As on student describes: “I had access to
my parents' computer and internet access from a young age … I've always associated computers and the internet with learning and
fun.” Clear in this student's response is that providing students with the opportunity to engage in and develop digital literacy in outof-school contexts serves to help students develop positive aﬀect as well as a high degree of eﬃcacy for digital literacy. Half of the
sample (50%, n = 94) situated their digital literacy development as occurring within an informal setting.
Also common was students describing digital literacy as being developed across both formal and informal settings. In some cases,
students considered digital literacy development across settings to be redundant. For instance, the student who had access to their
parents’ computer from a young age went on to report: “I explored diﬀerent programs on the computer independently … I also had
classes in school that taught me about digital literacy, but the lessons were usually reviews for me.” In other cases, students seemed to
assign particular realms to digital literacy as manifest in formal and informal settings. For instance, one student explained: “When I
started school, I learned how to use the Internet to search for information and use PowerPoint and Word to demonstrate my
knowledge … as I got my own phone and iPod and used them to communicate with my friends and play games.” This student
conceptualized digital literacy as encompassing both skills gained in formal classroom settings and used to complete academic tasks
and skills associated with technology use for entertainment and communication and applied in more informal settings.
3.3.2. Grade level of digital literacy development
In addition to examining digital literacy acquisition in formal and informal settings, the context of digital literacy development
was further explored to determine whether students situated their digital literacy development as occurring in elementary, middle, or
high school, or in college. In terms of the educational stage of digital literacy acquisition, a remarkable variety of responses were
reported. While some students reported ﬁrst being exposed to technology even before starting elementary school, others identiﬁed
Advanced Placement classes in their last years of high school as well as courses in college as settings for digital literacy development.
Speciﬁcally, responses ranged from: “I learned digital literacy at home from a young age, starting with when I was four years old and
would play educational computer games” to “Some of my digital literacy skills come from high school projects but most of them come
from my early college experience. I had speciﬁc classes that invited someone from the library to come in and teach us how to use the
databases.”
At the same time, the majority of students described their digital literacy experiences as building on one another and iteratively
emerging through progressive years in school. This is reﬂected in responses such as: “In 3rd grade they oﬀered a program called
‘FastMath’ that taught me how to type and do math. In middle, I was introduced to programs such as Word and PowerPoint and
taught how to use them properly. My freshman year of high school I was enrolled in a mandatory computer course, which went over
diﬀerent computer programs.” This student's response reﬂects how formal learning contexts, in particular, may be structured to
support students' progression in digital literacy development. This response further reﬂects the balanced split among students situating their digital literacy development in elementary (38%, n = 72), middle (27%, n = 51), and high (35%, n = 66) school.
4. Discussion
This study had four goals. First, we interrogated the literature to identify three approaches to conceptualizing digital literacy
development. Second, students' conceptions of digital literacy development were connected to dominant paradigms available in the
literature. Third, students’ descriptions introduced new understandings of digital literacy development (e.g., autonomy-focused,
project-based, and technology-focused) that were able to be integrated into conceptions forwarded in the literature. Finally, contextual aspects of digital literacy development were examined to identify where and when students considered themselves to acquire
digital literacy. Drawing on these analyses, a number of implications may be derived.
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To start, the digital natives perspective, introduced by Prensky (2001), was found to be well-represented in students’ conceptions
of digital literacy development. Indeed, a sizable minority of students (18.09%) considered their digital literacy to emerge somewhat
naturally or eﬀortlessly, only through their exposure to and immersion in technology. This demonstrates a troubling persistence to
the digital natives narrative in the mainstream, despite its repudiation in the empirical literature (Bennett et al., 2008; Helsper &
Eynon, 2013). Indeed, holding a digital natives-aligned set of beliefs may carry with it a number of limitations (Kolikant, 2010). For
one, students considering themselves to be digital natives may become discouraged when experiencing challenges mastering technological tools. For another, these students may use technology tools only superﬁcially, without engaging more critically or effortfully in technology use. Finally, given that the sample of students examined in this study consisted of preservice teachers, their
holding beliefs reﬂective of a digital natives perspective, may result in these future teachers neglecting to suﬃciently or appropriately
instruct their own students in digital literacy. Indeed, if teachers expect their students to automatically acquire digital literacy, only
by virtue of being members of a digital generation (Oblinger & Oblinger, 2005), this may serve to perpetuate superﬁcial understandings of and limitations in the mastery of digital literacy. A viable strategy for developing the beliefs of students holding digital
natives perspectives may be to support these students to adopt more autonomy focused beliefs, or to conceptualize digital literacy
development as the result of iterative tinkering and trial and error. Indeed, one key insight to emerge from this study is the distinction
between digital natives and autonomy-focused understandings of digital literacy development, diﬀering in their conceptions of
learners as passive or active actors in their digital literacy development.
Skill-based conceptions of digital literacy development seemed predominant among students' responses. This echoes the volume
of literature identifying the skills that students need to master in order to become digitally literate (Calvani et al., 2012; Greene, Yu, &
Copeland, 2014; Eshet-Alkalai, 2004; Gui & Argentin, 2011; Van Deursen & Van Dijk, 2011). The range of skills reported in students'
responses was also remarkable. As conceptualized in Ng's (2012) framework, students attend to technological aspects of digital
literacy development (e.g., learning to type), much more frequently than they do to cognitive (e.g., information synthesis) or critical
(e.g., source evaluation) aspects of digital literacy. Indeed, a minority of students speciﬁcally identiﬁed mastering skills like corroborating sources or determining website credibility as key components of digital literacy (26.06% of the sample, n = 49). Moreover,
socio-emotional aspects of digital literacy development, in particular, seemed to be almost entirely missing from students' responses,
these included the skills necessary for communication, collaboration, privacy maintenance, and identify formation online. This dearth
is concerning, given the variety of socioemotional-based challenges with technology use recently confronting students, teachers, and
schools. These include issues of cyber-bullying, sexting, and the preponderance of viral Internet hoaxes (e.g., Tide Pod challenge,
cinnamon challenge) among others (Mitchell, Finkelhor, Jones, & Wolak, 2012; Smith, Liebelt, & Nogueira, 2014). This misalignment
between preservice teachers' beliefs about what may constitute a critical digital literacy skill and the skills that experts identify as
necessary for digitally literacy (Ng, 2012), suggests the need to identify a common set of skills necessary for students to develop for
digital literacy. Moreover, an additional point to emerge from this study is the need to identifying developmental trajectories for skill
development. In particular, understanding the developmental trajectories of students' socioemotional digital competencies, seems
critical as students confront technology at increasingly younger ages (Christakis, 2014; Kabali et al., 2015; Radesky, Schumacher, &
Zuckerman, 2015).
It should further be noted that many of the digital skills students identiﬁed were surface-rather than deep-level in nature.
Dinsmore and Alexander (2012, 2016) identify the diﬀerence between surface versus deep-level strategies as between strategies
aimed only at the superﬁcial processing or encoding of information (e.g., navigation, digital reading) vis-à-vis processes aimed at the
transformation or manipulation of content for learning (e.g., synthesis, evaluation). Nevertheless, more work is needed to understand
which digital literacy skills, in particular, may be conceptualized as surface- or deep-level in nature. At the same time, viewing
students’ digital literacy skills as moving from more surface-level to deeper-level competencies may be a variable avenue for conceptualizing the trajectory of digital literacy skill development.
As a ﬁnal point, sociocultural approaches to digital literacy development were not fully elaborated in students' responses. For
instances, one student described their digital literacy development thus: “I believe it was a combination of … collaboration and
learning from friends, and some teacher assistance. Mainly I learned how to do things out of … my friends explaining things to me.”
Consistent with a sociocultural perspective, this student clearly identiﬁes digital literacy as developed socially (i.e. through their
friends and teachers). At the same time, this student's articulation of a sociocultural perspective is somewhat limited in that they do
not fully articulate the social learning system or community within which their social development of digital literacy is nested. In
part, this is understandable as sociocultural conceptions represent a much more integrated and abstract approach to understanding
digital literacy development, as compared to skill-based perspectives. At the same time, sociocultural approaches may underlie many
students' conceptions of digital literacy development. In particular, students holding a digital natives perspective on digital literacy
development may have been, in part, guided by their understanding of the digital demands of culture and society. This is reﬂected in
responses such as: “I do not think I could point out a speciﬁc time how or where I learned digital literacy skills. I think growing up in a
generation that uses technology A LOT, I just learned as I started to grow up.” Although not expressly sociocultural in nature, this
student's understanding of digital literacy development is clearly one informed by their conception of society as a technology rich
culture.
There seems to be value in conceptualizing digital literacy development as more sociocultural in nature. To the extent that
students describe viewing their schools and classrooms as digital social learning systems, it seems necessary to set explicit norms and
standards around what constitutes meaningful participation in these systems and how such participation may emerge. Indeed, sociocultural perspectives on digital literacy development seem to be viable means of integrating socioemotional competency into
students’ conceptions of digital literacy development. In other words, if students view the process of becoming digitally literate as one
of entering into a digital community, they may better attend to the social processes involved in becoming a part of such a community.
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Students reported developing digital literacy across a range of formal and informal contexts and developmental stages. For
instance, while some students described developing digital literacy through their schools' deliberately designed digital literacy
curricula, other students described digital literacy development as occurring in a more ad-hoc fashion, for instance, through their
playing of math or typing-based computer games. Given this variety of contexts, supporting students to identify what digital literacy
skills they are using within speciﬁc contexts, their nature, and eﬀectiveness, seems critical. This process of identiﬁcation may be
referred to as students' development of a meta-awareness of digital literacy. Although we only examined students’ reports of the
contexts of digital literacy development, there is evidence that teachers need further clariﬁcation on this issue as well. A 2013 study
of Advanced Placement and National Writing Project middle and high schools teachers, arguably the most likely to instruct their
students in digital literacy, concluded that while: “teachers in the study generally agreed on what skills are needed … there was less
consistency in their opinion of when these skills should be taught and by whom” (Purcell et al., 2012, p. 48).
This study contributes to the literature on digital literacy development in at least four ways. First, we examine the alignment
between students' own conceptions of digital literacy development and those articulated in the literature. Indeed, we are among the
initial eﬀorts not only to understand the nature of digital literacy but also to consider students’ conceptions of its development.
Second, we examine the relative prevalence of various conceptions of digital literacy development in a sample of pre-service teachers,
a critical population to examine. Third, we enrich conceptions forwarded in the literature with ideas somewhat uniquely introduced
by learners (e.g., project-based conceptions of digital literacy developed). Finally, we identify several instructional mechanisms
whereby digital literacy development may be fostered.

4.1. Limitations
Despite the strengths of this study, a number of limitations must be acknowledged. First, data for this study were drawn from
students' open-ended survey responses. While this approach allowed us to collect a large number of responses, to capture the range
and variability in students' conceptions of digital literacy development, other methodological approaches like interviews and focus
groups, may have allowed for richer qualitative data to be collected and for students' responses to be further probed. Indeed, these
approaches have been used successfully in prior research (Ng, 2012). Further work adopting mixed-methods approaches is needed to
better understand the depth and nuance of students' conceptions of digital literacy development. Moreover, there is a speciﬁc need to
tie students’ conceptions of digital literacy development to their demonstrated skills in digital literacy. This may provide evidence for
the relative adaptiveness of some beliefs over others.
In articulating their beliefs in this study, students were asked to describe the processes and mechanisms that they considered to
contribute to digital literacy development. Nevertheless, more work is needed to understand how students deﬁne what digital literacy
is and how students view digital literacy in relation to learning. Moreover, it is necessary to understand whether and how students
distinguish among digital literacy and related concepts, like information literacy, ICT literacy, and 21 century literacy, among others.
As a ﬁnal point, students in this study represented a sample of pre-service teachers early in their educational program. More work
is needed to understand how students' conceptions of digital literacy development change as they progress through education classes
and enter the classroom as teachers. Moreover, while undergraduates enrolled in education courses were speciﬁcally targeted for this
study, due to our interest in the conceptions of digital literacy development of pre-service teachers, these students were likely not
representative of all undergraduates, pursuing other majors. Indeed, prior work has found students' epistemic beliefs, or beliefs about
knowledge and knowing, to diﬀer in association with their domain or area of study (Hofer, 2001; Paulsen & Wells, 1998; Trautwein &
Lüdtke, 2007). We may expect conceptions of digital literacy development to be similarly diﬀerentiated. An interesting direction for
future work would be to examine how the conceptions of digital literacy development of education majors compare to those of
students pursuing other majors, particularly those in ﬁelds associated with the information sciences and with technology to a greater
extent. Diﬀerences in conceptions of digital literacy development across majors are especially important to consider, given that such
diﬀerences have been found in individuals’ endorsement of intelligence mindsets. For instance, students pursuing majors in STEM
ﬁelds (e.g., biology, Dai & Cromley, 2014; computer science, Flanigan, Peteranetz, Shell, & Soh, 2017; math, Shively & Ryan, 2013)
have been found to strongly endorse entity theories of intelligence, considering intelligence to be ﬁxed or innate, rather than incremental or able to be improved over time. The extent to which such ﬁxed or entity-focused beliefs extend to understandings of
digital literacy development remains an open question. Nevertheless, it may be the case that students, across majors, may speciﬁcally
diﬀer in the extent to which they align with a digital natives-based perspective on digital literacy development, considering digital
literacy to be more innate, rather than emergent in nature.

4.2. Conclusion
In this study we examine how students conceptualize their digital literacy development. We found students to hold at least three
conceptions of how digital literacy may develop. These were conceptions reﬂecting digital natives, skill-based, and sociocultural
approaches to digital literacy development. Moreover, students were found to elaborate on these conceptions in a variety of ways,
including by furthering autonomy-focused, project-based, and technology-focused conceptions of digital literacy development.
Nevertheless, across all of the approaches students largely demonstrated the fundamental recognition that digital literacy is a developmental process – justifying this topic as an area of inquiry requiring further work.
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