
 

 

 
Abstract—The use of new literacies within science classrooms 

needs to be balanced by teachers to both teach different forms of 
communication while assessing content area proficiency. Using new 
literacies such as Twitter and Facebook needs to be incorporated into 
science content area literacy studies in addition to continuing to use 
generally-accepted forms of scientific content area presentation which 
include scientific papers and textbooks. The research question this 
literature review seeks to answer is “What are some ways in which new 
forms of literacy are better suited to teach scientific content area 
literacy to 21st century learners?” The research question is addressed 
through a literature review that highlights methods currently being 
used to educate the next wave of learners in the world of science 
content area literacy. Both temporal discourse analysis (TDA) and 
critical discourse analysis (CDA) were used to determine the need to 
use new literacies to teach science content area literacy. Increased use 
of digital technologies and a change in science content area pedagogy 
were explored. 
 

Keywords—Science content area literacy, new literacies, critical 
discourse analysis, temporal discourse analysis.  

I. INTRODUCTION 

HE need for integration of new forms of literacy has been 
a constant point of contention within content area studies. 

While initiatives such as the Common Core Standards [1] focus 
on “align[ing standards] with college and career expectations,” 
the battle to incorporate new forms of literacy into scientific 
content areas still ensues. Teachers of various science content 
areas have the daunting task of balancing the use of new forms 
of literacy in the classrooms with exposing students to 
generally-accepted forms of scientific communication such as 
scholarly papers and textbooks. To better equip students with 
the tools needed to make personal or global decisions about 
science content and practices, teachers must learn how to 
present the content in new ways. As stated by Mishra and 
Koehler [2], “New forms of literacy are not often integrated due 
to teacher limitations.” However, not exposing students to other 
forms of literacy can leave them at a disadvantage in terms of 
future college and career success and learning higher-order 
thinking skills. Initiatives examined in this paper are increased 
use of digital technology and software and a change in science 
content area teaching pedagogy. 

A. Research Question 

Despite the hindrances of teacher limitations and balancing 
new curriculum standards with traditional methods of teaching, 
schools and educators are seeking and employing new ways to 
teach science content area literacy. This paper seeks to answer 
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the question “What are some of the ways in which new forms 
of literacy are better suited to teach science content area literacy 
to 21st century learners?” Specifically, this paper will examine 
in what ways modern and/or non-conventional ways of teaching 
science literacy can still aid students in becoming part of the 
scientific community.  

II. METHODOLOGY 

The research question is addressed by highlighting methods 
currently being used to educate the next wave of learners in the 
world of science literacy. For this study, research articles 
focusing on teaching science content area literacy in the United 
States (US) will be analyzed. No work will have been written 
earlier than 2000 in order to highlight more recent methods of 
developing content area literacy. Only papers or books that 
discuss developing scientific content area literacy in middle and 
high school students will be examined. The majority of articles 
were found using Google Scholar. Key terms such as 21st 
century learners/learning, new literacies, science context area 
literacy, content knowledge, and online science games were 
terms used to find relevant references. The same terms were 
used within a search within Google to find the rest of the 
documentation. While numerous articles were found, only 
sources that supported the research question were used. CDA 
and TDA were used to frame the need for using new literacies 
to teach science content area literacy and guided which 
references were chosen to support this claim.  

CDA was employed in this literature review as educating 
new STEM teachers on better ways to equip students is a matter 
of justice. CDA allows researchers to study the effect language 
has on social practices and problems [3]. An applied use of 
CDA is to determine to what extent inequality is resisted, 
asserted, and sustained through the use of text and talk [4]. 
Researchers who use CDA are interested in investigating the 
naturally-occurring language of their target population [5]. This 
includes the use of non-verbal interactions and the context of 
language use [5]. CDA gives researchers the opportunity to 
examine a phenomenon from an interdisciplinary yet problem-
oriented manner [5]. The use of CDA allows for the 
examination of methods 21st century learners interact with 
STEM content to develop content area literacy. Specifically, 
CDA can help determine if students are able to learn the 
necessary content area literacy to assimilate themselves into the 
STEM community. 

TDA was chosen as content area literacy is developed over 
time. As Barnes [6] stated, “Most learning does not happen 
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suddenly: we do not one moment fail to understand something 
and the next moment grasp it entirely.” As such, students are 
exposed to information in various ways in attempts to introduce 
students to the concepts important for a given discipline [7]. In 
terms of growing science content area literacy, students acquire 
more skills and terms over time. As a student progresses in his/ 
her studies, the language used also becomes more complex and 
dependent on information gained in earlier courses.  

A. Theoretical Framework 

A few different theories frame this paper. The first is Piaget’s 
theory of cognitive development, primarily how knowledge can 
be acquired, constructed, and used in a specific content area. In 
this theory, Piaget [8] asserted that language is dependent on 
knowledge and understanding gained through biological 
maturation and environmental experiences. To accompany this 
theory is situated cognition theory [9]. This theoretical 
perspective acknowledges knowing “is situated, being in part a 
product of the activity, content, and culture in which it is 
developed and used” [9]. As noted by Mishra & Kohler [2], 
situated cognition is founded on the notion “learning is best 
supported when the content is part of a context that the students 
can perceive as meaningful, assign value to the subject matter, 
and develop an understanding of the relation of it with their 
lives.” The last theory supporting this paper is Rosenblatt’s 
transactional theory. Rosenblatt [10] claimed that reading is a 
transaction between the reader and the writer. The response is 
what the reader takes away from the text and the reader’s 
reaction to the text determines what knowledge is learned [10]. 
While not a theory, a guideline used in exploring effective 
content area literacy techniques is that of Common Core 
standards. Specifically, Common Core [1] standards that 
require the teaching of transferrable skills and practice with 
complex texts and academic language guided the content area 
literacy practices discussed. 

B. Definitions 

In order to gain a common understanding, key terminology 
will need to be defined.  

21st Century Learners: are defined as: ... students [that] 
master content while producing, synthesizing, and evaluating 
information from a wide variety of subjects and sources with an 
understanding of and respect for diverse cultures. Students 
demonstrate the three Rs, but also the three Cs: creativity, 
communication, and collaboration. They demonstrate digital 
literacy as well as civic responsibility [11].  

Content knowledge (CK): is knowledge about the actual 
subject matter that is to be learned or taught [2].  

Discourse: as defined by Gee [12] is “an association of 
socially accepted ways of using language, other symbolic 
expressions and artifacts of thinking, feeling, believing, 
valuing, and acting that can be used to identify yourself as a 
member of a socially meaningful group.” The “socially 
meaningful group” is the scientific community.  

New Literacies: “focus on ways in which meaning-making 
practices are evolving under contemporary conditions, but are 
in no way limited to, technological changes associated with the 

rise and proliferation of digital electronics” [13]. 
Pedagogical content knowledge (PCK): can be defined as 

“the blending of content and pedagogy into an understanding of 
how particular aspects of subject matter are organized, adapted, 
and represented for instruction” [2].  

Pedagogical knowledge (PK): is “deep knowledge about the 
processes and practices or methods of teaching and learning and 
how it encompasses, among other things, overall educational 
purposes, values, and aims” [2]. 

Scientific literacy: as defined by the National Science 
Education Standards, is “the understanding of science content 
and scientific practices and the ability to use that knowledge to 
participate in decision-making that is personal or that affects 
others in a global community” [14].  

Technology knowledge (TK): is “knowledge about standard 
technologies, such as books, chalk and blackboard, and more 
advanced technologies, such as the Internet and digital video. 
This involves the skills required to operate particular 
technologies” [2].  

III. LITERATURE REVIEW 

A. 21st Century Skills 

Methods to grow 21st century learners are driven by the need 
to develop skills needed to succeed in a global and interactive 
society. The Partnership for 21st Century Skills (P21) outlines 
four different student outcomes identified as being vital for 
today’s learners. These include critical thinking, 
communication, collaboration, and problem solving in addition 
to knowledge tied to core subjects [15]. Under the umbrella of 
critical thinking and problem solving, students should learn 
how to make judgements and decisions through the analysis of 
evidence, arguments/viewpoints of all sides of an issue, and 
reflect critically on their own learning [15]. Students should 
also be able to determine how individual pieces of a whole work 
together in complex systems [15]. To develop communication 
skills, students need to be able to use multiple types of media 
and technologies to communicate with a wide variety of people 
[15]. Students should also be able to share their thoughts 
through written, oral, and nonverbal methods while listening to 
others to determine meaning [15]. Lastly, collaboration is 
fostered through demonstrated ability to work in teams, valuing 
contributions made by each team members, and working 
towards a common goal [15].  

B. 21st Century Learners, New Literacies, and Discourse 
Analysis 

The 21st century learners grew from the rise of the Digital 
Age. Because of this, students in the 21st century are natives of 
a digital environment [16]. They use social networking to 
converse and collaborate with others [16]. Most have 
computers, smartphones, and other types of technology readily 
at their fingertips [16]. However, in typical classrooms, students 
work individually using paper and a writing utensil which is a 
far departure from their preferred communication methods [16]. 
This type of passive teaching/learning technique causes 
students to not learn the material [17]. 
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As Figueroa-Flores [18] noted, 21st century learners need 
increased engagement to grow internal motivation. Utilizing 
new literacies is one way to do this. Knobel and Lankshear [13] 
stated that new literacies “focus on ways in which meaning-
making practices are evolving under contemporary conditions.” 
Examples of new literacies include search engines, e-mail, 
blogs, podcasts, webpages, wikis, and YouTube [19]. New 
literacies tend to have four common elements that guide their 
use:  
1) The Internet and other [information and communication 

technologies] require new social practices, skills, 
strategies, and dispositions for their effective use. 

2) New literacies are central to full civic, economic, and 
personal participation in a global community. 

3) New literacies rapidly change as defining technologies 
change. 

4) New literacies are multiple, multimodal, and multifaceted 
[19]. 

Because of the common goals and aspects of new literacies, 
analyzing their use through a discourse analysis lens is a natural 
fit. New literacies tie to CDA through Element 2, “New 
literacies are central to full civic, economic, and personal 
participation in a global community” [19]. The development of 
civic and personal involvement leans to increased social justice. 
New literacies also link TDA to Element 3, “New literacies 
rapidly change as defining technologies change” [19]. 
Technology changes over time, requiring an increased level of 
literacy skill across a student’s career. 

C. Content Knowledge and Teaching Strategy 

Before examining other methods to teach content area 
literacy, it is vital to understand various shifts in teaching 
practice and strategy. McDairmid [2] noted that teacher 
education programs were honed-in on teaching pedagogically-
sound classroom practices void of subject matter 
considerations. To combat this, Shulman [2] introduced the idea 
of teaching pedagogical content knowledge or PCK. Shulman 
[2] advocated for PCK with the belief teachers would need to 
embrace “the aspects of content most germane to its 
teachability” by tackling both content and pedagogy issues. 
Simply put, PCK enables teachers to interpret the subject matter 
in order to find new ways to make it understandable for learners 
[2].  

Numerous authors have written specifically about difficulties 
appealing to science students while teaching content area 
literacy. Lijnse [20] discussed a “principle of charity” which is 
the notion effective teaching is dependent on the teacher’s 
understanding of student’s language concerning the subject 
area. In science, this means the language used when learning 
about science makes sense to them and serves as “necessary 
starting place for communicating about science” [20]. 
However, this is where the dichotomy lies. While teachers agree 
that the science curriculum needs to be conveyed in ways that 
are meaningful to each student, they feel powerless to change 
the curriculum [20]. Pushes to prepare students for exams and 
standardized testing often limit the amount of time teachers can 
prepare lessons using non-standard content area teaching 

methods [20]. While teachers may strongly believe in using 
alternate methods to teach content area literacy, they can be torn 
when attempting to insert these methods in the classroom [20]. 
Tensions within teachers arise when they attempt to use 
alternate methods to teach content area literacy as they wonder 
if the content is being transmitted in an efficient and 
understandable way [20]. 

Alternatively, some educators’ backgrounds beliefs 
concerning the scientific body of knowledge can be the largest 
barrier to using non-standard methods to teach science content 
area literacy. A rigid view of the scientific method can limit new 
and innovative way to convey the same information [21]-[23]. 
Brickhouse [21] found that this was mostly true in teachers with 
a less contemporary view of teaching content area literacy. 
Hashweh [24] delved further into this phenomenon by 
examining the educational psychology beliefs of teachers in the 
field. The differences in teacher beliefs had a direct impact on 
the actions taken in the classroom [24]. Teachers that 
subscribed to a learning and knowledge empiricist view did not 
take into account students’ prior knowledge but “emphasized 
the scientific method both as a paradigm for scientists and for 
instruction” [20]. Teachers whose foundations was in learning 
and knowledge constructivist theories recognized students’ 
prior knowledge and sought numerous and varied ways to 
“promote the construction of conceptual understandings” [20]. 

In general, Flanagan and Jacobsen [25] assert any issues in 
changing content area teaching techniques can be summarized 
into four categories: pedagogical issues, concerns about equity, 
inadequate professional development, and lack of informed 
leadership. As stated by Mishra and Koehler [2] and Flanagan 
and Jacobsen [25], pedagogical issues can hinder support for 
teachers who seek to intertwine innovative ways to teach 
science content area literacy with scholarly-accepted practices. 
In terms of equity, all schools do not have the same resources 
available to its students [25]. When honing in on the use of 
computers to teach content area literacy, the American 
Association of School Administrators [25] found inequities in 
the use of computers to teach students from poor families, 
minority children, girls, low achievers, students learning to 
speak English, children who live in rural areas and children with 
disabilities. As science and digital equipment can be costly, this 
then can lead to public schools or schools with low socio-
economic status to be at a significant disadvantage when 
seeking cutting-edge methods to teach science content area 
literacy [25]. A third issue is limited access to appropriate types 
of ongoing professional development for teachers [25]. Some 
teachers may lack the Technological Pedagogical Knowledge 
(TPK) to use particular technologies in the classroom and do 
not know how to pair technology with their classroom goals [2]. 
Even for teachers that actively seek to use novel science content 
area literacy teaching techniques, the necessary training can be 
either costly or non-existent [25]. In the digital realm, these 
teachers may not have access to the programs learning in the 
training courses which leads to a degradation of skills; what is 
not used is forgotten [25]. A second-order effect of this is 
teachers are much more skeptical of learning anything outside 
of what resources are within arms’ reach [25]. The last 
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impediment to teaching science content area literacy in new 
ways is a lack of informed leadership [25]. If administrators do 
not have the required vision and experience to guide teachers, 
advancements cannot take place [25]. Unfortunately, this means 
even schools with the right resources can be using them for less 
than desired teaching outcomes [25]. One example of this is 
schools using computer labs solely for typing versus teaching 
internet research techniques.  

D. Content Area Literacy Development Using New Literacies 

As discussed by Lesley et al. [26], digital media has become 
a driving force in current education practices. In addition to 
increased computer use in every classroom, students are now 
bombarded with social media such as Facebook and Twitter. 
With digital media being so readily available, scientists and 
scientific agencies are now looking for ways to make science 
more accessible and teachers are seeking ways to effectively 
teach in these new literacy forms. Twitter features an extensive 
list of science professionals, professional organizations such as 
the Nashville Chapter of the American Chemical Society, and 
teacher resources like Go! Chemistry Videos and Molecular Jig 
Games [27]. Feeds such as CitSciAssoc exist solely to educate 
regular citizens about science topics in 140 characters [27]. 
These organizations, in addition to many others, are attempting 
to integrate science into young students’ learning experiences 
by appealing to them in their “native language.” To further 
content and electronic media literacy, assignments can be to list 
the top five science feeds a student found interesting. Teachers 
can pull up sites like these to use as introductions to various 
lessons. For instance, for a lesson on chemistry, a chemistry 
video could be shown illustrating the type of chemical reaction 
being taught in class. Both in-class practice and student 
research on electronic media sites will allow students to learn 
not only more about a particular field of science, but also how 
to use new sources of media for research purposes.  

Computer programs can also have a long-lasting and valued 
impact on young scientific learners. Programs such as Alien 
Contact! were designed as an aid to teach math, language arts, 
and scientific literacy skills to middle and high school-aged 
students [28]. Designed by Dunleavy et al. [28] in collaboration 
with MIT and the University of Wisconsin at Madison, students 
can navigate a virtual world that is overlaid on a real space. 
Interactive video, audio, and text files in the specially-designed 
GPS and handheld computer programs are triggered when 
students come within thirty feet of a “digital artifact” [28]. 
Through student interactions with aliens that have landed on 
Earth, students can learn how to collect evidence that can be 
pieced together to determine why the aliens landed [28]. These 
interactions teach the scientific process and language in 
addition to allowing students to practice higher-level orders of 
thinking [28]. Open game play that gives students options on 
types and frequency of interactions paired with multiple entry 
points for teachers to build other iterations appeals to both 
teachers and students. Giving students an option on how to 
interact with the aliens and where they should explore keeps 
them interested while meeting Massachusetts State Science 
Standards [28].  

Dunleavy et al. [28] spent a year collecting observations and 
interviews from the eighty middle and high school students and 
six teachers who took part in the study. The study found 
students of all socio-economic backgrounds enjoyed learning 
not only how to use the technology, but also the subject area 
requirements [28]. While in its current state large-scale 
implementation may be difficult, future iterations of the game 
may allow teachers to use the four roles (chemist, cryptologist, 
computer hacker, and FBI agent) available to students to 
“accommodate, leverage, remediate, or reinforce various skills 
sets of individual students” [28].  

Shulman [2] also highlighted the transformative nature of 
technology in the classroom. Modern interactive multimedia 
simulations in addition to use of digital whiteboards, the 
internet, and other such applications can appeal to students’ 
interests while making the information “accessible and 
comprehensible” [2]. One such example is the use of CHIME, 
an online program/plug-in that can display, rotate, and reformat 
2D and 3D molecules. This tool allows learners to relate to the 
molecules by giving them the opportunity to see and manipulate 
them [2]. Using tools such as CHIME or the numerous virtual 
labs available to students aids them in making sense of models, 
diagrams, simulations and graphs, all of which are vital parts of 
scientific literacy [14]. The use of these types of programs can 
be powerful if incorporated in a meaningful way that furthers 
course goals and teacher pedagogical practices. As Mishra and 
Koehler [2] point out, pedagogy directly impacts the tools 
available to students and how they are implemented in the 
classroom.  

E. Content Area Literacy and Pedagogies 

A second way to grow content area literacy is to change the 
pedagogy used in the classroom. While science classrooms may 
bring memories of one-sided lectures, a shift from teacher-
centered to student-centered learning can be seen throughout 
US classrooms. One example of this is Jake, a veteran high 
school science teacher. In his classroom, he spends ample time 
creating opportunities to teach authentic problems, science 
ideas, student and teacher collaboration [20]. He also invites 
two-way dialog that “promotes thinking, questioning, and 
extension” [20]. This type of teaching requires higher levels of 
pedagogical and content knowledge but ultimately allows for 
students to gain critical content area literacy in ways 
meaningful to the student [20]. A change from teacher-centered 
to student-centered learning also permits teachers to link 
knowing science to doing science [20]. Learning by discovery 
is part of the authentic scientific experience “in which practices 
and scientific ideas are not separable understandings, but rather 
interconnected and mutually supportive strands of science 
literacy” [20]. Additionally, authentic experiences give students 
opportunities to tap into their prior knowledge base by creating 
opportunities to learn through experiences with familiar objects 
[14]. These authentic scientific experiences allow students to 
apply what they learned on a global level, a key part of science 
literacy [14].  

Another change in pedagogy is teaching science content area 
literacy along with other content areas. One trend among 
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teachers is to integrate language arts literacy with science [20]. 
Combining literature with science not only “humanizes science 
in the eyes of children and parents” while challenging the 
stereotype science is “a sterile, noncreative subject that is 
unrelated to the arts” [29]. Science inquiry can be tied to using 
a wide range of writing styles that includes creative stories, 
journals, and observations [20]. These alternative forms of 
writing still allow for scientific discussion and discourse to 
occur among students and teachers, a staple of inquiry learning. 
One specific type of writing that can be used in scientific 
settings is the multigenre essay. Multigenre essays combine 
various expressive styles such as essays, poems, and drawings 
to convey a unified message [30]. While atypical of scientific 
writings, multigenre essays can teach the same content area 
facts and vocabulary in a way that is more accessible to learners. 
Students can also convey their findings, whether it be 
experimental results or a recap of a book chapter or module, in 
a way that is meaningful to them. Multigenre essays, like other 
narrative works, may assist students in “constructing 
explanations and arguments, which are essential components of 
scientific discourse” [14]. These personal expressions allow 
teachers to see what learning has occurred, what 
misconceptions need to be addressed, and what concerns the 
student may have. Other content literacy advocates like Lesley 
et al. [26] advocate that writing of any type can help prepare 
students for future success both in and outside of their studies 
in a given area. Considering most students will not go on to 
pursue careers in science, teachers can teach science content 
literacy while supporting them in reading, writing, and 
communication skills [14]. 

Changing content area teacher pedagogy to make them 
believe they are responsible for teaching reading 
comprehension, at least in their content area, will provide 
students with future academic success in other subject areas. 
The National Reading Panel (NRP) [31] drafted eight reading 
strategies based on research conducted. Five of the strategies, 
cooperative learning, story structure, question generation, 
summarization, and multiple strategy instruction, are better 
suited to be taught through non-standard scientific writing 
styles. Story structure teaches students to ask and answer who, 
what, where, when and why questions about a given passage 
[32]. Question generation asks these questions plus “What will 
happen?” [32]. Teachers can employ these two tactics in 
classrooms by asking their students to write news-type stories 
about a scientific article. Summarization, or having the reader 
write the main ideas of a work and then tying them into one 
coherent paper, can take on the form of poems, stories, or 
drawings [32]. Multiple strategy instruction and cooperative 
learning best teach comprehension by allowing students to learn 
from each other and the teacher is flexible and differing 
interactions [32]. Sadly, most teachers observed in a study 
conducted by Ness [32] did not feel qualified nor responsible 
for teaching comprehension. As a result, only 3%, or 82 
minutes, of classroom time in four middle school and four high 
school classes was observed. However, the same teachers could 
not deny comprehension is beneficial for students of all levels. 
Alternate forms of writing lean toward growing students’ 

reading comprehension while showcasing their scientific 
knowledge in easy-to-understand ways. 

IV. FINDINGS 

The teachers can employ new and existing technologies such 
as Twitter, Facebook, virtual labs, and science-based computer 
programs to expose students to scientific concepts. These 
technologies can also relate to students using language and 
contexts they already understand and can better prepare them to 
use technology for educational purposes which falls in line with 
Piaget’s theory of cognitive development. Student-centered 
teaching practices like inquiry learning give students 
opportunities to discover science in ways meaningful to them, 
links knowing science to doing science and allows for student-
teacher and student-student collaboration. Student-centered 
learning also provides authentic science opportunities, gives 
students opportunities to access prior knowledge to reinforce 
learned facts, and creates global learners. Both of these aspects 
tie to situated cognition theory. Lastly, combining science 
content area teaching with other subjects can create close ties 
between multiple subject areas while promoting writing in 
easy-to-understand ways. Students can learn the practices and 
vocabulary needed to identify with the scientific community 
using any of the above-mentioned methods as long as there is 
an emphasis on teaching and learning accurate science. This 
interaction between students writing and others reading their 
work is part of Rosenblatt’s transactional theory [10]. 
Exercising the use of new literacies to teach science content 
area literacy supports Common Core standards across the K-12 
curriculum. 

While there are clear methods to update science content area 
teachings, there are issues to wide-spread implementation. 
First, adding various forms of technology to the classroom may 
not be feasible due to budget limitations. Additionally, teachers 
must have the pre-requisite TK to employ the chosen 
technology [2]. The goal is to not only mimic the scientific 
knowledge the teacher wishes to convey but also the technical 
knowledge needed to succeed in future academic and scientific 
endeavors. To use student-centered learning and paired 
teaching techniques, teachers must have deep PK in order to 
shift their practices [2]. This shift may result in more time taken 
to both draft and implement teaching plans. The teacher will 
also need enough content knowledge to be able to explain the 
science concepts and vocabulary in novel ways [2]. Teaching 
science with another content area may require two or more 
teachers to work together to create joint lesson plans. Fig. 1 
summarizes these findings. 

In terms of CDA, employing new literacies to further science 
content area literacy is part of social justice. The internet is a 
vital part of classrooms in developed areas [19]. However, as 
previously stated, schools in low socio-economic communities 
may not have equal access to digital resources [19]. Because of 
this, developing science content area literacy across a global 
community may not be even due to a lack of resources [19]. As 
Yang et al. [32] found, this disparity between urban and rural 
areas is the most prominent factor in education inequality. 
Without equal opportunities to learn science content area 
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literacy, future scientists may predominantly come from areas 
with advanced technologies while discouraging students from 
more disadvantaged areas. Programs such as Thailand’s “One 
Tablet PC per Child” attempted to close the technological gap 
but still struggled based on poor internet connection and 
infrastructure [34]. The United Nations even attempted to 

address this growing divide through the coordination of efforts 
that try to grow the capacity for universal education 
opportunities [33]. While technology implementation may be 
difficult for K-12 teachers, new literacies implementation has 
been credited with assisting with language scaffolding and 
support for independent reading and writing [35]. 

 
Method Example(s) Benefit(s) Issue to implementation Reference

Digital Media Twitter
Teaches students how to use existing technology for 
scientific purposes

Potential lack of computers in the 
classroom and/or at home [26}

Facebook Appeals to  students in their "native language"
Teacher must have appropriate 
technical knowledge (TK) [2]

Computer 
programs/software CHIME Uses games to teach science

Potential lack of computers in the 
classroom and/or at home [28]

Alien Contact!
Can pair science with other content areas (math, 
language arts, etc) Programs/add-ons may be costly [2]

Virtual labs
Can safely teach science skills (i.e. labs can be 
conducted without incident) [14]

Whiteboards
Teaches how to use new forms of media for 
educational purposes

Teacher must have appropriate 
technical knowledge (TK) [2]

Allows students to easily see what may not been 
seen/experienced by the naked eye

Student-centered 
learning Inquiry method

Gives students opportunities to discover science in 
ways meaningful to them

Requires pedigogical change in 
teaching practices and deep 
pedigogical knowledge (PK) [20]

Links knowing science to doing science [2]

Allows student-teacher and student-student 
collaboration

May take more time to implement in 
large classrooms [14]

Provides authentic/real-world science opportunities
Requires appropriate content 
knowledge (CK) [2]

Gives students opportuniities to access prior 
knowledge to reinforce learned facts

Creates global learners

Combining content 
area teaching

Science with 
language arts Humanizes science

Requires pedigogical change in 
teaching practices [29]

Creates close ties between science and the arts [2]

Promotes writing and discussing science

May require two or more teachers to 
construct and teach joint lesson plans 
(time and class size issues) [30]

Promotes writing about science in easy to 
understand and creative ways

May require more time spent 
teaching/grading to understand and 
address misconceptions [14]

Provides opportunities to practice writing that 
mimics real-world skills [26]

Fig. 1 Methods to Develop Scientific Content Area Literacy 
 

TDA also addresses disparities in science content area 
literacy development. In various areas such as rural China, there 
is only one teacher available to address all students’ needs to 
include maintaining facilities, cooking, and teaching [33]. 
Ensuring that teachers in these schools have the qualifications 
to expertly instruct science content area literacy using new 
literacies to students over time is difficult and may lead to an 
atrophy of content area literacy ability [33]. Additionally, 
efforts to improve the literacy foundation of adolescents has not 
yielded positive growth in literacy later in life [36]. High school 
students were found to still struggle to read more advanced texts 
because of a lack of mastery of reading tools used in early 

grades [36]. As typical reading skills used in higher levels may 
not be generalizable, the use of new literacies that students are 
familiar with may help overcome content area literacy barriers 
[36]. 

V. SUGGESTIONS FOR FUTURE RESEARCH 

Based on the research above, there are many suggestions for 
teachers and for future research. Teachers should first gauge 
what resources are available to students both in and out of the 
classroom. Assigning take-home assignments to students that 
require internet use when they do not have access could lead to 
both negative attitudes toward learning and a larger educational 
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divide among students. Instead, teachers should provide the 
means to complete assignments and activities using classroom 
resources if necessary so all students can take part in 
meaningful learning. Second, teachers should look for ways to 
use students’ prior knowledge to grow scientific content area 
literacy. This includes tapping into knowledge gained from 
other courses and content areas and working with other teachers 
for cross-collaboration. Third, teachers should look for ways to 
assess content area literacy growth using interactions with new 
literacies. This may mean creating new rubrics that are more 
inclusive of technology use. Lastly, teachers should also seek 
ways to assess scientific content area literacy growth over time. 
Doing so may require the use of portfolios and/or giving the 
same assessment to students at multiple times in their academic 
careers. 

Many of the suggestions also tie to future research. One 
future study could look at scientific content area literacy growth 
over time. Students who use new literacies for content area 
literacy development would be tracked and progress gauged 
through standardized and/or peer-vetted assessments. Another 
study could be focused on scientific content area growth per 
new literacy. A content area literacy assessment would be given 
at the beginning and end of a module or teaching block. During 
the block, students would be given one new literacy such as 
Twitter or a computer game to use to learn about the content. 
The results of the assessment would then be compared to 
determine which new literacies are most effective in growing 
the desired content area literacy. Yet another study could 
compare content area literacy growth for students who use new 
literacies versus those who do not. This study could also include 
the time students spend using the new literacy to determine if 
there is a correlation between usage and literacy growth. 

VI. CONCLUSION 

The literature review above proves that there are multiple 
ways the question “What are some of the ways in which new 
forms of literacy are better suited to teach science content area 
literacy to 21st century learners?” can be answered. The use of 
new literacies within K-12 classrooms is critical to the 
development of content area literacy within students. Posting 
and reading others’ inputs in Twitter or Facebook support 
Rosenblatt’s transactional theory [10]. Computer programs that 
allow students to interact with an authentic environment is part 
of situated cognition theory. Moving to student-centered 
teaching practices to include new literacies work that are 
sustained over time ties to Piaget’s theory of cognitive 
development. New literacies are a vital part of Common Core 
curriculum support and development. However, wide-spread 
use of new literacies for scientific content area literacy 
development may be limited due to a lack of technology which 
leads to inequalities in education as analyzed through CDA. 
Teachers may also not use new literacies for scientific literacy 
development because of their own lack of development. The 
inability to advance student skills, such as scientific content 
area literacy, over time is part of TDA. For new literacies to be 
effective in growing scientific content area literacy, teachers 
need to adopt student-centered pedagogical practices. 

As stated by Matson and Parsons [37], “Science itself is not 
static nor should science teaching be unchanging. We need to 
ensure that teachers are aware of this aspect of science.” Krajcik 
et al. [38] take this further by asserting “Understanding how 
scientists build, evaluate, and apply scientific knowledge is a 
core part of this emerging consensus view of scientific literacy.” 
This literacy can be taught using existing and emerging 
technology paired with atypical methods to teach, read, and 
write about science. While educators may embrace the ever-
changing nature of science, they may be less enthused or able 
to embrace the changing nature of teaching science quite as 
easily. This may be for a variety of reasons that include a fear 
of change and lack of time and support. But as Mishra and 
Koehler [2] write, “the fact that these technologies are here to 
stay cannot be doubted.” 

REFERENCES  
[1] Common Core State Standards Initiative. (2015). Retrieved from 

http://www.corestandards.org/read-the-standards/  
[2] Mishra, P., and Koehler, M.J. (2006). Technological pedagogical content 

knowledge: a framework for teacher knowledge. Teachers College 
Record, 108(6), 1017-1054. 

[3] Farrelly, M. (2020). Critical discourse analysis. In P. Atkinson, S. 
Delamont, A. Cernat, J. W. Sakshaug, & R. A. Williams (Eds). SAGE 
research methods foundations (pp. 98-104). Los Angeles, CA: Sage. 

[4] Van Dijk, T. A. (2015). Critical discourse analysis. In D. Tannen, H. 
Hamilton, & D. Schiffrin, (Eds.). Handbook of discourse analysis (pp. 
352-371). Hoboken, NJ: John Wiley & Sons, Inc.  

[5] Wodak, R. (2009). Critical discourse analysis: History, agenda, theory, 
and methodology. In R. Wodak & M. Meyer (Eds.), Methods for critical 
discourse analysis (pp. 1-33). Los Angeles, CA: Sage.  

[6] Barnes, D. (1992). The role of talk in learning. In K. Norman (Ed.) 
Thinking voices: The work of the national oracy project (pp. 123-128). 
London, UK: Hodder & Stoughton. 

[7] Mercer, N. (2008). The seeds of time: Why classroom dialogue needs a 
temporal analysis. Journal of the Learning Sciences, 17(1), 33-59. 

[8] Piaget, J. (1952) The origins of intelligence in children. (M. Cook, Trans.). 
New York, NY: Harcourt, Brace. (Original work published 1936) 

[9] Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the 
culture of learning. Educational Researcher, 18(1), 32–42. 

[10] Rosenblatt, L. (1978). The reader, the text, and the poem: The 
transactional theory of literary work. Carbondale, IL: Southern Illinois 
University Press. 

[11] Rich, E. (2010, October 11). How do you define 21st-century learning? 
Education Week. Retrieved from 
https://www.edweek.org/tsb/articles/2010/10/12/01panel.h04.html#:~:te
xt=Twenty%2Dfirst%2Dcentury%20learning%20means,and%20respect
%20for%20diverse%20cultures  

[12] Albers, P., Holbrook, T. & Flint, A. (Eds). (2014). New methods of 
literacy research. Routledge, NY: Guilford Press. 

[13] Knobel, M., & Lankshear, C. (2014). Studying new literacies. Journal of 
Adolescent and Adult Literacy, 58(2), 97-101. 

[14] Krajcik, J.S., and Sutherland, L.M. (2010). Supporting students in 
developing literacy in science. Science, 328, 456-459.  

[15] Partnership for 21st Century Skills. (2009). P21 framework definitions. 
Retrieved from https://files.eric.ed.gov/fulltext/ed5194a62.pdf  

[16] Pearlman, B. (2010). Designing new learning environments to support 21st 
century skills. In J. A. Bellanca & R. S. Brandt (Eds). 21st century skills: 
Rethinking how students learn (pp. 116-147). Bloomington, IN: Solution 
Tree Press. 

[17] Michel, N., Cater III, J. J., & Varela, O. (2009). Active versus passive 
teaching styles: An empirical study of student learning outcomes. Human 
Resource Development, 20(4), 397-418. 

[18] Figueroa-Flores, J. F. (2016). Gamification and game-based learning: 
Two strategies for the 21st century learner. World Journal of Educational 
Research, 3(2), 507-522. 

[19] International Literacy Association. (2009). New literacies and 21st-
century technologies. Retrieved from 
https://www.literacyworldwide.org/docs/default-source/where-we-

World Academy of Science, Engineering and Technology
International Journal of Educational and Pedagogical Sciences

 Vol:16, No:9, 2022 

460International Scholarly and Scientific Research & Innovation 16(9) 2022 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
du

ca
tio

na
l a

nd
 P

ed
ag

og
ic

al
 S

ci
en

ce
s 

V
ol

:1
6,

 N
o:

9,
 2

02
2 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
12

65
8/

pd
f



 

 

stand/new-literacies-21st-century-position-statement.pdf?sfvrsn=6  
[20] Keys, C.W., and Bryan, L.A. (2000). Co-constructing inquiry-based 

science with teachers: essential research for lasting reform. Journal of 
Research in Science Teaching, 38(6), 631-645. 

[21] Brickhouse, N.W. (1990). Teachers' beliefs about the nature of science 
and their relationship to classroom practice. Journal of Teacher 
Education, 41, 53-62. 

[22] Duschl, R.A., & Wright, E. (1989). A case study of high school teachers' 
decision making models for planning and teaching science. Journal of 
Research in Science Teaching, 26, 467- 501.  

[23] Gallagher, J.J. (1991). Prospective and practicing secondary school 
science teachers' beliefs about the philosophy of science. Science 
Education, 75, 121-133.  

[24] Hashweh, M.Z. (1996). Effects of science teachers' epistemological 
beliefs in teaching. Journal of Research in Science Teaching, 33, 47-63.  

[25] Flanagan, L., and Jacobsen, M. (2003). Technology leadership for the 
twenty-first century principal. Journal of Educational Administration, 
41(2), 124-142. 

[26] Lesley, M., McMillan, S., & Webb, S. (2012). Taking a multiliteracies 
approach to content area literacy, (2nd ed.). Dubuque, IA: Kendall Hunt 
Publishing Company. 

[27] List of Science Members on Twitter. Retrieved from 
https://twitter.com/2footgiraffe/lists/science-on-twitter/members  

[28] Dunleavy, M., Dede, C., and Mitchell, R. (2009). Affordances and 
limitations of immersive participatory augmented reality simulations for 
teaching and learning. Journal of Science Educational Technology, 18, 7-
22. 

[29] Columba, L., Kim, C. Y., & Moe, A. J. (2005) The power of picture books 
in teaching math, science, and social studies. Scottsdale, AZ: Holcomb 
Hathaway, Publishers. 

[30] Romano, T. (2000). Blending genre, altering style. Portsmouth, NH: 
Boynton/Cook Publishers. 

[31] National Reading Panel (2000). Teaching children to read: An evidence-
based assessment of the scientific research literature on reading and its 
implication for reading instruction: Reports of the subgroups. 
Washington, DC: National Institute of Child Health and Development. 

[32] Ness, M.K. (2010). Reading comprehension strategies in secondary 
content area classrooms: teacher use of and attitudes towards reading 
comprehension instruction. Reading Horizons, 49.2, 143-166. 

[33] Yang, H. H., Zhu, S., & MacLeod, J. (2018). Promoting education equity 
in rural and underdeveloped areas: Cases on computer-supported 
collaborative teaching in China. EURASIA Journal of Mathematics, 
Science and Technology Education, 14(6), 2393-2405. 

[34] Pruit, P., Ang, C. S., Farzin, D., & Chaiwut, N. (2015, June). Exploring 
the internet of “Educational Things” (IoET) in rural underprivileged areas. 
In 2015 12th International Conference on Electrical 
Engineering/Electronics, Computer, Telecommunications and 
Information Technology (ECTI-CON) (pp. 1-5). IEEE. 

[35] Warschauer, M., Grant, D., Del Real, G., & Rousseau, M. (2004). 
Promoting academic literacy with technology: Successful laptop 
programs in K-12 schools. System, 32(4), 525-537. 

[36] Shanahan, T., & Shanahan, C. (2008). Teaching disciplinary literacy to 
adolescents: Rethinking content-area literacy. Harvard Educational 
Review, 78(1), 40-59. 

[37] Matson, J.O., and Parsons, S. (1998). The nature of science: achieving 
science literacy by doing science. In W. F. McComas (Ed). The nature of 
science in science education: Rationales and strategies (pp. 223-230). 
Amsterdam, The Netherlands: Kluwer Academic Publishers. 

[38] Krajcik, J.S, McNeill., K.L., Reiser, B.J. (2007). Learning-goals-driven 
design model: developing curriculum materials that align with national 
standards and incorporate project-based pedagogy. Retrieved from 
http://onlinelibrary.wiley.com/doi/10.1002/asce.20240/epdf  

 
 
Melissa C. LaDuke earned her PhD in curriculum and instruction fron Texas 
Tech University in Lubbock, Texas, USA. Prior to that, Dr. LaDuke completed 
her bachelor’s degree in chemistry from Hawaii Pacific University, Honolulu, 
HI, USA and Master’s degree in chemistry from University of Dayton, Dayton, 
OH, USA. 

She currently serves as a faculty member at National Intelligence University 
in Bethesda, MD, USA. She has been in the U.S. Air Force since 2005 and held 
instructor and faculty positions within the U.S. Air Force Academy, U.S. Air 
Force Reserve Officer Training Corps, Global School for Professional Military 
Education, and Squadron Officer School. In addition, she has spoken at 
numerous national and international conferences. Her research interests include 

adult education, teacher education, and online education.Dr. LaDuke is a 
member of the Literary Research Association, Association for the Study of 
Higher Education, and International Society for the Scholarship of Teaching 
and Learning. Dr. LaDuke also chairs the Committee for Inclusion and Equity 
for the Association of American University Women. 
 
 
 
 
 
 
 
 
 
 

World Academy of Science, Engineering and Technology
International Journal of Educational and Pedagogical Sciences

 Vol:16, No:9, 2022 

461International Scholarly and Scientific Research & Innovation 16(9) 2022 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
du

ca
tio

na
l a

nd
 P

ed
ag

og
ic

al
 S

ci
en

ce
s 

V
ol

:1
6,

 N
o:

9,
 2

02
2 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
12

65
8/

pd
f


