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Abstract
This study explores how middle-school students engaged in multimodal analyses of video
games. The 31 participating children spent one hour for four consecutive days playing video
games, analyzing multimodal symbols within games, and writing reflections about how various
multimodal symbols informed their interpretation, learning, and decision-making processes
during gameplay. Participant analyses were guided by the Gamer Response and Decision
(GRAD) Framework and a variety of researcher-created writing prompts. The data for this study
consisted of 124 reflections from students, which were analyzed using descriptive and process
coding via template analysis. Results indicate that students identified a variety of ways
multimodal symbols, including dynamic visuals, audio, oral language, written language, abstract
symbols, and tactile experiences, influenced interpretation and decision-making processes during
gameplay. This article illustrates how children’s video game literacies are relevant to English
language arts education and demonstrates opportunities for classroom instruction.
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Substantial scholarly attention has been paid to expansive views of literacy over the last
25 years (Alvermann & Kaminski Sanders, 2019; New London Group, 1996). Generally, there
has been a shift away from traditional conceptions of literacy, which focus primarily on the
written word, and an increased focus on how new literacy practices develop, which are highly
mediated by new technologies and a variety of social practices (Lankshear & Knobel, 2011).
Researchers recognize there are multiple literacies, or multiliteracies, in which people interpret
and communicate using a variety of modes of communication for various social purposes (Cope
& Kalantzis, 2016).
An important theme across this research is multimodality. Scholars interested in
multimodality recognize that many texts in the 21st century are multimodal in nature, regularly
combining written language, oral language, images, videos, sounds, and other forms of
communication (Kalantzis et al., 2016; Silva Dos Santos et al., 2020). Different communicative
modes can convey different types of information, and combining different communicative modes
into a single text or artifact allows authors/creators to effectively convey their ideas to an
audience (Kress, 2003). Students regularly need to engage with multimodal texts in the modern
world (Serafini, 2015), as they learn from and communicate through digital media in both formal
and informal learning experiences, such as visiting websites, watching online videos, or even
playing video games. Bezemer & Kress (2015) emphasize that multimodal communication and
learning are intricately linked. Multimodal symbols are ubiquitous and influence how people
make meaning of their environments, meaning that directly impacts their learning. Overall, the
ability to interpret and create multimodal texts presents valuable opportunities for students to
participate and find success in academic, social, economic, and civic processes in the modern
world (Gleason & von Gillern, 2018; Jenkins, 2009).
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The importance of multimodality has been investigated by a variety of scholars from
different disciplines who have examined its relevance for literacy practices including reading
responses (Lee, 2013), disciplinary literacies (Stufft, 2017), digital scrapbooking (Lenters, 2016),
and more. One area that has received relatively little scholarly attention as relates to multimodal
literacy practices is video gaming.
Video Game Literacies
A handful of scholars have recognized the connections between video games and literacy
(Gee, 2003; Squire, 2011; Steinkuehler, 2007). Gee (2003, 2007) was a pioneer in the field,
recognizing that good video games function as learning systems that are multimodal in nature
and integrate numerous learning principles to promote players’ growth and progress within the
game (von Gillern & Alaswad, 2016). For example, Gee notes how video games provide
multimodal information just-in-time and on-demand to help players understand what is expected
of them and how they may proceed. Video games create well-ordered problems to help students
develop basic knowledge and skills first, which they then utilize when encountering more
challenging problems and situations (von Gillern, 2018). All these processes are fundamentally
multimodal in nature and require gamers to engage in complex thinking, learning, and decisionmaking activities (von Gillern, 2016a, 2016b).
Squire (2014) examines video game literacy and emphasizes the importance of
interactivity in video gameplay. While traditional media (e.g., books, movies, and music) are
static in nature (i.e., the words in the book, song, or movie do not change from person to person),
video games are different in that the multimodal symbols (e.g., images, words, sounds, etc.) vary
from person to person and are heavily mediated by the player’s actions and decisions within the
game (Hewett et al., 2020). For example, different players choose different paths, tools, dialogue
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options, and storylines, and these decisions directly affect the multimodal symbols they see, hear,
and experience. Many games (e.g., Minecraft: Story Mode) have dialogue trees. These dialogue
trees present a variety of interactive dialogue options in which players choose how they want
their character to respond to another character or situation in ways that have profound
implications for how the game unfolds including the formation of alliances, quarrels, and how
the game ends.
Given that games are interactive media that present diverging symbols and storylines,
Alberti (2008) argues “video game players are simultaneously readers and writers whose gaming
decisions are inscribed within a certain horizon of possibilities but not predictability” (p. 258).
As gamers read/interpret a variety of multimodal symbols within gameplay, their decisions
impact how the game presents subsequent symbols. These complex literacy processes are worthy
of investigation to understand how students engage with video games as interactive texts (Beavis
et al., 2009).
Conceptual Framework
This research conceptualizes video gameplay as a literacy practice (Squire, 2014) and
more specifically recognizes that people interpret multimodal symbols during gameplay, which
fosters learning and informs decision-making processes (Bezemer & Kress, 2015). While the
Gamer Response and Decision (GRAD) Framework (von Gillern, 2016a; see Figure 1) draws
upon a variety of literature and theoretical perspectives, a few features are particularly relevant to
this study. First, the GRAD Framework utilizes a reader response perspective, and much like
Rosenblatt’s (1994) Transactional Reader Response Theory in which readers draw from their
own backgrounds and experiences while reading and many interactions occur among reader,
author, and text, gamers also interact with the game and comprehend multimodal symbols as
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they process video games as interactive texts. This study also utilizes the concept of selective
attention (Rosenblatt, 1994), which posits that because different readers have different
backgrounds, some people focus more on some textual features than others. Second, the GRAD
Framework draws upon Gibson’s (1977) Theory of Affordances that posits that in order to
interpret and function within the world people identify affordances, which are things that can be
used for some purpose. In video games, for example, in-game objects serve various purposes
(i.e., they have various affordances) that gamers need to identify and then make decisions about
if/how they want to utilize those objects/affordances during video gameplay (Gee, 2015). Third,
multimodality is a critical concept in the GRAD Framework, which recognizes that gamers
interpret and learn from a variety of multimodal symbols (Kalantzis et al., 2016) during
gameplay to understand and guide decision-making processes (Gee, 2015; Squire, 2014)
The GRAD Framework identifies gamers as a fundamental part of video gameplay and
posits that each gamer has his/her own profile consisting of knowledge, experiences, skills,
goals, agency, and self-efficacy, which aligns with Rosenblatt’s (1994) Reader Response Theory
by recognizing all gamers, like all readers, have their own background and experiences.
Knowledge represents how each gamer possesses unique knowledge related to the real world as
well as video games (e.g., how they function, strategies for success, etc.). Experiences relate to
how each gamer has distinct past experiences in both the real world and game worlds that
influence his/her interpretations of the present situation, including those related to video
gameplay, which may relate to issues such as the game’s mechanics, story, or multimodal
information. Skills refer to the accumulated knowledge and experiences influencing gamers’
abilities to perform certain actions, including those necessary to progress in a game. Goals are
important as gamers form goals related to video gameplay. For example, they may seek to
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achieve a high score, collect a variety of in-game items, or beat a level stealthily without alerting
enemies. Agency and self-efficacy refer to how people, including gamers, have agency to act in
various ways and pursue particular goals, and their self-efficacy, or perceived ability to achieve a
particular outcome, influences their actions and what goals they pursue (Bandura, 2006). For
example, gamers with a high-level of self-efficacy related to video gameplay may choose a more
difficult setting for the game or pursue a more difficult path of progression (von Gillern, 2016b).
Figure 1. The Gamer Response and Decision (GRAD) Framework (von Gillern, 2016a)

Furthermore, each game also has its own unique features (i.e., multimodal sensory
display and feedback; story and dramatic elements; game rules, mechanics, and system;
opportunities for personalization; and opportunities for social engagement) that coalesce into the
game profile. Multimodal sensory display and feedback refers to how video games convey
information to players via a variety of multimodal symbols, including visual, written, and
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auditory information. Story and dramatic elements are important in gaming as many video games
have stories and dramatic elements, including plots, characters, settings, problems, and
resolutions. Notably, many of these dramatic elements are influenced by player decisions. For
example, choosing a particular path or dialogue option may unlock some characters, settings, or
resolutions and/or preclude other experiences and outcomes. Game rules, mechanics, and system
are key aspects of video games. Games have rules that dictate what is possible and what is not in
the game as well as mechanics, which relates to how various elements of the games function
including player actions and progression. As used here, the game system “is how the rules and
mechanics combine to create a unique game experience” (von Gillern, 2016a, p.
675). Opportunities for personalization relates to how games present players opportunities to
make decisions about how they want to play the game. For example, games present options
about which items to use, paths to follow, and skills to upgrade. Opportunities for social
engagement are important in video games as games can provide a variety of opportunities for
players to engage socially during gameplay. For example, games provide opportunities for
cooperative and competitive gameplay, which can occur in both face-to-face and online
environments.
Additionally, while many traditional forms of media (e.g., novels, movies, and songs)
require the audience’s attention, the outcome of the story or message is not affected by the
audience. For example, the final chapter in a book has the same words for each reader, as is the
case with any particular scene in a movie. This stands in contrast to video gameplay, in which
gamers constantly make decisions about which paths to take, items to use, and playstyle to
utilize. Thus, the GRAD Framework not only recognizes that gamers draw from their own
backgrounds and experiences as they interact with the game; it also acknowledges the
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importance of players’ decisions during gameplay, which impact how the game (i.e., the text)
unfolds and which multimodal symbols are presented to the gamer. For example, a player who
chooses the left path will see and experience something different than a player who takes the
right path, and other decisions, such as making choices in a dialogue tree or deciding to help one
character instead of another, often lead to completely different events and endings in a game’s
story. Such differences and experiences are conveyed multimodally in a feedback loop in which
gamers are presented multimodal information and then make decisions based on their
interpretations of that information, which in turn impact the presentation of subsequent
multimodal symbols, a process that is repeated throughout gameplay.
Video games convey a variety of multimodal symbols to players and contribute to
gameplay experiences and how video games can be analyzed as texts. Dynamic visuals relate to
visuals that shift during gameplay, such as when one explores a 3D game world. Still images
include static maps and pictures. Audio includes music and sound effects. Oral language is often
present in games via character dialogue and narration. Written language is often used in games
for conveying written directions, explanations, and character dialogue. Abstract symbols include
a variety of visual symbols, such as those that represent health and valuable items. Tactile
experiences occur as players feel the controller, press various buttons, and experience vibrating
controllers that signify important events.
Overall, this study used the GRAD Framework as a conceptual framework to help
investigate and understand the students’ video gameplay experiences. While reader-response
inspired studies can examine readers’ backgrounds to understand how they connect to characters
and story events, this study focuses on participants’ selective attention (i.e., what they paid
attention to) as demonstrated through their written reflections (Rosenblatt, 1994). While the
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GRAD Framework integrates a variety of features and concepts related to video gameplay, the
primary purpose of this study was to investigate how students can engage in analyses of video
games as multimodal and interactive texts. More specifically, this study examined middle-school
students’ written reflections about how they interpret video gameplay experiences with an
emphasis on learning and decision-making processes. In alignment with these goals the
following research question guided the study: How do participants interpret multimodal symbols
during video gameplay and make decisions based upon their interpretations?
Methodology
Research Setting and Data Collection
We communicated with the three middle-school teachers of a nearby private laboratory
school to arrange this research study, which focused on having students analyze video games as
multimodal and interactive texts. Fourteen sixth-graders (9 female, 5 male) and seventeen
seventh-graders (10 female, 7 male) participated in the study. A qualitative approach (Merriam
& Tisdale, 2016) was used to understand the experiences and perceptions of participants. More
specifically, this descriptive case study (Baxter & Jack, 2008) examined the authentic context of
an educational unit in a middle school as a bounded system in which the participating students
engaged in multimodal analyses of video games.
The data collection for this study took place Monday through Thursday during the
morning block. The primary expectations for participants were that they would play video games
for 30 minutes and would then spend 30 minutes engaged in reflective writing based on their
video gameplay experiences. The middle-school teachers formed student groups, ensuring that
each group included both male and female students from both the sixth- and seventh-grade
classes, as the students regularly engage in mixed-grade learning at the school. The teachers
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created a total of four groups (each with either seven or eight members). Group membership
remained constant over the four days of data collection.
One Xbox console was connected to a smart board in the social studies classroom, while
a second Xbox was connected to a smart board in the science/math classroom. The classrooms
are situated side-by-side. This set-up allowed the researcher to monitor both rooms and allowed a
teacher to be present in each classroom. The Xbox in the science/math classroom had four
wireless controllers connected; video game titles available for students to select from in this
room included Minecraft and Zoo Tycoon: Ultimate Animal Collection. The Xbox in the social
studies classroom had two wireless controllers connected; video game titles available for
students to select from in this room included Minecraft: Story Mode – Season 2 and LEGO
Worlds. These games were chosen as they are family- and teacher-friendly and incorporate a
variety of multimodal symbols for students to analyze and interact with. As there were two
Xboxes but four groups, two of the groups went first (while the other two groups worked on
other class assignments), then the groups switched after 30 minutes. The schedule is presented
below:
9:00 - 9:30 am: Groups 1 and 2 play while Groups 3 and 4 work on other activities.
9:30 - 10:00 am: Groups 3 and 4 play while Groups 1 and 2 work on other activities.
10:00 - 10:30 am: All groups write their video game reflections.
(Note: Groups 1 and 2 played in the first slot the first two days and then switched to the
second time block for the last two days, which resulted in all groups playing first for two days
and second for the other two days).
Additionally, each group spent two days playing video games in the science classroom
and two days playing video games in the social studies classroom, which gave them access to
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different games. In the science classroom, each group during each session all four days chose to
play Minecraft. No group ever chose to play Zoo Tycoon. In the social studies classroom, both
Minecraft: Story Mode – Season 2 and LEGO Worlds were selected throughout the week. Since
each group had seven to eight members, students were responsible for allocating their time to
ensure that all members were able to participate. Students engaged in both single-player and
multiplayer experiences, in which some group members actively played the game while others
watched the screen and often provided commentary and suggestions.
Researcher-created writing prompts were provided to students each of the four days. On
the second day, prior to video gameplay, a researcher presented the GRAD Framework to
students and engaged the group in a discussion of multimodal symbols and decision making in
video games. All students received a visual representation of the GRAD Framework and a table
listing multimodal symbols that they could refer to while completing their writing prompts for
the remainder of the week. The researchers incorporated different prompts across data collection
days to keep the prompts fresh for the participants as well as to gather data on different topics. A
sample of the writing prompts are as follows:
•

Describe what these multimodal symbols told you or helped you know while you played.
What did you learn about the game and game world through these symbols? What is the
game world like?

•

How did these informative symbols influence your decisions during gameplay? What did
you see, hear, or read that influenced your decisions in the game? Consider the things you
did, strategies you chose, places you visited, and items you chose while playing.

•

What did you learn through your decisions? Did you learn that some things were
possible, while other things were not possible? Did you learn that some strategies and
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approaches were effective for progressing in the game while others were not? Please
describe anything that you learned from today’s game-play.
Data consisted primarily of students’ written responses to the prompts. Each of the 31
students completed four reflections (one per day) for a total of 124 reflections. While responses
to prompts on the first day tended to fill just over half a sheet of paper, responses for days two
through four averaged between one and two pages of notebook paper.
Data Analysis
The writing prompts for each day were paired with students’ handwritten responses on
notebook paper. After making digital copies of all the reflections, the researchers individually
coded the data for each student, starting with day one and continuing through day four for the
first student, before moving on to the next student. In this approach, each researcher was able to
focus on the experiences of a single student across the four days of data collection.
The researchers utilized template analysis (King, 2012) to interpret the participants’
written responses to the writing prompts. The template analysis began by both researchers
completing an initial review of the data to develop an understanding of the overall data set and
participants’ written responses. Next, a variety of a priori codes inspired by the GRAD
Framework were developed into a template to guide the coding process using key concepts that
were present in the initial review and aligned with the research question (Brooks, McClusky,
Turley, & King, 2015). Two primary types of codes were included in the coding template:
descriptive and process (Saldaña, 2016). Given this study’s emphasis on multimodality,
descriptive codes, which summarize key aspects of a passage, were used to identify how
participants recognized various multimodal symbols within their gameplay experiences. To this
end, the researchers utilized the following a priori descriptive codes, which align with the GRAD
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Framework (von Gillern, 2016a), to illustrate the multimodal aspects of video gameplay that
participants explored.
Dynamic = Dynamic Visuals (e.g., visuals that shift as one explores a 3D game world)
Still = Still images (e.g., still maps and pictures)
Audio = Audio (e.g., sound effects and music)
Oral = Oral Language (e.g., character dialogue and narration)
Written = Written Language (e.g., written directions, explanations, and character dialogue)
Abstract = Abstract Symbols (e.g., symbols that represent health and important items)
Tactile = Tactile Experiences (e.g., vibrating controllers that signify an event)
Furthermore, the researchers utilized process codes, which aligned with the GRAD
Framework and highlighted instances of participants engaging in processes and actions related to
the research question. Two a priori process codes were utilized:
I = Interpreting
DM = Decision Making
After each researcher independently coded the 124 participant reflections, they examined
their collaborator’s coding document to determine differences and identify any disagreements.
When disagreements were found, the researchers discussed their rationale and agreed on a
particular course of action in terms of interpreting the codes. For example, one researcher
identified maps within the game as still images while the other identified maps as dynamic
visuals. After deliberating, the researchers decided to code the maps in these games as dynamic
visuals as the information on the map changed frequently.
After these initial coding processes, the coded data were further analyzed by identifying
patterns of how particular types of multimodal symbols influenced participants’ interpretation
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and decision-making processes, which is central to the results presented below. For example,
participants recognized hearts, which illustrate player health in the game and were coded as
abstract symbols; the hearts influenced decision-making processes in that when a player had a
low heart count, he/she sought to escape dangerous situations to avoid dying.
Ultimately, this overall approach to coding and data analysis was guided by the research
question and illuminated how participants identified, interpreted, and made decisions based on
multimodal symbols present while they played video games. The results below illustrate how
multimodal symbols convey important aspects of video gameplay and are central to players’
interpretations and decision-making processes as they comprehend and engage with video games
as interactive texts.
Results
Given the emphasis of the prompts and analysis on multimodality in video gameplay,
particularly as relates to interpreting multimodal information to learn about and make decisions
during gameplay, different types of multimodal elements and their relevance to participant
learning and decision making is the focus of the results below. Each section illustrates the types
of information students identified from various communicative modes and the relevance of that
information to their learning and decision-making processes.
Dynamic Visuals
In their written reflections, students indicated various occurrences of the impact of
dynamic visuals on their game interpretation and decisions-making processes. Several students,
for example, noted Minecraft’s use of dynamic visuals to indicate time of day/night (such as
noting the sun’s position in the sky or the brightness of the sun’s light) and reflected upon the
ways that this information impacted their thinking and decision-making processes during

Journal of Literacy and Technology
Volume 22, Number 2: Winter 2021
ISSN: 1535-0975

17

gameplay. Sophie (all student names are pseudonyms), a sixth-grade student, wrote that “The sky
told me whether I should stay inside or explore. If it was at night, I would be in the house to
avoid monsters and during the day I could explore because there weren’t monsters.” Allison,
another sixth-grader, wrote “When it got dark outside you had to build a house to stay safe from
the zombies,” which illustrates the impact of dynamic visuals related to the sun and their
influence on her decision-making. Students actively analyzed and interpreted information
presented by dynamic visuals in the game, such as those representing time of day, and reflected
on the impact of such information on their video gameplay decision-making processes.
Students also used dynamic visuals when playing LEGO Worlds (see Figure 2). Sixthgrader Hailey wrote that “Sometimes things would glow, which made me want to check them
out. One time, there was a glowing treasure chest, so we looked in it and got some money.”
Hailey interpreted an affordance of the glowing chest (i.e., that it can be opened and likely
contained valuables) and decided to open the chest and see what was inside. Austin, a sixthgrade boy, wrote “The tutorial cutscenes helped you to tell how the game works.” (Cutscenes are
essentially short videos that occur in video games to convey story elements or other useful
information for the gamer.) Such instances highlighted by the students demonstrate how they
interpreted visuals in the game world and how games emphasize certain information visually to
develop the player’s knowledge and guide decisions.
Figure 2. Screenshot of LEGO: Worlds
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Dynamic visuals were often interpreted in conjunction with other symbols to inform the
player about the game world and events within. Julee, a seventh-grader who played Minecraft:
Story Mode - Season 2 wrote in depth about characters, conversations, and her personal meaning
making and decision-making processes that were influenced by dynamic visuals (e.g., character
expressions) along with oral language (e.g., character dialogue), which was also represented with
written language as subtitles. Julee wrote:
The characters in [Minecraft: Story Mode - Season 2] told me a lot about everything that
was going on. I could tell by the tone of their voice or facial expressions if they were
mad, happy, etc. When Petra started to talk about Stella I could tell that she didn’t like
her by the tone of her voice. For Stella, I could tell that she didn’t like Petra or Jesse
because she was so fake towards them. I learned who I could trust and who I couldn’t. I
also learned who was nice and who wasn’t. When I found out Stella isn’t trustworthy I
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wouldn’t give her what she wanted. When Petra was in need of help during the race
fighting off spiders, I helped her because she was kind and would do the same for me.
This quote highlights this student’s personal connection with the characters, which relates
with reader response theory in that the student’s unique interpretations drove her connections and
decisions. Additionally, the student’s experience is obviously relevant to English language arts
(ELA) education in terms of making text connections, recognizing character traits, etc. This
student actively made meaning of the characters, their relationship with one another, and her
relationship with each of them, all of which was influenced by both character expressions (e.g.,
visuals) and dialogue represented by both oral language and written text. While forming
connections to characters in other forms of media, such as books or movies, the audience serves
as an observer who cannot directly interact with the characters. However, as this student noted,
in video gameplay, the gamer is an interactive participant who made decisions based on her
interpretations of the characters, interpretations that, according to reader response theory
(Rosenblatt, 1994), differ from gamer to gamer. She chose to not help Stella because she
identified Stella as untrustworthy, but she did help Petra as she believed Petra would have done
the same for her. These complex meaning-making and decision-making processes are common
in video gameplay, and this student explicitly reflected on these processes.
Still Images
While still images are present in many video games, often in the form of static maps,
photos, or other artifacts for the player to view in the pause menu, there were no clear references
by the students to their use of still images during this project. This is likely because the games
available for the students to play simply do not include many still images, even though plenty of
other games do.
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Audio
Participants referenced audio, which was categorically distinct from oral language and
includes sound effects and music, in ways that informed their understanding and decisions in the
game. A noticeable pattern related to audio emerged from students who reflected on Minecraft.
Several students noted that the creatures (e.g., animals and monsters) in the game made sounds
when they were near. Animals are important in Minecraft because they can be harvested for their
meat, a valuable affordance. Students noticed that particular sound effects indicated the presence
of animals, which can even be heard when the animals are not visually displayed on the screen.
Seventh-grader Madelyn wrote: “When there were animals, they made sounds that let you know
when they are close.” Austin shared that Minecraft “also used sound effects to help you
understand exactly what animal or monster you were looking at.” By using sounds to indicate
presence and type of animals (and monsters), Minecraft allows players to locate and distinguish
valuable resources and make decisions accordingly.
While animals are a valuable resource in Minecraft, monsters in the game are one of the
top threats to players. Monsters can damage and even kill the player, which can result in losing
hard-earned resources the player has collected in his/her game. Thus, knowing where monsters
are and if they are near is important for the players. Cora, a seventh-grade student, wrote about
such experiences: “Sometimes you can hear a monster coming and that alerts you.” Becoming
aware of the presence of nearby monsters is critical in Minecraft, and sound effects are a primary
way (in addition to seeing them visually) that players learn that monsters are nearby. Becoming
aware of the presence of monsters informed decisions made by the participants. Austin reflected
on decision-making processes during gameplay and wrote: “if you had a decision to choose a
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path, we would choose the one that didn’t have groaning monsters we could here [sic],” and
Madelyn wrote that “sounds let me know when I should fight.”
Students often interpreted sound effects in conjunction with visuals to help them
understand events and make decisions during gameplay. Sixth-grader Wyatt wrote: “I used my
health bar and heard when I got hit to not get killed.” It can sometimes be difficult in the heat of
battle to know when you are taking damage and how much of your life remains, and this student
used multiple modes of communication (visual and audio) to understand the battle and make
decisions accordingly.
In addition to providing critical information about the game world, such as the presence
of important creatures, students recognized that the games also used audio to help construct a
more realistic and immersive game world. Lily, a sixth-grader, wrote that “the audio
representations also made the world more realistic.” For example, as seventh-grader Lucas noted,
the “game used a clacking noise to indicate that you were placing or removing bricks,” and
“there were clacking noises that indicated to me that I was successfully building something.”
Overall, audio and sound effects contributed to the gameplay experience by increasing the
realism of game worlds and providing valuable information to players that they could use to
make decisions and pursue their goals during gameplay.
Oral Language
Oral language in video gameplay occurs when characters speak to one another in the
game (i.e., dialogue) as well as narration, which often occurs during cutscenes. The role of oral
language within the video games was mentioned by students who played Minecraft: Story Mode
– Season 2 and LEGO Worlds. Dialogue in the game often provides additional insight regarding
characters and serves to forward the narrative. In Minecraft: Story Mode – Season 2, characters
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converse with one another; in some instances, the dialogue displayed on-screen includes a
decision for the gamer regarding what to have a character say in response (see Figure 3). Lily
wrote that while playing Minecraft: Story Mode – Season 2, “The tone and expressions helped
[me] decide what to make Jessie [the character] say in order to keep everyone else from getting
too mad and escalating the situation.” Also, as mentioned in the above discussion of dynamic
visuals, students used both facial expressions and oral language to make connections with
characters in the game and to make decisions as part of gameplay.
Figure 3. Screenshot of dialogue options from Minecraft: Story Mode - Season 2

Beyond the role of oral language in helping gamers interpret a character’s mood or tone,
oral language also provides guidance to the gamer. As Madelyn wrote, “The people that were
talking in the game really helped the gamer to know what was going on.” Addison echoed this
idea and wrote “Information is presented through the people talking to you because they give
you a sense of what to do.” These students relied on oral language to understand affordances
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within the game and comprehend game mechanics. They also interpreted oral language within
the game to make decisions. Students noted that oral language helped them navigate a game and
provided a layer of authenticity. As Lily mentioned, “The oral language helped me enjoy the
game more because I could look around at the surroundings and feel more into games if I didn’t
have to look at the subtitles the entire time.” Harper additionally wrote that “The oral language
told us the backstory and described a few details.”
Several students wrote about the ways that oral language in the game provided them with
background information, particularly while playing LEGO Worlds. Sophie wrote, “Instead of us
having to figure out on our own how to use the different tools, the game’s [narrator] told us how
to use them.” Lily noticed that “When you interacted with people [in the game] they would tell
you what to do,” while Austin reflected that “Sometimes a certain character you meet (an NPC)
[i.e., non-player character] would tell you a [game] mechanic and how to use it.” Through
reflections such as these, students focused on information conveyed through oral language in the
game to learn both about the game world and options for actions to take in the game. In terms of
cutscene narration, a character within the game might convey information to the player. For
example, a sixth-grade boy, Nolan, wrote, “At the start [of Minecraft: Story Mode – Season 2]
there was a cutscene that told us what had happened last time…The characters also talked and
they referenced past, future, or present happenings.” In such instances, gamers can better
comprehend the goals of a game by relying on oral language in the game; in many cases, the oral
language is presented in tandem with dynamic visuals or other multimodal symbols to provide
the gamer with information.
Written Language
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Written language during video gameplay primarily consisted of on-screen commands and
directions as well as written dialogue. In terms of game instructions, written language provided
guidance for students regarding what to do and how to advance; as male seventh-grader Bryson
wrote, “words that would come across the screen…would tell you what to do when the time
came.” Allison noticed, “When I approached an item that the game wanted me to pick up it
would flash the letter (B) and I would know that I needed to press the letter B [on the controller]
to collect that item.” The flashing letter (B) revealed an affordance of an in-game object (i.e., that
it could be collected). Male sixth-grader Jace wrote “I saw a tip pop up. It said that you can
double-jump. I pressed [the A button] twice, and jumped higher.” Each of these students relied
on written language within the game to learn game commands. Austin wrote that “The game
constantly had controls on your screen telling you which button to press and if you come across a
mob or block you hadn’t seen then a box would appear in the top right corner of your screen and
it would tell you what it is.” In such instances, written language paired with abstract symbols
provided information to the gamer regarding game commands and missions.
Students also mentioned a variety of other instances of written language and how the
written language supported interpretation and decision making. In LEGO Worlds, for instance,
sixth-grader Ellie wrote that “There was a rocket and it had always said 0/3 or 1/3 or 2/3 so I
knew to get to another world you would have to put the bricks in the rocket.” In this case, written
language helped the student interpret progress in the game and make decisions related to ways to
advance in the game. As evident in this student’s reflection, written language serves to support
the gamer’s comprehension of items in the game and actions that are plausible; in many cases,
the written dialogue may appear alongside visual images or in conjunction with abstract symbols.
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Gamers interpret these multimodal symbols to comprehend the scope of gameplay, to understand
game mechanics, and to make decisions regarding their own actions within the game.
In their reflections, many students noted that written communication in the games
informed students and influenced their decision-making during video gameplay. Students often
wrote about the written dialogue displayed on the screen in Minecraft: Story Mode – Season 2
that they used to make decisions regarding how to respond to characters in the game. Wyatt
wrote that “There was an ongoing script and I learned the responses of each set of dialogue
options.” Students chose from the dialogue options based on their personal thoughts, goals, and
experiences, representing a reader/gamer response process. In LEGO Worlds, written language
also was present during interactions with characters which provided information and influenced
decision making. As Austin mentioned in his reflection:
The game had bubbles showing people’s text and they would tell you what to do. The
game highly encouraged you to collect some items which made the game much more fun.
Sometimes, I would do exactly the opposite of what it said to do, and would find a hidden
mechanic it didn’t tell you about. In a cutscene it showed a pirate ship, so I decided to
read [about that].
Interestingly, Austin, who self-identified in a gamer in one of his reflections, decided to do
“exactly the opposite of what [the game] said to do.” This is likely because gamers understand
that there are obvious paths and actions in games as well as those that are more hidden or
obscure. Thus, to discover more about the game, gamers often look for hidden paths and tactics.
In this situation, Austin’s identity as a gamer influenced his interpretation and decision-making
processes, aligning with Reader Response Theory (Rosenblatt, 1994).
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Overall, written language, often paired with other multimodal symbols, served to inform
students about the actions they could take within the game and provided on-demand information
about game commands. Additionally, students used written language to help them comprehend
within the game space and then to make decisions as part of video gameplay.
Abstract Symbols
Abstract symbols were represented visually and conveyed a variety of types of
information to players, which informed their understanding of the state of the game and how they
learned and made decisions during gameplay. Two primary types of abstract symbols emerged as
particularly important and relevant for the students’ gameplay experiences: 1) symbols related to
health, wealth, and hunger, and 2) symbols related to controller buttons and their functions
within particular contexts.
The first type of symbols, which were referenced by many students, related to health. For
example, in Minecraft, symbols of hearts are presented on the screen to inform players of their
current health status, which is important as when one runs out of health (i.e., hearts), the player
dies and can lose valuable resources they have collected (see Figure 4). Similarly, Minecraft
displays “chicken wings” on the screen to inform players about their character’s hunger level.
Participants were highly aware of their health meter (and hunger level), which are common in
video games. Sixth- grader Mia wrote “When you [sic] hearts run low, you knew you were close
to losing your items and dying. If your chicken wings disappeared, you’d become slow and
would eventually die.”
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Figure 4. Screenshot of Minecraft

Students regularly monitored their health meters to inform their decisions. Seventhgrader Gracie reflected, “The informative symbols, like the hearts, helped us decide if we should
try to fight the people or protect our character.” Madelyn explained her strategy for gameplay: “I
noticed that I had hearts, and would die if I ran out. When I found my craft table, I began to
collect things. I began to make a sword so I could defend myself.” These students recognized the
information communicated through abstract symbols, such as hearts, and developed strategies
(e.g., fighting, avoiding combat, or building a structure to defend oneself) to reduce the
likelihood of their characters losing all their hearts (i.e., dying) and potentially losing valuable
resources they collected during gameplay.
The second main use of abstract symbols that were presented in the game related to game
controller buttons, which were often presented in conjunction with written language to explain
the functions of different buttons. Raquel described this and wrote that “The game sometimes
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shows icons that resemble controller buttons with words that explain their function, so you know
what different controls will do...The button explanations helped me know what to press to
achieve my goal.” Raquel further wrote that “The game showed icons of the different controller
buttons and linked them to specific functions.” These reflections represent a primary way that
video games communicate directions and possibilities for interaction with game objects and
characters. By displaying a symbol that corresponds to a button on the controller, games help the
players understand affordances within the game and when they can or should press a button.
Such symbols are often presented with a written message that explains what a particular button
will do in a given situation, such as entering a vehicle, opening a door, or using a new tool. The
students’ reflections demonstrated their awareness of how such symbols, which often occur in
conjunction with written language, convey important information to players that guide both
learning and decision-making processes.
Tactile Experiences
Tactile experiences are a common component of playing video games. Any time a person
pushes a button on the controller or feels the controller vibrate, that is considered a tactile
experience. Furthermore, tactile experiences can signify different types of information to the
gamer, such as when something important is happening, which helps to emphasize the situation
and can focus the player’s attention. Sophie described this and wrote that while playing
Minecraft “the controllers would vibrate when something important happened.” Another
common purpose of tactile feedback during video gameplay is to alert players that their character
is being hurt. Seventh-grader Owen reflected on this and how it influenced his learning and
decision-making during gameplay. He wrote:
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The game also used a type of multimodal symbol called tactile experience? to display
information to me. In this particular case, the controller vibrated, telling me that I was
taking damage and was losing lives (hearts). I was engulfed in lava, so that made sense.
When I was in the lava and my controller vibrated and the screen turned red, I knew that I
wasn’t going to be able to do much in the game. I wasn’t going to be able to build there,
move around, or do anything. This influenced my gameplay.
Tactile experiences are typically interpreted in conjunction with other communicative modes
(such as the dynamic visuals highlighted in the quote above). The vibration of the controller
helps gamers pay attention to what is happening on screen and within the game, which affects
their learning and decision-making experiences.
Discussion
The middle-school children who participated in this study demonstrated their ability to
identify and interpret multimodal symbols present in video gameplay through written reflections.
All students identified a variety of types of multimodal information within the video games they
played, including dynamic visuals, audio, written language, oral language, abstract symbols, and
tactile feedback. The various symbols and ideas they reflected on demonstrate textual features
they focused on and thus, their selective attention (Rosenblatt, 1994). Given the importance of
multimodal interpretation skills in the modern world (Kalantzis et al., 2016; Serafini, 2015), the
skills and processes demonstrated by the students are relevant and valuable in the landscape of
digital literacies (Alvermann & Kaminski Sanders, 2019; Apperley & Beavis, 2013).
Participants identified various communicative modes (e.g., dynamic visuals, audio, oral
language, written language, abstract symbols, and tactile feedback) that they used to understand
the game, identify affordances, and make decisions within the game world (von Gillern, 2016a;
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Gibson, 1977). Interestingly, participants focused more on some communicative modes than
others. For example, students spent more time reflecting on dynamic visuals and written
language than they did audio or tactile experiences, which was influenced by their selective
attention and what they noticed and felt was important to their overall experience as they
reflected.
Overall, students engaged in video game literacy practices and used video games as texts
for multimodal analysis (Gee, 2015; Squire, 2014). Aligning with reader response theory
(Rosenblatt, 1994) the students interacted with the video games in ways that were unique to each
gamer, and each student focused on different ideas and combinations of ideas that represented
their selective attention while engaged with video games as texts. While students each had their
own interpretations and reflections, the video gameplay occurred in a socially vibrant
environment that included both single-player and multiplayer gaming and spectating peers who
provided suggestions and commentary. While the social interactions amongst participants was
not the focus of this study, future research would benefit from examining how video gaming in
ELA contexts can support literacy practices and community building (Bailey, 2016).
This study contributes to our understanding of the ways youth can reflect upon their
interpretations of multimodal symbols and their decision-making related to such symbols. In the
case of video games specifically, students can reflect on video games as texts similarly to how
they may reflect on other texts in ELA environments (e.g., graphic novels, prose, poetry, etc.).
By reflecting on the multimodal content within video games and how this content influenced
their interpretations and decisions in response, students were able to engage in critical thinking
processes to support their comprehension. These processes of interpreting multimodal symbols
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and making informed decisions are key aspects of video game literacies and illustrate the
interactive nature of video games as texts (Squire, 2014).
While many youths are familiar with multimodal messages, producing and/or consuming
multimodal content outside of school, not all youth have extensive familiarity with
multimodality within video game spaces, and students who are familiar with multimodal input
may not automatically reflect upon the ways that they use such information to
interpret/comprehend content and to make decisions. Given the prominence of multimodality in
the modern world (Cope & Kalantzis, 2016), it is valuable to help students consciously and
analytically reflect on how multimodality occurs in games and other multimodal texts to develop
their understanding of how such texts communicate and structure information, aligning with
common goals and processes of ELA classrooms. Notably, not all students have equitable access
to digital technologies including video games and gaming platforms, which reflects the broader
digital divide (van Dijk, 2020), and this may have influenced participants reflections as they
drew from their own backgrounds and experiences, aligning with reader response theory
(Rosenblatt, 1994) and the GRAD Framework (von Gillern, 2016a).
Our study builds upon prior work using video games in ELA classrooms (Gerber et al,
2014; Harvey, 2018). Furthermore, we address a gap in the literature by providing evidence of
ways that students’ interpretations of multimodal information support their comprehension and
decision-making in video game spaces; such evidence provides insight related to students’
engagement with interactive multimodal texts (e.g., video games) as part of classroom learning.
Notably, students in this study did not passively accept their multimodal video game experiences
but rather, they actively reflected upon, interpreted, and made decisions in response to
multimodal information. Students engaged in complex processes as they considered the
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information presented to them through a variety of multimodal symbols during gameplay. While
in some instances a student may have focused on one type of multimodal input, such as when
reading words on a screen as part of a dialogue tree in Minecraft: Story Mode and making a
decision in response, in many instances students navigated complex analytic and evaluative
processes, often synthesizing information from several types of multimodal symbols to arrive at
a decision. As evidenced through the students’ written reflections, video gameplay as a literacy
practice involves complex meaning-making and decision-making processes with video games as
digital, multimodal, interactive texts (Squire, 2014; Steinkuehler, 2007; von Gillern, 2021).
Students attend to numerous aspects of the text itself, in addition to multimodal input, all of
which takes place in an interactive nature in which multimodal and text-specific features adapt in
response to player decisions in the game; in this sense, the gamer serves not only as a reader of
the text but also as a writer (Alberti, 2008). Further adding to the complexity of these processes
are the students’ analyses and written reflections related to gameplay. In ELA classrooms,
teachers encourage students to actively read, reflect upon, and engage with texts to promote
comprehension; our study builds upon prior work related to image-text interactions as part of
multimodal meaning-making (Unsworth & Cléirigh, 2011) and provides support for the use of
video games as texts that allow students to engage in processes that are at the core of reading
comprehension. In the same way that “reading” traditional texts involves a great deal of thinking,
“reading” a video game involves complex thought processes that are intertwined with numerous
in-game decisions.
Overall, this research demonstrates that through experiencing, identifying, and making
decisions based upon multimodal symbols, the students engaged in video game literacy practices
and analyzed video games as multimodal texts, which builds upon the limited work in this field
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(Harvey, 2018). Students utilized and reflected upon multimodal symbols to develop their
understanding of the game world and how it functions in ways that influenced their decisionmaking processes, which aligns with the work of Bezemer & Kress (2015) who recognize the
complex learning and meaning making processes mediated through people’s interpretations of
multimodal symbols. Furthermore, this study complements Steinkuehler’s (2007) notion that
video gameplay is a “constellation of literacy practices” (p. 297), and our work builds upon
previous research such as the work of Gerber et al. (2014) who studied video games in a highschool literacy curriculum and found that the use of video games allows students to engage in a
variety of cross-literate connections (Abrams & Gerber, 2014; Stufft, 2018) involving
interactions among the students, teachers, multimodal texts, and traditional texts. Overall, our
work builds upon prior scholarship centered on the use of video games in classroom settings to
promote student learning (Thompson & von Gillern, 2020) and provides evidence of the ways
that middle-school students can interpret and analyze multimodal information as part of
meaning-making while engaging with video games as texts.
Classroom Implications
Playing video games requires people to interpret and learn from multimodal symbols.
ELA teachers aim to develop students’ ability to interpret various forms of media and the
multimodal symbols within. This study demonstrates how middle-school students can analyze
multimodal symbols within video games and how these symbols influence their learning and
decision-making processes. Gee (2003) was right that video games have a lot to teach us about
literacy and learning. Video games function as interactive texts designed to promote engagement
and learning (Squire, 2014), and as this study demonstrates, these games can be used in ELA
classrooms to engage students in literacy learning. Our study builds upon prior work using video
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games as part of learning at home (Haas et al., 2021) and in classrooms (Harvey, 2018) and
incorporates video gameplay into instructional time, with the video games serving as texts, to
show ways in which students interpret, analyze, and comprehension video games similarly to the
ways in which they interpret, analyze, and comprehend other texts (Beavis, 2014).
In the same way that teachers use reader response logs with literature circles, teachers can
use reflective writing in response to students’ video gameplay. As teachers consider textual
analysis and close reading, they can incorporate video games as a form of text for students to
analyze, evaluate, and interpret within the scope of comprehension instruction. Furthermore,
students’ reflections of decision-making based on multimodal symbols can serve as a
springboard for discussions of text connections and understanding processes of monitoring
comprehension with digital and multimodal texts. This study demonstrates that video games can
be integrated into ELA classrooms in ways that support existing goals of literacy educators,
particularly with this study’s emphasis on multimodality and analysis of video games as texts, a
process that was supported through reflective writing. Literacy educators routinely have students
analyze and reflectively write about a variety of forms of media, such as books, music, movies,
and blogs (Flood, Heath, & Lapp, 2005; Pigozzi, 2020), yet scholarly literature that investigates
how ELA students analyze and write about video games is nearly non-existent. Given the
immense popularity and cultural relevance of video games, which almost certainly applies to
many students who do not find the traditional ELA curriculum appealing, we believe video
games deserve inclusion as a legitimate form of media/text for engagement and analysis in ELA
classrooms. Ultimately, video game literacies (Squire, 2014) go beyond gaming as a literacy
practice in and of itself. Literacy educators and researchers can integrate video games into
educational environments as texts for discussion, analysis, and writing activities, processes that
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can be scaffolded using the GRAD Framework (von Gillern, 2016a). Teachers can use video
game paratexts in the classroom, can create video game literature circles, and can have students
write video game critiques and reviews (von Gillern et al., 2021).
Limitations
While this study makes unique contributions to the literature, it is not without its
limitations. First, this case study worked with a single middle school, and similar procedures in a
different school, age group, or environment may produce different outcomes. However, we
believe such an approach to video game analysis in ELA classrooms is achievable, valuable, and
could unfold successfully with a variety of age groups and educational environments. Second,
this study examined students’ engagement with and analysis of video games within the course of
a four-day period, and a longer and more intensive duration of study may have further
illuminated both opportunities and limitations of video game analysis in the classroom. Finally,
this research involved three primary video games (Minecraft, Minecraft: Story Mode - Season 2,
and LEGO Worlds), and while these are popular and entertaining games, examining different and
additional games, including those with more mature and complex stories, would provide a more
nuanced understanding of capabilities and difficulties of engaging students in multimodal
analyses of video game experiences.
Directions for Future Research
Given the nascent position of video game analysis in ELA classrooms, there are many
opportunities for research and instruction in this area to grow. Engaging diverse students from
various locations and backgrounds in video game analysis is essential. As students all have their
own unique background and experiences which influence how they interpret and interact with
media (von Gillern, 2016a; Rosenblatt, 1994), engaging students from diverse backgrounds in
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video game analysis will provide an opportunity for researchers to understand how individuals
and groups use multimodal symbols to learn and make decisions during video gameplay. For
example, examining how diverse students from around world, ranging from novice to avid
gamers, interpret various games and can utilize, interpret, and reflect on video games in language
and literacy education contexts may illuminate how different individuals and groups draw upon
their own backgrounds as they engage with video games as interactive and multimodal texts.
Additionally, while this study focused on three family- (and teacher-) friendly video
games, there are countless other video games that deal with more mature and emotional content.
Understanding how young people interpret and interact with a variety of games and stories,
including those ranging from child-friendly to more mature, is a valuable goal that will
contribute to our understanding of how youth engage with one of the most popular forms of
media of our time, which is certainly applicable to ELA education.
Further research is needed to understand how young people engage with video games as
interactive multimodal texts (Harvey, 2018; Squire, 2014). Such processes may utilize the
GRAD Framework (Stufft & von Gillern, 2021; von Gillern, 2016a), as this framework was
useful for the participants in this study and can help educators, who have varying degrees of
knowledge related to video game literacies, scaffold analytical and learning experiences for their
students. Some teachers may want to focus on multimodal symbols in general, and others may
want to focus on story and dramatic elements of video games. Other educators may want to focus
on decision-making and learning processes. The GRAD Framework can serve as a useful tool to
help both teachers and students understand and analyze video game experiences.
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Conclusion
Our perspective on the value of integrating video games and video game analysis into the
classroom aligns with the work of multimodal theorists Bezemer & Kress (2015), who wrote:
If (institutional) authority is blind to certain means for making meaning, they can be
neither evaluated nor, therefore, valued. If (institutional) authority is blind to certain
means for making meaning, then those who use these means are placed outside the
domain of recognition (p. 5).
We believe that meaning making processes related to video games has been marginalized in ELA
research and classrooms, and these processes, which connect to the lives of countless youth, have
been “placed outside the domain of recognition.”
Video games, for a variety of reasons, have had a limited role in many ELA classrooms.
We believe, however, that the time has come for video game literacies to be thoughtfully
integrated into ELA environments. Students from diverse backgrounds routinely play and
appreciate video games, which are an important and culturally significant form of media for
these children, many of whom are disillusioned and disengaged with traditional ELA curricula.
This alone, we believe, warrants consideration for integrating video games and video game
literacies into ELA classrooms. Furthermore, as this research demonstrates, children can engage
in a variety of valuable literacy practices when analyzing video games as multimodal texts. They
can identify, learn from, and make decisions based upon various multimodal symbols, and
students can engage in productive and complex reflective writing processes to demonstrate their
interpretations and justify their perspectives by citing multimodal textual evidence. We believe
these are valuable literacy practices that deserve thoughtful inclusion in ELA classrooms.
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Abstract
As media experts have renewed their calls for improved media and information literacy
curriculum in schools, researchers have investigated instructional strategies for teaching source
evaluation. One such strategy is lateral reading, in which the user evaluates the veracity of
information presented by following “links within a source and do supplemental searches on
names, organization or topics” (University of Texas Libraries). Such a strategy not only builds
learners' skill in digital source evaluation, but it develops a skeptical stance that can guide them
as they engage in independent web investigation. The purpose of this research study was to
investigate what preservice teachers noticed after watching a student read laterally and their
perceptions of the benefits of reading laterally. Through engaging in noticing during a video of a
student thinking aloud while reading laterally, preservice teachers developed an emerging
understanding of lateral reading and the benefits of implementing the lateral reading strategy.

Key Words:
Lateral Reading; Source Evaluation; Digital Source Evaluation; Preservice Teachers; Teacher
Education.
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Introduction
According to recent research focused on adolescents’ use of social media and technology,
95 percent of U.S. teens report having access to a smartphone, and 45 percent say they are online
“almost constantly” (Anderson & Jiang, 2018); therefore, preparing our students for literate lives
today involves building digital literacies. An important aspect of digital literacy includes helping
students evaluate online information, in part because “more than half of teens (54 percent) get
news at least a few times a week from social media platforms” (Common Sense Media, 2019).
While teens report it is important to stay informed about current events, they are turning to
emerging social media platforms, such as Snapchat, Instagram and YouTube, that function more
like news aggregators rather than getting their news directly from traditional news organizations
(Common Sense Media, 2019; Anderson & Jiang, 2018). This matters because the popularity of
information, and not its authority or relevance, is what determines if information is widely
disseminated (Wineburg, 2018).
In order to address these emerging trends and protect students from misinformation
online, media experts have renewed their calls for improved media and information literacy
curriculum in schools (Stanford History Education Group, 2016). If teachers are expected to
teach critical media literacy, then preservice teachers must learn specific instructional media
literacy approaches in their teacher education programs. It is important that preservice teacher
learning include opportunities to explore pedagogical approaches that not only enhance students’
medial literacy knowledge, but also their dispositions because, as Sam Wineburg says,
“skepticism may be more useful than knowledge or old-fashioned research skills” (Spector,
2017). The purpose of this research study was to investigate preservice teachers’ understanding
of source evaluation using the lateral research strategy, which is when the user evaluates the
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veracity of information presented by following “links within a source and do supplemental
searches on names, organization or topics” (University of Texas Libraries). Such a strategy not
only builds learners' skill in digital source evaluation, but it develops a skeptical stance that can
guide them as they engage in independent web investigation.
Theoretical Perspectives
Digital literacy practices are shaped by social contexts, specifically by the technologies
we access (Leu, et al., 2013; Perry, 2012). Our study was grounded in a New Literacies
perspective, which contends the Internet is “this generation’s defining technology for literacy in
our global community” (Leu et al., 2013, p. 1158). From this viewpoint, readers must be able to
“effectively determine, from the internet’s multiple offerings, a combination of tool(s) and
form(s) that best meet their needs” (Leu et al., 2013, p. 1159). This framework guides our
understanding of reading online information and the instructional supports needed for teaching
students to locate and evaluate information (Coiro & Dobler, 2007).
While the New Literacies theoretical framing helps us situate our study within the context
of literacy teaching and learning, we draw on Mishra and Koehler’s (2006) Technological
Pedagogical Content Knowledge (TPACK) to explore how preservice teachers learn to teach
source evaluation. TPACK extends Shulman’s (1986) thinking of pedagogical content
knowledge by emphasizing “the connections, interactions, affordances, and constraints between
and among content, pedagogy, and technology” (Mishra & Koehler, 2006, p. 1025). In this
sense, it is the interplay between preservice teachers’ conceptual knowledge of English language
arts, their pedagogical knowledge of teaching language arts, and their knowledge of technology
and digital media. As Falloon (2020) notes, “the success of TPACK relies on the capabilities of
teachers within each domain, and their capacity for flexibility, willingness to update, and
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readiness to explore how the domains interrelate to support effective technology use in a range of
different situations” (p. 2453). As English language arts teachers are often charged with teaching
media literacy, including source evaluation, this means ELA preservice teachers must have
knowledge of ways to effectively teach media literacy.
Review of Literature
Focus on media and information literacy curriculum demands is not new. The Aspen
Institute’s Leadership Conference on Media Literacy called for purposeful curricular focus on
media and information literacy decades earlier (Aufderheide & Firestone, 1993). In a background
paper for the Aspen Institute, J. Francis Davis (1993) suggested that an inquiry model of media
literacy, in which teachers and students ask probing questions of a media text to foster critical
thinking, demands a teaching paradigm that is less skills-based and more student-centered. He
writes, “media literacy education is more than just a discrete topic to be added to the curriculum
of U.S. schools. It is, as well, an entire philosophy of teaching that encourages questioning and
exploration” and requires teachers to “not only teach with media, they teach about media,”
(Davis, 1993, p. 33).
In the current digital climate, this should include focused teaching about social media.
With the proliferation of social media platforms and their ability to promulgate unsubstantiated
claims and misinformation, one critical competency today’s learners require is the ability to
discern quality evidence (Hicks & Turner, 2018; Stanford History Group, 2016). Studies show
that young people often have a difficult time finding reliable information online (Stanford
History Education Group, 2016). Importantly, “more than just teaching students to deconstruct
an argument, it seems we now need them to question the nature of the evidence itself,” (Hicks &
Turner, 2018, p. 28). In fact, evidence-based writing and research remain central to national
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learning standards by which preservice teaching preparation is aligned (National Council for
Social Studies, 2013; National Governors Association, 2010; Next Generation Science Standards
Lead States, 2013), creating a renewed focus on media and information literacy.
The Stanford History Education Group found that fact checkers (professional journalists
who verify information in order to determine its correctness) evaluate the veracity of information
in a process that is very different from traditional approaches to source evaluation. Rather than
scrutinizing the source itself, fact checkers leave “the site in question to find out what the rest of
the internet has to say,” (Supiano, 2019). This “lateral reading” is one way to teach critical
thinking while evaluating sources (McGrew et al., 2017). Lateral reading refers to the tabs
across the top of a computer screen as the user opens multiple windows to “follow links within a
source and do supplemental searches on names, organization or topics,” (University of Texas
Libraries). In the past, source evaluation has involved a checklist of questions about the source
itself, but such an approach often fails because it cuts the researcher “off from the most efficient
route to learning more about the site: finding out what the rest of the web has to say,” (McGrew
et al., 2017, p. 7-8).
Since new digital tools require different skills, “enhancing MIL (Media and Information
Literacy) among students requires that teachers themselves become media and information
literate” through ongoing training (Wilson et al., 2011, p. 17). Improved focus on media and
information literacy in teacher education programs is an essential facet to that training (Davis,
1992; Lindstrom, Schmidt & Thompson, 2016).
One common assumption often made is that today’s preservice teachers are digital
natives; therefore, they bring innate media and information literacy skills to their developing
teaching practices. However, research has demonstrated that considerable variation exists among
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college-aged users’ Web-use skills and experience with information seeking on the web despite
familiarity with the technology itself (Hargittai, 2010). Preservice teachers also vary in their
attitudes about whether and how to meaningfully integrate familiar technology into their teaching
practices; strong teacher educator role models remain an important influence in shifting those
attitudes (Lindstrom, Schmidt & Thompson, 2016). Modeling must go beyond simply teaching
with the technology and there remains a need to explicitly integrate media and information
literacy into teacher education curriculum (Gretter & Yadav, 2018). Specifically, there is a need
to “expand teacher education students’ understanding of the sort of competencies required to
function productively, safely and ethically in diverse and increasingly digitally-mediated
environments,” (Falloon, 2020).
Context and Participants
The present study took place at a mid-size university in the Midwest with a student
population of approximately 40,000 students. The Integrated Language Arts (INLA) program
prepares undergraduate teacher candidates for licensure in grades 7-12. Approximately 30
students per year are accepted into the program as a cohort. The Multimodal Literacies class
takes place during the spring of the junior year and is designed to have preservice teachers
consider how our definitions of literacy are changing from the perspectives of multimodal
literacies, New Literacies, and Multiliteracies. Additionally, the course focuses on specific
pedagogical practices that stem from these theoretical frameworks.
The preservice teachers participating in the study all self-identified as Caucasian, were in
their early 20’s, and were juniors in the Integrated Language Arts program. Kristy taught the
Multimodal Literacies course. Because this research study took place during the COVID-19
Pandemic, the course started as a face-to-face course but transitioned online during March of
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2020. Therefore, this research study took place online. Over a two-week period, preservice
teachers engaged in two online modules focused on lateral reading. During the first module,
preservice teachers read articles related to the importance of teaching students to critically
evaluate sources. Kristy then introduced to the term lateral reading, coined by the Stanford
History Education Group, that described a strategic evaluation of a digital source by “leaving a
site after a quick scan, opening up new browser tabs along the screen’s horizontal axis to judge
the credibility of the original site,” (Wineberg & McGrew, 2018, p. 4). As a follow up, the
participants read two articles describing lateral reading and the benefits of the instructional
approach (Breakstone, McGrew, Smith, Ortega, & Wineburg, 2018; Spector, 2017).
To extend the learning, preservice teachers watched a model of a local school media
specialist doing a think aloud while using the lateral reading strategy to evaluate a source.
Preservice teachers were introduced to five specific ways they could laterally read (see Figure 1)
and asked to use screencasting software to create a recording of themselves laterally reading the
article, Former Amazon Employees and free and fair market initiatives create hotline to report
unsafe working conditions by Riggio (2019). After reading two additional articles that offered an
additional perspective, participants were asked to reflect on any information that they didn’t find
or consider when reading laterally (Grimaldi, 2019; Soper, 2019).
Figure 1: Lateral Reading Moves
Move 1: Searching the author or organization publishing a source
Move 2: Using a keyword search to independently learn about the source’s topic
Move 3: Verifying quotes and information
Move 4: Locating any citations used in the source to compare
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Move 5: Identifying commercial or political purposes through a search of any companies who
might advertise or sponsor content on the source’s webpages or cite this source
Figure 1: Lateral Reading Moves

Following this, preservice teachers answered a questionnaire asking them to respond to the
following questions:
1. What might be some of the benefits of teaching students to use the lateral reading
strategy?
2. What did you learn about how to teach students to analyze online sources? What was new
to you? How might you apply this to your teaching
The following week, preservice teachers were introduced to a research study done by Kristy
and Beth at a local middle school (Walsh, et al., 2020) and high school (Walsh & Pytash, 2021).
Preservice teachers watched a screencast recording of a high school student, Drew, analyze an
online source without using any specific strategy. Kristy then shared the instructional moves
used by Drew’s teacher to teach her English 12 class how to use lateral reading to effectively
evaluate sources (Walsh & Pytash, 2021). Preservice teachers once again watched Drew, the
same high school student, evaluate an online source, but this time he used lateral reading moves
to identify the source’s credibility and potential bias. Following, preservice teachers completed a
questionnaire asking them to respond to the following questions:
1. What did you learn from watching Drew's initial screencast?
2. What do you notice about the difference from Drew’s first screencast to his second
screencast?

Journal of Literacy and Technology
Volume 22, Number 2: Winter 2021
ISSN: 1535-0975

53

3. As a teacher, do you think this would be an effective strategy for teaching students to
evaluate online sources? Why?

Methodology
For the purpose of this study, we analyzed each set of questionnaires completed by
preservice teachers. Two research questions guided this study:
1. What did preservice teachers notice after watching a student read laterally?
2. What do preservice teachers see as the benefits of reading laterally?
Through a constant comparative analysis, data was read and reread to create codes and categories
(Corbin & Strauss, 2008). We first independently coded, then came together to discuss and refine
our codes. Once this coding was completed, we returned to each existing code, looking for
balance and nuance, evaluating how the codes related to the research questions. We specifically
examined our codes as “noticings” and “benefits.” As we coded our observations of what
participants noticed lateral reading, the initial codes included: time, complexity, author
credibility, engagement. As we observed the benefits participants saw in teaching lateral
reading, our initial codes included: student skepticism, connections to argumentative writing,
potential for scaffolding, in-depth thinking, student autonomy and digital research instruction.
At this point, we collapsed several coding categories together by identifying their
overlapping context in response to the research questions. We specifically examined their
responses to the articles versus to their responses to the student’s screencast. We then verified
that each code could be supported by responses from multiple participants. In response to our
first research question, the following codes emerged from the data: time and developed
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reasoning. To answer research question two, the data was coded as skepticism, understanding
argumentation, thinking deeply and media literacy.
Results
Noticing the effects of lateral reading instruction
Because of COVID-19, preservice teachers did not have the opportunity to observe the
lateral reading in a face-to-face school setting. However, preservice teachers did watch two
screencasts created by Drew, a high school senior. Drew’s first screencast took place before he
learned how to laterally read. This screencast was used as a gauge to understand Drew’s
previously learned approaches when evaluating sources. After a month-long unit, which included
focused instruction on reading laterally, Drew created another screencast in which he evaluated
an online source using lateral reading. Preservice teachers watched both screencasts and then
were asked what they noticed about Drew’s two screencasts. Participants noted that Drew
slowed down in his second evaluation and developed his reasoning in more complex ways.
Time. Time was a repeating theme in preservice teachers’ responses, with preservice
teachers highlighting that Drew’s lateral reading screencast was approximately two and a half
minutes longer than his first. Preservice teachers noted that the length of time Drew spent was
important because it indicted more interaction with the sources and a deeper analysis. For
example, Samantha noticed:
The second screencast was a lot longer than the first, and he spent more time analyzing
the quotes and why they were cherry-picked. He spends more time being skeptical of the
source and the quotes it uses. He spends about four minutes on each of the sources that he
analyzes.
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Similarly, Zane noticed, “the first was a short screencast that did not go very in depth in his
verification process. He also did not seem very skeptical in the source but was pretty inclined to
believe it. In the second screencast, he seemed much more skeptical and was jumping from
source to source and getting a lot of information to get a solid idea of the original source.”
Preservice teachers noticed that one reason Drew took longer to read laterally is because
he was engaging with multiple sources, and as Carrie noted, he spent time “checking even little
details.” These “little details” included important elements of source evaluation, including
citations and information not included in the author’s argument. For example, Emily pointed out
that “Drew considered whether the author used citations to their full extent or to only help
support the claims being made. Drew realized that the author's use of citing was not 100%
credible and often left out desired information.” Additionally, they also recognized that Drew
was considering information that wasn’t present in the author’s argument. Sarah explained that
Drew was “not only verifying his quotes but also identifying which information was left out of
the book's use of the sources.”
Developed Reasoning. Preservice teachers described Drew’s second screencast as more
complex because of this level of engagement with the material. For example, Emily stated,
“Watching Drew's second screencast, I could hardly believe that this was the same student. Drew
became very engaged with the information presented because he now had direction. He went into
depth about the 3 Strike Law and viewed numerous sites, including citations made by the author
and his own cites.” Michael agreed that Drew went into more depth, questioning what the author
wrote. He explained:
the author seems to "cherry pick" quotes to fit his initial claim, which is what led (Drew)
to research further. He then looked up more sources and even historical facts, to see how
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they compare to the author's claims. Which ultimately helps to prove that he was right,
the author does do a lot of cherry picking with what information and quotes he decided to
put into the initial piece. It took him a lot longer to do all of this, because he was
carefully picking out what information to look into further and what certain words or
situations meant historically.
Preservice teachers noted that Drew’s more complex and in-depth thinking was because
lateral reading gave him a guide for his thinking. Madison noted that lateral reading helped Drew
“think critically about how the author forms their argument and realizes the holes in the
statements being made. He seemed much more apprehensive and critical of texts and searched
for outside sources to back up his reasoning for statements like ‘this is or is not credible’.”
Noticing benefits of lateral reading
Analyzing Drew’s two screencasts led us to ask our second research question, what do
preservice teachers see as the benefits of reading laterally? This research question synthesized
preservice teachers’ experiences and required them to consider both what they did in their own
lateral reading and how they perceived the changes in the model screencast of Drew’s lateral
reading. In looking at preservice teachers’ responses, it was evident that they saw lateral reading
as a way to build healthy skepticism among readers, foster deeper thinking, develop a better
understanding of both argumentative writing and web-based research and support media literacy
in their students.
Skepticism. Preservice teachers continually used the term “skepticism” when discussing
the questioning stance, they identified in lateral reading. Judgement of credibility is withheld
during lateral reading until learners are able to independently verify a source. For the study
participants, developing this mindset among their future students was seen as a key benefit.
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Preservice teachers believed this skepticism was valuable both inside and outside of the
classrooms, as they reported that lateral reading was a skill that prepares learners for the
demands of locating accurate information in today’s digitally networked world. As Emma
shared, “This strategy promotes skepticism, which is something younger adults need more when
looking at sources, in any context. If students just consider the face value of an article or a
source, they will believe everything they read.” Therefore, she concluded, lateral reading
prepares her future students to identify when sources are being “deceivingly tricky.”
Preservice teachers believed that lateral reading trained learners to look beyond surface
indicators of credibility. For instance, Allie shared that today’s young adults believe that the
mere presence of quotes and statistics is an indication of authority, but lateral reading requires
the learner to independently verify what is shared in any source. “It teaches them not to trust the
first article they read,” she said. (See Figure 2). Michael agreed, adding that lateral reading
required students to dig deeper and not merely settle for “surface information” that they often
find in their first search results. This prepares students to “productively digest new information.”
Thus, the skepticism lateral reading produced was seen as a way for the study participants to
actively protect their future students from misinformation, a problem they largely attributed to
the fact that young adults only search for surface indicators of source authority and credibility,
leaving them vulnerable to sources that present themselves as credible by using conventions of
authority but are not authoritative. (See Figure 3).

Fig. 2. Screenshot of preservice teacher’s screencast

Journal of Literacy and Technology
Volume 22, Number 2: Winter 2021
ISSN: 1535-0975

Fig. 2. Screenshot of preservice teacher’s screencast. The student is using a cursor to explore
to point out elements of the article she is about to laterally read, including the website and
author information.

Fig. 3. Later screenshot of screencast.

Fig. 3. Later screenshot of screencast. The student has opened a new tab and is looking up the
publishing organization of the website, Diversity Inc.
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Understanding Argumentation. Study participants believed that lateral reading requires
learners to consider the relationship between making an argument and supporting one with
evidence. This was perceived as valuable not only when helping learners only evaluate others’
arguments, but also when they are crafting their own.
Pointing to when Drew noted his source’s use of a .gov website, Samantha commented
that lateral reading requires learners to consider what makes a good source. She added that a
government website is a credible place to find warrants when building an argument. However,
Drew did not merely stop at the identification of the website URL but went on to consider
whether the information from that website had been cherry picked or taken out of context by the
source he was evaluating. Looking at whether credible information has been used effectively in
an argument creates a greater awareness because, as Samantha said, “This gets students to think
more about the quotes they use when writing a paper. I think this would be a great way of getting
our students to think about how they select quotes when making an argument.”
Owen suggested that learners could consider how their own use of sources might be
laterally read by others. Therefore, student writers skilled in lateral reading would be more
conscientious of the sources they use in their own arguments. This, he suggested, would create a
discursive writing process in which student writers both consider the efficacy of the sources they
are using in support of a thesis, and the validity of the argument they are making. “It also
encourages students to not just find sources that fit their thesis but helps them to figure out what
their thesis should be.” As Madi concluded, “If I had this tool as a high school student, I believe
my research and essay skills would have been much better.”
Thinking Deeply. Heuristics offer ways teachers can make thinking visible as students
engage in problem solving. Participants saw lateral reading as a useful heuristic that offers
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classroom teachers the opportunity to guide students’ thinking. As Kendall shared, “It allows
(learners) to narrow on specifics which help to determine quality” of information shared by
sources. The heuristic encourages students to think critically about whether that information is
being shared by a trustworthy and accurate source. Many participants used the word “deep” to
describe the type of thinking lateral reading encouraged.
Participants believe that deep thinking is supported through lateral reading because
learners are asked to slow down and consider different perspectives. Without a slowing down,
Hayley shared, “students will rush through to look for something that agrees with their argument
without giving much thought to where the information came from or how credible it is.” Lateral
reading forces students to read “details and facts they might have typically skipped over,”
according to Ashley. Cassie agreed, suggesting that lateral reading offers students to expand the
background knowledge they obtain because learners consult multiple sources and “it helps them
find more information than what they would get with just one article.”
Many participants expressed an understanding that lateral reading requires teachers to
commit time and space for students to engage in critical thinking about sources. While most
participants indicated a desire to teach lateral reading in their future classrooms, they also
recognized the pressure of time this might create. As Madison shared, “It teaches students to be
critical of incoming information and teaches them problem solving skills. I do wish it didn’t take
that long though. It seems hard to get everything to fit into a class period.”
Lateral reading and media literacy. Participants recognized the sophisticated websearching strategies required for effective lateral reading. Comparing the screencasts of Drew’s
lateral reading before and after extensive teacher instruction, Emily noted the growth in his
ability to effectively evaluate the sources. “It is obvious that he learned how to better evaluate
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the credibility of various literacies,” indicating that she saw several related skills interplaying
through the process.
Participant preservice teachers noted the need to teach lateral reading in the context of a
more developed media literacy curriculum; importantly, participants talked about the need for
effective web-based searching strategies. As Kristen noted, “Media literacy should be taught to
students to ‘filter’ through their Google search results, so that rather than laterally reading the
first source that pops up on Google, they read the sources that are most valuable for their lateral
reading.”
Again, participants saw a strong connection between the skills used in lateral reading and
preparing students to be informed digital consumers of information. They made immediate
connections to current news stories about disinformation and misinformation on the web. “It
helps (learners) maneuver this culture of fake news and misleading information to find sources
that are valid,” Zane shared. Ryan agreed, suggesting that lateral reading can “give students the
ability to read past claims presented on the internet and look for real information.”
Discussion and Implications
Research suggests that an integrated approach to TPACK (Technological, Pedagogical,
Content Knowledge) models, which combines courses focused on instructional technology,
methods and field experience, contributes to building a preservice teacher’s TPACK constructs
(Mouza et.al, 2014). This complements Mishra and Koehler’s (2006) argument that teachers with
high TPACK constructs are able to integrate their knowledge of technology, pedagogy and
content in meaningful ways in support of student learning.
Participants in this study developed an emerging understanding and appreciation for
lateral reading. This theoretical and practical understanding for lateral reading serves as an
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important first step in supporting preservice teachers’ integration of lateral reading in their
classroom practice. Future research could explore how preservice teachers continue to develop
their capacity for meaningful source evaluation instruction in their future classrooms. However,
because these skills are so nascent in language arts classrooms, we are aware that the modeling
within our education coursework is especially important. This study highlights that ongoing
modeling of and experiences with lateral reading and digital source evaluation within education
coursework remains important to support the TPACK of preservice teachers in ways that prepare
them to teach new source evaluation strategies appropriate to the demands of web-based research
Research has documented that video of instruction can be a powerful tool in helping
preservice teachers identify effective pedagogical strategies (Guner & Akyuz, 2020; Kleinknecht
& Groschner, 2016). Kleinknecht & Groschner (2016) note that “classroom videos can enhance
situated and problem-oriented learning and foster pre- and in-service teachers’ abilities to notice
and analyze teaching and learning situations” (p. 45). While most studies are conducted to
explore preservice teachers learning while analyzing classroom videos of teaching and learning,
in this study, preservice teachers were not watching instruction, but rather watching a student
deconstruct his thinking process using the lateral reading strategy he was taught. This allowed
preservice teachers to view a representation of a students’ thinking and decision making while
using the strategy. This attention to noticing provided preservice teachers with an opportunity to
interpret Drew’s understanding of source evaluation, to gauge his ability to implement the
strategy, and to consider the benefits of teaching lateral reading. This noticing of Drew’s
thinking is important as Guner and Akyuz (2020) contend that teachers should “use student
thinking to design their instruction...” as “teachers instruct better by attending to how their
students think and using that knowledge to improve their own teaching abilities (p. 569).
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Although preservice teachers noticed what Drew did do in this second screencast, we
noted that they didn’t express the limitations in the moves that he made while laterally reading.
While Drew was laterally reading, he tended to use one move, looking up the author or
organization, repeatedly throughout his screencast. While he was still able to effectively
evaluate the source, this limited the range of critical evaluation he executed. Preservice teachers
did not seem to notice, or did not comment on, the types of moves Drew did even though they
had learned the five associated moves with lateral reading (see figure 1). Despite this limitation,
preservice teachers were able to notice what Drew was doing and were able to make sense of
what they noticed, while using this information to hypothesize implications for future instruction.
A final implication in the study was the concern that participants shared about finding the
time for teaching lateral reading even as they demonstrated an awareness of and appreciation for
its importance. As teacher educators, we need to acknowledge that our students have absorbed
extraneous discussions about stress and job intensification in the education field. Importantly, the
preservice teachers in our study already demonstrated tension between their desire to do what is
right for the students (teach lateral reading) and their future complicity in a system that might not
allow time to build digital source evaluation skills. Even before accepting their first teaching
jobs, participants demonstrated concern that they would not be able to be responsive to the needs
of their future students.
Albert Bandura writes that “to be an agent is to intentionally make things happen by
one’s actions,” (Bandura, 2001, p. 2). Teachers must explore “past, present and future-oriented
factors” as they consider the role agency plays in their classroom interactions (Loretto, 2019, p.
450). That is, teachers need to find outside and inside influences that offer them the opportunity
to exert greater control over their teaching practice. As teacher educators, we must be mindful of
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how to support preservice teachers through that examination in ways that build capacity for
teacher agency. In this case, the students themselves identified a way-in for lateral reading even
in a tightly controlled curriculum. By discussing the ways that lateral reading allowed Drew to
better analyze and evaluate an argument, the participants discovered ways to bind this digital
literacy with the literacies that might be privileged in a traditional ELA curriculum. By asking
more targeted questions about these connections, we could have helped the participants see space
in the curriculum to teach lateral reading while also teaching evidence-based writing and
informational texts. Such a connection could help to alleviate the tension between their desire to
teach this new skill and their understanding that they are expected to meet the curricular
demands of their future schools. Knowing that our students are preparing for a teaching career at
a time when the field is stressed by multiple and shifting factors, we must cultivate a sense of
their own agency and push back against the narrative that teachers remain passive victims in a
system they cannot control.
Limitations
Because this study was forced to go online due to COVID-19 related school closures, we
did not have the opportunity for in-person discussions that might have allowed us to unpack this
experience with the preservice teachers. While the online nature of the experience offered some
affordances to the students, including allowing for more time for personal reflection and the
opportunity to replay the screencasting videos as needed, it also limited the chance for us to
shape a group reflection. However, our previous research does suggest that teaching lateral
reading is an effective strategy in face-to-face settings as well (Walsh & Pytash, 2021)
While all the participants could be identified as digital natives, we did not have any data
by which to measure their experience with digital source evaluation or lateral reading before the
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study. For some, the concept of lateral reading may have been first introduced in this lesson;
others may have engaged in that process as part of their academic research or as a natural way to
prevent themselves from reading poor information online. Therefore, we cannot know how the
novelty of the experience may have influenced the participants’ reflections on that experience.
Finally, this study focused only on preservice teachers preparing to teach secondary
English Language Arts. We realize this is a small and specific population of preservice teachers.
Since research skills are embedded across the curriculum, further studies should be done to see
how preservice teachers in math, science or social studies might perceive the value of teaching
lateral reading. Would such a strategy be seen as a universal scaffold for digital research, and
what connections might they see between the process of lateral reading and the literacy demands
specific to their disciplines?
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Abstract
Students’ time spent learning is a predictive factor of academic achievement, but instructional time
is often compressed due to internal and external interruptions. Incorporating technology into
reading instruction may be a way to support teachers as they navigate competing demands on
instructional time. To investigate the association between reading achievement and time spent on
a technology-based reading program, this study examined how time spent utilizing a computeradaptive, curriculum-based reading program influenced reading achievement for students at all
reading ability levels. Fourth-grade students’ (N=16,717) overall reading and reading
comprehension achievement growth were examined accounting for (a) students’ usage of a
computer-adaptive reading program, and (b) students’ initial reading achievement level. Findings
indicated that fourth-grade students’ overall and reading comprehension scores improved for
students at all reading levels. Further, students that used the supplemental curriculum for the
recommended weekly minutes demonstrated greater gains. Students in the lowest quartile made
the greatest gains.

Keywords: computer-adaptive learning, reading achievement, time-on-task, school and home
usage

Journal of Literacy and Technology
Volume 22, Number 2: Winter 2021
ISSN: 1535-0975

73

Instructional time in school is limited and can be compressed as a result of noninstructional activities (Smith, 2000). External, and internal interruptions such as
announcements, behavioral interruptions, class visitors, and students coming in and leaving the
classroom all create disruptions that may lead to reduced focus on curriculum which could
hamper achievement further, as new modes of classroom instruction and attendance requirements
are shifting because of the COVID-19 pandemic face to face instructional time has further been
narrowed. With limited instructional time in the school day, teachers and administrators are
tasked with finding solutions to provide equitable instruction for all students. Since students’
time on task--or time spent engaged in an educational activity--is a predictor of academic
achievement (Fisher et al., 2015; McLean et al., 2016; Vincent, 1999), it is important to
investigate solutions that provide students more instructional opportunities.
Strategies for optimizing instructional time include incorporating computer assisted
technologies such as instructional programs, games, and mobile applications (apps). As students’
ability to read is central in their long-term academic achievement, schools and teachers have
incorporated computer-adaptive programs to bolster students’ reading skills and to provide
supplemental practice. Content-specific computer programs (e.g. reading and mathematics) have
been employed in classrooms in an effort to engage students and extend learning in content
specific areas to improve achievement (Cheung & Slavin, 2012). Efforts to determine the
influence of computer-adaptive programs on students’ reading have been limited (Putman,
2017). In general, Taylor, Frye, and Maruyama (1990;) called for additional research examining
students’ investment of time in reading activities on their reading achievement scores. Similarly,
Rosenshine (2015), indicated the need to investigate the influence of time as it relates to
students’ academic levels in relation to making reading progress. While these calls for further
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research were not specifically related to computer adaptive reading, they were inclusive of
investigating time related to reading and reading progress. CARPs are tools to supplement and
enhance reading instruction.
Teachers are significant contributors to reading achievement and how computer-adaptive
reading programs (CARPs) are utilized in schools by students). CARPs like other supplemental
reading programs do not supplant the teacher or core instruction. Rather, these types of programs
aim to enhance instruction. Supplemental reading programs that extend and support core reading
programs have been instrumental in strengthening reading achievement scores (Englert et al.,
2005). Knowing the importance and potential of a CARP and the significance of time allotted to
reading, the purpose of our study was to investigate the influence of fourth-grade students’ time
spent using a CARP on their reading achievement scores. First, we examined how students’
overall reading scores varied over time using four assessment points. Then we further
investigated if/how reading achievement scores varied by time spent using a CARP and
academic reading level (quartiles).
Students’ Time on Task and Their Learning
Students’ time on task in an educational activity may be quantified by the actual minutes spent
engaged in the learning task. Students’ time spent learning is a predictive factor in their academic
achievement. Specifically, the more time students invest in their learning, the greater their
academic achievement scores (You, 2016). One factor that contributes to students’ learning of a
skill or acquiring expertise can include the time they spent honing their skills through performing
the desired competency. In the instance of reading, students are taught phonics, phonemes,
reading comprehension, vocabulary, and spelling. To practice these components of reading
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separately or collectively and build reading fluency, learner confidence, and self-efficacy
requires a time investment (Locher & Pfost, 2020).
Students’ engagement and motivation are important considerations when evaluating time
on task in relation to academic achievement (Bryant et al., 2015; Fredricks et al., 2004; Okolo et
al.,1993). Students who are intrinsically motivated to read are more engaged in reading activities,
leading to higher achievement (Schiefele et al., 2012; Stutz et al., 2017). When students are not
motivated or engaged, they tend to be less focused. In a classroom environment utilizing CARPs
as an addition to core instruction, teachers serve an essential role in supporting students’ time on
task by monitoring students and redirecting the students’ efforts towards the supplemental
reading activities.
Computer-Assisted Instruction (CAI), CARPs, and Time on Task
Computer-Assisted Instruction (CAI) can be a part of reading instruction and has been a
curricular option since before the birth of the personal computer (Atkinson & Hansen, 1966).
CAI harnesses the power of technology to deliver interactive multimedia instruction to student.
In some cases, CAI may not be adaptive or personalized, whereas CARPs are adaptive and adopt
to students’ knowledge level. Theoretical foundations of CAI and CARPs relate to Vygotsky's
(1978) zone of proximal development (ZPD). According to Vygotsky (1978) students learn most
effectively when they are gently challenged with more difficult or intricate tasks in accordance
with their developmental level by more expert members of the learning community. In CARPs,
computer algorithms serve to monitor and gentle prompt students’ progress. Students’ learning is
continually assessed and lessons are adjusted to provide this scaffolding process with additional
oversight from the students’ teachers to ensure learning remains challenging but supportive.”
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When determining the effectiveness of CAIs to improve students’ reading achievement,
results vary. CAI was found to improve first-grade students' reading achievement through
independent reading practice for 160 minutes over a four-week period (Englert et al., 2005).
However, Ness et al. (2013) found that early elementary school students (N = 37) engaging in
100 minutes a week for an entire school year of a different reading program yielded no statistical
difference between the control and experimental group. Cheung and Slavin (2013) described
time intensity in their reading meta-analysis of CAI. The effect size for low intensity programs
with struggling readers, ≤ 75 minutes a week (.08) and high-intensity program, > 75 minutes a
week (.19) were low and not statistically significant. However, the greater the amount of time
students spent reinforcing reading skills, the greater the effect size. Supplemental CAIs and
CARPs can offer students practice, improving their pivotal reading skills
CARPs are digital tools that can provide students additional self-paced time to develop
their reading skills in an environment that minimizes performance anxiety and peer competition.
CARPs foster literacy skills in early elementary (Crossley & McNamara, 2016; Giamcomo Dina
et al., 2016; Schneider et al., 2015). In a randomized controlled trial (RCT) conducted with 22
Kindergarten classes (N = 430), students in the CARP treatment group, on average, outperformed
students in the control group after using a CARP 15 minutes a day for a total of 75 minutes per
week (Shamiret al., 2019). Likewise, second-grade students (N = 1562) who had high CARP
usage, 250 minutes per week, demonstrated greater achievement growth than those (n = 784)
who minimally (under 300 minutes for the year) and those (n = 778) who moderately (over 2000
minutes) used the program (Shamiret al., 2019). In both cases, students’ amount of time using
the CARP contributed to their academic achievement.
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Other time related affordances of CARPs include increased: (a) instructional time, (b)
silent reading, and (c) real-time analytics. Instructional time enhancements can be realized by
both students and teachers. Students can receive individualized instructional reinforcement as
needed and at their own pace through the use of a CARP. Further, when students use a CARP,
they are engaged in silent reading when prompted with passages, a known contributor to reading
achievement (Taylor et al., 1990). As a result, teachers may be able to leverage students’ time
using a CARP for small group instruction and planning (Baker et al., 2017). Additionally, reports
generated from a CARP (e.g., activity, progress, and formative assessment) save teachers’ time
by providing analytics about students’ reading abilities to aid in planning individual, small
group, and whole class instruction. CARPs digital assessments that guide instruction have been
determined to improve achievement among young readers in cases when the teacher uses and has
been adequately trained to harness assessment analytics to differentiate instruction (Connor et al.,
2007).
Responding to the call for research on reading achievement and time-related effects by
academic levels (Rosenshine, 2015; Yeşil, 2019), the purpose of our study was to examine fourth
grade students’ reading achievement growth as measured by Istation's Indicators of Progress
Advanced Reading (ISIP-AR), in terms of students’ (a) minutes of CARP usage and(b) academic
achievement level As a result, the following research questions guided the investigation:
RQ1: How do all students’ overall reading achievement scores change over the course of
an academic school year, by achievement level, as determined by initial quartile?
RQ2: What, if any, are the overall reading achievement differences between those who use
the computer-adaptive supplemental reading curriculum with fidelity (30 minutes per week)
and those who do not, after controlling for the effects of their initial achievement quartile?
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RQ3: What, if any, are the reading comprehension achievement differences between those
who use the computer-adaptive supplemental reading curriculum with fidelity (30 minutes
per week) and those who do not after controlling for the effects of their initial achievement
quartile?
Method
Participants
The sample of our study included fourth-grade students (N = 16,717, 49% female and 51% male
of those reported; see Table 1) from a large Southeastern state in which the CARP had been
funded through a state appropriation and adopted to varying degrees in districts and schools. The
participants were included in the sample if they completed at least four benchmark assessments
during the school year: (a) assessment at the beginning of the year (BOY) - either August,
September, or October; (b) assessment at mid-year (MOY1) - either November or December; (c)
assessment at mid-year (MOY2) - either January or February; and (d) assessment at the end of
the year (EOY) - either March, April or May. These students’ achievement level was measured
by their reported quartile in the sample. Quartile one indicates those in the lowest achievement
level in the most need of intensive reading intervention. Conversely, quartile four captures the
achievement of those in the upper 25% of the sample, the most advanced students.
Table 1
Demographics of the Overall Sample (N=16,717)
Characteristic

n

%

Quartile 1

4179

25

Quartile 2

4179

25

Quartile 3

4180

25

Academic Level
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Quartile 4

4179

25

Male

4909

52

Female

4519

48

12,861

77

3856

23

City

5078

31

Rural

621

4

10,366

62

561

3

<900 minutes

9835

59

>900 Minutes

6882

41

Gendera

Title I Status
Title I
Not Title I
Localeb

Suburban
Town
Curriculum Use

a
b

56.4% Reported
99.5% Reported

Procedure
In our study, de-identified assessment and computer-adaptive, supplementary reading curriculum
usage data were collected during the 2016-2017 school year from participants across the state.
Students began using the CARP at the beginning of the school year in either August or
September and continued using the CARP throughout the school year until the end of the year in
May. The computer-adaptive, supplemental curriculum used in our study was the Istation reading
program (IRP) The K-8 supplemental reading program addresses the five components for
developing reading including: (a) phonics, (b) phonemic awareness, (c) vocabulary, (d) reading
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comprehension, and (e) fluency (National Reading Panel [NRP], 2000). The Istation reading
program progresses through lessons as students’ reach mastery. The reading selections include
both fiction and non-fiction texts. In situations where student data indicates a need for more
instruction, lessons are adapted until mastery is met.
Some schools employed the program for formative and benchmarking assessments alone, while
others utilized the computer-adaptive and/or small group or individual lesson plans suggested
based on the formative assessments. These variations were employed at the school-level or, in
other cases, based on the needs and motivations of teachers or reading coordinators.
Measures
Istation Indicators of Progress – Advanced Reading (ISIP-AR) Assessment. Students’
reading achievement was measured using the Istation Indicators of Progress Advanced Reading
(ISIP-AR) Assessment. ISIP-AR is a curriculum-based, computer-adaptive testing system for
students in grades four through eight for continuous progress monitoring of students’ reading
abilities. The ISIP-AR test questions were built on two-parameter Item Response Theory (IRT).
The assessment takes approximately 20 minutes to complete and is automatically scheduled to be
taken monthly upon initial log-in for the month (Istation, 2019; Mathes, 2016). Fourth-grade
students expected annual reading achievement growth on the curriculum-based assessment
ranges from 71 points for those in the lowest academic level (up to the 20th percentile) to 101
points for students in the highest academic level (upwards of the 40th percentile)
(Patarapichayatham, 2014).
Time on Task and Usage of the CARP. Time on task (minutes of usage), a known indicator of
reading achievement growth (Englert et al., 2005), was measured in this study by the number of
minutes students spent reading using the CARP at school. The reading time (time on task) did

Journal of Literacy and Technology
Volume 22, Number 2: Winter 2021
ISSN: 1535-0975

81

not include time spent on benchmark or monthly formative assessments (approximately 20-30
minutes a month), nor did it account for other types of reading outside of the program (e.g. class
reading). Likewise, the quality of time spent while using the program at school was not the focus
of this study. However, it is assumed that the teachers were in the room with the students and
monitored their use of the program, ensuring that students were not sitting idly staring at the
computer screen, but appeared to be engaged with the program.
The CARP utilized in our study recommended 40 plus minutes of CARP usage per week
for students at and below the 40th percentile; and 30 plus minutes for students above the 40th
percentile (Istation, 2019). When considering a full school year as 30 weeks (to account for
assessment periods, holidays, special programs, and days off school due to inclement weather),
students in the lowest two quartiles should evidence about 1200 minutes of digital curriculum
use during the school year, and those in the upper two quartiles should complete about 900
minutes during the school year. Those students that followed these timing guidelines were using
the program with fidelity. For all students in this study, we considered curriculum use at plus or
minus 900 minutes.
The CARP has a home component that can be used at any time for supplemental
instruction and practice. The benefit of home usage is the 24-hour, seven day a week access to
practice. Students can practice reading not constrained by the school calendar, inclement
weather, weekends or holidays. As remote learning took place during the COVID-19 pandemic,
students were able to practice reading as an adjunct to teacher instruction. However, in areas
where Internet access is limited, students’ use of the program at home may be impacted leading
to inequitable access. The IRP publisher does not indicate a number of recommended minutes for
home usage. However, since fidelity of use at school was the purpose of the study and fidelity of
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use at home could not be unobtrusively measured by researchers, home usage was not examined
in this study.
Data Analysis
Initial data were screened for outliers, missing values, and inconsistent patterns. For instance,
students who had a score or a partial score but did not complete the assessment were not
included in the dataset. Descriptive analysis of achievement growth was determined by
examining the point differential from the beginning assessment to the concluding assessment. A
repeated-measures analysis of covariance (ANCOVA) was conducted to determine the effects of
using a CARP curriculum on reading achievement over the course of a school year considering
the covariate of students’ reading achievement quartile. Participants with four assessments were
included in the analysis.
Results
The descriptive statistics for achievement are presented first followed by the inferential statistics
by research question.
Descriptives Related to Overall Achievement by Quartile
RQ1: How do all students’ overall reading achievement scores change over the course of an
academic school year, by achievement level, as determined by initial quartile? Figure 1 presents
the assessment change and by initial quartile interaction, indicating that the scores significantly
improved for students at all academic levels, with students in Quartile 1 (those at or below the
25th percentile) making the greatest gains in terms of increases in reading achievement scores.
The differences in mean reading achievement scores between students at different academic
levels (quartiles) remained throughout fourth grade. The distance between growth lines were
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similar between the groups, meaning, on average, students in all academic levels made upward
progress from the different assessment points.
Students evidenced statistically significant score improvement throughout the assessment
periods from the beginning to the end of the year. Over the course of the school year in fourth
grade, students’ achievement scores in Quartile 1 increased on average by approximately 187
points, students’ reading achievement scores in Quartile 2 increased on average by 148 points,
students’ reading achievement scores in Quartile 3 increased on average by 142 points and
students’ reading achievement scores in Quartile 4 increased on average by 144 points (see
Figure 1). Mean gains for all students (despite academic level) for the year was 155 points. Mean
scores by quarter for all students were (a) BOY: 1823.5, (b) MOY1: 1863.25, (c) MOY2:
1948.50, and (d) EOY: 1979. A paired sample t-test was conducted of Quarters 1-4 assessment to
determine the correlation of the reading achievement mean scores between the first and fourth
quarter. The correlation was .428, p<.0001.
Figure 1
Mean Reading Achievement Growth by Grade over the course of one School Year
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Achievement Growth by Initial Quartile
A repeated measures analysis variance (ANOVA) was conducted to explore four points of
reading achievement (a) BOY, (b) MOY1, (c) MOY2, and (d) EOY as measured by the ISIP-AR.
There was a statistically significant difference between the four time points F(3, 16713)=
21,798.78, p<.001, ŋ2 .56 (large effect). Next, a repeated measure ANOVA by achievement and
quartile indicated: achievement F(3, 16713)= 22,211.42, p<.001, ŋ2 .5, and achievement by
quartile F(9, 16,707)= 106.42, p<.001, ŋ2 .019. Post hoc analysis of the estimated marginal
means indicated a statistically significant difference by all quartiles at p<.001 with those in the
lowest quartile making the greatest achievement in comparison to all of the other quartiles.
Likewise, the difference between quarters was greatest between quarters one and four and the
smallest growth took place between quarters three and four.
Achievement Growth with Fidelity for Overall Reading Achievement
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Next, a repeated measure analysis of covariance (ANCOVA) between and within groups was
conducted to answer RQ 2: What, if any, are the overall reading achievement differences between
those who use the computer-adaptive supplemental reading curriculum with fidelity (30 minutes
per week) and those who do not, after controlling for the effects of their initial achievement
quartile? Groups included curriculum users (two levels), and overall reading achievement. Quartile
(4 levels) was the covariate. An examination of the mean gains by curriculum use indicated that
those students who met or exceeded the recommended average of 30 minutes of CARP usage
gained 22 points more (168.86) than those that did not meet the IRPs guidelines (146.64). Findings
from the ANCOVA indicated statistical significance of overall reading achievement, overall
reading achievement and quartile, and overall reading achievement and curriculum use with small
to large effect sizes (see Table 2).
Table 2
Interaction and Main between Subject Effects of Overall Reading Achievement, Curriculum
Minutes, and Quartile
Effect

F

p

Overall Reading Achievement

F=(1, 16,716 ) = 11, 901.36

<.001

.41

Curriculum Use

F=(1, 16,714) = 38,261.91

<.001

.001

Quartile

F=(1, 16,714) = 15.01

<.001

.696

Overall Reading Achievement
* Quartile

F=(1, 16,716) = 259.81

<.001

.015

Overall Reading Achievement
* Curriculum Use

F=(1, 16,716) = 173.33

<.001

.010

Achievement Growth with Fidelity for Reading Comprehension

ŋ2
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Next, we examined the reading comprehension scores in terms of fidelity of use (n=15,259). The
reading comprehension test is a subtest of the overall ISIP-AR reading test that may be a
particularly important determinant of fourth-grade reading success, given the increased importance
of reading comprehension for upper-elementary grades (Chall & Jacobs, 1983), Analysis of
reading comprehension over the four time points showed that scores improved 182.56 points from
the grand mean average of 1888.40 to 2070.97. A repeated measure analysis of covariance
(ANCOVA) between and within groups was conducted to answer RQ 3: What if any are the
reading comprehension achievement differences between those who use the computer-adaptive
supplemental reading curriculum with fidelity (30 minutes per week) and those who do not after
controlling for the effects of their initial achievement quartile? Two points of reading achievement
(a) BOY, and (b) EOY as measured by the ISIP-AR comprehension subtest were examined.
Groups included curriculum users (2 levels), and overall reading achievement (4 timepoints).
Quartile (4 levels) was the covariate. The results revealed a statistically significant effect for
reading comprehension interaction, quartile, and curriculum use (see Table 3). Post hoc analysis
indicated that reading comprehension scores improved the most for students between the first and
the third quarter.
Table 3
Interaction and Main between Subject Effects of Reading Comprehension Achievement,
Curriculum Minutes, and Initial Quartile
Effect
Reading Comprehension
Achievement
Curriculum Use
Quartile

F

p

ŋ2

F=(3, 15,256 ) = 1621.30

<.001

.536

F=(1, 15,256) = 28.12

<.001

.008

F=(1, 15,256) = 21,566.59

<.001

.001
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Overall Reading Achievement
* Quartile

F=(3, 15,256) = 17.21

<.001

.006

Overall Reading Achievement
* Curriculum Use

F=(3, 15,256) = 49.52

<.001

.007

Note. (n=15,259) included only those with a stand-alone comprehension subtest score
Discussion
Our study contributes to the limited evidence base regarding supplemental CARP for students in
fourth grade and the influence of fidelity of use according to the recommended supplemental
curriculum guidelines. The influence of time (supplemental curriculum usage minutes) spent using
a CARP on fourth-grade students’ overall reading achievement and reading comprehension were
examined in terms of students’ academic level (quartile). The findings are discussed in relation to
the following topics: (a) overall reading achievement by academic level (quartile); and (b) the role
of usage in terms of time on overall reading achievement and reading comprehension achievement.
Yearly Overall Reading Achievement by Quartile
When examining reading achievement over the course of the year by quartile, students’ mean
scores in the lowest quartile increased more than students in other quartiles. In other words, on
average, students in the lowest quartile had greater achievement than those in the higher quartiles.
However, the difference between the mid-range (143-148 points) and highest (144 points) quartiles
was only one to five points. What this may mean is that even though the students in the lowest
quartiles made great changes, it was not enough to overcome achievement gaps (Murphy, 2009).
Like other reading related studies, achievement gains may be greater for students in the lowest
quartile due to instructional policies that require students to spend more time on reading tasks and
teachers’ remedial focus (Christle & Yell, 2008; McGee, 2004). In some cases, assessment score
gains tapered off during the last month of the school year, meaning the rate of increase that was
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realized in other months was less than in May. Additionally, some May scores were lower than the
prior months (e.g. March and April). Reasons for these phenomena may relate to a decreased
emphasis during and after the standardized achievement assessment period (Herman & Golan,
1990). Curriculum developers, teachers, school and district instructional coaches, and curriculum
providers may want to consider ways to engage students and instructors to maintain prior levels of
use in order to maximize learning.
When examining both the overall and reading comprehension scores of students who
utilized the supplemental CARP for the minimum recommended time guidelines, there were
practical and statistically significant gains at all quartiles. Students who used the curriculum for
the recommended time demonstrated greater gains than those who used less or no curriculum.
While the IRP recommends 40 minutes of use for those in the 20th percentile (Istation, n.d.), our
study found that 30 minutes of consistent weekly use of the supplemental program was sufficient
for all quartiles.
Implications for Practice, Limitations, and Future Research
The most direct implication for practice concerns the role that fidelity of implementation
may play in influencing reading achievement when using a supplementary, computer-adaptive
reading program. Like Cheung and Slavin’s (2012), meta-analysis of educational technology to
improve reading, this study provides evidence that the CARP may be an effective way to increase
reading achievement with teacher cooperation. In this study, the CARP is most effective when
used for the recommended weekly time. Scheduling adequate weekly instructional time for CARP
usage would be a first step for students to practice their reading. Teachers can be aided in their use
of CARPs data analysis for instructional planning by school and district administrators via
scheduling and access to other resources such as training. Students can be supported in practicing
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the recommended time by having: (a) consistently functional technology, (b) the availability of
spaces conducive to computer-assisted learning and (c) in the case of remote learning access to the
Internet and devices. Clear communication from administrators that takes into consideration
teachers’ feedback about how and when to use the CARP with fidelity and how to incorporate
CARP usage into instructional routines can encourage shared understandings of the role and
importance of the program (Anthony, 2011).
A limitation of this study, like many other studies investigating students’ use of selfdirected programs, is the level of focus and persistence the students demonstrated when using the
program (Bryant et al., 2015; Fredricks et al., 2004; Okolo et al., 1993). Even though in our study,
time spent using the CARP was positively related to reading achievement scores (when accounting
for different achievement levels), it is possible for students to be distracted. Another potential
limitation is the length of the study, as the investigation was conducted over the course of one
academic school year. A longitudinal study may provide additional information related to the
effects of time over the course of several years, inclusive of the impact of the summer effect on
reading (Campbell et al., 2019). Future research could include a longitudinal study considering
time and other variables (e.g., online instruction during the COVID-19 pandemic, or increase
access through the use of mobile devices).
Teachers could encourage students to use the CARPs both in and out of school to increase
practice time in developing their reading skills. Circumstances like inclement weather (e.g. snow,
hurricanes, and flooding) that prevent students from attending school can be alternative times for
accessing a CARP out of school as utilities are renewed and students are still out of school
(Campbell et al., 2019). While this study examined the aspect of time as it relates to students’
reading achievement scores, other aspects of using a CARP were not investigated and warrant
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further qualitative and quantitative examination, into students’ motivation, engagement, the use of
data analytics, and professional development. Further, investigations of CARP usage with other
grade levels could inform all educational stakeholders who plan instructional time.
In summary, our study was a response to the call for more research related to reading
achievement, and the effects of time, and students’ academic level. Our findings provide support
for the use of a supplemental CARP to compliment teachers’ reading instruction. Moreover,
students who read and practiced reading skills using a CARP with fidelity evidenced greater
overall reading and reading comprehension achievement scores. Teachers’ can leverage CARPs
to support their face to face instruction thereby increasing their students opportunity to practice
reading.
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Abstract
Increasingly, teachers are asked to teach literacy in discipline-specific ways, while also
incorporating computational thinking standards into an already full curricula. If teachers are to
meet these high standards, we will need to more effectively support their professional learning.
In this conceptual piece, I argue that both literacy and computational thinking have much to learn
from one another, since they are both discipline-specific social practices. In doing so, I
disentangle disciplinary literacy, disciplinary computational thinking, and digital literacies. I then
draw upon research in the learning sciences, which has begun to uncover how we might teach
teachers to support their students to participate in discipline-specific social practices by
leveraging social constructivist, rather than cognitive constructivist, views of learning. I draw
upon this body of work to outline four design conjectures for how we might better support
teachers’ learning about both disciplinary literacy and disciplinary computational thinking.

Keywords: disciplinary literacy, computational thinking, ambitious instruction, teachers’
learning, digital literacies
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At first blush, literacy and computational thinking could not, perhaps, be more different.
And yet, both are foundational social and intellectual practices in which students must learn to
participate if they are to meet their own personal and professional goals. School in the United
States are recognizing this, and calls for more teachers, in more disciplines, to teach literacy in
discipline-specific ways are sounding more loudly (e.g., Shanahan & Shanahan, 2008), even as
these same teachers are simultaneously being expected to incorporate computational thinking
standards into an already full curricula (e.g., 2018 State of Computer Science Education, 2018).
In this conceptual review of the literature, I argue that,b y conceptualizing literacy and
computational thinking as sets of discipline-specific social practices, we can begin to draw upon
seemingly disparate bodies of research—especially that coming out of the learning sciences—in
order to more effectively design learning opportunities for pre- and in-service teachers. The goal
of this paper, then, is to highlight similarities between disciplinary literacy and disciplinary
computational thinking, outlining findings upon which we might draw if we wish to support
teachers to teach both disciplinary literacy and disciplinary computational thinking.
In the first half of this paper, I will outline how both literacy and computational thinking
are indispensable social and intellectual practices which constitute, and are constituted by, all
disciplinary work—hence the opening use of the terms disciplinary literacy and disciplinary
computational thinking. Such views of literacy and of computational thinking as social practices
are predicated on a social constructivist view of learning, stemming from Vygotsky (1986),
which are primarily concerned not with how individuals construct knowledge through cognition,
but rather with the social processes that conspire to afford and constrain participation in a given
community’s valued social practices (e.g., Lave & Wenger, 1991). In this view, knowledge is
“shaped by micro-and macro-cultural influences and evolves through increasing participation
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within different communities of practice” (Windschitl, 2002, p. 141). Learning disciplinary
literacy and disciplinary computational thinking, then, involves an apprenticeship into the
communities in which those social practices are made meaningful.
Yet social constructivist theories of learning are just that: theories of learning. They are
not theories of teaching. As many have pointed out (Windschitl, 2002; Lave, 1996), teaching and
learning are distinct processes, and social constructivist theories of learning require new theories
of teaching, which are different than those recommended by a cognitive constructivist theory of
learning (e.g., Piaget, 1971). To that end, recent research coming out of the learning sciences has
introduced the idea of ambitious instruction—a set of instructional stances capable of supporting
learning from a social constructivist point of view. Many scholars of ambitious instruction have
also worked to develop and theorize a set of andragogies—or ways of teaching adults—for
supporting teachers to teach ambitiously (e.g., Ball & Cohen, 1999; Grossman & McDonald,
2008; Grossman et al., 2009; Cohen, 2011; Lampert et al., 2013; Dutro & Cartun, 2016; Kazemi
et al., 2016). I draw upon this body of work to outline how research on learning to teach
ambitiously can guide us to support teachers’ learning about both disciplinary literacy and
disciplinary computational thinking.
Disciplinary Literacy as Social Practice
This paper is grounded in sociocultural theories of literacy, which understand literacy,
writ large, as a set of practices through which people use language and symbol systems to
actively construct meaning in conversation with the expectations and conventions of particular
communities, which Gee (2008) has called Discourse communities, and Lave and Wenger (1991;
Wenger, 1998) have termed communities of practice. Of course, these theories are distinct, but—
for our purposes—they are similar in that they highlight that all forms of language use—in
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speaking, listening, reading, and writing—are deeply influenced by the work that particular
communities aspire to get done (their purpose, or—in Wenger’s [1998] words—their “joint
work”), by a community’s value system, by the conventions of language and tool use that typify
these communities, and by an individual’s identity within that value system—both the
positionings that individuals take up and those that are foisted upon them (Holland et al., 1998).
Although the idea that literacy is a social practice has been explicated numerous times—
and in differing contexts—since the publication of Shirley Brice Heath’s (1983) seminal work on
the subject, it is worth paraphrasing a short summary here in order to ground readers from
multiple disciplines in an example of what, more practically speaking, the statement that literacy
is a social practice really means. Since, in the vernacular, literacy is often associated primarily
with reading, let us begin there: When people read, they often appear to be engaged in the
“same” act: It seems as if they are staring at words or film or infographics or musical scores or
lines of code, and it is difficult to access what it is the reader is actively doing. We say that they
are, on some level, reading. However, as literacy research repeatedly points out, reading is not
reading is not reading (i.e., Heath, 1983; Gee, 2008; Leu et al., 2004; New London Group, 2000;
Kress, 2003, etc.). Heath’s (1983) ten-year ethnographic study of how children participated in
“literacy events,” in school and at home and at the grocery store, highlights that community
value systems implicitly define what literacy is and how it should be practiced.
Heath found that children from the pseudonymously named Maintown, which was
comprised of White families from the middle and upper class, understood reading to be a
practice in which they were to listen to a parent reading and, periodically, to answer questions to
which the answer was already known. They were also, for example, to make connections
between events in books and their own lives, such as what happened at the grocery store. For
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students in Roadville, on the other hand, in which students were largely White members of the
lower middle class, reading a book with a parent was a practice in which students were expected
to sit quietly and listen. The tacit value-system related to reading in Roadville was that of respect
for authority, and students were expected to listen attentively as though the reading were an
important presentation. In Trackton, a largely lower-middle class, African-American community,
valued literacy practices were largely oral, focusing on students’ generation of spoken text,
rather than reading what others had written (Heath, 1983).
This brief example from Heath’s work highlights the idea that literacy is a social practice.
That is, literacy takes place in specific communities and the ways in which literacy is
accomplished are influenced by the expectations, purposes, and value systems of those
communities. In Roadville, authority was highly valued, and children were thus expected to
avoid interrupting during parental presentations, such as the read aloud. Thus, literacy practices
that were valued in Maintown, such as questioning the text, (and indeed are valued in our current
research community, e.g., Shanahan & Shanahan, 2012) were not encouraged, because such an
interruption might be considered an affront to parental authority. In Maintown, books and stories
were valued as connected to all peoples’ daily lives, so children were expected to make
connections between events in books and those that occurred in children’s lives.
More recent work has built upon Heath’s (1983) findings, highlighting that, from a social
practice perspective, literacy is something that we do, and the way in which we do it is neither
culturally determined nor is it entirely idiosyncratic (Gutierrez & Rogoff, 2003; Holland et al.,
1998). Instead, the way an individual practices literacy is informed by the values and purposes of
particular communities. I will show that the same is true of computational thinking, but first I
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turn to a few communities that are of particular importance to understanding both literacy and
computational thinking in P-12 schools: academic disciplines.
Disciplinary Literacy: How Literacy Practices Differ across Disciplines
The idea of disciplinary literacy builds upon foundational findings from Heath and others
that literacy is not something we have or do not have (i.e., we cannot be either literate or
illiterate), but is instead something we practice in the context of the communities in which we
live and move and, most importantly, accomplish work. The communities in question in
disciplinary literacy, of course, are academic disciplines. Central to an understanding of
disciplinary literacy is the idea that students must learn to read, write, and think like experts in
particular disciplines (Dobbs, Ippolito & Charner-Laird, 2017). Disciplinary literacy does not
expect students to be experts, but they are expected to approximate the literacy practices of
expert practitioners in a subject area (Shanahan & Shanahan, 2012). Thus, disciplinary literacy
rests on sociocultural theory’s foundational idea that learning is a change in identity and practice
through participation in particular communities of practice (Lave & Wenger, 1991). In
classrooms in which disciplinary literacy is taken up, asking students to read is about
apprenticing students into the literacy practices that commonly characterize work in particular
academic disciplines (Lent & Voigt, 2018; Dobbs, Ippolito & Charner-Laird, 2017): They are to
“read like” an historian, a scientist, and so on.
Research continues to specify the literacy practices that experts in particular fields rely
upon most (e.g., Lent & Voigt, 2018; McConachie & Petrosky, 2010; Lesh, 2011; Wineburg,
Martin & Monte-Sano, 2013). In Lent and Voigt’s (2018) recent, and popular, book on the
subject, the authors adumbrate the ways that practitioners read, write, and think in each of the
following disciplines: English, math, science, social studies, art, world language, health, music,
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and physical education. They could have listed many others. To provide just a few examples of
discipline-specific literacy practices, Lent and Voigt (2018) point out that, when mathematicians
read, they “isolate information they have been given and look for information they need” (p.
277). They also, “identify patterns and relationships” (p. 277). When mathematicians write, they
“seek precision.” In English Language Arts, by contrast, readers read by “finding meaning
through literary techniques” and “identifying underlying messages that evolve as theme” (p.
271). When they write, they “understand how to flexibly utilize organization, details,
elaboration, and voice to enhance meaning” (p. 272). Historians most frequently contextualize
and corroborate textual evidence when they read, attending to who the author was, as well as
why and when the author wrote (Lesh, 2011). In short, disciplinary literacy is, “an understanding
of the ways in which knowledge is constructed in each content area and how literacy supports
that knowledge in discipline-specific ways” (Lent & Voigt, 2018; see also, McConachie &
Petrosky, 2010).
A note on differences between content-area literacy and disciplinary literacy. The term
disciplinary literacy is often used interchangeably with content-area literacy, but these are
different—and, it turns out, these differences are consequential to the analogy I am building
between disciplinary literacy and disciplinary computational thinking. In brief, the idea of
content-area literacy stemmed from the hope that, if educators across the content areas worked to
better support students’ reading comprehension, then students would—presumably—develop
better reading comprehension skills, which would allow them to perform better and learn more in
the content areas (Lent & Voigt. 2018; Dobbs, Ippolito & Charner-Laird, 2017). As such,
content-area literacy lays out a number of reading comprehension strategies that can be useful
across content areas, such as those that typically fall into “one of seven categories of cognitive
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routines that good readers presumably use fluidly and automatically: making connections,
generating questions, visualizing, making inferences, determining importance, synthesizing, and
monitoring or fixing up comprehension” (Dobbs, Ippolito & Charner-Laird, 2017, p. 16). In
short, content area literacy is about supporting students’ general reading comprehension
strategies.
Research has shown modest support for these strategy-based approaches, but problems
have also arisen: Namely, “content-area reading instruction alone has not produced widespread
academic achievement for adolescents, and some secondary teachers and literacy researchers
have wondered whether the limits of this instruction prevent it from fully preparing adolescents
to meet college and workplace literacy demands” (p. 16). The goal of this paper is hardly to
instigate further arguments about the usefulness of either approach—indeed, researchers do not
deny that the two might offer useful complementarity (Shanahan & Shanahan, 2008;
International Literacy Association, 2017). Instead, the point is that content-area literacy and
disciplinary literacy are founded upon very different theoretical bases and indeed have different
goals.
In disciplinary literacy, the goal is not necessarily for history students, for example, to
learn a host of content-neutral reading comprehension strategies. Instead, the goal is that history
students will learn to think like historians—which necessarily entails learning to read and write
as historians do. Thus, a U.S. History teacher teaching from a disciplinary literacy standpoint
would work not to teach generally applicable comprehension strategies, but would instead
“consider how best to model for her students the ways in which she reads historical texts, as a
disciplinary insider trained as a historian. She would still be teaching the skills of
comprehension, but in ways that are more closely connected to the ways historians think and
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communicate” (Dobbs, Ippolito & Charner-Laird, 2017, p. 18). Content-area and disciplinary
literacy, then, are not interchangeable, and neither—as we shall see—are computer science and
computational thinking.
Disciplinary Computational Thinking:
Computational Thinking as a Set of Discipline-Specific Social Practices
The term computational thinking is often used interchangeably to mean computer science
and sometimes confused with digital literacy. But computational thinking predates the invention
of computers by thousands of years (Erwig, 2017), and so we must differentiate it carefully from
both computer science, which is the “study of computers and algorithmic processes, including
their principles, their hardware and software designs, their applications, and their impact on
society” (Tucker, A., Deek, F., Jones, J., McCowan, D., Stephenson, C., & Verno, A., 2006, n.
p.), and digital literacy1 if we are to support teachers to teach it in authentic and disciplinespecific ways. According to the International Society of Technology Educators, and the
Computer Science Teachers of America (2011), computational thinking is a “problem-solving
process that includes (but is not limited to) the following characteristics:
•

Formulating problems in a way that enables us to use a computer and other tools to
help solve them.

1

According to Hobbs and Coiro (2018), digital literacy is an “expanded conceptualization of
literacy that is responsive to the ongoing changes in information and communication
technologies that are part of everyday life” (p. 2). They note that the term is variously defined by
a variety of constituents, and that maintaining a level of vagueness in the definition allows them
to build relationships and buy-in during teachers’ professional development around digital
literacy. That said, it is important to note that, even from this broad perspective, digital literacy
generally refers to superscreenic activities related to information and communication
technologies, whereas computational thinking can take place in plugged or unplugged
environments, but is—regardless—very much at the heart of subscreenic work.
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Logically organizing and analyzing data

•

Representing data through abstractions such as models and simulations

•

Automating solutions through algorithmic thinking (a series of ordered steps)

•

Identifying, analyzing, and implementing possible solutions with the goal of
achieving the most efficient and effective combination of steps and resources

•

Generalizing and transferring this problem solving process to a wide variety of
problems” (Operational Definition of Computational Thinking for K-12 Education,
2011, n. p.)

Computational thinking is often spoken of in terms of four common elements: pattern
recognition, algorithms, decomposition, and abstraction (e.g., Jocius & Joshi, 2019). As both
ISTE and CSTA point out, all of these aspects exist in various forms across disciplines. Consider
the following table, available on ISTE and CSTA’s joint website, which highlights that the
PRADA framework names a series of skillsets, strategies, or practices that can be used across
any number of disciplines:
[Insert Table 1 about here.]
Of course, computational thinking has typically been understood as foundational to fields
such as computer science, mathematics, and engineering (Wing, 2006), much as literacy has
historically been understood as existing within the limited purview of Language Arts and English
classes. However, the table above highlights that computational thinking, like literacy, can be
found across a number of disciplines. One computer scientist noted that, working with ‘educators
from multiple diverse disciplines meant learning to ‘disconnect computational thinking from
computer science’” (Barr & Stephenson, 2011, p. 51). Computer scientists, of course, practice
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computational thinking, but they do it in ways specific to their discipline much as the literary
critic reads, but does so in particular ways.
It is also notable and relevant that, like disciplinary literacy practices, computational
thinking practices both shape—and are shaped by—the communities in which they are enacted.
Put more directly: Aspects of the PRADA framework become different in more and less
fundamental ways as they are selected for use according to different standards and for different
purposes within differing disciplinary communities. Recognizing motifs in English Language
Arts, for example, certainly requires that one recognize patterns, but this is different than
recognizing the patterns that constitute a fractal in mathematics, which is still different from
recognizing a pattern in computer science. By thinking about computational thinking as
disciplinary, we allow ourselves to recognize (and teach) the ways that expert practitioners in a
number of disciplines actually take up computational thinking.
These examples highlight the ways that computational thinking is a social practice,
because it is taken up by members of particular communities of practice according to the value
systems and joint work of those communities—students of literature recognize patterns in terms
of motifs in order to analyze fiction for overarching themes; mathematics students recognize
patterns in order to find more parsimonious means of solving problems, and computer science
students recognize patterns in order to write algorithms. In the next section, I consider another
central aspect of social practices: They mediate—and are mediated by—the tools that
characterize particular communities of practice (Gee, 2008; Wertsch, 1998; Holland et al., 1998).
The Relationship between Tool Use and Social Practice
In the case of both computational thinking and literacy, the particular tools with which
humans undertake their respective social practices afford and constrain—and, indeed, create—
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these social practices. Tools are among the defining aspects of particular communities of practice
(Wenger, 1998). For example, in Wertsch’s (1998) oft-cited explication of some of sociocultural
learning theory’s foundational claims, he offers an example of the pole vaulting community as a
well-defined community of practice. In non-technical terms, their joint work was to use a
communally agreed-upon pole with which those who identified as pole vaulters might jump over
a regulation-sized stick, which was of a size and height that—again—the pole vaulting
community of practice had determined. However, at one point, some members of the pole
vaulting community began to use poles constructed of a new material. Wertsch describes the
controversy that ensued. There were arguments within the community about what counted as
pole vaulting, given the new materials, and—indeed—who should be included and who
ostracized based upon their embrace of the new tool and whether or not, essentially, the practices
in which these members were engaged could rightfully be understood as pole vaulting.
Eventually, Wertsch notes, the community itself was redefined, because the new innovation
altered, to varying degrees, what counted as that community’s most central and valued work.
Tool Use and Literacy as a Social Practice
Those who study literacy can attest to the ways that technological innovation has
recently—and, indeed, since the dawn of the written word—brought about new conceptions of
what it means to be literate. Since the 1990s, entire movements have sprouted around new
literacies, multimodal literacies, and digital literacies—to name just a few—in light of new
technological advances (ex. Leu, 2004; Hull & Schultz, 2002; Kress, 2003; The New London
Group, 2000; Lankshear & Knobel, 2006).
Of course, even before the advent of computers and then the internet, technology has had
deep implications for literacy: Socrates perhaps infamously claimed that writing, which was
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itself a central technological advancement, would be detrimental to human knowledge because it
would limit dialogue (Plato, 1952). The reciprocal relationship between the invention of the
printing press and an explosion in literacy practices, even if not necessarily expressed in those
terms, has long been part of academic parlance. To provide one of an untold number of more
recent examples, scholars have written about the ways that reading comprehension practices are
influenced by the structure of the internet: Indeed, it is a central premise of New Literacy Studies
that the internet “makes new social practices possible, with technologies such as instant
messaging, social networks, blogs, wikis, and email, among others” (Leu et al., 2014, p. 2). In
this view, there are at least five “processing practices” in which students engage as they
participate in online research and comprehension, such as reading to define important questions
and to locate information, to critically evaluate online information, to synthesize information,
and reading and writing to communicate online information (Leu et al., 2014, p. 3). These
practices are differentiated from comprehension practices in offline, school-based contexts,
where students are more likely to be given a purpose for reading and to construct meaning
through only a single text. Thus, social practices, such as reading comprehension, are always
tightly intertwined with the technologies through and with which they are performed.
However, Street (1984) highlights that literacy is not determined by the technologies
through which it is made available: Instead, literacy, is “more than just the ‘technology’ in which
it is made manifest…it is a social process in which particular socially constructed technologies
are used within particular institutional frameworks for specific social purposes” (Street, 1984, p.
97). This brings us back to the world of disciplinary literacy, which would stipulate that literacy
practices differ not only in terms of the tools available for use, but also according to the
expectations and conventions of the community of practice in which people practice literacy.
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Street (1984) directs our attention to the idea that “particular socially constructed technologies”
are “used within particular institutional frameworks for specific social purposes.” Thus, if we
take academic disciplines to be “particular institutional frameworks,” which they certainly are
(Cole, 1998), then we must also consider that these disciplines construct technologies in
particular ways. Put more succinctly, individuals participate not only in online reading and
offline reading practices, but—more specifically—in scientific reading practices in particular
genres in on and offline spaces. In short, a scientist accessing a confidential data set from an
online server will read her Excel spreadsheet in a far different way than a literary critic will read
the daily poem that shows up in his inbox on a Tuesday morning, although both are participating
in online disciplinary literacy practices. Thus, tools are situated within communities of practice.
They afford and constrain literacy practices, but they do not determine them.
Tool Use and Computational Thinking as a Social Practice
In the same way, computational thinking is a social practice which is undertaken and
made meaningful within the bounds of particular communities of practice, and those
communities of practice are characterized by particular forms of tool use. Experts in the field of
computational thinking continue to point out that computational thinking predates the invention
of computers or the internet, and that computational thinking can and should be conducted in
both “plugged” and “unplugged” spaces (e.g., Papert, 1980). In other words, computational
thinking requires neither electricity nor keyboards nor wi-fi: “Consider folding a paper airplane,
driving to work, cooking a meal, or even DNA transcription…these are all examples of
computation” (Erwig, 2017, p. viii). Each of these is an example of computational thinking,
because it involves the systematic decomposition of steps into a reproduceable algorithm that can
be used in another situation to solve the same problem—we can use the same set of steps to
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create another paper airplane or to make more meatballs. Indeed, I note with some fascination
that we might exchange Street’s (1984) use of the term literacy for computational thinking and
say that computational thinking is “more than just the ‘technology’ in which it is made
manifest…it is a social process in which particular socially constructed technologies are used
within particular institutional frameworks for specific social purposes” (1984, p. 97)2. Thus,
computational thinking is, like literacy, a social practice that mediates and is mediated by
disciplinary communities of practices and their attendant tools.
Ambitious Instruction:
A Developing Theory of Teaching for Social Constructivist Theories Of Learning
As I have outlined, then, both disciplinary literacy and disciplinary computational
thinking are founded on social constructivist views of learning, but teaching and learning are
distinct processes (Windschitl, 2002; Darling-Hammond, 1996; 2016). Hence, particularly in
math and science education, the field is working to understand the implications for teaching of

2

In reciprocal fashion, a computer science textbook notes that the “essence of computation is the
transformation of representation” (Erwig, 2017, p. 3), which sounds eerily like a semiotic
understanding of literacy: the transformation of symbols, which are—by definition—
representations, into meaning (e.g., Kress, 2003). Erwig (2017) later adds that computation is a
systematic and decomposable process through which representations can be manipulated (p. 24).
We might debate the extent to which literacy is a systematic process, but anyone familiar with
the idea of phonemic segmentation can tell you that literacy involves decomposition. In the same
vein, Grover and Pea (2013) point out that diSessa pioneered the term computational literacy,
which has largely been supplanted by Wing’s (2006) use of the term computational thinking:
“Although the phrase and notion of computational thinking now seems to be preferred over
computational literacy, in research and practice today the two phrases are often used
interchangeably” (p. 39).
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social constructivist theories of learning. They have called this instructional stance ambitious
instruction (e.g., Windschitl, 2002).
Broadly, ambitious instruction is characterized by an epistemological stance that assumes
knowledge is alive with inquiry, interpretation, and argumentation, not a set of inert properties to
be acquired (Lampert & Graziani, 2009; Cohen, 2011). In other words, ambitious instruction
takes a social constructivist stance on knowledge. As such, ambitious instructors position
students as sensemakers capable of interacting with ideas using the tools and practices of a
discipline (Lampert et al., 2013; McDonald, Kazemi & Kavanaugh, 2013). In ambitious
instruction, students are:
routinely asked to apply knowledge in diverse and authentic contexts, to explain ideas,
interpret texts, predict phenomena, and construct arguments based on evidence, rather
than to focus exclusively on the acquisition of predetermined “right answers”
(Windschitl, 2002, p. 137).
Thus, ambitious teachers co-participate with students in a “risky quest for knowledge” (DarlingHammond, 2016, p. 86). To partner with students in this risky quest, teachers must
simultaneously adapt to the contingencies of the classroom, discover what students are “thinking,
puzzling over, feeling, and struggling with,” and respond to that thinking in ways that support
disciplinary inquiry (Darling-Hammond, 2016). From this perspective, the function of schools is
to “create the social contexts (zones of proximal development) for mastery and the conscious
awareness of the use of cultural tools (e.g., language and technologies of representation and
communication) so that individuals can acquire the capacity for higher-order intellectual
activities” (Windschitl, 2002, p. 141).
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In a passage that will resonate particularly with those interested in disciplinary literacy
and disciplinary computational thinking, Windschitl (2002) explains that, from a social
constructivist perspective, the role of the teacher is to act as a disciplinary expert, apprenticing
students to the social practices of the discipline:
[Teachers] become representatives of canonical science, mathematics, or history in the
classroom. As such, they are disciplinary practitioners who must model intellectual skills
and dispositions for students and thus engage them in scientific, mathematical, or
historical discourse. Students participate in activities relevant to the discipline, using
tools commonly available to practitioners as they carry on their work. Tools are seen as
powerful mediators of learning. They include language itself, computers, diagrams, maps,
math symbols—anything that can facilitate the co-construction of knowledge among
learners (Roth, 1995; Wertsch, 1991). (Windschitl, 2002, p. 141)
What Windschitl (2002) describes here are the underpinnings of disciplinary literacy, and—I
argue—of disciplinary computational thinking, although he does so prior to Shanahan and
Shanahan’s (2008) landmark publication outlining disciplinary literacy (Dobbs, Ippolito,
Charner-Laird, 2017) and before Wing’s (2006) seminal piece on computational thinking.
What is striking here is not who published these ideas first—but rather their marked
similarities: This view dovetails substantially with research from those who practice and study
disciplinary literacy (Lent & Voigt, 2018; Gabriel & Wenz, 2017; Hinchman & O’Brien, 2019)
in terms of its call for teachers to model for students how to participate in the disciplinary
practices in which scientists, mathematicians, and historians, to name only a few, commonly
participate. Students must also be asked to participate in these practices using the tools that
characterize each discipline, and by participating in authentic disciplinary inquiry (see also, Lent
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& Voigt, 2018; Monte-Sano et al., 2017; Dobbs, Ippolito, Charner-Laird, 2017; Shanahan &
Shanahan, 2008; 2012).
Given that both disciplinary literacy and disciplinary computational thinking are
underpinned by social constructivist conceptualizations of learning and ambitious understandings
of instruction, we might begin to understand how to design opportunities for teachers’
professional learning about disciplinary literacy and disciplinary computational thinking by
studying and drawing lessons from research on teachers’ learning about ambitious instruction. In
the following sections, I discuss major findings from research on how teachers learn to teach
ambitiously, interweaving these findings—where possible—with findings from the developing
literatures on supporting teachers’ learning about disciplinary literacy and what I am calling
disciplinary computational thinking3. In this way, I aim to lay some groundwork for
understanding how teachers can be supported to apprentice students into particular, socially
constructed literacy and computational thinking practices in the context of their content-area or
disciplinary instruction.
How Can Teachers Be Supported to Teach Disciplinary Literacy and Disciplinary
Computational Thinking Ambitiously?
Based upon a conceptual synthesis of the literature, as well as my own work, which has
focused on supporting teachers to teach ambitiously in middle school mathematics, writing in
and out of the English Language Arts, and in disciplinary computational thinking, I highlight
several central precepts (Author, 2015; 2016; under review). Among them are that learning to
teach ambitiously requires teachers to:

3

Research on how teachers teach computational thinking is more scarce than is research on disciplinary literacy.
This is why research in disciplinary literacy is more frequently referenced in these sections.

Journal of Literacy and Technology
Volume 22, Number 2: Winter 2021
ISSN: 1535-0975

•

have access to a coherent and ongoing system of job-embedded instructional supports

•

participate in job-embedded collaborative inquiry

•

investigate and enact particular teaching practices

•

develop a professional vision of disciplinary concepts and practices

117

A Coherent and Ongoing System of Job-Embedded Instructional Supports
As research continues to investigate the ways that teachers can be supported to take up
ambitious forms of instruction, findings are converging on an important point: support for
teachers’ learning about ambitious instruction must be continuous, ongoing, and embedded in
teachers’ daily work if it is to support teachers’ changes in practice (Jackson et al., 2018; Wilson
& Berne, 1999; Hawley & Valli, 1999; Ball & Cohen, 1999). As disciplinary literacy authors
Lent and Voigt (2018) put it, “Going down the same path we have gone in the past with
professional development initiatives that aren’t embedded or based on continuous learning will
cause us to stumble and, inevitably, take us away from our most important destination—
increased student learning” (p. 11). Instead, teachers must have access to continuous, jobembedded professional support in which teachers collaborate meaningfully with experts and
peers in ways that are close to the daily work of teaching (Jackson et al., 2018).
Jackson and her colleagues (2018) describe a teacher learning system, which includes
“pull-out” professional development—single or multi-day workshops that happen outside the
school building. However, they—along with a broad consensus in the teacher learning research
(Jackson et al., 2018; Dobbs, Ippolito & Charner-Laird, 2017; Wilson & Berne, 1999; Hawley &
Valli, 1999; Ball & Cohen, 1999)—insist that pull-out professional development cannot stand
alone if teachers are to take up ambitious instructional practices. Instead, they highlight the need
for classroom level supports, such as co-teaching and modeling by an instructional coach or
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teacher leader (see also, Gibbons & Cobb, 2017), as well as teacher learning activities designed
to be embedded in teachers’ school-based collaborative work (see also, Author, 2017). Similarly,
those who have studied teachers’ professional learning about disciplinary literacy recommend
“combining professional learning structures to create an effective framework” for teachers’
learning (Dobbs, Ippolito & Charner-Laird, 2017). Research on supporting teachers to teach
ambitiously highlights inquiry-focused teacher workgroups as essential to supporting teachers’
learning.
Job-embedded Inquiry as a Support for Professional Learning
The main structure upon which Dobbs and her colleagues (2017) draw, in their
comprehensive study of a professional learning initiative focused on disciplinary literacy, is
teacher workgroups, because they are ongoing, regular, and job-embedded opportunities for
teachers to collaborate on problems of practice. However, like Jackson and her colleagues (2018)
and Lent and Voigt (2018), Dobbs and her colleagues (2017) warn of the pitfalls of the oftemployed professional learning communities (PLCs; DuFour & DuFour, 2004), in which teacher
“collaboration” is too often reduced to “required weekly meetings” in which teachers are asked
to participate in compliance exercises involving standardized test data (Dobbs, Ippolito &
Charner-Laird, 2017). As Lent and Voigt put it:
The formulaic standardization of PLCs left little room for authentic, recursive
professional literacy learning, and often teachers weren’t given opportunities to wrestle
with and find solutions to the teaching and learning challenges they faced in their own
classrooms and schools (p. 12)
Thus, research on the development of ambitious instruction—and research specific to
disciplinary literacy—highlights that teachers’ collaborative learning needs to be part of a
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continuous, coherent system that is centered in professional learning grounded in teachers’
practice (Cobb et al., 2018).
This body of work highlights that, if such instruction is to be both intellectually rigorous
and equitable, we must take seriously that ambitious teaching is inherently situated, contextdependent work in which the specific cultural and academic histories of particular students, as
well as the discipline in which teaching takes place, require teachers to make near-constant
professional decisions about how students’ thinking might be made visible, when to model their
own thinking for students, and how to use strategies like these in tandem in order to apprentice
students toward more sophisticated performances of disciplinary thinking (e.g., Author, under
review; Author, 2019; Philip et al., 2018; Jackson et al., 2018; Kazemi et al., 2016; Lampert et
al., 2013). In other words, a set of stagnant precepts about how to enact particular teaching
strategies, offered in a decontextualized workshop setting, will not help teachers to make sense
of those practices with respect to key aspects of ambitious instruction—students, teaching, and
content (Cohen, 2011; Author, 2015; Horn, 2020).
Research on supporting teachers’ learning about disciplinary literacy concurs, noting that
teachers need opportunities to “tailor what they learn to the specific students in their classrooms”
(Dobbs, Ippolito & Charner-Laird, 2017, p. 29). In this view, teachers’ collaborative inquiry
processes should be based in a problem of practice, such as a group of English teachers in Dobbs
and her colleagues’ (2017) study, who asked, “I have been working on teaching my students to
link evidence to arguments, but I’m finding that more than half of them are still struggling with
more basic reading and comprehension. How can I balance the need to shore up those more basic
foundational skills and work on developing disciplinary literacy skills at the same time?” (p. 34).
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Although such groups can be difficult to implement well (e.g., Author, 2017), the benefits
of teacher-led, collaborative inquiry are many and have been well-described in the literature
(Louis, Marks & Kruse, 1996; Grossman et al., 2000). Those who study teachers’ learning about
disciplinary literacy, in particular, have highlighted that collaborative communities focused on
inquiry into instruction in disciplinary literacy can support teachers’ increased individual and
collective efficacy, increased teacher knowledge, as well as increased motivation and
engagement (Lent & Voigt, 2018). These findings are particularly important because, as Lent
and Voigt (2018) point out, teachers’ collective efficacy has been earmarked as a central factor in
influencing students’ learning (Hattie, 2016 as qtd. in Lent & Voigt, 2018, p. 22), and because
teachers’ self-efficacy in both disciplinary literacy and disciplinary computational thinking, as
well as their knowledge of both, may be low (Angeli et al., 2016; Tovani, 2004; Shanahan &
Shanahan, 2008; Hinchman & O’Brien, 2019). By centering professional learning about
ambitious instruction in teachers’ collaborative inquiry, teachers take up the learning practices
they are teaching their students, which is a key aspect of high quality professional support for
teachers (Borko, 2004): They participate in inquiry-oriented problem-solving (Windschitl, 2002).
Participate in Investigations and Enactments of New Instructional Practices
Twenty years ago, Ball and Cohen (1999) highlighted that, in order to learn to teach
ambitiously, teachers should learn about practice in the context of their professional practice.
Since then, their work, along with that of a number of scholars in teacher education (i.e.,
Grossman et al., 2009; Grossman & McDonald, 2008; Lampert et al., 2013; etc.) has taken this
credo seriously, working to develop andragogies capable of supporting teachers to learn how to
teach ambitiously in the context of their professional practice. Ongoing and carefully theorized
work coming out of the Core Practices Consortium continues to highlight that teachers’

Journal of Literacy and Technology
Volume 22, Number 2: Winter 2021
ISSN: 1535-0975

121

professional learning is enhanced when teachers participate in pedagogies of investigation and
enactment4 (Lampert et al., 2013; McDonald, Kazemi & Kavanaugh, 2013; Grossman et al.,
2009; Grossman & McDonald, 2008; etc.).
In pedagogies of investigation, teachers investigate, analyze, and otherwise learn about
new pedagogical practices. For instance, teachers might read about and discuss new pedagogical
practices, analyze videotaped examples of pedagogical practices (Lampert et al., 2013), and/or
participate in work that is expected of students—at a level suitable to teachers, as is characteristic
of high quality PD (Borko, 2004). In pedagogies of enactment, teachers participate in role-play
and enactments of new pedagogical practices at levels of increasing authenticity and complexity
(Grossman et al., 2009). For example, teachers may begin by role playing a particular
pedagogical practice with a small group of teachers. After they have received feedback on their
work in these relatively low-stakes enactments, teachers may co-teach with a more accomplished
colleague before enacting the practice alone in a classroom. Importantly, after each cycle of
enactment, teachers participate in new rounds of investigation, interpreting and analyzing
students’ thinking and classroom events in light of the enactment (Lampert et al., 2013).
Findings that such a cycles supports teachers’ learning have continued to be robust across a
number of disciplines in which ambitious teaching is valued, such as science, mathematics,
history, literature, and writing (i.e., Windschitl, Thompson & Braaten, 2011; Kazemi et al., 2016;
Aldston, Danielson, Dutro & Cartun, 2018; Author, 2016; under review). They also dovetail well
with other findings in the teacher learning literature, often particular to disciplinary literacy,

4

For insightful critiques, see Zeichner (2012) and Philip et al. (2018). Note that these critiques are concerned,
mostly, by how a “core” or “high leverage” teaching practice is defined, rather than with the design of these
andragogies, which rest upon solid theorizing about concept development from the standpoint of social
constructivism (Vygotsky, 1986; Smagorinsky, Cook & Johnson, 2003; Author, 2016; Author, under review).
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which suggest that inquiry is key to teachers’ learning (e.g., Dobbs, Ippolito & Charner-Laird,
2017).
Developing a Professional Vision of Disciplinary Concepts and Practices
Given that teachers often report a lack of self-efficacy—and, indeed, interest—in either
disciplinary literacy or in disciplinary computational thinking, one might ask how teachers learn
what disciplinary literacy or disciplinary computational thinking are. Since Shulman’s (1986)
landmark work on teachers’ forms of knowledge—pedagogical knowledge, content knowledge,
and pedagogical content knowledge—the field has reached consensus that, in order to teach well,
teachers must have content knowledge. This work has been extended into subject specificity
(e.g., Ball, Thames & Phelps, 2008) and also to better understand how teachers integrate
technology into their pedagogical work (Koehler & Mishra, 2009). Thus, teachers’ need for
content knowledge has long been a settled question.
But content knowledge is not all that teachers need: Teachers also need to know how to
transform content for pedagogical purposes, which Shulman (1986) called pedagogical content
knowledge (PCK). Shulman’s (1986) provides an invaluable framework for helping us to
understand what teachers need to know and understand in order to be effective teachers. Yet it is
based—largely—on a cognitive constructivist view of learning, unlike disciplinary literacy and
disciplinary computational thinking. Thus, we must ask what it means for teachers to develop
PCK from the standpoint of ambitious instruction. What do teachers need to know and be able to
do to teach ambitiously?
Horn (2020) specifies what PCK is from a social constructivist view of learning:
Pedagogical judgement, which includes the ability to make decisions about classroom practice in
light of pedagogical action, which is what teachers do in the classroom; pedagogical
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responsibility, which is about what teachers view as their ethical, academic, and bureaucratic
obligations; and pedagogical reasoning, which is teachers’ interpretations and rationales for this
work. In other words, it is not enough to know that expert readers visualize as they read, that
computational thinking involves pattern recognition, or that differentiation is an important
instructional technique. Teachers must learn to make use of this information—and much, much
more—to make professional decisions about their work (Author, under review).
To support pedagogical judgement, teachers must develop a professional vision of
ambitious instruction in disciplinary literacy and disciplinary computational thinking. For
Windschitl (2002), as for others who have long studied teachers’ learning (e.g., Lortie, 1975;
Grossman, 1990), teachers rarely have a vision of ambitious instruction, as such practices were
not commonplace when teachers were in school themselves (and, incidentally, they are still not
commonplace; e.g., Snow-Renner & Lauer, 2005; Whitney et al., 2008; Smagorinsky, Cook &
Johnson, 2003). This is likely to be particularly true in both disciplinary computational thinking
and disciplinary literacy, as teachers report low self-efficacy in both (Angeli et al., 2016; Lent &
Voigt, 2018).
Thus, teachers must have an image of ambitious teaching in order to enact it themselves.
As Elmore and colleagues (1996) highlight teachers’ practices are “unlikely to change without
some exposure to what teaching actually looks like when it’s being done differently and
exposure to someone who could help them understand the difference between what they were
doing and what they aspire to do" (p. 241 as qtd. in Windschitl, 2002, p. 161). Indeed, research
on instructional change highlights the importance of teachers’ ability to envision ambitious
versions of instructional practice: Munter (2014) surveyed hundreds of teachers about their views
of ambitious mathematics instruction, comparing teachers’ descriptions of what ambitious
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classroom life looks like to observations of those same teachers’ instruction over the course of
four years. He found that teachers’ instruction did not become more ambitious until teachers
were able to articulate a vision of what ambitious math instruction looks like in the context of a
classroom.
Taken together, these studies highlight the need for teachers who are learning to teach
disciplinary literacy and disciplinary computational thinking to develop a professional vision of
what those look like in the classroom and how they can be supported. In the world of disciplinary
computational thinking, for instance, it is not enough for teachers to know what decomposition
is; they must also have examples of what it means to decompose a process in everyday life, what
it means to decompose a process used to write a poem, and what it means to decompose a
process so that it can be represented as an algorithm that a computer can use. In the same way, in
disciplinary literacy, teachers must develop a vision of what it means to draw an inference from a
scientific journal article and what it means to draw an inference from a piece of literary fiction
(Lent & Voigt, 2018; Dobbs, Ippolito & Charner-Laird, 2017).
Yet, these examples only detail the disciplinary literacy and disciplinary computational
thinking processes that learners (teachers and students) undertake. Teachers must also develop a
professional vision of instructional practices they might use to support students’ development of
disciplinary literacies and disciplinary computational thinking, such as modeling or using
inquiry-oriented collaborative workgroups. Work in this area is ongoing, but the professional
learning structures noted above—collaborative teacher workgroups focused on problems of
practice, as well as cycles of investigation and enactment—are showing great potential as
supports for teachers’ development of both pedagogical judgments and a professional vision of
ambitious disciplinary literacy and computational thinking.
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Discussion
Both literacy and computational thinking can be conceptualized as social practices that
characterize the work of particular communities of practice; namely, academic disciplines.
Although this may, to some, sound like an abstruse theoretical point, it has far-reaching
implications for how literacy and computational thinking might be taught across the disciplines.
As we have seen, teaching literacy and computational thinking as social practices—indeed
teaching from a social constructivist stance on knowledge construction in any area—requires us
to shift our epistemic stances on what knowledge is, focusing not on internal mental
constructions, but instead on the means through which individuals in communities move toward
more central participation in those communities (Lave & Wenger, 1998).
Scholars have begun to specify what it means to teach from a social constructivist stance,
which they have called ambitious instruction (e.g., Windschitl, 2002; Grossman & McDonald,
2008; Grossman et al., 2009; Lampert et al., 2013; Dutro & Cartun, 2016; Kazemi et al., 2016;
Ball & Cohen, 1999; Cohen, 2011). By recognizing that teaching both disciplinary literacy and
disciplinary computational thinking will require an ambitious stance on instruction, we can draw
upon insights from this body of work to inform the design of professional learning opportunities
for teachers. Research across a number of content areas, including—significantly—disciplinary
literacy, continues to better understand how supports for teachers’ professional learning about
ambitious instruction can be designed and implemented. It agrees that such supports must allow
teachers to:
•

have access to a coherent and ongoing system of job-embedded instructional supports

•

participate in job-embedded collaborative inquiry

•

investigate and enact particular teaching practices
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develop a professional vision of disciplinary concepts and practices
This research is particularly salient to both disciplinary literacy and to disciplinary

computational thinking, because recent history highlights that, in the case of disciplinary literacy,
teaching students a host of content-neutral reading comprehension strategies, without embedding
those strategies in the context of the social practices that characterize particular disciplines, has
led to modest gains in high school students’ reading comprehension scores, but has not deeply
influenced students’ content area learning (e.g., Lent & Voigt, 2018; Jacobs, 2008).
The need to understand computational thinking as a social practice is as much a
bureaucratic necessity as a theoretically sound decision: If computational thinking is expected to
be taught exclusively by computer science teachers, we are currently in a position in which it
will rarely be taught. Although an increasingly number of state departments of education are
adopting or developing standards that address skills and concepts in computer science—in 2018,
22 states had such standards, and an additional 11 were in the process of developing them (2018
State of Computer Science Education, 2018)—only about one-third of US high schools offer
courses in computer science. One reason may be that too few teachers have the background
knowledge and skillset to teach courses in computer science: In the year 2016, institutes of
higher education in 39 states and the District of Columbia combined to graduate exactly zero
teachers qualified to teach computer science. The other 11 states graduated 37 teachers certified
to teach computer science—total. There are a plethora of reasons for this, not least that many
states do not have a certification in computer science which they could bestow on a qualified
candidate (2018 State of Computer Science Education, 2018). Thus, we must ask: Who will be
teaching the computer science standards that the near majority of states have now developed?
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The answer is the existing teaching force. In many states, these standards are explicitly
expected, at the K-8 level, to be integrated into teachers’ existing content area or disciplinary
teaching. Thus, it is incumbent upon us, in higher education, to work toward a better
understanding of how we might support teachers to integrate computational thinking into their
existing instruction. We can begin by building upon what we have learned from social
constructivist theories of learning, which have led to the birth of both disciplinary literacy and to
deepening understandings of ambitious instruction. Disciplinary views of literacy and
computational thinking may feel new, but they most certainly are not. There is good evidence
that building from here is a wise course of action.
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