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Abstract

In the United States, 16.6 million adults are unable to comprehend sentences or read common

documents, thereby limiting their ability to participate in a literate society. Given the consequences of

low literacy, we conducted a single-case study with adult multilingual learners to test the effectiveness of

a game app, Codex: The Lost Words of Atlantis, on word decoding. The analyses of the pilot study showed

moderate to large effect sizes on phonological decoding of taught and untaught words and large and

statistically significant increases from pre-test to post-test on five distal reading measures. These results

suggest the app may support adult multilingual learners in learning to decode common English words.
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The relationship between English literacy in

the United States and positive social outcomes
including better health, increased educational and
employment opportunities, and higher wages is
well established (Rothwell, 2020). Yet,16.6 million
individuals ages 16- to 65-years-old are identified

as below Literacy Level 1 by the Program for the
International Assessment of Adult Competencies
(Mamedova & Pawlowski, 2019). Adults at or below
Literacy Level 1 often do not have basic literacy
skills supporting them to read short sentences or
texts, complete common forms, or identify or make
inferences from information (National Center for
Education Statistics, 2017). Furthermore, within
this level, individuals who are born outside of the
United States are represented twice as frequently as
adults born in the United States.
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Adults at or below Literacy Level 1 often depend on
adult literacy programs to increase their reading
ability. However, access to adult literacy programs
is already limited, and if available, are often

at capacity (ProLiteracy, 2022). For example, in
Texas, a state ranked 44 out of 50 for adult literacy
(National Center for Education Statistics, 2017)
and a state with a large population of residents
born outside of the United States and identified as
English Limited Proficient (54%) (Migration Policy
Institute, 2019), 4.8 million adults need adult
education programs (Texas Workforce Investment
Council, 2018). Further, the Texas Workforce
Investment Council (2018) estimates that this need

will increase by 80% from 2020 to 2050.

To support individuals at or below Literacy Level 1
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to gain access to literacy instruction, a group of
Texas-based researchers collaborated to develop a
smartphone/tablet-based literacy app. As part of
the Barbara Bush Foundation Adult Literacy XPrize
Clobal competition, the app called Codex: The Lost
Words of Atlantis (from here, the app) was developed
in 12 months and designed specifically for adult
multilingual non-readers to acquire foundational
English literacy skills (People ForWords, 2017).

Rationale for App Design
The App Design

A smartphone or tablet provides access to reading
instruction through the app. Because of this,
individuals learn and practice foundational
English literacy skills in private, during short
time periods, and at their own pace in order to
mitigate larger social structures and policies that
may impact access to adult education (Biglow &
Vinogradov, 2011). In addition, research on gaming
suggests that an adventure format may engage
players to persist in improving upon their current
performance levels (Wichadee & Pattanapichet,
2018; Woo, 2014). Therefore, the app is designed
within the context of an adventure where

players assume the identity of an enterprising
archaeologist searching for clues to the forgotten
language of the lost civilization of Atlantis.

Players begin in the country of Egypt and move
through five levels of gameplay by completing
literacy games focusing on different foundational
reading skills including: letter-sound fluency; word
identification fluency; and phonological decoding
fluency using onset-rime. (See Table 1.) During
each game, the sound or word is said aloud and
the user selects it on the screen. (See Figure 1.) To
support Spanish-speaking multilingual learners,
aread-aloud dictionary supports meaning-making
across Spanish and English languages. The skills
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and content in each level are reinforced through
games that mimic real world tasks, such as reading
mailing labels, street signs, or lists of objects.

FIGURE 1: The App in Use: Learning Sight Words
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Notes: Image from Codex: The Lost Words of Atlantis (Southern Methodist
University, n.d.)

Letter-Sound Fluency

Players begin each (new) level playing a game
providing instruction and practice with letter-
sound fluency. The rationale for starting with

this skill is adults at or below Literacy Level 1

need instruction on phonological tasks required
of proficient reading since they show reliance

on experiential word knowledge and there may

be a presence of double deficits in phonological
processing and speed/rate of word processing
compounding already weak phonological abilities
(Sabatini, 2002). In addition, adults who are
multilingual typically know that print carries
meaning but may not be able to link or manipulate
letters-sounds, unitize words, and in most cases,
assign meaning to English words and phrases,
other than basic words and symbols (Adrian et al.,
1995; Kolinsky et al., 1987; Morais et al., 1979).

Sight Word Fluency

Adults at or below Literacy Level 1 show a reliance
on experiential word knowledge, including sight
words (Eskey, 2005). However, this knowledge is
often unsystematic and incomplete. Thus, sight
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Letter Sound

Fluency Fluency
Level
Match lower case letters

with their common sounds. sight words.

1 afmpst 40 sight words across 5 levels
2 d,ghno

3 ik 1w

4 b.cru

5 &jVXy

Word Identification

Match written and spoken

- TABLE 1: Literacy Skills Developed During Gameplay in Egypt

Phonological Decoding Fluency

Blend and segment consonant-vowel-consonant
(CVC) & consonant vowel consonant consonant (CVCC)
words using onset-rime.

-am, -ap, -ast, -at words
-ad, -ag, -an, -0g, -op, -0t words
-id, -ig, -ip, -ill, -in, -it words

-ab, -ib, -ob, -ub, -ug, -un, -up, -ut words

-et, -en, -ed, -eg, -ell, -ax, -ex words

words taught and practiced during gameplay may
ensure emerging adult multilingual readers to
fluently identify and understand connected text.

Phonological Decoding

Since phonological decoding is an area of weakness
in adults at or below Literacy Level 1 (Greenberg
etal., 1997, 2002; Thompkins & Binders, 2003),

we designed a game to build and segment CVC
words by onset-rime. Further, research indicates
that adults benefit from explicit instruction on
phoneme segmentation and manipulation (Adrian
etal., 1995; Kolinsky et al., 2019; Kruidenier,
2002; Kruidenier et al., 2010; National Reading
Panel, 2000), as well as practice of building

and maintaining phonological representations

of words (Dietrich & Brady, 2001). Therefore,
gameplay initially focuses on explicit instruction
of phonemes and phoneme segmentation to
develop word decoding skills.

Purpose of the Current Study

In sum, the literature suggests that adults at or
below Literacy Level 1 need systematic instruction
of letter-sound fluency, word identification
fluency, and explicit practice with phonemic
segmenting and blending tasks. Because of the
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need for such an approach, we hypothesize the
app could benefit adult multilingual learners at

or below Literacy Level 1 and who may not have
access to adult literacy classes. Therefore, our pilot
study investigates two research questions:

1. Is there a relationship between playing the
app and phonological decoding of taught and
untaught words?

2. Will adult multilingual learners make literacy
gains from pre-tests to post-tests on distal
measures during the 8-week study?

Methods

Research Design

This 8-week study was conducted to understand
the relationship between the app and phonological
decoding of taught and untaught words, as

well as the acquisition of foundational English
literacy skills from pre-tests to post-tests. Since
the population of our study has been historically
marginalized, an experimental group design with
a sufficient sample size was difficult to obtain.
Civen this, we used an experimental single-case
research design (Kratochwill et al., 2010). Single-

case design provides rigorous experimental control
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with each case serving as its own control. Multiple
cases provide experimental replication and
corresponding effect sizes are easily aggregated for
estimation of overall causal effects (Burns, 2012).

The goal of this design was to provide experimental
evidence to evaluate the change in targeted reading
skills in response to the app (the “intervention”).
Very simply, each participant provided a series

of carefully obtained measures prior to using the
app (the “baseline” phase), followed by a series of
similar measures obtained while using the app (the
“intervention” phase). As described below, analysis
of the time-series data statistically contrasts the
intervention data to the baseline data.

Based on an initial placement assessment,
gameplay started at the participant’s current skill
level, followed by a series of very brief proximal
measures of skill mastery, specifically mastery of
phonological decoding of words taught (or practiced
during gameplay) and skill transfer of learning to
untaught words. After demonstrated mastery (after
assessing at least five words), the app increments
to the next skill level. These proximal measures
were obtained during the baseline and intervention
phases, resulting in a series of data points

suitable for statistical analysis and estimation of
experimental effects. In addition, distal measures
were collected pre- (beginning of baseline) and
post- (end of treatment), (i.e., letter-sound fluency,
word identification fluency, phonological decoding
fluency of isolated sounds and words) providing two
data points for each measure. These data measured
more global variables hypothetically related to use
of the app.

With each of the nine participants treated as a
single-case, we collected multiple-baseline data to
test the effectiveness of the app across game levels
and to examine the relation between using the app
and progress on the proximal measure (e.g., Allor
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etal., 2018; Gast et al., 2014). For each individual
case (i.e., participant), the multiple baseline design
allowed us to experimentally study the effect of

the app on reading across the different levels of
gameplay. At each level, the baseline phase provides
data for each case serving as their own control when
the intervention is introduced. Based on placement
tests, all participants began in Level 1. Each
participant was treated as a unique case study and
then the nine single-case results were aggregated
for inference about the overall treatment effect.

Setting and Participants

After Institutional Review Board approval, we
conducted an 8-week pilot study to test the
effectiveness of the app. Because of budget and
time constraints (due to our participation in the
Barbara Bush Foundation Adult Literacy XPrize
Global competition), we opted to use a convivence
sample to understand the effectiveness of our

app on the target audience: Spanish-speaking
multilingual adults. To recruit participants,

we provided flyers to local community centers

in the Southwest. To be included in the study
participants had to (a) be 18 years of age or older;
(b) Spanish-speaking multilingual adults; (c) have
not had the opportunity to develop basic literacy
skills in English and in Spanish; (d) score at or
below grade level 1.5 on a battery of standardized
measures; (e) not be involved in any secondary or
postsecondary education; and (f) have no known
intellectual, hearing and/or sight disabilities. We
recruited nine participants who were born outside
of the United States and wanted to learn to read
and write in English. For example, many of the
participants, like Isabella and Luciana, wanted

to learn to read to support their grandchildren
and/or children who attended a local elementary
school. Others, like Samuel and Sara, wanted to
be able to better communicate with others in their
workplaces. (See Table 2.)
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- TABLE 2: Participant Demographics

Participant™ Lle-l‘:gr(e:(s)hcprlaectlz d Technology Use Before Study
Sofia 60 Female 9™ Grade Cell Phone & Limited Game Play
Isabella 58 Female 2" Crade Cell Phone & Limited Game Play
Valentina 53 Female 9" Crade Cell Phone & Limited Game Play
Samuel 56 Male 8" Grade Cell Phone for calls only

Camila 20 Female 1 Grade Cell Phone & Limited Game Play
Luciana 36 Female 8" Grade Cell Phone & Limited Game Play
Jimena 54 Female 8" Grade Cell Phone & Limited Game Play
Gabriela 19 Female 5% Grade Cell Phone & Limited Game Play

Sara 52 Female 39 Grade Cell Phone & Limited Game Play

* Note: participants names are pseudonyms

Procedures

Participants were pre-tested using a competency-
based standardized test of general reading ability
and three one-minute assessments, which
measured letter-sound fluency, word identification
fluency, and phonological decoding fluency of
isolated sounds and words. These measures were
chosen to correspond directly to the skills taught

in the game.

Participants received tablets and hotspots to

access the app and online conferencing software.
We found that use of the tablets and hotspots
required extensive training due to participants’
unfamiliarity with these technologies and we
provided in-person workshops to overcome this
barrier. Next, we trained participants to play the
game and were asked to play the game four times a

week for approximately 20 minutes across 8 weeks.

During the study, two multilingual data collectors
contacted the participants four times each week
via Zoom to test their word-reading ability using
proximal measures on taught and untaught

26

words (described below). These interactions were
recorded. Upon study completion, we post-tested
the participants using equivalent forms to the
pre-test battery of standardized assessments.
Participants were allowed to keep the tablets they
used during the study to continue their learning.

Participant Measures

Screening

To be included in the study, participants needed

to score at or below grade level 1.5 on relevant
measures including: Letter Identification, Word
Attack, and Passage Comprehension subtests from
the Woodcock Johnson III Tests of Achievement
(Woodcock et al., 2001). To provide an indication of
overall lexical knowledge, the Picture Vocabulary
subtest from the Woodcock-Munoz - Spanish
Version (Woodcock & Munoz-Sandoval, 1993) was
also administered. (See Table 3.)

Proximal Measures

Proximal measures were administered to see if
participants could decode increasingly complex
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taught (words that they had exposure to during
gameplay) and untaught decodable words for a given
game level. For experimental purposes, each level
of the game has a baseline and an intervention
phase. Within the baseline and intervention
phases of the five levels of gameplay, we created a
proximal measure of 60 decodable words aligned to
that level of gameplay and five alternate forms for
each individual player. We used alternative forms
to: (a) establish the pre-intervention baseline

for untaught words that will be taught in the next
level of gameplay, (b) determine mastery of taught
words that players had exposure to within the
current level of gameplay, and (c) observe any
transfer effects to untaught words containing letter-
sound combinations that players had previous
exposure to in the game. With correct responses
scored “1” or “0” otherwise, at least five data
points were recorded for each of the five baseline-
intervention measures (Kratochwill et al., 2010).
(See Table 3.) Data collection continued until
measures were obtained four times per week via
Zoom Teleconferencing. Each testing session was
untimed, and video recorded.

During the baseline phase of each level
participants responded to measures of both taught
and untaught words. The taught words were
measures of the current phase effect, while the
untaught words provided the baseline measure for
the next level, i.e., untaught words are sampled
from the next level. As noted above, each item is
scored “1” correct or “o” otherwise, and a score of
85% on at least 5 data points of taught words was
required prior to advancing to the next level.

Distal Measures

In addition to the short-term weekly measures,
overall literacy gains were measured in person
at the beginning and end of the study using the
following measures: (a) the computer adaptive
version of the Comprehensive Adult Student
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Assessment Systems (CASAS; Posey & Jacobsen,
2009); (b) Letter-Sound Fluency (Fuchs et al., 2001);
(c) Word Identification Fluency (Fuchs et a., 2004);
and (d) Decodable CVC Test (researcher-created) of
isolated letter-sounds and words. (See Table 3.)

Survey

To provide us with information regarding the
feasibility of the game app, we developed a
participant survey. The survey was constructed
using the five components of feasibility, as
established by Bowen and colleagues (2009),
including: (a) fidelity of implementation and
dosage, (b) acceptability to end-users, (c) demand,
(d) practicality, and (e) end-user recommendation
for expansion or modification. This instrument
allowed for open-ended as well as Likert scale
responses. The data collectors conducted
individual survey sessions, which were untimed
and video recorded. (See Table 3.)

Data Analysis

Proximal Measures

Using the web-based Tau Calculator (Tarlow,
2016a), we determined if a baseline trend existed,
i.e., was the participant performance changing
prior to treatment. By design, we hypothesized no
change during baseline prior to implementation
of the baseline. If a trend did not exist (Tarlow,
2016b), a visual analysis of the data was performed
to notice patterns in the trendlines for the
baseline, taught, and transferable word-decoding
data, as it was an important step in drawing
conclusions about validity (Parker et al., 2011). The
statistic Tau was then calculated to as the effect
size index (Tarlow, 2016b).

Distal Measures

The Wilcoxon Signed Rank Test was used to
analyze the pre-to-post distal measures. We did
not make assumptions about the population
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- TABLE 3: Participant Measures

| source . Measwe _______ Sdls______ Time

Screening Woodcock Johnson III?
Letter-Word identification |dentify letters and words Untimed
Word Attack Decode letters and words Untimed
Passage Comprehension Read and understand text Untimed
Woodcock-Munoz®
Picture Vocabulary dentify pictures in Spanish or English Untimed
Proximale Taught words Read words taught from current game level
Transferable words Read words made up of previously taught letter-sounds 5 minutes
Untaught words Read words from next game level to establish baseline
Distal CASAY General reading knowledge related to life/work skills Untimed
Letter Sound Fluency* Letter-sound recognition 1minute
Word Identification Fluency Sight word reading ability 1minute
Phonological decoding ability of isolated letter-sounds and
Decodable CVCWord Reading Fluency? words in closed syllable word patterns 1minute
Survey Feasibility of the App Fidelity of implementation and dosage, acceptability toend- | Untimed
users, demand, practicality, and end-user recommendation
for expansion or modification

Notes: *Woodcock et al., 2001, *Woodcock & Munoz-Sandoval, 1993; Fuchs et al., 2001, Fuchs et al., 2004; Researcher-created; Posey & Jacobsen, 2009

SResearcher-created.

distribution and therefore used the small sample
nonparametric alternative to the repeated
measures t-test to determine if there were
significant changes pre- to post-intervention.

Results

Proximal Measures: Relationship Between
Gameplay and Literacy Outcomes

Research question 1 asked whether a

relationship exists between playing the app and
phonological decoding of taught and untaught
words. Consistent with the Meets Standards
recommendations as outlined by the What Works
Clearinghouse (Kratochwill et al., 2010), at least
five data points for the baseline and intervention
conditions were collected and 85 percent word-
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reading accuracy was required before individuals
could move to the next level of gameplay. To

this end, the data for five baseline-intervention
conditions were visually and statistically analyzed
to investigate the game effect (Parker et al., 2011).
First, we used the web-based Tau Calculator
(Tarlow, 2016a) to test if a statistical trend existed
within the participant’s baseline series of data
points. When a baseline trend did not exist, we
performed a visual analysis. In these data, we
noticed a marked change in reading proficiency
once participants advanced to Levels 3, 4, and 5 of
gameplay. To describe these intervention effects
in detail, we examined three changes in the data:
trend, variability, and performance (level). (See

Figures 2 and 3).
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Trend

First, we examined trendlines for (a) baseline
(currently untaught words related to the next level
of gameplay), (b) intervention (taught words), and
(c) trendlines for transfer words. As trend reflects
movement in the data over time, we looked at
the visual changes in the trendlines between the
baseline and intervention conditions, noting the
direction of the data path and the immediacy of
effect within and across participants. In Levels 1
and 2 (of the game), we observed the trendlines
for baseline untaught words, intervention taught
words, and transfer words were positive (with a
few exceptions), indicating that participants may
have improved without intervention. However,
beginning in Level 3, the baseline trend for most
participants’ untaught words became flat or even
negative, while the slope for taught and transfer

word-reading ability became increasingly positive.

This shift in baseline trend and subsequent
acceleration of the intervention suggests that in
Levels 3, 4, and 5, the game may have begun to
support literacy development. Notably, in five of
nine participants, Level 4 trendlines for taught
words show an immediacy of effect between

the baseline and intervention condition with

no overlap. The slopes of the remaining four
participants indicate a positive, but delayed
response with some overlap. For Level 4 of the
transfer words, one of nine show immediacy for
taught words, while marginally delayed responses
were observed in slopes of five participants. The
transfer-word trendlines of the remaining three
participants tended to be flat.

Variability

Next, we looked at the variability in the baseline,
taught word, and transfer word trends. Upon
visual analysis, we noticed a wide fluctuation of
the trendlines across all participants. Because we
had a strong a priori assumption that multilingual
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learners with low-literacy had limited experiential
sight word recognition, variability in the baseline
was somewhat anticipated; however, variability
in the intervention was also observed, indicating
that participants may not have been consistent in
the pronunciation or identification of the letter-
sounds when reading taught and transfer words.
We note that this variability may also have come
from extraneous random error associated with the
participants’ unfamiliarity with the technology.

Performance

Lastly, in addition to analysis of trend over time for
each participant, we analyzed their performance
(level) after controlling for trend (should one be
present). For this analysis, we used the single-

case statistic baseline corrected Tau (Tarlow,

2016D) to test statistical significance and compute
corresponding effect sizes. Ideally, after controlling
for baseline trend, baseline corrected Tau can be
interpreted as the percent of non-overlapping data
points after implementation of the game app. On
another metric, it can be interpreted simply as an
adjusted correlation between the phase and the
measure. (See Tables 4 and 5.) A pattern emerged
within the taught word data showing Level 4 of
gameplay had statistically significant (p< 0.037) and
moderate effect sizes greater than 0.6 for eight of
the nine participants. Further, within the transfer
word data, Level 5 of gameplay had statistically
significant (p < 0.035) and moderate to large effect
sizes (0.648 to 0.833) for five of nine participants.

Overall

With the effect sizes computed for each of the
nine single-cases, we statistically estimated an
overall effect by aggregating the effect sizes across
cases. This procedure followed Tarlow’s (2016D)
recommendation for computing weights, and
estimating a mixed model to compute the effect
size Tau across all records for each participant
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and overall across each gameplay level. We found
statistically significant (p = 0.000) and moderate
effect sizes (0.721 and 0.497) for Levels 4 and 5

of the taught word measure and a statistically
significant (p = 0.001) and moderate effect size
(0.645) for Level 5 of the transfer word measure.
These findings support the hypothesized

FIGURE 2: Graphs of Proximal Taught Word Data for Each Participant
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- TABLE 4: Tau Effect Size Measures for Taught Words

Level Combined*

Participant

Sofia 0.082 0.899 -0.443 0167 -0.031 1.000 0.762 0.412 0.000
Isabella 0.442 0209 | 0.640 0.036 0.544 0.087 | 0.754 0.581  0.000
Valentina 0.268 0459 | -0.469 0138 0130 0.746 0.781 0381 0.000
Samuel 0.040 | 1000 | 0.767 0.019 = 0.000 1101 0.772 0.466 = 0.000
Camila 0.679 0.013 -308* 0.267 -0.533 0191 0.791 0.465 | 0.000
Luciana 0.357 0372 -0.645 0108 0101 0.880 0.422 0160 -0.241 0.443 = -0.006 @ 0939
Jimena 0.877 0.0 -0.352 0.286 0.356 0317 0.680 003 0158 0.670 0.532  0.000
Gabriela -0.098  0.884 0.085 0.845 0383 0220 = 0.693 0.021 0.544 0.088 0.390 0.057
Sara -0.04 1.000 -013 0.682 0.613 0.023 0.671 0.027 N/A N/A -0.014 | 0.02
Combined™* 0.028 0003 @ -0.005 0989 0.219 02387 0.721 0000 0.497 0.000 - -

Notes: “Estimates from mixed model computing the effect size across all case records.
** Estimates from mixed model computing the effect size for each level across case records.

TABLE 5: Tau Effect Size Measures for Transfer Words

Level Combined*
Participant
Sofia 0327 02375 0.281 0.396 0.503 0.056 0.443 0.167 0.833 0.009 0.5 @ 0.000
Isabella -0374 | 0304 0.718 0.020 0.031 1.000 0.427 0.172 0.648 0.035 | 0.400 0.000
Valentina 02316 0381 0.432 oan -0.195 0.589 0.197 0588  0.801 0.010 0.440 | 0.000
Samuel -0.179 0.686 oy 0.804 | 0.000 = 1098 0.746  0.018 0710  0.028 0.417 = 0.000
Camila 0.023 1000  -0.553% | 0.041 @ -0465 022 | 0.803 @ 0.017 0.553 0.104 0169 0.078
Luciana 0.335 0.436 -0.258 0.503 0.264 0.539 1.84 0.5/6 -0.184 0.576 -0.418 0.503
Jimena -0.198 0.617 0158 0.670 -0.149 om 0.545 0.105 0.503 0.056 0.244 0.001
Gabriela -03 0.460 0239 0.206 0308 0.283 0.544 0088 @ 0.656 0.034 0377 0.000
Sara -0.258 | 055 0.238 0.413 0195 0.5 0.213 0.528 N/A N/A 0108 0.022
Combined**  -0.027 0.512 0.184 0.532 0.105 1.00 0338 0.00 0.645 0.001 - -

Notes: “Estimates from mixed model computing the effect size across all case records.
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Distal Measures: Pre-test to Post-test
Literacy Gains

Next, we share our findings to research question
2: Will adult multilingual learners make literacy
gains from pre-tests to post-tests on distal
measures during the 8-week pilot study? Overall,
we found all nine participants improved their
scores on pre- and post-test computer adaptive
administrations of the CASAS, affirming that
adult multilingual learners made literacy gains
on pre-tests and post-tests after participating in
gameplay.

Six of the nine participants grew by 10 points or
more. The CASAS moved eight of the nine from
the Pre-Reading Literacy test (27R) at pre-test to
the Beginning Reading test (81R) at post-test. (See
Table 6.) Findings suggest that over the course of

TABLE 6: Pre- and Post-Test Reading Measures

Letter Sound
Fluency

Participant

Sofia 2R 194 &R 205 m 2 28
Isabella 7R | 196 | &R | 206 | 10 9 12
Valentina 2R 181 8IR | 200 19 10 16
Samuel 2R 202 &R | 205 3 1 26
Camila 7R 189 | &R | g1 2 3 16
Luciana 2R w74 | 28R | 199 | 28 8 30
Jimena 7R | 184 @ 8R | 189 5 9 16
Gabriela 2R | 194 | &R | 205 | m 0 14
Sara 2R 191 &R 203 12 2 46
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the study, adults at or below Literacy Level 1 may
have been using the skills they had been working
on in the game, applying and then transferring
the skills to other contexts, particularly those that
are critical for life and work reading.

Additionally, for all five measures, we obtained
statistically significant gains using Wilcoxon
Signed-ranks Test to compared pre-to-post scores.
Referring to Table 7, the following results were
obtained: CASAS (p< .008); Letter-Sound Fluency
(p< .008); Word Identification Fluency (p< .008);
CVC decoding of individual letter-sounds in words
(p< .011); and CVC decoding of whole words (p <
.011). Further, the effect size for each measure
was greater than .6, interpretable as large (Cohen,
1988). These values indicate a possible positive game
participation effect on literacy skill development.

Correct

Word Whole Word
Identification Letter Fluency
Fluency SIS (CVCWWF)
(CVCCLS)
13 36 23 7 151 134 5 48 43
9 40 21 72 U 73 23 45 22
19 31 12 61 127 66 19 40 21
6 2 26 18 107 89 g Ryl 29
7 10 3 3 06 63 1 2l 20
19 40 21 3 121 88 1 38 27
6 30 4 124 123 A 40 39 A
0 3% 25 14 95 & 4 8 24
15 19 4 52 97 45 16 3 17
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- TABLE 7: Wilcoxon Signed-Ranks Test for Distal Measures
Pre-Intervention Post-Intervention Sig.
(2-tailed)
CASAS 191.00 28 203.00 17 2.068 008 629
LSF 3.00 10 16.00 34 2.666 008 629
WIF 15.00 20 32.00 30 2.670 008 629
CVCCLS 33.00 21 121.00 85 2.547 .o 601
CVCWWEF 11.00 39 38.00 27 2.547 .o 601
Discussion moderate. These data support an increased ability

The purpose of this study was to determine if

the app supported adult multilingual learners to
develop English word decoding skills. Findings
suggest that the app provides a viable approach
to teaching adults at or below Literacy Level 1
how to read. We obtained significant and strong
effects on proximal measures of targeted skills

at levels 4 and 5 of the app, providing evidence of
the participants’ advancing literacy skills as they
continued to learn letter-sound correspondences.
Also, we found statistically significant gains on
all distal measures supporting the hypothesis that
participants learned as they played the app.

Relationship Between Gameplay and
Literacy Outcomes

The first research question addressed a relationship
between participation in the leveled gameplay
and enhanced literacy outcomes on proximal
word-reading measures. Using a single-case
research design, we observed a relationship
between participating in the intervention and
improved reading scores on proximal measures
of taughtwords. Participants across levels four
and five showed significant improvement from
baseline through intervention phases on word
reading measures for taught and transfer words
with combined effect sizes ranging from small to
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within each level of gameplay to recognize letter-
sounds and unitize words directly taught in the app.

We questioned if repeated exposure to taught
words could promote rote memorization of the
practiced CVC patterns. To gain insight, we also
investigated transfer word-reading. Transfer
words are words that have similar CVC patterns
but are not explicitly taught during gameplay. In
these data, we also found a relationship between
participating in the intervention and improved
reading scores on proximal measures of transfer
words. Seven out of nine participants showed
significant improvement from baseline through
intervention phases on word-reading measures

of transfer words with effect sizes ranging from
small to moderate. While it might have been
possible for participants to begin to recognize
taught words by sight, jeopardizing our conclusion
of the app’s intervention effect, an individual’s
enhanced ability to read transfer words makes this
finding more unlikely. The transfer words required
processing of different letter-sound combinations.
Thus, the gains associated with these words
support the hypothesis that participants were
developing phonological processing abilities

that likely contributed to accurate decoding and
reading of text (Dietrich & Brady, 2001; Tunmer &
Nesdale, 1985).
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Despite these gains, it was important to note that it
did take several weeks of gameplay to see significant
literacy growth as measured by the effect sizes on
the proximal measures across participants. This
finding may be because it took time for participants
to become familiar with the new technologies, or it
may be because individuals had a reliance on word
structure (i.e., experiential word knowledge) rather
than on an understanding of phonological decoding
(Thompkins & Binder, 2003).

As mentioned, not every participant scored
statistically significant combined gains: Gabriela
and Camila had inconsistent results. Gabriela did
not show significant improvement from baseline
to intervention for taught words but did show
statistically significant growth on transfer words.
We observed improvement beginning at Level 4
for taught words and at Level 5 for transfer words.
During post-survey, Gabriela noted that “learning
the letters’ sounds and making the words” helped
her to improve her ability to read. Camila, on

the other hand, showed statistically significant
progress from baseline to intervention reading
taught words and not transfer words. Camila’s
growth strengthened at Levels 4 and 5 for taught
words and at Levels 2 and then 4 for transfer
words. She offered that the app helped her “to
recognize words,” but “in the start, it was hard...”
She also mentioned that she “liked learning the
sounds” of the English letters. Clearly, these
cases support the hypothesis that participation
with the app provides opportunity to learn letter/
sound correspondence and therefore rely less on
whole word knowledge and more on an ability to
actively decode new words. These findings across
participants tend to corroborate the improvement
we saw from pre-test to post-test on the distal
measures. (See Table 6).

Still, we wondered about Luciana who did not
show significant improvement from baseline
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to intervention on any level of gameplay for
taught and transfer words. Looking across data
sources, she did show marked growth on the
pre- and post-tests measuring letter-sound
correspondences and decoding of CVC words. In
the post-survey, she did not answer the question
indicating whether the app helped her learn to
read. Yet, she noted difficulty in being able to
match sounds to the letters. Currently, Luciana’s
findings are inconclusive.

Pre-Test to Post-Test Literacy Gains

Our second research question was to examine
whether multilingual adults at or below Literacy
Level 1 would grow in their literacy learning
across the 8 weeks of the pilot study. For all
measures given, we found statistically significant
increases in the means from pre-test to post-test.
Moreover, results support that the participants
were advancing in their word decoding skills and
applied the skills they learned in the game to life-
and work-related reading tasks (antidotally and as
measured by CASAS).

As discussed, for both native speakers of English
and multilingual adults at or below Literacy

Level 1, several studies have found deficits in
individuals’ phonological processing and decoding
ability, and particularly in explicitly linking letters
to sounds (e.g., Adrian et al., 1995; Greenberg et
al, 1997, 2002; Kolinsky et al., 2018; Thompkins

& Binder, 2003). We found similar weaknesses

in our participants. This evidence allowed us to
draw inferences about how individuals might
respond to the app with its carefully sequenced
curriculum, opportunities for dedicated practice
and feedback, and easy access to instruction. We
hypothesized that the app would address critical
gaps in letter-sound knowledge and in basic sight
word identification for adults at or below Literacy
Level 1 which, once filled, would propel them
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forward in their phonological decoding skills and
ultimately advance their general reading scores.
We deliberately chose three 1-minute measures
that tested participants’ ability to recognize letter-
sound correspondences, to identify common sight
words, and to decode CVC patterns and then blend
them back into whole words, since these are also
the skills that are directly taught in the game.

The results of our investigation supported our
hypothesis. Findings suggest consistency in
playing the app may impact participants’ literacy
skills by improving phonological decoding
abilities. For each level of play, they learned

and practiced a corpus of four to five new letter-
sounds. Throughout, they were instructed to
recognize and link each single letter to its regular
or most common sound. Initially, for our Spanish-
speaking participants, this proved to be most
challenging, not only due to several articulation
differences between English and Spanish
phonemes, but also because they had never been
exposed to English letter-sound relationships.
Here, we infer that the app contributed to their
fluency in recognizing individual letter-sounds
(ranging from 3 to 44 additional letter-sounds
across the study), but it was also especially
instrumental in putting their newly found
decoding skills into practice as they read more
CVC words. (See Table 6.) Across eight of nine
participants, we observed growth in individuals’
ability to fluently segment letter-sounds and
unitize words. The improvements ranged from

45 to 134 additional correct letter-sounds in one
minute’s time and from 17 to 43 additional whole
words read in the same minute. Recognition of
common sight words grew across participants as
well, ranging from 3 to 26 more words read in one
minute’s time.

Yet, we wondered about Jimena who did not show
growth in these areas because she improved only
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marginally in her letter-sound identification (9

to 16 letter-sounds) and sight word recognition
(26 to 30 words). She scored one less letter-sound
(124 to 123) and one less whole word (40 to 39)

on the Decodable CVC measure from pre-test to
post-test. In general, looking across her scores,

a pattern emerged. Jimena knew many words by
sight: at pre-test, she read 124 decodable words,
far more than any other participant. As noted,
research supports adults at or below Literacy Level
1 often have significantly weak phonological skills
and thus may come to rely on experiential word
knowledge (Creenberg et al., 2002). We believe
that although Jimena was exposed to new letter-
sounds at each subsequent level of gameplay,

she did not specifically make connections to or
internalize how these letter-sounds could be used
to segment and blend words. She relied on her
own personal sight word knowledge. This lack

of growth supports this inference as does her
comment in the post-survey data stating, “At the
beginning, it [the app] wasn’t challenging...” It
is highly likely that the game never reached an
appropriate difficulty level for Jimena, giving her
a reason to use any newly acquired phonological
decoding skills that she might have attained.

Across all individuals in our study, we sought

to examine if there would be increases in the
participants’ ability to transfer their new
knowledge to work- and life-related reading tasks.
At the outset, we felt that growth in general
reading scores would be a reliable indicator of
whether the app was impacting the participants’
ability to use their literacy skills to function in
society and become independent readers. As the
CASAS (Posey & Jacobsen, 2009) is a standardized
instrument used by general stakeholders to test
the attainment of real-life competencies and
skills, we believed that this assessment would suit
our purposes well. The CASAS links scale scores
developed through item response theory to basic
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skill competencies. An individual’s ability is then
reported as a score along a fixed metric, ranging
from 150 to 260. Any increase in scores over time
represents the examinee’s ability to perform at
higher gradations of difficulty in their skills.

Over the course of the study, we observed that all
participants improved upon their pre-test CASAS
scores, and six of the nine improved by 10 points
or greater with one participant scoring 25 points
higher. If literacy acquisition constitutes mastery
of a continuum of skills (e.g., Adams, 1990)
beginning with explicit and systematic letter-
sound instruction (Kolinsky et al., 2018), then our
data and the increases we observed support the
position that the app was effective in advancing
the beginning reading skills of our participants.
In addition, our results add to evidence
supporting the notion that direct instruction of
the phonological and orthographic structure of
words may be an effective way to build the literacy
skills of adults at or below Literacy Level 1 (e.g.,
Kolinsky et al., 2019; Kruidenier, 2002; Kruidenier
etal., 2010). The fact that this instruction was
accessible to individuals as an app downloaded

to their personal devices may also be key to its
success and a viable solution to issues surrounding
accessibility of instruction.

Conclusion

In conclusion, the present study extends the
research base about reading instruction for adult
multilingual learners at or below Literacy Level

1, while adding to the knowledge of how gaming
apps may support adult learning. Consistent with
current research using explicit and systematic
phonics instruction to teach phonological and
orthographic structures of language (see Kolinsky
et al., 2018; Kolinsky et al., 2019; Kruidenier,
2002; Kruidenier et al., 2010), we found positive
outcomes in using the app. These results
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contribute to the body of evidence supporting the
understanding that skills learned within a game
environment may transfer to real life (Tobias et
al., 2015). Evidence to support this was found

in the increased CASAS (Posey & Jacobsen, 2009)
scores since this test was designed to measure
the attainment of real-life competencies and
skills. Further, participants reported feeling
more confident in their ability to read (and speak)
English. This may be because gaming motivated
players to persist in trying to improve upon

their current performance levels (Wichadee &
Pattanapichet, 2018; Woo, 2014). As such, the
self-regulated learning offered through the app
may have encouraged adult learners to move
beyond their reliance on word structure to a new
understanding of phonological decoding (Kolinsky
et al, 2019; Thompkins & Binder, 2003).

While we provided a proof-of-concept showing
how the app provides access to the knowledge

and skills necessary to be able to teach adult
multilingual learners at or below Literacy Level 1
how to read, we realize that we need to understand
more about the affordances and constraints of

the technology. Therefore, our next steps are to
unpack this relationship by investigating survey
and corresponding interview data, allowing us to
determine how prior experience with technology
may impact learner success. Moreover, our analysis
will narrow to focus on understanding how
participants took up the technological aspects of
gameplay in relation to their literacy development.

Interpretation of our findings requires
consideration of methodological limitations.
Ideally, a stable baseline should be established
prior to implementation of the intervention.
However, due to the design, one limitation is
that the baseline for proximal measures was
not clearly established across all cases due to
inconsistencies in the pronunciation of the CVC
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words. This limitation was mitigated by the
authors’ video recording the entire corpus of data
and establishing scoring reliability across the
measures. Further, we used the baseline corrected
Tau statistic to consider the estimated baseline
trend and its variability.

Another limitation was that the research

was conducted using one small sample of
multilingual adults at or below Literacy Level

1 from the same community center. Despite
following the Meets Standards of the What Works
Clearinghouse with fidelity, it was not clear if the
participants relied on each other to support their
literacy gains. Although all testing was done
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in their homes via Zoom teleconferencing, we
cannot verify that they practiced their newfound
skills elsewhere.

A final limitation was that the app was not

a full curriculum; it was designed to support
foundational learning of basic literacy skills by
filling the gaps experienced by adults at or below
Literacy Level 1. In structuring the scope and
sequence, upholding the evidence that literacy
follows a continuum of skills from the earliest
identification of letter-sound correspondences to
the processing of sub-word parts, words, sentences,
and passages was foremost in our priorities as we
sought to change nonreaders into readers.
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